
Local Unitarity 
and 

numerical perturbative QFT 
in momentum-space

1

2
34

5

6
7

8
9

10

11

12

L o o p F e s t  X X I V  
M a y  2 7 t h ,  2 0 2 6

Valentin Hirschi

Postdocs:     Zeno Capatti       Kaapo Sepännen 
PhDs:          Lucien Huber  Mathijs Fraaije 
Students:   Nic Fink              Cedric Sigrist 
Externals:    Ben Ruijl

www.alphaloop.ch

http://www.alphaloop.ch


Valentin Hirschi LoopFest XXIV, BNL 2

perturbative expansions
<latexit sha1_base64="ttgkSiANeHjRbJybR1/meE+6FKE=">AAACF3icbVDLSgMxFM34rPU16tJNsAguyjAjUl0W3bisaB/QKUMmzbShmUyaZITS9i/c+CtuXCjiVnf+jem0oLYeCBzOOZebe0LBqNKu+2UtLa+srq3nNvKbW9s7u/befk0lqcSkihOWyEaIFGGUk6qmmpGGkATFISP1sHc18ev3RCqa8Ds9EKQVow6nEcVIGymwHZ8h3mEEisAr+qydaFUUAR/djvo/Qj+IfZnFArvgOm4GuEi8GSmAGSqB/em3E5zGhGvMkFJNzxW6NURSU8zIOO+nigiEe6hDmoZyFBPVGmZ3jeGxUdowSqR5XMNM/T0xRLFSgzg0yRjprpr3JuJ/XjPV0UVrSLlINeF4uihKGdQJnJQE21QSrNnAEIQlNX+FuIskwtpUmTclePMnL5LaqeOVnNLNWaF8OasjBw7BETgBHjgHZXANKqAKMHgAT+AFvFqP1rP1Zr1Po0vWbOYA/IH18Q3T75/A</latexit>

→p1, . . . , pn|S|q1, . . . , qm↑

 = LO

Lo
op

 c
ou

nt

Number of additional external particles
0 1 2

0

1

2

B



Valentin Hirschi LoopFest XXIV, BNL 2

perturbative expansions
<latexit sha1_base64="ttgkSiANeHjRbJybR1/meE+6FKE=">AAACF3icbVDLSgMxFM34rPU16tJNsAguyjAjUl0W3bisaB/QKUMmzbShmUyaZITS9i/c+CtuXCjiVnf+jem0oLYeCBzOOZebe0LBqNKu+2UtLa+srq3nNvKbW9s7u/befk0lqcSkihOWyEaIFGGUk6qmmpGGkATFISP1sHc18ev3RCqa8Ds9EKQVow6nEcVIGymwHZ8h3mEEisAr+qydaFUUAR/djvo/Qj+IfZnFArvgOm4GuEi8GSmAGSqB/em3E5zGhGvMkFJNzxW6NURSU8zIOO+nigiEe6hDmoZyFBPVGmZ3jeGxUdowSqR5XMNM/T0xRLFSgzg0yRjprpr3JuJ/XjPV0UVrSLlINeF4uihKGdQJnJQE21QSrNnAEIQlNX+FuIskwtpUmTclePMnL5LaqeOVnNLNWaF8OasjBw7BETgBHjgHZXANKqAKMHgAT+AFvFqP1rP1Zr1Po0vWbOYA/IH18Q3T75/A</latexit>

→p1, . . . , pn|S|q1, . . . , qm↑

 = LO

Lo
op

 c
ou

nt

Number of additional external particles
0 1 2

0

1

2

 = NLO

R

V

B



Valentin Hirschi LoopFest XXIV, BNL 2

perturbative expansions
<latexit sha1_base64="ttgkSiANeHjRbJybR1/meE+6FKE=">AAACF3icbVDLSgMxFM34rPU16tJNsAguyjAjUl0W3bisaB/QKUMmzbShmUyaZITS9i/c+CtuXCjiVnf+jem0oLYeCBzOOZebe0LBqNKu+2UtLa+srq3nNvKbW9s7u/befk0lqcSkihOWyEaIFGGUk6qmmpGGkATFISP1sHc18ev3RCqa8Ds9EKQVow6nEcVIGymwHZ8h3mEEisAr+qydaFUUAR/djvo/Qj+IfZnFArvgOm4GuEi8GSmAGSqB/em3E5zGhGvMkFJNzxW6NURSU8zIOO+nigiEe6hDmoZyFBPVGmZ3jeGxUdowSqR5XMNM/T0xRLFSgzg0yRjprpr3JuJ/XjPV0UVrSLlINeF4uihKGdQJnJQE21QSrNnAEIQlNX+FuIskwtpUmTclePMnL5LaqeOVnNLNWaF8OasjBw7BETgBHjgHZXANKqAKMHgAT+AFvFqP1rP1Zr1Po0vWbOYA/IH18Q3T75/A</latexit>

→p1, . . . , pn|S|q1, . . . , qm↑

 = LO

Lo
op

 c
ou

nt

Number of additional external particles
0 1 2

0

1

2

 = NNLO
VV

RV

RR

 = NLO

R

V

B

 = NNNLO (and beyond)…

…

…

…

•  More complicated singularities

•  Higher dimensionality

•  New (unknown) analytic integrals



Valentin Hirschi LoopFest XXIV, BNL 2

perturbative expansions
<latexit sha1_base64="ttgkSiANeHjRbJybR1/meE+6FKE=">AAACF3icbVDLSgMxFM34rPU16tJNsAguyjAjUl0W3bisaB/QKUMmzbShmUyaZITS9i/c+CtuXCjiVnf+jem0oLYeCBzOOZebe0LBqNKu+2UtLa+srq3nNvKbW9s7u/befk0lqcSkihOWyEaIFGGUk6qmmpGGkATFISP1sHc18ev3RCqa8Ds9EKQVow6nEcVIGymwHZ8h3mEEisAr+qydaFUUAR/djvo/Qj+IfZnFArvgOm4GuEi8GSmAGSqB/em3E5zGhGvMkFJNzxW6NURSU8zIOO+nigiEe6hDmoZyFBPVGmZ3jeGxUdowSqR5XMNM/T0xRLFSgzg0yRjprpr3JuJ/XjPV0UVrSLlINeF4uihKGdQJnJQE21QSrNnAEIQlNX+FuIskwtpUmTclePMnL5LaqeOVnNLNWaF8OasjBw7BETgBHjgHZXANKqAKMHgAT+AFvFqP1rP1Zr1Po0vWbOYA/IH18Q3T75/A</latexit>

→p1, . . . , pn|S|q1, . . . , qm↑

 = LO

Lo
op

 c
ou

nt

Number of additional external particles
0 1 2

0

1

2

 = NNLO
VV

RV

RR

 = NLO

R

V

B

 = NNNLO (and beyond)…

…

…

…

•  More complicated singularities

•  Higher dimensionality

•  New (unknown) analytic integrals

A ”Numerical Collider” ideally features:
•  Fully numerical approach

•  Systematic at all orders
•  Applicable to all scatterings
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On top of :
• RkVk-n proliferation of contributions 
• Convolution with PDF counterterms
• Growth of number of partonic channels

} Very challenging at 
and beyond NNLO…
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<latexit sha1_base64="HV/F3RAs+jUkCC5dSwZrh2H80Nc="></latexit>∫
dk0d3ωk

v̄p2ε
µ/k (/k + /Q) εµup1

k2(k +Q)2(k + p1)2



Valentin Hirschi LoopFest XXIV, BNL 5

Loop integrand singularities
Virtual

<latexit sha1_base64="5F9B/yY3IRwKVjNMxeDvV6BKcRM=">AAACBXicdVDLSsNAFJ3UV62vqks3g0UQhJCkNa0LoSCIyxZsq7QhTCbTdujkwcxEKKHgzg9wq5/gTtz6HX6Bv+GkrWBFDwwczj2HO/d4MaNCGsaHlltaXlldy68XNja3tneKu3ttESUckxaOWMRvPCQIoyFpSSoZuYk5QYHHSMcbXWTzzh3hgkbhtRzHxAnQIKR9ipFU0m3smiexa5033WLJ0M9qtnVqQUM3jKpVtjNiVStWGZpKyVACczTc4mfPj3ASkFBihoTomkYsnRRxSTEjk0IvESRGeIQGpKtoiAIinHT64Qk8UooP+xFXL5Rwqv5MpCgQYhx4yhkgORQLM6HWDYk/+R3InH8Fuons15yUhnEiSYhn2/sJgzKCWSXQp5xgycaKIMypOgDiIeIIS1VcQTXzfT78n7Qt3bR1u1kp1S/vZx3lwQE4BMfABFVQB1egAVoAgwA8gifwrD1oL9qr9jaz5rR5r/tgAdr7FzlHmTo=</latexit>

p1 + p2 = Q
<latexit sha1_base64="AXbCZrI08NajPD1Rg2KWcWbSIig=">AAAB/XicdVDdSgJBGJ21P7M/q8tuhiToallXW+1O6qZLhUxBRWZnP3VwdnaZmQ1EpAfoth6hu+i2Z+kJeo1m1SCjDgwczncO33zHjzlT2nE+rMza+sbmVnY7t7O7t3+QPzy6U1EiKTRpxCPZ9okCzgQ0NdMc2rEEEvocWv74Op237kEqFolbPYmhF5KhYANGiTZSY9zPFxz7suq5Fy52bMepuCUvJW6l7JZw0SgpCmiJej//2Q0imoQgNOVEqU7RiXVvSqRmlMMs100UxISOyRA6hgoSgupN5x+d4TOjBHgQSfOExnP1Z2JKQqUmoW+cIdEjtTJTZt0IgtnvQOr8K9BJ9KDamzIRJxoEXWwfJBzrCKdV4IBJoJpPDCFUMnMApiMiCdWmsJxp5vt8/D+5c+2iZ3uNcqF2tewoi07QKTpHRVRBNXSD6qiJKAL0iJ7Qs/VgvViv1tvCmrGWmWO0Auv9Cy39lhc=</latexit>

k<latexit sha1_base64="MtT6SiTEw8Icx+K3jlxFZwkK6Io="></latexit>

= ( Q0,ω0 )
<latexit sha1_base64="1DOKdGRgemRfGpYZJBoftijU5sI=">AAACA3icdVDLSsNAFJ3UV62vqks3g0VwFZK0pnUhFN24rGAf0MYymU7aoZNJmJkIJXTpB7jVT3Anbv0Qv8DfcNJWsKIHBg7nnsOde/yYUaks68PIrayurW/kNwtb2zu7e8X9g5aMEoFJE0csEh0fScIoJ01FFSOdWBAU+oy0/fFVNm/fEyFpxG/VJCZeiIacBhQjpaV23LfvnAurXyxZ5nnNdc4caJmWVXXKbkacasUpQ1srGUpggUa/+NkbRDgJCVeYISm7thUrL0VCUczItNBLJIkRHqMh6WrKUUikl86+O4UnWhnAIBL6cQVn6s9EikIpJ6GvnSFSI7k0k3rdiAymvwOZ869AN1FBzUspjxNFOJ5vDxIGVQSzQuCACoIVm2iCsKD6AIhHSCCsdG0F3cz3+fB/0nJM2zXdm0qpfrnoKA+OwDE4BTaogjq4Bg3QBBiMwSN4As/Gg/FivBpvc2vOWGQOwRKM9y+VWpfl</latexit>

p21 = 0

<latexit sha1_base64="NepQ+5RjCtkpP4VSZzd88jNWnzs=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4GqZpndaFUHTjsoJ9QDuWTCbThmYeJBmhDF36AW71E9yJWz/EL/A3zLQVrOiBwOHcc7i5x405k8qyPozcyura+kZ+s7C1vbO7V9w/aMsoEYS2SMQj0XWxpJyFtKWY4rQbC4oDl9OOO77K5p17KiSLwls1iakT4GHIfEaw0lInHqA7dGENiiXLPK/b6AxBy7SsGqrYGUG1KqrAslYylMACzUHxs+9FJAloqAjHUvbKVqycFAvFCKfTQj+RNMZkjIe0p2mIAyqddPbdKTzRigf9SOgXKjhTfyZSHEg5CVztDLAayaWZ1OtG1Jv+DmTOvwK9RPl1J2VhnCgakvl2P+FQRTArBHpMUKL4RBNMBNMHQDLCAhOlayvoZr7Ph/+TNjLLtmnfVEuNy0VHeXAEjsEpKIMaaIBr0AQtQMAYPIIn8Gw8GC/Gq/E2t+aMReYQLMF4/wKW95fm</latexit>

p22 = 0

<latexit sha1_base64="SC68jX1XZs0TtvdmXh017XcFNeM=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0VwVRKV6rLoxmUF+4Amlsnkph06eTAzKZSQf/AD3OonuBO3/oJf4G84bbOwrQcGDueew71zvIQzqSzr2yitrW9sbpW3Kzu7e/sH5uFRW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGd9N5ZwxCsjh6VJME3JAMIhYwSpSW+qbpsEhh/+kSO2Og2Sjvm1WrZs2AV4ldkCoq0OybP44f0zSESFFOpOzZVqLcjAjFKIe84qQSEkJHZAA9TSMSgnSz2eU5PtOKj4NY6KfvmKl/ExkJpZyEnnaGRA3lwkzqdUPw8+XA1PlfoJeq4MbNWJSkCiI63x6kHKsYT7vBPhNAFZ9oQqhg+gOYDokgVOkGK7oZe7mHVdK+qNn1Wv3hqtq4LToqoxN0is6Rja5RA92jJmohisboBb2iN+PZeDc+jM+5tWQUmWO0AOPrF0J1nAg=</latexit>∫
d3ωk

Loop-Tree Duality
 LTD / 3D rep

<latexit sha1_base64="HV/F3RAs+jUkCC5dSwZrh2H80Nc="></latexit>∫
dk0d3ωk

v̄p2ε
µ/k (/k + /Q) εµup1

k2(k +Q)2(k + p1)2



Valentin Hirschi LoopFest XXIV, BNL 5

Loop integrand singularities
Virtual

<latexit sha1_base64="5F9B/yY3IRwKVjNMxeDvV6BKcRM=">AAACBXicdVDLSsNAFJ3UV62vqks3g0UQhJCkNa0LoSCIyxZsq7QhTCbTdujkwcxEKKHgzg9wq5/gTtz6HX6Bv+GkrWBFDwwczj2HO/d4MaNCGsaHlltaXlldy68XNja3tneKu3ttESUckxaOWMRvPCQIoyFpSSoZuYk5QYHHSMcbXWTzzh3hgkbhtRzHxAnQIKR9ipFU0m3smiexa5033WLJ0M9qtnVqQUM3jKpVtjNiVStWGZpKyVACczTc4mfPj3ASkFBihoTomkYsnRRxSTEjk0IvESRGeIQGpKtoiAIinHT64Qk8UooP+xFXL5Rwqv5MpCgQYhx4yhkgORQLM6HWDYk/+R3InH8Fuons15yUhnEiSYhn2/sJgzKCWSXQp5xgycaKIMypOgDiIeIIS1VcQTXzfT78n7Qt3bR1u1kp1S/vZx3lwQE4BMfABFVQB1egAVoAgwA8gifwrD1oL9qr9jaz5rR5r/tgAdr7FzlHmTo=</latexit>

p1 + p2 = Q
<latexit sha1_base64="AXbCZrI08NajPD1Rg2KWcWbSIig=">AAAB/XicdVDdSgJBGJ21P7M/q8tuhiToallXW+1O6qZLhUxBRWZnP3VwdnaZmQ1EpAfoth6hu+i2Z+kJeo1m1SCjDgwczncO33zHjzlT2nE+rMza+sbmVnY7t7O7t3+QPzy6U1EiKTRpxCPZ9okCzgQ0NdMc2rEEEvocWv74Op237kEqFolbPYmhF5KhYANGiTZSY9zPFxz7suq5Fy52bMepuCUvJW6l7JZw0SgpCmiJej//2Q0imoQgNOVEqU7RiXVvSqRmlMMs100UxISOyRA6hgoSgupN5x+d4TOjBHgQSfOExnP1Z2JKQqUmoW+cIdEjtTJTZt0IgtnvQOr8K9BJ9KDamzIRJxoEXWwfJBzrCKdV4IBJoJpPDCFUMnMApiMiCdWmsJxp5vt8/D+5c+2iZ3uNcqF2tewoi07QKTpHRVRBNXSD6qiJKAL0iJ7Qs/VgvViv1tvCmrGWmWO0Auv9Cy39lhc=</latexit>

k<latexit sha1_base64="MtT6SiTEw8Icx+K3jlxFZwkK6Io="></latexit>

= ( Q0,ω0 )
<latexit sha1_base64="1DOKdGRgemRfGpYZJBoftijU5sI=">AAACA3icdVDLSsNAFJ3UV62vqks3g0VwFZK0pnUhFN24rGAf0MYymU7aoZNJmJkIJXTpB7jVT3Anbv0Qv8DfcNJWsKIHBg7nnsOde/yYUaks68PIrayurW/kNwtb2zu7e8X9g5aMEoFJE0csEh0fScIoJ01FFSOdWBAU+oy0/fFVNm/fEyFpxG/VJCZeiIacBhQjpaV23LfvnAurXyxZ5nnNdc4caJmWVXXKbkacasUpQ1srGUpggUa/+NkbRDgJCVeYISm7thUrL0VCUczItNBLJIkRHqMh6WrKUUikl86+O4UnWhnAIBL6cQVn6s9EikIpJ6GvnSFSI7k0k3rdiAymvwOZ869AN1FBzUspjxNFOJ5vDxIGVQSzQuCACoIVm2iCsKD6AIhHSCCsdG0F3cz3+fB/0nJM2zXdm0qpfrnoKA+OwDE4BTaogjq4Bg3QBBiMwSN4As/Gg/FivBpvc2vOWGQOwRKM9y+VWpfl</latexit>

p21 = 0

<latexit sha1_base64="NepQ+5RjCtkpP4VSZzd88jNWnzs=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4GqZpndaFUHTjsoJ9QDuWTCbThmYeJBmhDF36AW71E9yJWz/EL/A3zLQVrOiBwOHcc7i5x405k8qyPozcyura+kZ+s7C1vbO7V9w/aMsoEYS2SMQj0XWxpJyFtKWY4rQbC4oDl9OOO77K5p17KiSLwls1iakT4GHIfEaw0lInHqA7dGENiiXLPK/b6AxBy7SsGqrYGUG1KqrAslYylMACzUHxs+9FJAloqAjHUvbKVqycFAvFCKfTQj+RNMZkjIe0p2mIAyqddPbdKTzRigf9SOgXKjhTfyZSHEg5CVztDLAayaWZ1OtG1Jv+DmTOvwK9RPl1J2VhnCgakvl2P+FQRTArBHpMUKL4RBNMBNMHQDLCAhOlayvoZr7Ph/+TNjLLtmnfVEuNy0VHeXAEjsEpKIMaaIBr0AQtQMAYPIIn8Gw8GC/Gq/E2t+aMReYQLMF4/wKW95fm</latexit>

p22 = 0

<latexit sha1_base64="SC68jX1XZs0TtvdmXh017XcFNeM=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0VwVRKV6rLoxmUF+4Amlsnkph06eTAzKZSQf/AD3OonuBO3/oJf4G84bbOwrQcGDueew71zvIQzqSzr2yitrW9sbpW3Kzu7e/sH5uFRW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGd9N5ZwxCsjh6VJME3JAMIhYwSpSW+qbpsEhh/+kSO2Og2Sjvm1WrZs2AV4ldkCoq0OybP44f0zSESFFOpOzZVqLcjAjFKIe84qQSEkJHZAA9TSMSgnSz2eU5PtOKj4NY6KfvmKl/ExkJpZyEnnaGRA3lwkzqdUPw8+XA1PlfoJeq4MbNWJSkCiI63x6kHKsYT7vBPhNAFZ9oQqhg+gOYDokgVOkGK7oZe7mHVdK+qNn1Wv3hqtq4LToqoxN0is6Rja5RA92jJmohisboBb2iN+PZeDc+jM+5tWQUmWO0AOPrF0J1nAg=</latexit>∫
d3ωk

Loop-Tree Duality
 LTD / 3D rep

<latexit sha1_base64="MQIHZAGT6iGnDoIG+1j1raNe274=">AAACAnicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUm8kigIdPpLYxMp3VmSkIIOz/ArX6CO+PWH/EL/A0H6ELAk0xycu45uXeOn3CmtON8W7m19Y3Nrfx2YWd3b/+geHjUUHEqKdZpzGPZ8olCzgTWNdMcW4lEEvkcm/7gdjpvDlEqFosHPUrQi0hPsJBRoo3U6OBTyobdYskpOzPYq8TNSAky1LrFn04Q0zRCoSknSrVdJ9HemEjNKMdJoZMqTAgdkB62DRUkQuWNZ9dO7DOjBHYYS/OEtmfq38SYREqNIt84I6L7amGmzLo+BpPlwNT5X6Cd6vDaGzORpBoFnW8PU27r2J72YQdMItV8ZAihkpkP2LRPJKHatFYwzbjLPaySxkXZrZQr95el6k3WUR5O4BTOwYUrqMId1KAOFB7hBV7hzXq23q0P63NuzVlZ5hgWYH39AuHHmCA=</latexit>→
<latexit sha1_base64="1vRBnuFJzDEp8LuxM2PWi7K6q+w=">AAACDXicbVDLSsNAFJ34rPXRqEs3wSJUhJIUqS6LblxWsA9o0zCZ3LZDJ5M4MxFK6Df4AW71E9yJW7/BL/A3nLZZ2NYDA4dzz+HeOX7MqFS2/W2srW9sbm3ndvK7e/sHBfPwqCmjRBBokIhFou1jCYxyaCiqGLRjATj0GbT80e103noCIWnEH9Q4BjfEA077lGClJc8sdANgCvcuSo8e7VXOPbNol+0ZrFXiZKSIMtQ986cbRCQJgSvCsJQdx46Vm2KhKGEwyXcTCTEmIzyAjqYchyDddHb4xDrTSmD1I6EfV9ZM/ZtIcSjlOPS1M8RqKBdmUq8bQjBZDkyd/wU6iepfuynlcaKAk/n2fsIsFVnTaqyACiCKjTXBRFD9AYsMscBE6QLzuhlnuYdV0qyUnWq5en9ZrN1kHeXQCTpFJeSgK1RDd6iOGoigBL2gV/RmPBvvxofxObeuGVnmGC3A+PoFzV2bLg==</latexit>

ω+(q2i )

<latexit sha1_base64="HV/F3RAs+jUkCC5dSwZrh2H80Nc="></latexit>∫
dk0d3ωk

v̄p2ε
µ/k (/k + /Q) εµup1

k2(k +Q)2(k + p1)2



Valentin Hirschi LoopFest XXIV, BNL 5

Loop integrand singularities
Virtual

<latexit sha1_base64="5F9B/yY3IRwKVjNMxeDvV6BKcRM=">AAACBXicdVDLSsNAFJ3UV62vqks3g0UQhJCkNa0LoSCIyxZsq7QhTCbTdujkwcxEKKHgzg9wq5/gTtz6HX6Bv+GkrWBFDwwczj2HO/d4MaNCGsaHlltaXlldy68XNja3tneKu3ttESUckxaOWMRvPCQIoyFpSSoZuYk5QYHHSMcbXWTzzh3hgkbhtRzHxAnQIKR9ipFU0m3smiexa5033WLJ0M9qtnVqQUM3jKpVtjNiVStWGZpKyVACczTc4mfPj3ASkFBihoTomkYsnRRxSTEjk0IvESRGeIQGpKtoiAIinHT64Qk8UooP+xFXL5Rwqv5MpCgQYhx4yhkgORQLM6HWDYk/+R3InH8Fuons15yUhnEiSYhn2/sJgzKCWSXQp5xgycaKIMypOgDiIeIIS1VcQTXzfT78n7Qt3bR1u1kp1S/vZx3lwQE4BMfABFVQB1egAVoAgwA8gifwrD1oL9qr9jaz5rR5r/tgAdr7FzlHmTo=</latexit>

p1 + p2 = Q
<latexit sha1_base64="AXbCZrI08NajPD1Rg2KWcWbSIig=">AAAB/XicdVDdSgJBGJ21P7M/q8tuhiToallXW+1O6qZLhUxBRWZnP3VwdnaZmQ1EpAfoth6hu+i2Z+kJeo1m1SCjDgwczncO33zHjzlT2nE+rMza+sbmVnY7t7O7t3+QPzy6U1EiKTRpxCPZ9okCzgQ0NdMc2rEEEvocWv74Op237kEqFolbPYmhF5KhYANGiTZSY9zPFxz7suq5Fy52bMepuCUvJW6l7JZw0SgpCmiJej//2Q0imoQgNOVEqU7RiXVvSqRmlMMs100UxISOyRA6hgoSgupN5x+d4TOjBHgQSfOExnP1Z2JKQqUmoW+cIdEjtTJTZt0IgtnvQOr8K9BJ9KDamzIRJxoEXWwfJBzrCKdV4IBJoJpPDCFUMnMApiMiCdWmsJxp5vt8/D+5c+2iZ3uNcqF2tewoi07QKTpHRVRBNXSD6qiJKAL0iJ7Qs/VgvViv1tvCmrGWmWO0Auv9Cy39lhc=</latexit>

k<latexit sha1_base64="MtT6SiTEw8Icx+K3jlxFZwkK6Io="></latexit>

= ( Q0,ω0 )
<latexit sha1_base64="1DOKdGRgemRfGpYZJBoftijU5sI=">AAACA3icdVDLSsNAFJ3UV62vqks3g0VwFZK0pnUhFN24rGAf0MYymU7aoZNJmJkIJXTpB7jVT3Anbv0Qv8DfcNJWsKIHBg7nnsOde/yYUaks68PIrayurW/kNwtb2zu7e8X9g5aMEoFJE0csEh0fScIoJ01FFSOdWBAU+oy0/fFVNm/fEyFpxG/VJCZeiIacBhQjpaV23LfvnAurXyxZ5nnNdc4caJmWVXXKbkacasUpQ1srGUpggUa/+NkbRDgJCVeYISm7thUrL0VCUczItNBLJIkRHqMh6WrKUUikl86+O4UnWhnAIBL6cQVn6s9EikIpJ6GvnSFSI7k0k3rdiAymvwOZ869AN1FBzUspjxNFOJ5vDxIGVQSzQuCACoIVm2iCsKD6AIhHSCCsdG0F3cz3+fB/0nJM2zXdm0qpfrnoKA+OwDE4BTaogjq4Bg3QBBiMwSN4As/Gg/FivBpvc2vOWGQOwRKM9y+VWpfl</latexit>

p21 = 0

<latexit sha1_base64="NepQ+5RjCtkpP4VSZzd88jNWnzs=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4GqZpndaFUHTjsoJ9QDuWTCbThmYeJBmhDF36AW71E9yJWz/EL/A3zLQVrOiBwOHcc7i5x405k8qyPozcyura+kZ+s7C1vbO7V9w/aMsoEYS2SMQj0XWxpJyFtKWY4rQbC4oDl9OOO77K5p17KiSLwls1iakT4GHIfEaw0lInHqA7dGENiiXLPK/b6AxBy7SsGqrYGUG1KqrAslYylMACzUHxs+9FJAloqAjHUvbKVqycFAvFCKfTQj+RNMZkjIe0p2mIAyqddPbdKTzRigf9SOgXKjhTfyZSHEg5CVztDLAayaWZ1OtG1Jv+DmTOvwK9RPl1J2VhnCgakvl2P+FQRTArBHpMUKL4RBNMBNMHQDLCAhOlayvoZr7Ph/+TNjLLtmnfVEuNy0VHeXAEjsEpKIMaaIBr0AQtQMAYPIIn8Gw8GC/Gq/E2t+aMReYQLMF4/wKW95fm</latexit>

p22 = 0

<latexit sha1_base64="Qq4njTmVsvUflBts6UKEHdOOM+s=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkUQhJKIVJdFNy5bsLXQhjKZ3LRDJ5MwMxFKKH6AW/0Ed+LWb/EL/A2nbRa29cDA4dxzuHeOn3CmtON8W4W19Y3NreJ2aWd3b/+gfHjUVnEqKbZozGPZ8YlCzgS2NNMcO4lEEvkcH/3R3XT++IRSsVg86HGCXkQGgoWMEm2k5kW/XHGqzgz2KnFzUoEcjX75pxfENI1QaMqJUl3XSbSXEakZ5Tgp9VKFCaEjMsCuoYJEqLxsdujEPjNKYIexNE9oe6b+TWQkUmoc+cYZET1UCzNl1g0xmCwHps7/At1UhzdexkSSahR0vj1Mua1je1qFHTCJVPOxIYRKZj5g0yGRhGpTWMk04y73sEral1W3Vq01ryr127yjIpzAKZyDC9dQh3toQAsoILzAK7xZz9a79WF9zq0FK88cwwKsr19fMZWT</latexit>

+
<latexit sha1_base64="SC68jX1XZs0TtvdmXh017XcFNeM=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0VwVRKV6rLoxmUF+4Amlsnkph06eTAzKZSQf/AD3OonuBO3/oJf4G84bbOwrQcGDueew71zvIQzqSzr2yitrW9sbpW3Kzu7e/sH5uFRW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGd9N5ZwxCsjh6VJME3JAMIhYwSpSW+qbpsEhh/+kSO2Og2Sjvm1WrZs2AV4ldkCoq0OybP44f0zSESFFOpOzZVqLcjAjFKIe84qQSEkJHZAA9TSMSgnSz2eU5PtOKj4NY6KfvmKl/ExkJpZyEnnaGRA3lwkzqdUPw8+XA1PlfoJeq4MbNWJSkCiI63x6kHKsYT7vBPhNAFZ9oQqhg+gOYDokgVOkGK7oZe7mHVdK+qNn1Wv3hqtq4LToqoxN0is6Rja5RA92jJmohisboBb2iN+PZeDc+jM+5tWQUmWO0AOPrF0J1nAg=</latexit>∫

d3ωk

Loop-Tree Duality
 LTD / 3D rep

<latexit sha1_base64="MQIHZAGT6iGnDoIG+1j1raNe274=">AAACAnicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUm8kigIdPpLYxMp3VmSkIIOz/ArX6CO+PWH/EL/A0H6ELAk0xycu45uXeOn3CmtON8W7m19Y3Nrfx2YWd3b/+geHjUUHEqKdZpzGPZ8olCzgTWNdMcW4lEEvkcm/7gdjpvDlEqFosHPUrQi0hPsJBRoo3U6OBTyobdYskpOzPYq8TNSAky1LrFn04Q0zRCoSknSrVdJ9HemEjNKMdJoZMqTAgdkB62DRUkQuWNZ9dO7DOjBHYYS/OEtmfq38SYREqNIt84I6L7amGmzLo+BpPlwNT5X6Cd6vDaGzORpBoFnW8PU27r2J72YQdMItV8ZAihkpkP2LRPJKHatFYwzbjLPaySxkXZrZQr95el6k3WUR5O4BTOwYUrqMId1KAOFB7hBV7hzXq23q0P63NuzVlZ5hgWYH39AuHHmCA=</latexit>→
<latexit sha1_base64="1vRBnuFJzDEp8LuxM2PWi7K6q+w=">AAACDXicbVDLSsNAFJ34rPXRqEs3wSJUhJIUqS6LblxWsA9o0zCZ3LZDJ5M4MxFK6Df4AW71E9yJW7/BL/A3nLZZ2NYDA4dzz+HeOX7MqFS2/W2srW9sbm3ndvK7e/sHBfPwqCmjRBBokIhFou1jCYxyaCiqGLRjATj0GbT80e103noCIWnEH9Q4BjfEA077lGClJc8sdANgCvcuSo8e7VXOPbNol+0ZrFXiZKSIMtQ986cbRCQJgSvCsJQdx46Vm2KhKGEwyXcTCTEmIzyAjqYchyDddHb4xDrTSmD1I6EfV9ZM/ZtIcSjlOPS1M8RqKBdmUq8bQjBZDkyd/wU6iepfuynlcaKAk/n2fsIsFVnTaqyACiCKjTXBRFD9AYsMscBE6QLzuhlnuYdV0qyUnWq5en9ZrN1kHeXQCTpFJeSgK1RDd6iOGoigBL2gV/RmPBvvxofxObeuGVnmGC3A+PoFzV2bLg==</latexit>

ω+(q2i )

<latexit sha1_base64="HV/F3RAs+jUkCC5dSwZrh2H80Nc="></latexit>∫
dk0d3ωk

v̄p2ε
µ/k (/k + /Q) εµup1

k2(k +Q)2(k + p1)2



Valentin Hirschi LoopFest XXIV, BNL 5

Loop integrand singularities
Virtual

<latexit sha1_base64="5F9B/yY3IRwKVjNMxeDvV6BKcRM=">AAACBXicdVDLSsNAFJ3UV62vqks3g0UQhJCkNa0LoSCIyxZsq7QhTCbTdujkwcxEKKHgzg9wq5/gTtz6HX6Bv+GkrWBFDwwczj2HO/d4MaNCGsaHlltaXlldy68XNja3tneKu3ttESUckxaOWMRvPCQIoyFpSSoZuYk5QYHHSMcbXWTzzh3hgkbhtRzHxAnQIKR9ipFU0m3smiexa5033WLJ0M9qtnVqQUM3jKpVtjNiVStWGZpKyVACczTc4mfPj3ASkFBihoTomkYsnRRxSTEjk0IvESRGeIQGpKtoiAIinHT64Qk8UooP+xFXL5Rwqv5MpCgQYhx4yhkgORQLM6HWDYk/+R3InH8Fuons15yUhnEiSYhn2/sJgzKCWSXQp5xgycaKIMypOgDiIeIIS1VcQTXzfT78n7Qt3bR1u1kp1S/vZx3lwQE4BMfABFVQB1egAVoAgwA8gifwrD1oL9qr9jaz5rR5r/tgAdr7FzlHmTo=</latexit>

p1 + p2 = Q
<latexit sha1_base64="AXbCZrI08NajPD1Rg2KWcWbSIig=">AAAB/XicdVDdSgJBGJ21P7M/q8tuhiToallXW+1O6qZLhUxBRWZnP3VwdnaZmQ1EpAfoth6hu+i2Z+kJeo1m1SCjDgwczncO33zHjzlT2nE+rMza+sbmVnY7t7O7t3+QPzy6U1EiKTRpxCPZ9okCzgQ0NdMc2rEEEvocWv74Op237kEqFolbPYmhF5KhYANGiTZSY9zPFxz7suq5Fy52bMepuCUvJW6l7JZw0SgpCmiJej//2Q0imoQgNOVEqU7RiXVvSqRmlMMs100UxISOyRA6hgoSgupN5x+d4TOjBHgQSfOExnP1Z2JKQqUmoW+cIdEjtTJTZt0IgtnvQOr8K9BJ9KDamzIRJxoEXWwfJBzrCKdV4IBJoJpPDCFUMnMApiMiCdWmsJxp5vt8/D+5c+2iZ3uNcqF2tewoi07QKTpHRVRBNXSD6qiJKAL0iJ7Qs/VgvViv1tvCmrGWmWO0Auv9Cy39lhc=</latexit>

k<latexit sha1_base64="MtT6SiTEw8Icx+K3jlxFZwkK6Io="></latexit>

= ( Q0,ω0 )
<latexit sha1_base64="1DOKdGRgemRfGpYZJBoftijU5sI=">AAACA3icdVDLSsNAFJ3UV62vqks3g0VwFZK0pnUhFN24rGAf0MYymU7aoZNJmJkIJXTpB7jVT3Anbv0Qv8DfcNJWsKIHBg7nnsOde/yYUaks68PIrayurW/kNwtb2zu7e8X9g5aMEoFJE0csEh0fScIoJ01FFSOdWBAU+oy0/fFVNm/fEyFpxG/VJCZeiIacBhQjpaV23LfvnAurXyxZ5nnNdc4caJmWVXXKbkacasUpQ1srGUpggUa/+NkbRDgJCVeYISm7thUrL0VCUczItNBLJIkRHqMh6WrKUUikl86+O4UnWhnAIBL6cQVn6s9EikIpJ6GvnSFSI7k0k3rdiAymvwOZ869AN1FBzUspjxNFOJ5vDxIGVQSzQuCACoIVm2iCsKD6AIhHSCCsdG0F3cz3+fB/0nJM2zXdm0qpfrnoKA+OwDE4BTaogjq4Bg3QBBiMwSN4As/Gg/FivBpvc2vOWGQOwRKM9y+VWpfl</latexit>

p21 = 0

<latexit sha1_base64="NepQ+5RjCtkpP4VSZzd88jNWnzs=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4GqZpndaFUHTjsoJ9QDuWTCbThmYeJBmhDF36AW71E9yJWz/EL/A3zLQVrOiBwOHcc7i5x405k8qyPozcyura+kZ+s7C1vbO7V9w/aMsoEYS2SMQj0XWxpJyFtKWY4rQbC4oDl9OOO77K5p17KiSLwls1iakT4GHIfEaw0lInHqA7dGENiiXLPK/b6AxBy7SsGqrYGUG1KqrAslYylMACzUHxs+9FJAloqAjHUvbKVqycFAvFCKfTQj+RNMZkjIe0p2mIAyqddPbdKTzRigf9SOgXKjhTfyZSHEg5CVztDLAayaWZ1OtG1Jv+DmTOvwK9RPl1J2VhnCgakvl2P+FQRTArBHpMUKL4RBNMBNMHQDLCAhOlayvoZr7Ph/+TNjLLtmnfVEuNy0VHeXAEjsEpKIMaaIBr0AQtQMAYPIIn8Gw8GC/Gq/E2t+aMReYQLMF4/wKW95fm</latexit>

p22 = 0

<latexit sha1_base64="Qq4njTmVsvUflBts6UKEHdOOM+s=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkUQhJKIVJdFNy5bsLXQhjKZ3LRDJ5MwMxFKKH6AW/0Ed+LWb/EL/A2nbRa29cDA4dxzuHeOn3CmtON8W4W19Y3NreJ2aWd3b/+gfHjUVnEqKbZozGPZ8YlCzgS2NNMcO4lEEvkcH/3R3XT++IRSsVg86HGCXkQGgoWMEm2k5kW/XHGqzgz2KnFzUoEcjX75pxfENI1QaMqJUl3XSbSXEakZ5Tgp9VKFCaEjMsCuoYJEqLxsdujEPjNKYIexNE9oe6b+TWQkUmoc+cYZET1UCzNl1g0xmCwHps7/At1UhzdexkSSahR0vj1Mua1je1qFHTCJVPOxIYRKZj5g0yGRhGpTWMk04y73sEral1W3Vq01ryr127yjIpzAKZyDC9dQh3toQAsoILzAK7xZz9a79WF9zq0FK88cwwKsr19fMZWT</latexit>

+
<latexit sha1_base64="Qq4njTmVsvUflBts6UKEHdOOM+s=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkUQhJKIVJdFNy5bsLXQhjKZ3LRDJ5MwMxFKKH6AW/0Ed+LWb/EL/A2nbRa29cDA4dxzuHeOn3CmtON8W4W19Y3NreJ2aWd3b/+gfHjUVnEqKbZozGPZ8YlCzgS2NNMcO4lEEvkcH/3R3XT++IRSsVg86HGCXkQGgoWMEm2k5kW/XHGqzgz2KnFzUoEcjX75pxfENI1QaMqJUl3XSbSXEakZ5Tgp9VKFCaEjMsCuoYJEqLxsdujEPjNKYIexNE9oe6b+TWQkUmoc+cYZET1UCzNl1g0xmCwHps7/At1UhzdexkSSahR0vj1Mua1je1qFHTCJVPOxIYRKZj5g0yGRhGpTWMk04y73sEral1W3Vq01ryr127yjIpzAKZyDC9dQh3toQAsoILzAK7xZz9a79WF9zq0FK88cwwKsr19fMZWT</latexit>

+
<latexit sha1_base64="SC68jX1XZs0TtvdmXh017XcFNeM=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0VwVRKV6rLoxmUF+4Amlsnkph06eTAzKZSQf/AD3OonuBO3/oJf4G84bbOwrQcGDueew71zvIQzqSzr2yitrW9sbpW3Kzu7e/sH5uFRW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGd9N5ZwxCsjh6VJME3JAMIhYwSpSW+qbpsEhh/+kSO2Og2Sjvm1WrZs2AV4ldkCoq0OybP44f0zSESFFOpOzZVqLcjAjFKIe84qQSEkJHZAA9TSMSgnSz2eU5PtOKj4NY6KfvmKl/ExkJpZyEnnaGRA3lwkzqdUPw8+XA1PlfoJeq4MbNWJSkCiI63x6kHKsYT7vBPhNAFZ9oQqhg+gOYDokgVOkGK7oZe7mHVdK+qNn1Wv3hqtq4LToqoxN0is6Rja5RA92jJmohisboBb2iN+PZeDc+jM+5tWQUmWO0AOPrF0J1nAg=</latexit>∫

d3ωk

Loop-Tree Duality
 LTD / 3D rep

<latexit sha1_base64="MQIHZAGT6iGnDoIG+1j1raNe274=">AAACAnicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUm8kigIdPpLYxMp3VmSkIIOz/ArX6CO+PWH/EL/A0H6ELAk0xycu45uXeOn3CmtON8W7m19Y3Nrfx2YWd3b/+geHjUUHEqKdZpzGPZ8olCzgTWNdMcW4lEEvkcm/7gdjpvDlEqFosHPUrQi0hPsJBRoo3U6OBTyobdYskpOzPYq8TNSAky1LrFn04Q0zRCoSknSrVdJ9HemEjNKMdJoZMqTAgdkB62DRUkQuWNZ9dO7DOjBHYYS/OEtmfq38SYREqNIt84I6L7amGmzLo+BpPlwNT5X6Cd6vDaGzORpBoFnW8PU27r2J72YQdMItV8ZAihkpkP2LRPJKHatFYwzbjLPaySxkXZrZQr95el6k3WUR5O4BTOwYUrqMId1KAOFB7hBV7hzXq23q0P63NuzVlZ5hgWYH39AuHHmCA=</latexit>→
<latexit sha1_base64="1vRBnuFJzDEp8LuxM2PWi7K6q+w=">AAACDXicbVDLSsNAFJ34rPXRqEs3wSJUhJIUqS6LblxWsA9o0zCZ3LZDJ5M4MxFK6Df4AW71E9yJW7/BL/A3nLZZ2NYDA4dzz+HeOX7MqFS2/W2srW9sbm3ndvK7e/sHBfPwqCmjRBBokIhFou1jCYxyaCiqGLRjATj0GbT80e103noCIWnEH9Q4BjfEA077lGClJc8sdANgCvcuSo8e7VXOPbNol+0ZrFXiZKSIMtQ986cbRCQJgSvCsJQdx46Vm2KhKGEwyXcTCTEmIzyAjqYchyDddHb4xDrTSmD1I6EfV9ZM/ZtIcSjlOPS1M8RqKBdmUq8bQjBZDkyd/wU6iepfuynlcaKAk/n2fsIsFVnTaqyACiCKjTXBRFD9AYsMscBE6QLzuhlnuYdV0qyUnWq5en9ZrN1kHeXQCTpFJeSgK1RDd6iOGoigBL2gV/RmPBvvxofxObeuGVnmGC3A+PoFzV2bLg==</latexit>

ω+(q2i )

<latexit sha1_base64="HV/F3RAs+jUkCC5dSwZrh2H80Nc="></latexit>∫
dk0d3ωk

v̄p2ε
µ/k (/k + /Q) εµup1

k2(k +Q)2(k + p1)2



Valentin Hirschi LoopFest XXIV, BNL 5

Loop integrand singularities
Virtual

<latexit sha1_base64="5F9B/yY3IRwKVjNMxeDvV6BKcRM=">AAACBXicdVDLSsNAFJ3UV62vqks3g0UQhJCkNa0LoSCIyxZsq7QhTCbTdujkwcxEKKHgzg9wq5/gTtz6HX6Bv+GkrWBFDwwczj2HO/d4MaNCGsaHlltaXlldy68XNja3tneKu3ttESUckxaOWMRvPCQIoyFpSSoZuYk5QYHHSMcbXWTzzh3hgkbhtRzHxAnQIKR9ipFU0m3smiexa5033WLJ0M9qtnVqQUM3jKpVtjNiVStWGZpKyVACczTc4mfPj3ASkFBihoTomkYsnRRxSTEjk0IvESRGeIQGpKtoiAIinHT64Qk8UooP+xFXL5Rwqv5MpCgQYhx4yhkgORQLM6HWDYk/+R3InH8Fuons15yUhnEiSYhn2/sJgzKCWSXQp5xgycaKIMypOgDiIeIIS1VcQTXzfT78n7Qt3bR1u1kp1S/vZx3lwQE4BMfABFVQB1egAVoAgwA8gifwrD1oL9qr9jaz5rR5r/tgAdr7FzlHmTo=</latexit>

p1 + p2 = Q
<latexit sha1_base64="AXbCZrI08NajPD1Rg2KWcWbSIig=">AAAB/XicdVDdSgJBGJ21P7M/q8tuhiToallXW+1O6qZLhUxBRWZnP3VwdnaZmQ1EpAfoth6hu+i2Z+kJeo1m1SCjDgwczncO33zHjzlT2nE+rMza+sbmVnY7t7O7t3+QPzy6U1EiKTRpxCPZ9okCzgQ0NdMc2rEEEvocWv74Op237kEqFolbPYmhF5KhYANGiTZSY9zPFxz7suq5Fy52bMepuCUvJW6l7JZw0SgpCmiJej//2Q0imoQgNOVEqU7RiXVvSqRmlMMs100UxISOyRA6hgoSgupN5x+d4TOjBHgQSfOExnP1Z2JKQqUmoW+cIdEjtTJTZt0IgtnvQOr8K9BJ9KDamzIRJxoEXWwfJBzrCKdV4IBJoJpPDCFUMnMApiMiCdWmsJxp5vt8/D+5c+2iZ3uNcqF2tewoi07QKTpHRVRBNXSD6qiJKAL0iJ7Qs/VgvViv1tvCmrGWmWO0Auv9Cy39lhc=</latexit>

k<latexit sha1_base64="MtT6SiTEw8Icx+K3jlxFZwkK6Io="></latexit>

= ( Q0,ω0 )
<latexit sha1_base64="1DOKdGRgemRfGpYZJBoftijU5sI=">AAACA3icdVDLSsNAFJ3UV62vqks3g0VwFZK0pnUhFN24rGAf0MYymU7aoZNJmJkIJXTpB7jVT3Anbv0Qv8DfcNJWsKIHBg7nnsOde/yYUaks68PIrayurW/kNwtb2zu7e8X9g5aMEoFJE0csEh0fScIoJ01FFSOdWBAU+oy0/fFVNm/fEyFpxG/VJCZeiIacBhQjpaV23LfvnAurXyxZ5nnNdc4caJmWVXXKbkacasUpQ1srGUpggUa/+NkbRDgJCVeYISm7thUrL0VCUczItNBLJIkRHqMh6WrKUUikl86+O4UnWhnAIBL6cQVn6s9EikIpJ6GvnSFSI7k0k3rdiAymvwOZ869AN1FBzUspjxNFOJ5vDxIGVQSzQuCACoIVm2iCsKD6AIhHSCCsdG0F3cz3+fB/0nJM2zXdm0qpfrnoKA+OwDE4BTaogjq4Bg3QBBiMwSN4As/Gg/FivBpvc2vOWGQOwRKM9y+VWpfl</latexit>

p21 = 0

<latexit sha1_base64="NepQ+5RjCtkpP4VSZzd88jNWnzs=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4GqZpndaFUHTjsoJ9QDuWTCbThmYeJBmhDF36AW71E9yJWz/EL/A3zLQVrOiBwOHcc7i5x405k8qyPozcyura+kZ+s7C1vbO7V9w/aMsoEYS2SMQj0XWxpJyFtKWY4rQbC4oDl9OOO77K5p17KiSLwls1iakT4GHIfEaw0lInHqA7dGENiiXLPK/b6AxBy7SsGqrYGUG1KqrAslYylMACzUHxs+9FJAloqAjHUvbKVqycFAvFCKfTQj+RNMZkjIe0p2mIAyqddPbdKTzRigf9SOgXKjhTfyZSHEg5CVztDLAayaWZ1OtG1Jv+DmTOvwK9RPl1J2VhnCgakvl2P+FQRTArBHpMUKL4RBNMBNMHQDLCAhOlayvoZr7Ph/+TNjLLtmnfVEuNy0VHeXAEjsEpKIMaaIBr0AQtQMAYPIIn8Gw8GC/Gq/E2t+aMReYQLMF4/wKW95fm</latexit>

p22 = 0

<latexit sha1_base64="Qq4njTmVsvUflBts6UKEHdOOM+s=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkUQhJKIVJdFNy5bsLXQhjKZ3LRDJ5MwMxFKKH6AW/0Ed+LWb/EL/A2nbRa29cDA4dxzuHeOn3CmtON8W4W19Y3NreJ2aWd3b/+gfHjUVnEqKbZozGPZ8YlCzgS2NNMcO4lEEvkcH/3R3XT++IRSsVg86HGCXkQGgoWMEm2k5kW/XHGqzgz2KnFzUoEcjX75pxfENI1QaMqJUl3XSbSXEakZ5Tgp9VKFCaEjMsCuoYJEqLxsdujEPjNKYIexNE9oe6b+TWQkUmoc+cYZET1UCzNl1g0xmCwHps7/At1UhzdexkSSahR0vj1Mua1je1qFHTCJVPOxIYRKZj5g0yGRhGpTWMk04y73sEral1W3Vq01ryr127yjIpzAKZyDC9dQh3toQAsoILzAK7xZz9a79WF9zq0FK88cwwKsr19fMZWT</latexit>

+
<latexit sha1_base64="Qq4njTmVsvUflBts6UKEHdOOM+s=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkUQhJKIVJdFNy5bsLXQhjKZ3LRDJ5MwMxFKKH6AW/0Ed+LWb/EL/A2nbRa29cDA4dxzuHeOn3CmtON8W4W19Y3NreJ2aWd3b/+gfHjUVnEqKbZozGPZ8YlCzgS2NNMcO4lEEvkcH/3R3XT++IRSsVg86HGCXkQGgoWMEm2k5kW/XHGqzgz2KnFzUoEcjX75pxfENI1QaMqJUl3XSbSXEakZ5Tgp9VKFCaEjMsCuoYJEqLxsdujEPjNKYIexNE9oe6b+TWQkUmoc+cYZET1UCzNl1g0xmCwHps7/At1UhzdexkSSahR0vj1Mua1je1qFHTCJVPOxIYRKZj5g0yGRhGpTWMk04y73sEral1W3Vq01ryr127yjIpzAKZyDC9dQh3toQAsoILzAK7xZz9a79WF9zq0FK88cwwKsr19fMZWT</latexit>

+
<latexit sha1_base64="SC68jX1XZs0TtvdmXh017XcFNeM=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0VwVRKV6rLoxmUF+4Amlsnkph06eTAzKZSQf/AD3OonuBO3/oJf4G84bbOwrQcGDueew71zvIQzqSzr2yitrW9sbpW3Kzu7e/sH5uFRW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGd9N5ZwxCsjh6VJME3JAMIhYwSpSW+qbpsEhh/+kSO2Og2Sjvm1WrZs2AV4ldkCoq0OybP44f0zSESFFOpOzZVqLcjAjFKIe84qQSEkJHZAA9TSMSgnSz2eU5PtOKj4NY6KfvmKl/ExkJpZyEnnaGRA3lwkzqdUPw8+XA1PlfoJeq4MbNWJSkCiI63x6kHKsYT7vBPhNAFZ9oQqhg+gOYDokgVOkGK7oZe7mHVdK+qNn1Wv3hqtq4LToqoxN0is6Rja5RA92jJmohisboBb2iN+PZeDc+jM+5tWQUmWO0AOPrF0J1nAg=</latexit>∫

d3ωk

Loop-Tree Duality
 LTD / 3D rep

<latexit sha1_base64="MQIHZAGT6iGnDoIG+1j1raNe274=">AAACAnicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUm8kigIdPpLYxMp3VmSkIIOz/ArX6CO+PWH/EL/A0H6ELAk0xycu45uXeOn3CmtON8W7m19Y3Nrfx2YWd3b/+geHjUUHEqKdZpzGPZ8olCzgTWNdMcW4lEEvkcm/7gdjpvDlEqFosHPUrQi0hPsJBRoo3U6OBTyobdYskpOzPYq8TNSAky1LrFn04Q0zRCoSknSrVdJ9HemEjNKMdJoZMqTAgdkB62DRUkQuWNZ9dO7DOjBHYYS/OEtmfq38SYREqNIt84I6L7amGmzLo+BpPlwNT5X6Cd6vDaGzORpBoFnW8PU27r2J72YQdMItV8ZAihkpkP2LRPJKHatFYwzbjLPaySxkXZrZQr95el6k3WUR5O4BTOwYUrqMId1KAOFB7hBV7hzXq23q0P63NuzVlZ5hgWYH39AuHHmCA=</latexit>→
<latexit sha1_base64="1vRBnuFJzDEp8LuxM2PWi7K6q+w=">AAACDXicbVDLSsNAFJ34rPXRqEs3wSJUhJIUqS6LblxWsA9o0zCZ3LZDJ5M4MxFK6Df4AW71E9yJW7/BL/A3nLZZ2NYDA4dzz+HeOX7MqFS2/W2srW9sbm3ndvK7e/sHBfPwqCmjRBBokIhFou1jCYxyaCiqGLRjATj0GbT80e103noCIWnEH9Q4BjfEA077lGClJc8sdANgCvcuSo8e7VXOPbNol+0ZrFXiZKSIMtQ986cbRCQJgSvCsJQdx46Vm2KhKGEwyXcTCTEmIzyAjqYchyDddHb4xDrTSmD1I6EfV9ZM/ZtIcSjlOPS1M8RqKBdmUq8bQjBZDkyd/wU6iepfuynlcaKAk/n2fsIsFVnTaqyACiCKjTXBRFD9AYsMscBE6QLzuhlnuYdV0qyUnWq5en9ZrN1kHeXQCTpFJeSgK1RDd6iOGoigBL2gV/RmPBvvxofxObeuGVnmGC3A+PoFzV2bLg==</latexit>

ω+(q2i )

<latexit sha1_base64="HV/F3RAs+jUkCC5dSwZrh2H80Nc="></latexit>∫
dk0d3ωk

v̄p2ε
µ/k (/k + /Q) εµup1

k2(k +Q)2(k + p1)2

<latexit sha1_base64="NfPUPJjqf3NHECazngmMra2ZocQ=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5LJ3LahmcyQZIQyFNz4AW71E9yJWz/EL/A3TB8L23ogcDj3HO7NCRLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kzmzUdUmsfywYwS9CPal7zHGTVWanZ0mmg03WLJLbtTkFXizUkJ5qh1iz+dMGZphNIwQbVue25i/Iwqw5nAcaGTakwoG9I+ti2VNELtZ9Nzx+TMKiHpxco+achU/ZvIaKT1KAqsM6JmoBdm2q4bYDheDkyc/wXaqeld+xmXSWpQstn2XiqIicmkEBJyhcyIkSWUKW4/QNiAKsqMra1gm/GWe1gljYuyVylX7i9L1dunWUd5OIFTOAcPrqAKd1CDOjAYwgu8wpvz7Lw7H87nzJpz5r0ewwKcr1/zx5ko</latexit>→
<latexit sha1_base64="VVj4FvL8kGU9B+WbQsHZ+dfaKec="></latexit>∫

d2!

∫ →

0
|ωk|2d|ωk| a|ωk|2 + b|ωk|+ c

8|ωk|2|ωk + ωp1|
1

|ωk|+ |ωk + ωp1|→ | ωp1|
1

|ωk|+ |ωk + ωQ|→Q0 + iεCFF

cLTD



Valentin Hirschi LoopFest XXIV, BNL 5

Loop integrand singularities
Virtual

<latexit sha1_base64="5F9B/yY3IRwKVjNMxeDvV6BKcRM=">AAACBXicdVDLSsNAFJ3UV62vqks3g0UQhJCkNa0LoSCIyxZsq7QhTCbTdujkwcxEKKHgzg9wq5/gTtz6HX6Bv+GkrWBFDwwczj2HO/d4MaNCGsaHlltaXlldy68XNja3tneKu3ttESUckxaOWMRvPCQIoyFpSSoZuYk5QYHHSMcbXWTzzh3hgkbhtRzHxAnQIKR9ipFU0m3smiexa5033WLJ0M9qtnVqQUM3jKpVtjNiVStWGZpKyVACczTc4mfPj3ASkFBihoTomkYsnRRxSTEjk0IvESRGeIQGpKtoiAIinHT64Qk8UooP+xFXL5Rwqv5MpCgQYhx4yhkgORQLM6HWDYk/+R3InH8Fuons15yUhnEiSYhn2/sJgzKCWSXQp5xgycaKIMypOgDiIeIIS1VcQTXzfT78n7Qt3bR1u1kp1S/vZx3lwQE4BMfABFVQB1egAVoAgwA8gifwrD1oL9qr9jaz5rR5r/tgAdr7FzlHmTo=</latexit>

p1 + p2 = Q
<latexit sha1_base64="AXbCZrI08NajPD1Rg2KWcWbSIig=">AAAB/XicdVDdSgJBGJ21P7M/q8tuhiToallXW+1O6qZLhUxBRWZnP3VwdnaZmQ1EpAfoth6hu+i2Z+kJeo1m1SCjDgwczncO33zHjzlT2nE+rMza+sbmVnY7t7O7t3+QPzy6U1EiKTRpxCPZ9okCzgQ0NdMc2rEEEvocWv74Op237kEqFolbPYmhF5KhYANGiTZSY9zPFxz7suq5Fy52bMepuCUvJW6l7JZw0SgpCmiJej//2Q0imoQgNOVEqU7RiXVvSqRmlMMs100UxISOyRA6hgoSgupN5x+d4TOjBHgQSfOExnP1Z2JKQqUmoW+cIdEjtTJTZt0IgtnvQOr8K9BJ9KDamzIRJxoEXWwfJBzrCKdV4IBJoJpPDCFUMnMApiMiCdWmsJxp5vt8/D+5c+2iZ3uNcqF2tewoi07QKTpHRVRBNXSD6qiJKAL0iJ7Qs/VgvViv1tvCmrGWmWO0Auv9Cy39lhc=</latexit>

k<latexit sha1_base64="MtT6SiTEw8Icx+K3jlxFZwkK6Io="></latexit>

= ( Q0,ω0 )
<latexit sha1_base64="1DOKdGRgemRfGpYZJBoftijU5sI=">AAACA3icdVDLSsNAFJ3UV62vqks3g0VwFZK0pnUhFN24rGAf0MYymU7aoZNJmJkIJXTpB7jVT3Anbv0Qv8DfcNJWsKIHBg7nnsOde/yYUaks68PIrayurW/kNwtb2zu7e8X9g5aMEoFJE0csEh0fScIoJ01FFSOdWBAU+oy0/fFVNm/fEyFpxG/VJCZeiIacBhQjpaV23LfvnAurXyxZ5nnNdc4caJmWVXXKbkacasUpQ1srGUpggUa/+NkbRDgJCVeYISm7thUrL0VCUczItNBLJIkRHqMh6WrKUUikl86+O4UnWhnAIBL6cQVn6s9EikIpJ6GvnSFSI7k0k3rdiAymvwOZ869AN1FBzUspjxNFOJ5vDxIGVQSzQuCACoIVm2iCsKD6AIhHSCCsdG0F3cz3+fB/0nJM2zXdm0qpfrnoKA+OwDE4BTaogjq4Bg3QBBiMwSN4As/Gg/FivBpvc2vOWGQOwRKM9y+VWpfl</latexit>

p21 = 0

<latexit sha1_base64="NepQ+5RjCtkpP4VSZzd88jNWnzs=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4GqZpndaFUHTjsoJ9QDuWTCbThmYeJBmhDF36AW71E9yJWz/EL/A3zLQVrOiBwOHcc7i5x405k8qyPozcyura+kZ+s7C1vbO7V9w/aMsoEYS2SMQj0XWxpJyFtKWY4rQbC4oDl9OOO77K5p17KiSLwls1iakT4GHIfEaw0lInHqA7dGENiiXLPK/b6AxBy7SsGqrYGUG1KqrAslYylMACzUHxs+9FJAloqAjHUvbKVqycFAvFCKfTQj+RNMZkjIe0p2mIAyqddPbdKTzRigf9SOgXKjhTfyZSHEg5CVztDLAayaWZ1OtG1Jv+DmTOvwK9RPl1J2VhnCgakvl2P+FQRTArBHpMUKL4RBNMBNMHQDLCAhOlayvoZr7Ph/+TNjLLtmnfVEuNy0VHeXAEjsEpKIMaaIBr0AQtQMAYPIIn8Gw8GC/Gq/E2t+aMReYQLMF4/wKW95fm</latexit>

p22 = 0

<latexit sha1_base64="Qq4njTmVsvUflBts6UKEHdOOM+s=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkUQhJKIVJdFNy5bsLXQhjKZ3LRDJ5MwMxFKKH6AW/0Ed+LWb/EL/A2nbRa29cDA4dxzuHeOn3CmtON8W4W19Y3NreJ2aWd3b/+gfHjUVnEqKbZozGPZ8YlCzgS2NNMcO4lEEvkcH/3R3XT++IRSsVg86HGCXkQGgoWMEm2k5kW/XHGqzgz2KnFzUoEcjX75pxfENI1QaMqJUl3XSbSXEakZ5Tgp9VKFCaEjMsCuoYJEqLxsdujEPjNKYIexNE9oe6b+TWQkUmoc+cYZET1UCzNl1g0xmCwHps7/At1UhzdexkSSahR0vj1Mua1je1qFHTCJVPOxIYRKZj5g0yGRhGpTWMk04y73sEral1W3Vq01ryr127yjIpzAKZyDC9dQh3toQAsoILzAK7xZz9a79WF9zq0FK88cwwKsr19fMZWT</latexit>

+
<latexit sha1_base64="Qq4njTmVsvUflBts6UKEHdOOM+s=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkUQhJKIVJdFNy5bsLXQhjKZ3LRDJ5MwMxFKKH6AW/0Ed+LWb/EL/A2nbRa29cDA4dxzuHeOn3CmtON8W4W19Y3NreJ2aWd3b/+gfHjUVnEqKbZozGPZ8YlCzgS2NNMcO4lEEvkcH/3R3XT++IRSsVg86HGCXkQGgoWMEm2k5kW/XHGqzgz2KnFzUoEcjX75pxfENI1QaMqJUl3XSbSXEakZ5Tgp9VKFCaEjMsCuoYJEqLxsdujEPjNKYIexNE9oe6b+TWQkUmoc+cYZET1UCzNl1g0xmCwHps7/At1UhzdexkSSahR0vj1Mua1je1qFHTCJVPOxIYRKZj5g0yGRhGpTWMk04y73sEral1W3Vq01ryr127yjIpzAKZyDC9dQh3toQAsoILzAK7xZz9a79WF9zq0FK88cwwKsr19fMZWT</latexit>

+
<latexit sha1_base64="SC68jX1XZs0TtvdmXh017XcFNeM=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0VwVRKV6rLoxmUF+4Amlsnkph06eTAzKZSQf/AD3OonuBO3/oJf4G84bbOwrQcGDueew71zvIQzqSzr2yitrW9sbpW3Kzu7e/sH5uFRW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGd9N5ZwxCsjh6VJME3JAMIhYwSpSW+qbpsEhh/+kSO2Og2Sjvm1WrZs2AV4ldkCoq0OybP44f0zSESFFOpOzZVqLcjAjFKIe84qQSEkJHZAA9TSMSgnSz2eU5PtOKj4NY6KfvmKl/ExkJpZyEnnaGRA3lwkzqdUPw8+XA1PlfoJeq4MbNWJSkCiI63x6kHKsYT7vBPhNAFZ9oQqhg+gOYDokgVOkGK7oZe7mHVdK+qNn1Wv3hqtq4LToqoxN0is6Rja5RA92jJmohisboBb2iN+PZeDc+jM+5tWQUmWO0AOPrF0J1nAg=</latexit>∫

d3ωk

Loop-Tree Duality
 LTD / 3D rep

<latexit sha1_base64="MQIHZAGT6iGnDoIG+1j1raNe274=">AAACAnicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUm8kigIdPpLYxMp3VmSkIIOz/ArX6CO+PWH/EL/A0H6ELAk0xycu45uXeOn3CmtON8W7m19Y3Nrfx2YWd3b/+geHjUUHEqKdZpzGPZ8olCzgTWNdMcW4lEEvkcm/7gdjpvDlEqFosHPUrQi0hPsJBRoo3U6OBTyobdYskpOzPYq8TNSAky1LrFn04Q0zRCoSknSrVdJ9HemEjNKMdJoZMqTAgdkB62DRUkQuWNZ9dO7DOjBHYYS/OEtmfq38SYREqNIt84I6L7amGmzLo+BpPlwNT5X6Cd6vDaGzORpBoFnW8PU27r2J72YQdMItV8ZAihkpkP2LRPJKHatFYwzbjLPaySxkXZrZQr95el6k3WUR5O4BTOwYUrqMId1KAOFB7hBV7hzXq23q0P63NuzVlZ5hgWYH39AuHHmCA=</latexit>→
<latexit sha1_base64="1vRBnuFJzDEp8LuxM2PWi7K6q+w=">AAACDXicbVDLSsNAFJ34rPXRqEs3wSJUhJIUqS6LblxWsA9o0zCZ3LZDJ5M4MxFK6Df4AW71E9yJW7/BL/A3nLZZ2NYDA4dzz+HeOX7MqFS2/W2srW9sbm3ndvK7e/sHBfPwqCmjRBBokIhFou1jCYxyaCiqGLRjATj0GbT80e103noCIWnEH9Q4BjfEA077lGClJc8sdANgCvcuSo8e7VXOPbNol+0ZrFXiZKSIMtQ986cbRCQJgSvCsJQdx46Vm2KhKGEwyXcTCTEmIzyAjqYchyDddHb4xDrTSmD1I6EfV9ZM/ZtIcSjlOPS1M8RqKBdmUq8bQjBZDkyd/wU6iepfuynlcaKAk/n2fsIsFVnTaqyACiCKjTXBRFD9AYsMscBE6QLzuhlnuYdV0qyUnWq5en9ZrN1kHeXQCTpFJeSgK1RDd6iOGoigBL2gV/RmPBvvxofxObeuGVnmGC3A+PoFzV2bLg==</latexit>

ω+(q2i )

Integrable singularity

<latexit sha1_base64="p11HBE/T4jQkkX1W0fQ5ACeNfIk=">AAACHXicbVDLSsNAFJ3UV62vqEsXDhbBjSURqS6LblxWsA9oQ5hMb5uhkwczk0oJWfodfoBb/QR34lb8An/DadqFbT1w4XDuOVzu8WLOpLKsb6Owsrq2vlHcLG1t7+zumfsHTRklgkKDRjwSbY9I4CyEhmKKQzsWQAKPQ8sb3k72rREIyaLwQY1jcAIyCFmfUaK05JrH3RHQdJjhrmADXxEhokd8jnM1du3MNctWxcqBl4k9I2U0Q901f7q9iCYBhIpyImXHtmLlpEQoRjlkpW4iISZ0SAbQ0TQkAUgnzR/J8KlWergfCT2hwrn6N5GSQMpx4GlnQJQv53ZSn/Ohly0GJs7/Ap1E9a+dlIVxoiCk0+v9hGMV4UlVuMcEUMXHmhAqmH4AU58IQpUutKSbsRd7WCbNi4pdrVTvL8u1m1lHRXSETtAZstEVqqE7VEcNRNETekGv6M14Nt6ND+Nzai0Ys8whmoPx9QtsU6KG</latexit>

ωk → ↑ωp1

<latexit sha1_base64="11k0bxLD0YSprXvk0UP2+IqlwVA="></latexit>∫ →

0
dx

1→
x
= 2e.g.

• LMB multi-channeling  
• Tropical sampling

<latexit sha1_base64="HV/F3RAs+jUkCC5dSwZrh2H80Nc="></latexit>∫
dk0d3ωk

v̄p2ε
µ/k (/k + /Q) εµup1

k2(k +Q)2(k + p1)2

<latexit sha1_base64="NfPUPJjqf3NHECazngmMra2ZocQ=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5LJ3LahmcyQZIQyFNz4AW71E9yJWz/EL/A3TB8L23ogcDj3HO7NCRLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kzmzUdUmsfywYwS9CPal7zHGTVWanZ0mmg03WLJLbtTkFXizUkJ5qh1iz+dMGZphNIwQbVue25i/Iwqw5nAcaGTakwoG9I+ti2VNELtZ9Nzx+TMKiHpxco+achU/ZvIaKT1KAqsM6JmoBdm2q4bYDheDkyc/wXaqeld+xmXSWpQstn2XiqIicmkEBJyhcyIkSWUKW4/QNiAKsqMra1gm/GWe1gljYuyVylX7i9L1dunWUd5OIFTOAcPrqAKd1CDOjAYwgu8wpvz7Lw7H87nzJpz5r0ewwKcr1/zx5ko</latexit>→
<latexit sha1_base64="VVj4FvL8kGU9B+WbQsHZ+dfaKec="></latexit>∫

d2!

∫ →

0
|ωk|2d|ωk| a|ωk|2 + b|ωk|+ c

8|ωk|2|ωk + ωp1|
1

|ωk|+ |ωk + ωp1|→ | ωp1|
1

|ωk|+ |ωk + ωQ|→Q0 + iεCFF

cLTD
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Loop integrand singularities
Virtual

<latexit sha1_base64="5F9B/yY3IRwKVjNMxeDvV6BKcRM=">AAACBXicdVDLSsNAFJ3UV62vqks3g0UQhJCkNa0LoSCIyxZsq7QhTCbTdujkwcxEKKHgzg9wq5/gTtz6HX6Bv+GkrWBFDwwczj2HO/d4MaNCGsaHlltaXlldy68XNja3tneKu3ttESUckxaOWMRvPCQIoyFpSSoZuYk5QYHHSMcbXWTzzh3hgkbhtRzHxAnQIKR9ipFU0m3smiexa5033WLJ0M9qtnVqQUM3jKpVtjNiVStWGZpKyVACczTc4mfPj3ASkFBihoTomkYsnRRxSTEjk0IvESRGeIQGpKtoiAIinHT64Qk8UooP+xFXL5Rwqv5MpCgQYhx4yhkgORQLM6HWDYk/+R3InH8Fuons15yUhnEiSYhn2/sJgzKCWSXQp5xgycaKIMypOgDiIeIIS1VcQTXzfT78n7Qt3bR1u1kp1S/vZx3lwQE4BMfABFVQB1egAVoAgwA8gifwrD1oL9qr9jaz5rR5r/tgAdr7FzlHmTo=</latexit>

p1 + p2 = Q
<latexit sha1_base64="AXbCZrI08NajPD1Rg2KWcWbSIig=">AAAB/XicdVDdSgJBGJ21P7M/q8tuhiToallXW+1O6qZLhUxBRWZnP3VwdnaZmQ1EpAfoth6hu+i2Z+kJeo1m1SCjDgwczncO33zHjzlT2nE+rMza+sbmVnY7t7O7t3+QPzy6U1EiKTRpxCPZ9okCzgQ0NdMc2rEEEvocWv74Op237kEqFolbPYmhF5KhYANGiTZSY9zPFxz7suq5Fy52bMepuCUvJW6l7JZw0SgpCmiJej//2Q0imoQgNOVEqU7RiXVvSqRmlMMs100UxISOyRA6hgoSgupN5x+d4TOjBHgQSfOExnP1Z2JKQqUmoW+cIdEjtTJTZt0IgtnvQOr8K9BJ9KDamzIRJxoEXWwfJBzrCKdV4IBJoJpPDCFUMnMApiMiCdWmsJxp5vt8/D+5c+2iZ3uNcqF2tewoi07QKTpHRVRBNXSD6qiJKAL0iJ7Qs/VgvViv1tvCmrGWmWO0Auv9Cy39lhc=</latexit>

k<latexit sha1_base64="MtT6SiTEw8Icx+K3jlxFZwkK6Io="></latexit>

= ( Q0,ω0 )
<latexit sha1_base64="1DOKdGRgemRfGpYZJBoftijU5sI=">AAACA3icdVDLSsNAFJ3UV62vqks3g0VwFZK0pnUhFN24rGAf0MYymU7aoZNJmJkIJXTpB7jVT3Anbv0Qv8DfcNJWsKIHBg7nnsOde/yYUaks68PIrayurW/kNwtb2zu7e8X9g5aMEoFJE0csEh0fScIoJ01FFSOdWBAU+oy0/fFVNm/fEyFpxG/VJCZeiIacBhQjpaV23LfvnAurXyxZ5nnNdc4caJmWVXXKbkacasUpQ1srGUpggUa/+NkbRDgJCVeYISm7thUrL0VCUczItNBLJIkRHqMh6WrKUUikl86+O4UnWhnAIBL6cQVn6s9EikIpJ6GvnSFSI7k0k3rdiAymvwOZ869AN1FBzUspjxNFOJ5vDxIGVQSzQuCACoIVm2iCsKD6AIhHSCCsdG0F3cz3+fB/0nJM2zXdm0qpfrnoKA+OwDE4BTaogjq4Bg3QBBiMwSN4As/Gg/FivBpvc2vOWGQOwRKM9y+VWpfl</latexit>

p21 = 0

<latexit sha1_base64="NepQ+5RjCtkpP4VSZzd88jNWnzs=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4GqZpndaFUHTjsoJ9QDuWTCbThmYeJBmhDF36AW71E9yJWz/EL/A3zLQVrOiBwOHcc7i5x405k8qyPozcyura+kZ+s7C1vbO7V9w/aMsoEYS2SMQj0XWxpJyFtKWY4rQbC4oDl9OOO77K5p17KiSLwls1iakT4GHIfEaw0lInHqA7dGENiiXLPK/b6AxBy7SsGqrYGUG1KqrAslYylMACzUHxs+9FJAloqAjHUvbKVqycFAvFCKfTQj+RNMZkjIe0p2mIAyqddPbdKTzRigf9SOgXKjhTfyZSHEg5CVztDLAayaWZ1OtG1Jv+DmTOvwK9RPl1J2VhnCgakvl2P+FQRTArBHpMUKL4RBNMBNMHQDLCAhOlayvoZr7Ph/+TNjLLtmnfVEuNy0VHeXAEjsEpKIMaaIBr0AQtQMAYPIIn8Gw8GC/Gq/E2t+aMReYQLMF4/wKW95fm</latexit>

p22 = 0

<latexit sha1_base64="Qq4njTmVsvUflBts6UKEHdOOM+s=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkUQhJKIVJdFNy5bsLXQhjKZ3LRDJ5MwMxFKKH6AW/0Ed+LWb/EL/A2nbRa29cDA4dxzuHeOn3CmtON8W4W19Y3NreJ2aWd3b/+gfHjUVnEqKbZozGPZ8YlCzgS2NNMcO4lEEvkcH/3R3XT++IRSsVg86HGCXkQGgoWMEm2k5kW/XHGqzgz2KnFzUoEcjX75pxfENI1QaMqJUl3XSbSXEakZ5Tgp9VKFCaEjMsCuoYJEqLxsdujEPjNKYIexNE9oe6b+TWQkUmoc+cYZET1UCzNl1g0xmCwHps7/At1UhzdexkSSahR0vj1Mua1je1qFHTCJVPOxIYRKZj5g0yGRhGpTWMk04y73sEral1W3Vq01ryr127yjIpzAKZyDC9dQh3toQAsoILzAK7xZz9a79WF9zq0FK88cwwKsr19fMZWT</latexit>

+
<latexit sha1_base64="Qq4njTmVsvUflBts6UKEHdOOM+s=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkUQhJKIVJdFNy5bsLXQhjKZ3LRDJ5MwMxFKKH6AW/0Ed+LWb/EL/A2nbRa29cDA4dxzuHeOn3CmtON8W4W19Y3NreJ2aWd3b/+gfHjUVnEqKbZozGPZ8YlCzgS2NNMcO4lEEvkcH/3R3XT++IRSsVg86HGCXkQGgoWMEm2k5kW/XHGqzgz2KnFzUoEcjX75pxfENI1QaMqJUl3XSbSXEakZ5Tgp9VKFCaEjMsCuoYJEqLxsdujEPjNKYIexNE9oe6b+TWQkUmoc+cYZET1UCzNl1g0xmCwHps7/At1UhzdexkSSahR0vj1Mua1je1qFHTCJVPOxIYRKZj5g0yGRhGpTWMk04y73sEral1W3Vq01ryr127yjIpzAKZyDC9dQh3toQAsoILzAK7xZz9a79WF9zq0FK88cwwKsr19fMZWT</latexit>

+

<latexit sha1_base64="sKsSSegbXz83vteUAowTaNWQu5A=">AAACGXicbVDLSsNAFJ34rPVVdelmsAiuSiJSXYpuXFawVmhKmUxv2qGTSZi5qZSYhd/hB7jVT3Anbl35Bf6G0zYLXwcuHM49h8s9QSKFQdf9cObmFxaXlksr5dW19Y3Nytb2tYlTzaHJYxnrm4AZkEJBEwVKuEk0sCiQ0AqG55N9awTaiFhd4TiBTsT6SoSCM7RSt7J754+AZ8P8zteiP0CmdXxLfaFCHHcrVbfmTkH/Eq8gVVKg0a18+r2YpxEo5JIZ0/bcBDsZ0yi4hLzspwYSxoesD21LFYvAdLLpEzndt0qPhrG2o5BO1e+JjEXGjKPAOiOGA/NjZ+y5AfTy34GJ879AO8XwpJMJlaQIis+uh6mkGNNJTbQnNHCUY0sY18I+QPmAacbRllm2zXi/e/hLrg9rXr1Wvzyqnp4VHZXILtkjB8Qjx+SUXJAGaRJO7skjeSLPzoPz4rw6bzPrnFNkdsgPOO9f6Qyh3Q==</latexit>

|ωk| → ↑
UV singularity

• Local BPHZ 
• Scheme matching 

<latexit sha1_base64="cfqsPOc5zYEVlEHET59LwF3NBig=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbtkswm7m0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvSAXXxnW/nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnSC6m/udCSrNE/lopin6MR1JHnJGjZU6/QmyPJoNqjW37i5A/hKvIDUo0BxUP/vDhGUxSsME1brnuanxc6oMZwJnlX6mMaUsoiPsWSppjNrPF+fOyJlVhiRMlC1pyEL9OZHTWOtpHNjOmJqxXvXm4n9eLzPhjZ9zmWYGJVsuCjNBTELmv5MhV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vJf0r6oe1d19+Gy1rgt4ijDCZzCOXhwDQ24hya0gEEET/ACr07qPDtvzvuyteQUM8fwC87HN590j8E=</latexit>

~k

<latexit sha1_base64="SC68jX1XZs0TtvdmXh017XcFNeM=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0VwVRKV6rLoxmUF+4Amlsnkph06eTAzKZSQf/AD3OonuBO3/oJf4G84bbOwrQcGDueew71zvIQzqSzr2yitrW9sbpW3Kzu7e/sH5uFRW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGd9N5ZwxCsjh6VJME3JAMIhYwSpSW+qbpsEhh/+kSO2Og2Sjvm1WrZs2AV4ldkCoq0OybP44f0zSESFFOpOzZVqLcjAjFKIe84qQSEkJHZAA9TSMSgnSz2eU5PtOKj4NY6KfvmKl/ExkJpZyEnnaGRA3lwkzqdUPw8+XA1PlfoJeq4MbNWJSkCiI63x6kHKsYT7vBPhNAFZ9oQqhg+gOYDokgVOkGK7oZe7mHVdK+qNn1Wv3hqtq4LToqoxN0is6Rja5RA92jJmohisboBb2iN+PZeDc+jM+5tWQUmWO0AOPrF0J1nAg=</latexit>∫
d3ωk

Loop-Tree Duality
 LTD / 3D rep

<latexit sha1_base64="MQIHZAGT6iGnDoIG+1j1raNe274=">AAACAnicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUm8kigIdPpLYxMp3VmSkIIOz/ArX6CO+PWH/EL/A0H6ELAk0xycu45uXeOn3CmtON8W7m19Y3Nrfx2YWd3b/+geHjUUHEqKdZpzGPZ8olCzgTWNdMcW4lEEvkcm/7gdjpvDlEqFosHPUrQi0hPsJBRoo3U6OBTyobdYskpOzPYq8TNSAky1LrFn04Q0zRCoSknSrVdJ9HemEjNKMdJoZMqTAgdkB62DRUkQuWNZ9dO7DOjBHYYS/OEtmfq38SYREqNIt84I6L7amGmzLo+BpPlwNT5X6Cd6vDaGzORpBoFnW8PU27r2J72YQdMItV8ZAihkpkP2LRPJKHatFYwzbjLPaySxkXZrZQr95el6k3WUR5O4BTOwYUrqMId1KAOFB7hBV7hzXq23q0P63NuzVlZ5hgWYH39AuHHmCA=</latexit>→
<latexit sha1_base64="1vRBnuFJzDEp8LuxM2PWi7K6q+w=">AAACDXicbVDLSsNAFJ34rPXRqEs3wSJUhJIUqS6LblxWsA9o0zCZ3LZDJ5M4MxFK6Df4AW71E9yJW7/BL/A3nLZZ2NYDA4dzz+HeOX7MqFS2/W2srW9sbm3ndvK7e/sHBfPwqCmjRBBokIhFou1jCYxyaCiqGLRjATj0GbT80e103noCIWnEH9Q4BjfEA077lGClJc8sdANgCvcuSo8e7VXOPbNol+0ZrFXiZKSIMtQ986cbRCQJgSvCsJQdx46Vm2KhKGEwyXcTCTEmIzyAjqYchyDddHb4xDrTSmD1I6EfV9ZM/ZtIcSjlOPS1M8RqKBdmUq8bQjBZDkyd/wU6iepfuynlcaKAk/n2fsIsFVnTaqyACiCKjTXBRFD9AYsMscBE6QLzuhlnuYdV0qyUnWq5en9ZrN1kHeXQCTpFJeSgK1RDd6iOGoigBL2gV/RmPBvvxofxObeuGVnmGC3A+PoFzV2bLg==</latexit>

ω+(q2i )

Integrable singularity

<latexit sha1_base64="p11HBE/T4jQkkX1W0fQ5ACeNfIk=">AAACHXicbVDLSsNAFJ3UV62vqEsXDhbBjSURqS6LblxWsA9oQ5hMb5uhkwczk0oJWfodfoBb/QR34lb8An/DadqFbT1w4XDuOVzu8WLOpLKsb6Owsrq2vlHcLG1t7+zumfsHTRklgkKDRjwSbY9I4CyEhmKKQzsWQAKPQ8sb3k72rREIyaLwQY1jcAIyCFmfUaK05JrH3RHQdJjhrmADXxEhokd8jnM1du3MNctWxcqBl4k9I2U0Q901f7q9iCYBhIpyImXHtmLlpEQoRjlkpW4iISZ0SAbQ0TQkAUgnzR/J8KlWergfCT2hwrn6N5GSQMpx4GlnQJQv53ZSn/Ohly0GJs7/Ap1E9a+dlIVxoiCk0+v9hGMV4UlVuMcEUMXHmhAqmH4AU58IQpUutKSbsRd7WCbNi4pdrVTvL8u1m1lHRXSETtAZstEVqqE7VEcNRNETekGv6M14Nt6ND+Nzai0Ys8whmoPx9QtsU6KG</latexit>

ωk → ↑ωp1

<latexit sha1_base64="11k0bxLD0YSprXvk0UP2+IqlwVA="></latexit>∫ →

0
dx

1→
x
= 2e.g.

• LMB multi-channeling  
• Tropical sampling

<latexit sha1_base64="HV/F3RAs+jUkCC5dSwZrh2H80Nc="></latexit>∫
dk0d3ωk

v̄p2ε
µ/k (/k + /Q) εµup1

k2(k +Q)2(k + p1)2

<latexit sha1_base64="NfPUPJjqf3NHECazngmMra2ZocQ=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5LJ3LahmcyQZIQyFNz4AW71E9yJWz/EL/A3TB8L23ogcDj3HO7NCRLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kzmzUdUmsfywYwS9CPal7zHGTVWanZ0mmg03WLJLbtTkFXizUkJ5qh1iz+dMGZphNIwQbVue25i/Iwqw5nAcaGTakwoG9I+ti2VNELtZ9Nzx+TMKiHpxco+achU/ZvIaKT1KAqsM6JmoBdm2q4bYDheDkyc/wXaqeld+xmXSWpQstn2XiqIicmkEBJyhcyIkSWUKW4/QNiAKsqMra1gm/GWe1gljYuyVylX7i9L1dunWUd5OIFTOAcPrqAKd1CDOjAYwgu8wpvz7Lw7H87nzJpz5r0ewwKcr1/zx5ko</latexit>→
<latexit sha1_base64="VVj4FvL8kGU9B+WbQsHZ+dfaKec="></latexit>∫

d2!

∫ →

0
|ωk|2d|ωk| a|ωk|2 + b|ωk|+ c

8|ωk|2|ωk + ωp1|
1

|ωk|+ |ωk + ωp1|→ | ωp1|
1

|ωk|+ |ωk + ωQ|→Q0 + iεCFF

cLTD
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Loop integrand singularities
Virtual

<latexit sha1_base64="5F9B/yY3IRwKVjNMxeDvV6BKcRM=">AAACBXicdVDLSsNAFJ3UV62vqks3g0UQhJCkNa0LoSCIyxZsq7QhTCbTdujkwcxEKKHgzg9wq5/gTtz6HX6Bv+GkrWBFDwwczj2HO/d4MaNCGsaHlltaXlldy68XNja3tneKu3ttESUckxaOWMRvPCQIoyFpSSoZuYk5QYHHSMcbXWTzzh3hgkbhtRzHxAnQIKR9ipFU0m3smiexa5033WLJ0M9qtnVqQUM3jKpVtjNiVStWGZpKyVACczTc4mfPj3ASkFBihoTomkYsnRRxSTEjk0IvESRGeIQGpKtoiAIinHT64Qk8UooP+xFXL5Rwqv5MpCgQYhx4yhkgORQLM6HWDYk/+R3InH8Fuons15yUhnEiSYhn2/sJgzKCWSXQp5xgycaKIMypOgDiIeIIS1VcQTXzfT78n7Qt3bR1u1kp1S/vZx3lwQE4BMfABFVQB1egAVoAgwA8gifwrD1oL9qr9jaz5rR5r/tgAdr7FzlHmTo=</latexit>

p1 + p2 = Q
<latexit sha1_base64="AXbCZrI08NajPD1Rg2KWcWbSIig=">AAAB/XicdVDdSgJBGJ21P7M/q8tuhiToallXW+1O6qZLhUxBRWZnP3VwdnaZmQ1EpAfoth6hu+i2Z+kJeo1m1SCjDgwczncO33zHjzlT2nE+rMza+sbmVnY7t7O7t3+QPzy6U1EiKTRpxCPZ9okCzgQ0NdMc2rEEEvocWv74Op237kEqFolbPYmhF5KhYANGiTZSY9zPFxz7suq5Fy52bMepuCUvJW6l7JZw0SgpCmiJej//2Q0imoQgNOVEqU7RiXVvSqRmlMMs100UxISOyRA6hgoSgupN5x+d4TOjBHgQSfOExnP1Z2JKQqUmoW+cIdEjtTJTZt0IgtnvQOr8K9BJ9KDamzIRJxoEXWwfJBzrCKdV4IBJoJpPDCFUMnMApiMiCdWmsJxp5vt8/D+5c+2iZ3uNcqF2tewoi07QKTpHRVRBNXSD6qiJKAL0iJ7Qs/VgvViv1tvCmrGWmWO0Auv9Cy39lhc=</latexit>

k<latexit sha1_base64="MtT6SiTEw8Icx+K3jlxFZwkK6Io="></latexit>

= ( Q0,ω0 )
<latexit sha1_base64="1DOKdGRgemRfGpYZJBoftijU5sI=">AAACA3icdVDLSsNAFJ3UV62vqks3g0VwFZK0pnUhFN24rGAf0MYymU7aoZNJmJkIJXTpB7jVT3Anbv0Qv8DfcNJWsKIHBg7nnsOde/yYUaks68PIrayurW/kNwtb2zu7e8X9g5aMEoFJE0csEh0fScIoJ01FFSOdWBAU+oy0/fFVNm/fEyFpxG/VJCZeiIacBhQjpaV23LfvnAurXyxZ5nnNdc4caJmWVXXKbkacasUpQ1srGUpggUa/+NkbRDgJCVeYISm7thUrL0VCUczItNBLJIkRHqMh6WrKUUikl86+O4UnWhnAIBL6cQVn6s9EikIpJ6GvnSFSI7k0k3rdiAymvwOZ869AN1FBzUspjxNFOJ5vDxIGVQSzQuCACoIVm2iCsKD6AIhHSCCsdG0F3cz3+fB/0nJM2zXdm0qpfrnoKA+OwDE4BTaogjq4Bg3QBBiMwSN4As/Gg/FivBpvc2vOWGQOwRKM9y+VWpfl</latexit>

p21 = 0

<latexit sha1_base64="NepQ+5RjCtkpP4VSZzd88jNWnzs=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4GqZpndaFUHTjsoJ9QDuWTCbThmYeJBmhDF36AW71E9yJWz/EL/A3zLQVrOiBwOHcc7i5x405k8qyPozcyura+kZ+s7C1vbO7V9w/aMsoEYS2SMQj0XWxpJyFtKWY4rQbC4oDl9OOO77K5p17KiSLwls1iakT4GHIfEaw0lInHqA7dGENiiXLPK/b6AxBy7SsGqrYGUG1KqrAslYylMACzUHxs+9FJAloqAjHUvbKVqycFAvFCKfTQj+RNMZkjIe0p2mIAyqddPbdKTzRigf9SOgXKjhTfyZSHEg5CVztDLAayaWZ1OtG1Jv+DmTOvwK9RPl1J2VhnCgakvl2P+FQRTArBHpMUKL4RBNMBNMHQDLCAhOlayvoZr7Ph/+TNjLLtmnfVEuNy0VHeXAEjsEpKIMaaIBr0AQtQMAYPIIn8Gw8GC/Gq/E2t+aMReYQLMF4/wKW95fm</latexit>

p22 = 0

<latexit sha1_base64="Qq4njTmVsvUflBts6UKEHdOOM+s=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkUQhJKIVJdFNy5bsLXQhjKZ3LRDJ5MwMxFKKH6AW/0Ed+LWb/EL/A2nbRa29cDA4dxzuHeOn3CmtON8W4W19Y3NreJ2aWd3b/+gfHjUVnEqKbZozGPZ8YlCzgS2NNMcO4lEEvkcH/3R3XT++IRSsVg86HGCXkQGgoWMEm2k5kW/XHGqzgz2KnFzUoEcjX75pxfENI1QaMqJUl3XSbSXEakZ5Tgp9VKFCaEjMsCuoYJEqLxsdujEPjNKYIexNE9oe6b+TWQkUmoc+cYZET1UCzNl1g0xmCwHps7/At1UhzdexkSSahR0vj1Mua1je1qFHTCJVPOxIYRKZj5g0yGRhGpTWMk04y73sEral1W3Vq01ryr127yjIpzAKZyDC9dQh3toQAsoILzAK7xZz9a79WF9zq0FK88cwwKsr19fMZWT</latexit>

+
<latexit sha1_base64="Qq4njTmVsvUflBts6UKEHdOOM+s=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkUQhJKIVJdFNy5bsLXQhjKZ3LRDJ5MwMxFKKH6AW/0Ed+LWb/EL/A2nbRa29cDA4dxzuHeOn3CmtON8W4W19Y3NreJ2aWd3b/+gfHjUVnEqKbZozGPZ8YlCzgS2NNMcO4lEEvkcH/3R3XT++IRSsVg86HGCXkQGgoWMEm2k5kW/XHGqzgz2KnFzUoEcjX75pxfENI1QaMqJUl3XSbSXEakZ5Tgp9VKFCaEjMsCuoYJEqLxsdujEPjNKYIexNE9oe6b+TWQkUmoc+cYZET1UCzNl1g0xmCwHps7/At1UhzdexkSSahR0vj1Mua1je1qFHTCJVPOxIYRKZj5g0yGRhGpTWMk04y73sEral1W3Vq01ryr127yjIpzAKZyDC9dQh3toQAsoILzAK7xZz9a79WF9zq0FK88cwwKsr19fMZWT</latexit>

+

IR singularity

<latexit sha1_base64="1DOKdGRgemRfGpYZJBoftijU5sI=">AAACA3icdVDLSsNAFJ3UV62vqks3g0VwFZK0pnUhFN24rGAf0MYymU7aoZNJmJkIJXTpB7jVT3Anbv0Qv8DfcNJWsKIHBg7nnsOde/yYUaks68PIrayurW/kNwtb2zu7e8X9g5aMEoFJE0csEh0fScIoJ01FFSOdWBAU+oy0/fFVNm/fEyFpxG/VJCZeiIacBhQjpaV23LfvnAurXyxZ5nnNdc4caJmWVXXKbkacasUpQ1srGUpggUa/+NkbRDgJCVeYISm7thUrL0VCUczItNBLJIkRHqMh6WrKUUikl86+O4UnWhnAIBL6cQVn6s9EikIpJ6GvnSFSI7k0k3rdiAymvwOZ869AN1FBzUspjxNFOJ5vDxIGVQSzQuCACoIVm2iCsKD6AIhHSCCsdG0F3cz3+fB/0nJM2zXdm0qpfrnoKA+OwDE4BTaogjq4Bg3QBBiMwSN4As/Gg/FivBpvc2vOWGQOwRKM9y+VWpfl</latexit>

p21 = 0

• Loop IR counterterms 
• Local Unitarity / KLN

<latexit sha1_base64="Fmj/aLuKXZgmEAK0tV66Gc8++ro=">AAACEXicdVDdSgJBGJ21P7M/y8tuhiRQBNmV1LqTuunSIDXwZ5md/dTB2R9mZgNZfIoeoNt6hO6i256gJ+g1GnWDjDowcDjfOXzzHSfkTCrT/DBSa+sbm1vp7czO7t7+QfbwqC2DSFBo0YAH4s4hEjjzoaWY4nAXCiCew6HjTK7m8849CMkC/1ZNQ+h7ZOSzIaNEacnO5noucEUGpUJhUgptqzioFO1s3ixfmGbVqmCzbC4wJ9Vq3aphK1HyKEHTzn723IBGHviKciJl1zJD1Y+JUIxymGV6kYSQ0AkZQVdTn3gg+/Hi8zN8qhUXDwOhn6/wQv2ZiIkn5dRztNMjaixXZlKvG4M7+x2YO/8KdCM1PO/HzA8jBT5dbh9GHKsAz+vBLhNAFZ9qQqhg+gBMx0QQqnSJGd3M9/n4f9KulK1auXZzlm9cJh2l0TE6QQVkoTpqoGvURC1E0RQ9oif0bDwYL8ar8ba0powkk0MrMN6/AMnknC0=</latexit>

ω+((k + p1)
2)

<latexit sha1_base64="rYNdmcRFSbh3K0GbevTaaN6uaSc=">AAACCXicdVBLSgNBFOzxG+Mv6tJNYxDiwmEmmER3QTcuI5gPJJPQ0/MmadLzsbtHCCEn8ABu9QjuxK2n8ARew04yghEtaCjqVfH6lRtzJpVlfRhLyyura+uZjezm1vbObm5vvyGjRFCo04hHouUSCZyFUFdMcWjFAkjgcmi6w6vpvHkPQrIovFWjGJyA9EPmM0qUlpyOB1yR7mlh2C2e9HJ5y7ywrJJdxJZpzTAlpVLFLmM7VfIoRa2X++x4EU0CCBXlRMq2bcXKGROhGOUwyXYSCTGhQ9KHtqYhCUA649mnJ/hYKx72I6FfqPBM/ZkYk0DKUeBqZ0DUQC7MpF43AG/yOzB1/hVoJ8o/d8YsjBMFIZ1v9xOOVYSntWCPCaCKjzQhVDB9AKYDIghVurysbub7fPw/aRRNu2yWb87y1cu0oww6REeogGxUQVV0jWqojii6Q4/oCT0bD8aL8Wq8za1LRpo5QAsw3r8A95iaRg==</latexit>

ω→(k2)

<latexit sha1_base64="uvnm5rahC60Me9mLcxwLgFnS4og="></latexit>

ωk → ↑xωp1 x ↓ [0, 1]
<latexit sha1_base64="sKsSSegbXz83vteUAowTaNWQu5A=">AAACGXicbVDLSsNAFJ34rPVVdelmsAiuSiJSXYpuXFawVmhKmUxv2qGTSZi5qZSYhd/hB7jVT3Anbl35Bf6G0zYLXwcuHM49h8s9QSKFQdf9cObmFxaXlksr5dW19Y3Nytb2tYlTzaHJYxnrm4AZkEJBEwVKuEk0sCiQ0AqG55N9awTaiFhd4TiBTsT6SoSCM7RSt7J754+AZ8P8zteiP0CmdXxLfaFCHHcrVbfmTkH/Eq8gVVKg0a18+r2YpxEo5JIZ0/bcBDsZ0yi4hLzspwYSxoesD21LFYvAdLLpEzndt0qPhrG2o5BO1e+JjEXGjKPAOiOGA/NjZ+y5AfTy34GJ879AO8XwpJMJlaQIis+uh6mkGNNJTbQnNHCUY0sY18I+QPmAacbRllm2zXi/e/hLrg9rXr1Wvzyqnp4VHZXILtkjB8Qjx+SUXJAGaRJO7skjeSLPzoPz4rw6bzPrnFNkdsgPOO9f6Qyh3Q==</latexit>

|ωk| → ↑
UV singularity

• Local BPHZ 
• Scheme matching 

<latexit sha1_base64="cfqsPOc5zYEVlEHET59LwF3NBig=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbtkswm7m0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvSAXXxnW/nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnSC6m/udCSrNE/lopin6MR1JHnJGjZU6/QmyPJoNqjW37i5A/hKvIDUo0BxUP/vDhGUxSsME1brnuanxc6oMZwJnlX6mMaUsoiPsWSppjNrPF+fOyJlVhiRMlC1pyEL9OZHTWOtpHNjOmJqxXvXm4n9eLzPhjZ9zmWYGJVsuCjNBTELmv5MhV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vJf0r6oe1d19+Gy1rgt4ijDCZzCOXhwDQ24hya0gEEET/ACr07qPDtvzvuyteQUM8fwC87HN590j8E=</latexit>

~k

<latexit sha1_base64="SC68jX1XZs0TtvdmXh017XcFNeM=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0VwVRKV6rLoxmUF+4Amlsnkph06eTAzKZSQf/AD3OonuBO3/oJf4G84bbOwrQcGDueew71zvIQzqSzr2yitrW9sbpW3Kzu7e/sH5uFRW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGd9N5ZwxCsjh6VJME3JAMIhYwSpSW+qbpsEhh/+kSO2Og2Sjvm1WrZs2AV4ldkCoq0OybP44f0zSESFFOpOzZVqLcjAjFKIe84qQSEkJHZAA9TSMSgnSz2eU5PtOKj4NY6KfvmKl/ExkJpZyEnnaGRA3lwkzqdUPw8+XA1PlfoJeq4MbNWJSkCiI63x6kHKsYT7vBPhNAFZ9oQqhg+gOYDokgVOkGK7oZe7mHVdK+qNn1Wv3hqtq4LToqoxN0is6Rja5RA92jJmohisboBb2iN+PZeDc+jM+5tWQUmWO0AOPrF0J1nAg=</latexit>∫
d3ωk

Loop-Tree Duality
 LTD / 3D rep

<latexit sha1_base64="MQIHZAGT6iGnDoIG+1j1raNe274=">AAACAnicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUm8kigIdPpLYxMp3VmSkIIOz/ArX6CO+PWH/EL/A0H6ELAk0xycu45uXeOn3CmtON8W7m19Y3Nrfx2YWd3b/+geHjUUHEqKdZpzGPZ8olCzgTWNdMcW4lEEvkcm/7gdjpvDlEqFosHPUrQi0hPsJBRoo3U6OBTyobdYskpOzPYq8TNSAky1LrFn04Q0zRCoSknSrVdJ9HemEjNKMdJoZMqTAgdkB62DRUkQuWNZ9dO7DOjBHYYS/OEtmfq38SYREqNIt84I6L7amGmzLo+BpPlwNT5X6Cd6vDaGzORpBoFnW8PU27r2J72YQdMItV8ZAihkpkP2LRPJKHatFYwzbjLPaySxkXZrZQr95el6k3WUR5O4BTOwYUrqMId1KAOFB7hBV7hzXq23q0P63NuzVlZ5hgWYH39AuHHmCA=</latexit>→
<latexit sha1_base64="1vRBnuFJzDEp8LuxM2PWi7K6q+w=">AAACDXicbVDLSsNAFJ34rPXRqEs3wSJUhJIUqS6LblxWsA9o0zCZ3LZDJ5M4MxFK6Df4AW71E9yJW7/BL/A3nLZZ2NYDA4dzz+HeOX7MqFS2/W2srW9sbm3ndvK7e/sHBfPwqCmjRBBokIhFou1jCYxyaCiqGLRjATj0GbT80e103noCIWnEH9Q4BjfEA077lGClJc8sdANgCvcuSo8e7VXOPbNol+0ZrFXiZKSIMtQ986cbRCQJgSvCsJQdx46Vm2KhKGEwyXcTCTEmIzyAjqYchyDddHb4xDrTSmD1I6EfV9ZM/ZtIcSjlOPS1M8RqKBdmUq8bQjBZDkyd/wU6iepfuynlcaKAk/n2fsIsFVnTaqyACiCKjTXBRFD9AYsMscBE6QLzuhlnuYdV0qyUnWq5en9ZrN1kHeXQCTpFJeSgK1RDd6iOGoigBL2gV/RmPBvvxofxObeuGVnmGC3A+PoFzV2bLg==</latexit>

ω+(q2i )

Integrable singularity

<latexit sha1_base64="p11HBE/T4jQkkX1W0fQ5ACeNfIk=">AAACHXicbVDLSsNAFJ3UV62vqEsXDhbBjSURqS6LblxWsA9oQ5hMb5uhkwczk0oJWfodfoBb/QR34lb8An/DadqFbT1w4XDuOVzu8WLOpLKsb6Owsrq2vlHcLG1t7+zumfsHTRklgkKDRjwSbY9I4CyEhmKKQzsWQAKPQ8sb3k72rREIyaLwQY1jcAIyCFmfUaK05JrH3RHQdJjhrmADXxEhokd8jnM1du3MNctWxcqBl4k9I2U0Q901f7q9iCYBhIpyImXHtmLlpEQoRjlkpW4iISZ0SAbQ0TQkAUgnzR/J8KlWergfCT2hwrn6N5GSQMpx4GlnQJQv53ZSn/Ohly0GJs7/Ap1E9a+dlIVxoiCk0+v9hGMV4UlVuMcEUMXHmhAqmH4AU58IQpUutKSbsRd7WCbNi4pdrVTvL8u1m1lHRXSETtAZstEVqqE7VEcNRNETekGv6M14Nt6ND+Nzai0Ys8whmoPx9QtsU6KG</latexit>

ωk → ↑ωp1

<latexit sha1_base64="11k0bxLD0YSprXvk0UP2+IqlwVA="></latexit>∫ →

0
dx

1→
x
= 2e.g.

• LMB multi-channeling  
• Tropical sampling

<latexit sha1_base64="HV/F3RAs+jUkCC5dSwZrh2H80Nc="></latexit>∫
dk0d3ωk

v̄p2ε
µ/k (/k + /Q) εµup1

k2(k +Q)2(k + p1)2

<latexit sha1_base64="NfPUPJjqf3NHECazngmMra2ZocQ=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5LJ3LahmcyQZIQyFNz4AW71E9yJWz/EL/A3TB8L23ogcDj3HO7NCRLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kzmzUdUmsfywYwS9CPal7zHGTVWanZ0mmg03WLJLbtTkFXizUkJ5qh1iz+dMGZphNIwQbVue25i/Iwqw5nAcaGTakwoG9I+ti2VNELtZ9Nzx+TMKiHpxco+achU/ZvIaKT1KAqsM6JmoBdm2q4bYDheDkyc/wXaqeld+xmXSWpQstn2XiqIicmkEBJyhcyIkSWUKW4/QNiAKsqMra1gm/GWe1gljYuyVylX7i9L1dunWUd5OIFTOAcPrqAKd1CDOjAYwgu8wpvz7Lw7H87nzJpz5r0ewwKcr1/zx5ko</latexit>→
<latexit sha1_base64="VVj4FvL8kGU9B+WbQsHZ+dfaKec="></latexit>∫

d2!

∫ →

0
|ωk|2d|ωk| a|ωk|2 + b|ωk|+ c

8|ωk|2|ωk + ωp1|
1

|ωk|+ |ωk + ωp1|→ | ωp1|
1

|ωk|+ |ωk + ωQ|→Q0 + iεCFF

cLTD
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Loop integrand singularities
Virtual

<latexit sha1_base64="5F9B/yY3IRwKVjNMxeDvV6BKcRM=">AAACBXicdVDLSsNAFJ3UV62vqks3g0UQhJCkNa0LoSCIyxZsq7QhTCbTdujkwcxEKKHgzg9wq5/gTtz6HX6Bv+GkrWBFDwwczj2HO/d4MaNCGsaHlltaXlldy68XNja3tneKu3ttESUckxaOWMRvPCQIoyFpSSoZuYk5QYHHSMcbXWTzzh3hgkbhtRzHxAnQIKR9ipFU0m3smiexa5033WLJ0M9qtnVqQUM3jKpVtjNiVStWGZpKyVACczTc4mfPj3ASkFBihoTomkYsnRRxSTEjk0IvESRGeIQGpKtoiAIinHT64Qk8UooP+xFXL5Rwqv5MpCgQYhx4yhkgORQLM6HWDYk/+R3InH8Fuons15yUhnEiSYhn2/sJgzKCWSXQp5xgycaKIMypOgDiIeIIS1VcQTXzfT78n7Qt3bR1u1kp1S/vZx3lwQE4BMfABFVQB1egAVoAgwA8gifwrD1oL9qr9jaz5rR5r/tgAdr7FzlHmTo=</latexit>

p1 + p2 = Q
<latexit sha1_base64="AXbCZrI08NajPD1Rg2KWcWbSIig=">AAAB/XicdVDdSgJBGJ21P7M/q8tuhiToallXW+1O6qZLhUxBRWZnP3VwdnaZmQ1EpAfoth6hu+i2Z+kJeo1m1SCjDgwczncO33zHjzlT2nE+rMza+sbmVnY7t7O7t3+QPzy6U1EiKTRpxCPZ9okCzgQ0NdMc2rEEEvocWv74Op237kEqFolbPYmhF5KhYANGiTZSY9zPFxz7suq5Fy52bMepuCUvJW6l7JZw0SgpCmiJej//2Q0imoQgNOVEqU7RiXVvSqRmlMMs100UxISOyRA6hgoSgupN5x+d4TOjBHgQSfOExnP1Z2JKQqUmoW+cIdEjtTJTZt0IgtnvQOr8K9BJ9KDamzIRJxoEXWwfJBzrCKdV4IBJoJpPDCFUMnMApiMiCdWmsJxp5vt8/D+5c+2iZ3uNcqF2tewoi07QKTpHRVRBNXSD6qiJKAL0iJ7Qs/VgvViv1tvCmrGWmWO0Auv9Cy39lhc=</latexit>

k<latexit sha1_base64="MtT6SiTEw8Icx+K3jlxFZwkK6Io="></latexit>

= ( Q0,ω0 )
<latexit sha1_base64="1DOKdGRgemRfGpYZJBoftijU5sI=">AAACA3icdVDLSsNAFJ3UV62vqks3g0VwFZK0pnUhFN24rGAf0MYymU7aoZNJmJkIJXTpB7jVT3Anbv0Qv8DfcNJWsKIHBg7nnsOde/yYUaks68PIrayurW/kNwtb2zu7e8X9g5aMEoFJE0csEh0fScIoJ01FFSOdWBAU+oy0/fFVNm/fEyFpxG/VJCZeiIacBhQjpaV23LfvnAurXyxZ5nnNdc4caJmWVXXKbkacasUpQ1srGUpggUa/+NkbRDgJCVeYISm7thUrL0VCUczItNBLJIkRHqMh6WrKUUikl86+O4UnWhnAIBL6cQVn6s9EikIpJ6GvnSFSI7k0k3rdiAymvwOZ869AN1FBzUspjxNFOJ5vDxIGVQSzQuCACoIVm2iCsKD6AIhHSCCsdG0F3cz3+fB/0nJM2zXdm0qpfrnoKA+OwDE4BTaogjq4Bg3QBBiMwSN4As/Gg/FivBpvc2vOWGQOwRKM9y+VWpfl</latexit>

p21 = 0

<latexit sha1_base64="NepQ+5RjCtkpP4VSZzd88jNWnzs=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4GqZpndaFUHTjsoJ9QDuWTCbThmYeJBmhDF36AW71E9yJWz/EL/A3zLQVrOiBwOHcc7i5x405k8qyPozcyura+kZ+s7C1vbO7V9w/aMsoEYS2SMQj0XWxpJyFtKWY4rQbC4oDl9OOO77K5p17KiSLwls1iakT4GHIfEaw0lInHqA7dGENiiXLPK/b6AxBy7SsGqrYGUG1KqrAslYylMACzUHxs+9FJAloqAjHUvbKVqycFAvFCKfTQj+RNMZkjIe0p2mIAyqddPbdKTzRigf9SOgXKjhTfyZSHEg5CVztDLAayaWZ1OtG1Jv+DmTOvwK9RPl1J2VhnCgakvl2P+FQRTArBHpMUKL4RBNMBNMHQDLCAhOlayvoZr7Ph/+TNjLLtmnfVEuNy0VHeXAEjsEpKIMaaIBr0AQtQMAYPIIn8Gw8GC/Gq/E2t+aMReYQLMF4/wKW95fm</latexit>

p22 = 0

<latexit sha1_base64="Qq4njTmVsvUflBts6UKEHdOOM+s=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkUQhJKIVJdFNy5bsLXQhjKZ3LRDJ5MwMxFKKH6AW/0Ed+LWb/EL/A2nbRa29cDA4dxzuHeOn3CmtON8W4W19Y3NreJ2aWd3b/+gfHjUVnEqKbZozGPZ8YlCzgS2NNMcO4lEEvkcH/3R3XT++IRSsVg86HGCXkQGgoWMEm2k5kW/XHGqzgz2KnFzUoEcjX75pxfENI1QaMqJUl3XSbSXEakZ5Tgp9VKFCaEjMsCuoYJEqLxsdujEPjNKYIexNE9oe6b+TWQkUmoc+cYZET1UCzNl1g0xmCwHps7/At1UhzdexkSSahR0vj1Mua1je1qFHTCJVPOxIYRKZj5g0yGRhGpTWMk04y73sEral1W3Vq01ryr127yjIpzAKZyDC9dQh3toQAsoILzAK7xZz9a79WF9zq0FK88cwwKsr19fMZWT</latexit>

+
<latexit sha1_base64="Qq4njTmVsvUflBts6UKEHdOOM+s=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkUQhJKIVJdFNy5bsLXQhjKZ3LRDJ5MwMxFKKH6AW/0Ed+LWb/EL/A2nbRa29cDA4dxzuHeOn3CmtON8W4W19Y3NreJ2aWd3b/+gfHjUVnEqKbZozGPZ8YlCzgS2NNMcO4lEEvkcH/3R3XT++IRSsVg86HGCXkQGgoWMEm2k5kW/XHGqzgz2KnFzUoEcjX75pxfENI1QaMqJUl3XSbSXEakZ5Tgp9VKFCaEjMsCuoYJEqLxsdujEPjNKYIexNE9oe6b+TWQkUmoc+cYZET1UCzNl1g0xmCwHps7/At1UhzdexkSSahR0vj1Mua1je1qFHTCJVPOxIYRKZj5g0yGRhGpTWMk04y73sEral1W3Vq01ryr127yjIpzAKZyDC9dQh3toQAsoILzAK7xZz9a79WF9zq0FK88cwwKsr19fMZWT</latexit>

+

IR singularity

<latexit sha1_base64="1DOKdGRgemRfGpYZJBoftijU5sI=">AAACA3icdVDLSsNAFJ3UV62vqks3g0VwFZK0pnUhFN24rGAf0MYymU7aoZNJmJkIJXTpB7jVT3Anbv0Qv8DfcNJWsKIHBg7nnsOde/yYUaks68PIrayurW/kNwtb2zu7e8X9g5aMEoFJE0csEh0fScIoJ01FFSOdWBAU+oy0/fFVNm/fEyFpxG/VJCZeiIacBhQjpaV23LfvnAurXyxZ5nnNdc4caJmWVXXKbkacasUpQ1srGUpggUa/+NkbRDgJCVeYISm7thUrL0VCUczItNBLJIkRHqMh6WrKUUikl86+O4UnWhnAIBL6cQVn6s9EikIpJ6GvnSFSI7k0k3rdiAymvwOZ869AN1FBzUspjxNFOJ5vDxIGVQSzQuCACoIVm2iCsKD6AIhHSCCsdG0F3cz3+fB/0nJM2zXdm0qpfrnoKA+OwDE4BTaogjq4Bg3QBBiMwSN4As/Gg/FivBpvc2vOWGQOwRKM9y+VWpfl</latexit>

p21 = 0

• Loop IR counterterms 
• Local Unitarity / KLN

<latexit sha1_base64="Fmj/aLuKXZgmEAK0tV66Gc8++ro=">AAACEXicdVDdSgJBGJ21P7M/y8tuhiRQBNmV1LqTuunSIDXwZ5md/dTB2R9mZgNZfIoeoNt6hO6i256gJ+g1GnWDjDowcDjfOXzzHSfkTCrT/DBSa+sbm1vp7czO7t7+QfbwqC2DSFBo0YAH4s4hEjjzoaWY4nAXCiCew6HjTK7m8849CMkC/1ZNQ+h7ZOSzIaNEacnO5noucEUGpUJhUgptqzioFO1s3ixfmGbVqmCzbC4wJ9Vq3aphK1HyKEHTzn723IBGHviKciJl1zJD1Y+JUIxymGV6kYSQ0AkZQVdTn3gg+/Hi8zN8qhUXDwOhn6/wQv2ZiIkn5dRztNMjaixXZlKvG4M7+x2YO/8KdCM1PO/HzA8jBT5dbh9GHKsAz+vBLhNAFZ9qQqhg+gBMx0QQqnSJGd3M9/n4f9KulK1auXZzlm9cJh2l0TE6QQVkoTpqoGvURC1E0RQ9oif0bDwYL8ar8ba0powkk0MrMN6/AMnknC0=</latexit>

ω+((k + p1)
2)

<latexit sha1_base64="rYNdmcRFSbh3K0GbevTaaN6uaSc=">AAACCXicdVBLSgNBFOzxG+Mv6tJNYxDiwmEmmER3QTcuI5gPJJPQ0/MmadLzsbtHCCEn8ABu9QjuxK2n8ARew04yghEtaCjqVfH6lRtzJpVlfRhLyyura+uZjezm1vbObm5vvyGjRFCo04hHouUSCZyFUFdMcWjFAkjgcmi6w6vpvHkPQrIovFWjGJyA9EPmM0qUlpyOB1yR7mlh2C2e9HJ5y7ywrJJdxJZpzTAlpVLFLmM7VfIoRa2X++x4EU0CCBXlRMq2bcXKGROhGOUwyXYSCTGhQ9KHtqYhCUA649mnJ/hYKx72I6FfqPBM/ZkYk0DKUeBqZ0DUQC7MpF43AG/yOzB1/hVoJ8o/d8YsjBMFIZ1v9xOOVYSntWCPCaCKjzQhVDB9AKYDIghVurysbub7fPw/aRRNu2yWb87y1cu0oww6REeogGxUQVV0jWqojii6Q4/oCT0bD8aL8Wq8za1LRpo5QAsw3r8A95iaRg==</latexit>

ω→(k2)

<latexit sha1_base64="uvnm5rahC60Me9mLcxwLgFnS4og="></latexit>

ωk → ↑xωp1 x ↓ [0, 1]
<latexit sha1_base64="sKsSSegbXz83vteUAowTaNWQu5A=">AAACGXicbVDLSsNAFJ34rPVVdelmsAiuSiJSXYpuXFawVmhKmUxv2qGTSZi5qZSYhd/hB7jVT3Anbl35Bf6G0zYLXwcuHM49h8s9QSKFQdf9cObmFxaXlksr5dW19Y3Nytb2tYlTzaHJYxnrm4AZkEJBEwVKuEk0sCiQ0AqG55N9awTaiFhd4TiBTsT6SoSCM7RSt7J754+AZ8P8zteiP0CmdXxLfaFCHHcrVbfmTkH/Eq8gVVKg0a18+r2YpxEo5JIZ0/bcBDsZ0yi4hLzspwYSxoesD21LFYvAdLLpEzndt0qPhrG2o5BO1e+JjEXGjKPAOiOGA/NjZ+y5AfTy34GJ879AO8XwpJMJlaQIis+uh6mkGNNJTbQnNHCUY0sY18I+QPmAacbRllm2zXi/e/hLrg9rXr1Wvzyqnp4VHZXILtkjB8Qjx+SUXJAGaRJO7skjeSLPzoPz4rw6bzPrnFNkdsgPOO9f6Qyh3Q==</latexit>

|ωk| → ↑
UV singularity

• Local BPHZ 
• Scheme matching 

<latexit sha1_base64="cfqsPOc5zYEVlEHET59LwF3NBig=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbtkswm7m0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvSAXXxnW/nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnSC6m/udCSrNE/lopin6MR1JHnJGjZU6/QmyPJoNqjW37i5A/hKvIDUo0BxUP/vDhGUxSsME1brnuanxc6oMZwJnlX6mMaUsoiPsWSppjNrPF+fOyJlVhiRMlC1pyEL9OZHTWOtpHNjOmJqxXvXm4n9eLzPhjZ9zmWYGJVsuCjNBTELmv5MhV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vJf0r6oe1d19+Gy1rgt4ijDCZzCOXhwDQ24hya0gEEET/ACr07qPDtvzvuyteQUM8fwC87HN590j8E=</latexit>

~k

<latexit sha1_base64="SC68jX1XZs0TtvdmXh017XcFNeM=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0VwVRKV6rLoxmUF+4Amlsnkph06eTAzKZSQf/AD3OonuBO3/oJf4G84bbOwrQcGDueew71zvIQzqSzr2yitrW9sbpW3Kzu7e/sH5uFRW8apoNCiMY9F1yMSOIugpZji0E0EkNDj0PFGd9N5ZwxCsjh6VJME3JAMIhYwSpSW+qbpsEhh/+kSO2Og2Sjvm1WrZs2AV4ldkCoq0OybP44f0zSESFFOpOzZVqLcjAjFKIe84qQSEkJHZAA9TSMSgnSz2eU5PtOKj4NY6KfvmKl/ExkJpZyEnnaGRA3lwkzqdUPw8+XA1PlfoJeq4MbNWJSkCiI63x6kHKsYT7vBPhNAFZ9oQqhg+gOYDokgVOkGK7oZe7mHVdK+qNn1Wv3hqtq4LToqoxN0is6Rja5RA92jJmohisboBb2iN+PZeDc+jM+5tWQUmWO0AOPrF0J1nAg=</latexit>∫
d3ωk

Loop-Tree Duality
 LTD / 3D rep

<latexit sha1_base64="MQIHZAGT6iGnDoIG+1j1raNe274=">AAACAnicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6JLoxiUm8kigIdPpLYxMp3VmSkIIOz/ArX6CO+PWH/EL/A0H6ELAk0xycu45uXeOn3CmtON8W7m19Y3Nrfx2YWd3b/+geHjUUHEqKdZpzGPZ8olCzgTWNdMcW4lEEvkcm/7gdjpvDlEqFosHPUrQi0hPsJBRoo3U6OBTyobdYskpOzPYq8TNSAky1LrFn04Q0zRCoSknSrVdJ9HemEjNKMdJoZMqTAgdkB62DRUkQuWNZ9dO7DOjBHYYS/OEtmfq38SYREqNIt84I6L7amGmzLo+BpPlwNT5X6Cd6vDaGzORpBoFnW8PU27r2J72YQdMItV8ZAihkpkP2LRPJKHatFYwzbjLPaySxkXZrZQr95el6k3WUR5O4BTOwYUrqMId1KAOFB7hBV7hzXq23q0P63NuzVlZ5hgWYH39AuHHmCA=</latexit>→
<latexit sha1_base64="1vRBnuFJzDEp8LuxM2PWi7K6q+w=">AAACDXicbVDLSsNAFJ34rPXRqEs3wSJUhJIUqS6LblxWsA9o0zCZ3LZDJ5M4MxFK6Df4AW71E9yJW7/BL/A3nLZZ2NYDA4dzz+HeOX7MqFS2/W2srW9sbm3ndvK7e/sHBfPwqCmjRBBokIhFou1jCYxyaCiqGLRjATj0GbT80e103noCIWnEH9Q4BjfEA077lGClJc8sdANgCvcuSo8e7VXOPbNol+0ZrFXiZKSIMtQ986cbRCQJgSvCsJQdx46Vm2KhKGEwyXcTCTEmIzyAjqYchyDddHb4xDrTSmD1I6EfV9ZM/ZtIcSjlOPS1M8RqKBdmUq8bQjBZDkyd/wU6iepfuynlcaKAk/n2fsIsFVnTaqyACiCKjTXBRFD9AYsMscBE6QLzuhlnuYdV0qyUnWq5en9ZrN1kHeXQCTpFJeSgK1RDd6iOGoigBL2gV/RmPBvvxofxObeuGVnmGC3A+PoFzV2bLg==</latexit>

ω+(q2i )

Integrable singularity

<latexit sha1_base64="p11HBE/T4jQkkX1W0fQ5ACeNfIk=">AAACHXicbVDLSsNAFJ3UV62vqEsXDhbBjSURqS6LblxWsA9oQ5hMb5uhkwczk0oJWfodfoBb/QR34lb8An/DadqFbT1w4XDuOVzu8WLOpLKsb6Owsrq2vlHcLG1t7+zumfsHTRklgkKDRjwSbY9I4CyEhmKKQzsWQAKPQ8sb3k72rREIyaLwQY1jcAIyCFmfUaK05JrH3RHQdJjhrmADXxEhokd8jnM1du3MNctWxcqBl4k9I2U0Q901f7q9iCYBhIpyImXHtmLlpEQoRjlkpW4iISZ0SAbQ0TQkAUgnzR/J8KlWergfCT2hwrn6N5GSQMpx4GlnQJQv53ZSn/Ohly0GJs7/Ap1E9a+dlIVxoiCk0+v9hGMV4UlVuMcEUMXHmhAqmH4AU58IQpUutKSbsRd7WCbNi4pdrVTvL8u1m1lHRXSETtAZstEVqqE7VEcNRNETekGv6M14Nt6ND+Nzai0Ys8whmoPx9QtsU6KG</latexit>

ωk → ↑ωp1

<latexit sha1_base64="11k0bxLD0YSprXvk0UP2+IqlwVA="></latexit>∫ →

0
dx

1→
x
= 2e.g.

• LMB multi-channeling  
• Tropical sampling

Threshold singularity
• Contour deformation 
• Threshold subtraction 

<latexit sha1_base64="rYNdmcRFSbh3K0GbevTaaN6uaSc=">AAACCXicdVBLSgNBFOzxG+Mv6tJNYxDiwmEmmER3QTcuI5gPJJPQ0/MmadLzsbtHCCEn8ABu9QjuxK2n8ARew04yghEtaCjqVfH6lRtzJpVlfRhLyyura+uZjezm1vbObm5vvyGjRFCo04hHouUSCZyFUFdMcWjFAkjgcmi6w6vpvHkPQrIovFWjGJyA9EPmM0qUlpyOB1yR7mlh2C2e9HJ5y7ywrJJdxJZpzTAlpVLFLmM7VfIoRa2X++x4EU0CCBXlRMq2bcXKGROhGOUwyXYSCTGhQ9KHtqYhCUA649mnJ/hYKx72I6FfqPBM/ZkYk0DKUeBqZ0DUQC7MpF43AG/yOzB1/hVoJ8o/d8YsjBMFIZ1v9xOOVYSntWCPCaCKjzQhVDB9AKYDIghVurysbub7fPw/aRRNu2yWb87y1cu0oww6REeogGxUQVV0jWqojii6Q4/oCT0bD8aL8Wq8za1LRpo5QAsw3r8A95iaRg==</latexit>

ω→(k2)

<latexit sha1_base64="TSle4ZEpEpZ1mY7FNiS6odIIEDw=">AAACD3icdVDdSgJBGJ3t1+xP67KbIQkUQXYlte6kbrpUyB/QVWZnP3Vw9oeZ2ULEh+gBuq1H6C667RF6gl6jWTXIqAMDh/OdwzffcULOpDLND2NtfWNzazuxk9zd2z84TKWPmjKIBIUGDXgg2g6RwJkPDcUUh3YogHgOh5Yzvo7nrTsQkgX+rZqEYHtk6LMBo0RpqZ9Kd13givTy2ew4X8/1irl+KmMWLk2zZBWxWTDniEmpVLHK2FoqGbRErZ/67LoBjTzwFeVEyo5lhsqeEqEY5TBLdiMJIaFjMoSOpj7xQNrT+ddn+EwrLh4EQj9f4bn6MzElnpQTz9FOj6iRXJlJvW4E7ux3IHb+FehEanBhT5kfRgp8utg+iDhWAY7LwS4TQBWfaEKoYPoATEdEEKp0hUndzPf5+H/SLBascqFcP89Ur5YdJdAJOkVZZKEKqqIbVEMNRNE9ekRP6Nl4MF6MV+NtYV0zlpljtALj/QtcJ5tq</latexit>

ω+((k +Q)2)

<latexit sha1_base64="lS11kp3TmkSKU4tbdRg5zH38R3c=">AAACGHicbVDJSgNBFOxxjXEb9aaXxiB4ijNBosegF48JmAUyY+jpvEma9Cx090TCJOB3+AFe9RO8iVdvfoG/YWc5mMSCB0W9Kh6vvJgzqSzr21hZXVvf2MxsZbd3dvf2zYPDmowSQaFKIx6JhkckcBZCVTHFoRELIIHHoe71bsf7eh+EZFF4rwYxuAHphMxnlCgttczjodMHmvZGQ0ewTlcRIaJHXHmwLgotM2flrQnwMrFnJIdmKLfMH6cd0SSAUFFOpGzaVqzclAjFKIdR1kkkxIT2SAeamoYkAOmmkx9G+EwrbexHQk+o8ET9m0hJIOUg8LQzIKor53ZSn+tCe7QYGDv/CzQT5V+7KQvjREFIp9f9hGMV4XFLuM0EUMUHmhAqmH4A0y4RhCrdZVY3Yy/2sExqhbxdzBcrl7nSzayjDDpBp+gc2egKldAdKqMqougJvaBX9GY8G+/Gh/E5ta4Ys8wRmoPx9QuvB6CN</latexit>

|ωk| → Q0/2

<latexit sha1_base64="HV/F3RAs+jUkCC5dSwZrh2H80Nc="></latexit>∫
dk0d3ωk

v̄p2ε
µ/k (/k + /Q) εµup1

k2(k +Q)2(k + p1)2

<latexit sha1_base64="NfPUPJjqf3NHECazngmMra2ZocQ=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5LJ3LahmcyQZIQyFNz4AW71E9yJWz/EL/A3TB8L23ogcDj3HO7NCRLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kzmzUdUmsfywYwS9CPal7zHGTVWanZ0mmg03WLJLbtTkFXizUkJ5qh1iz+dMGZphNIwQbVue25i/Iwqw5nAcaGTakwoG9I+ti2VNELtZ9Nzx+TMKiHpxco+achU/ZvIaKT1KAqsM6JmoBdm2q4bYDheDkyc/wXaqeld+xmXSWpQstn2XiqIicmkEBJyhcyIkSWUKW4/QNiAKsqMra1gm/GWe1gljYuyVylX7i9L1dunWUd5OIFTOAcPrqAKd1CDOjAYwgu8wpvz7Lw7H87nzJpz5r0ewwKcr1/zx5ko</latexit>→
<latexit sha1_base64="VVj4FvL8kGU9B+WbQsHZ+dfaKec="></latexit>∫

d2!

∫ →

0
|ωk|2d|ωk| a|ωk|2 + b|ωk|+ c

8|ωk|2|ωk + ωp1|
1

|ωk|+ |ωk + ωp1|→ | ωp1|
1

|ωk|+ |ωk + ωQ|→Q0 + iεCFF

cLTD
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Z
d4k

1

k2(k � p1)2(k � p1 � p2)2k2(k � p1)
2(k � p1 � p2)

2

kz

k0

k2 = 0

The integrand is singular along each of the coloured surface

Singular surfaces in Minkowski space

6

Contour deformation in 4D very difficult: [ S. Weinzierl & al, arxiv: 1006.4609 ]
[ W. Gong. Z. Nagy, D.Soper, arxiv: 0812.3686 ]

https://arxiv.org/pdf/1006.4609
https://arxiv.org/pdf/0812.3686
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Z
d4k

1

k2(k � p1)2(k � p1 � p2)2k2(k � p1)
2(k � p1 � p2)

2

kz

k0

k2 = 0

The integrand is singular along each of the coloured surface

Singular surfaces in Minkowski space

6

~p1

(k � p1)
2 = 0

Contour deformation in 4D very difficult: [ S. Weinzierl & al, arxiv: 1006.4609 ]
[ W. Gong. Z. Nagy, D.Soper, arxiv: 0812.3686 ]

https://arxiv.org/pdf/1006.4609
https://arxiv.org/pdf/0812.3686
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Z
d4k

1

k2(k � p1)2(k � p1 � p2)2k2(k � p1)
2(k � p1 � p2)

2

kz

k0

k2 = 0

The integrand is singular along each of the coloured surface

Singular surfaces in Minkowski space

6

~p2

(k � p1 � p2)
2 = 0

~p1

(k � p1)
2 = 0

Contour deformation in 4D very difficult: [ S. Weinzierl & al, arxiv: 1006.4609 ]
[ W. Gong. Z. Nagy, D.Soper, arxiv: 0812.3686 ]

https://arxiv.org/pdf/1006.4609
https://arxiv.org/pdf/0812.3686
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Singular surfaces of the LTD representation
Analytically integrate over the loop energies using Cauchy’s theorem (LTD):

kz

k0

k2 = 0

(k � p1)
2 = 0

(k � p1 � p2)
2 = 0

�pµ1

pµ1 + pµ2

�pµ2

I

(k � p1)
�2

(k � p1 � p2)
�2

k�2

pi
2 > 0 8i

7
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Singular surfaces of the LTD representation
Analytically integrate over the loop energies using Cauchy’s theorem (LTD):

kz

k0

k2 = 0

(k � p1)
2 = 0

(k � p1 � p2)
2 = 0

�pµ1

pµ1 + pµ2

�pµ2

I

(k � p1)
�2

(k � p1 � p2)
�2

k�2

pi
2 > 0 8i

7

I1

=
LTD

� I1

⌘ �(q2i )⇥(q0i )
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Singular surfaces of the LTD representation
Analytically integrate over the loop energies using Cauchy’s theorem (LTD):

kz

k0

k2 = 0

(k � p1)
2 = 0

(k � p1 � p2)
2 = 0

�pµ1

pµ1 + pµ2

�pµ2

I

(k � p1)
�2

(k � p1 � p2)
�2

k�2

pi
2 > 0 8i

7

I2

� I2

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

I1

=
LTD

� I1

⌘ �(q2i )⇥(q0i )
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Singular surfaces of the LTD representation
Analytically integrate over the loop energies using Cauchy’s theorem (LTD):

kz

k0

k2 = 0

(k � p1)
2 = 0

(k � p1 � p2)
2 = 0

�pµ1

pµ1 + pµ2

�pµ2

I

(k � p1)
�2

(k � p1 � p2)
�2

k�2

pi
2 > 0 8i

7

I3

� I3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

I2

� I2

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

I1

=
LTD

� I1

⌘ �(q2i )⇥(q0i )
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Singular surfaces of the LTD representation
Analytically integrate over the loop energies using Cauchy’s theorem (LTD):

kz

k0

k2 = 0

(k � p1)
2 = 0

(k � p1 � p2)
2 = 0

�pµ1

pµ1 + pµ2

�pµ2

I

(k � p1)
�2

(k � p1 � p2)
�2

k�2
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2 > 0 8i

7

I3

� I3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

I2

� I2

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

I1

=
LTD

� I1

⌘ �(q2i )⇥(q0i )

• Integration along 3D euclidian thick lines
• Deformation only needed on      !



7
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<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

I2

� I2

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

I1

=
LTD

� I1

⌘ �(q2i )⇥(q0i )

• Integration along 3D euclidian thick lines
• Deformation only needed on      !



Valentin Hirschi LoopFest XXIV, BNL

The three-dimensional reps. zoo

Interplay of momentum conservation and causal prescription is key to obtain the energy flow

• Distributional identities:

• Averaging procedure:

[ Bierenbaum, Catani, Draggiotis, Rodrigo, arxiv: 1007.0194 ]

[ Runkel, Scór, Vesga, Weinzierl, arxiv: 1902.02135 ]

• Iterative procedure: [ Capatti, VH, Kermanschah, Ruijl, arxiv: 1906.06138 ]

Applying LTD to a two-loop double-triangle: one residue per spanning tree

+

+
+

+ +

+

+

++
+

++
++

-

-

• Manifestly causal: [ Capatti, VH, Kermanschah, Pelloni, Ruijl, arxiv: 2009.05509 ]

[ https://github.com/apelloni/cLTD ]Codes :
[ https://bitbucket.org/wjtorresb/lotty ]

• Cross-Free Family [ Capatti, arxiv: 2211.09653 ]

<latexit sha1_base64="p/C1HoQnZvQ0J/vZ4O7ec5CLPYI=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyyCqzIjpQpuim5cVrAP6Iwlk8m0oZkHSUYsQ3/FjQtF3Poj7vwb0+kstPVAyOGce8nJ8RLOpLKsb6O0tr6xuVXeruzs7u0fmIfVroxTQWiHxDwWfQ9LyllEO4opTvuJoDj0OO15k5u533ukQrI4ulfThLohHkUsYAQrLQ3NqsMihfyHBpo4V/nNh2bNqls50CqxC1KDAu2h+eX4MUlDGinCsZQD20qUm2GhGOF0VnFSSRNMJnhEB5pGOKTSzfLsM3SqFR8FsdBHJ8nV3xsZDqWchp6eDLEay2VvLv7nDVIVXLoZi5JU0YgsHgpSjlSM5kUgnwlKFJ9qgolgOisiYywwUbquii7BXv7yKume1+1mvXnXqLWuizrKcAwncAY2XEALbqENHSDwBM/wCm/GzHgx3o2PxWjJKHaO4A+Mzx+qYpLr</latexit>∫
d4k d4l

<latexit sha1_base64="pIx1RW66dlN79MQuIb/Yw0VOSvQ=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUSlCm6KblxWsA9oYplMbtqhkwczk0IJ3bnxV9y4UMStv+DOv3HaBtTWAwNnzrmXe+/xEs6ksqwvY2FxaXlltbBWXN/Y3No2d3YbMk4FhTqNeSxaHpHAWQR1xRSHViKAhB6Hpte/HvvNAQjJ4uhODRNwQ9KNWMAoUVrqmAcOixT270+xMwCa9UfO5c+PjzpmySpbE+B5YuekhHLUOuan48c0DSFSlBMp27aVKDcjQjHKYVR0UgkJoX3ShbamEQlButnkjhE+0oqPg1jop7eaqL87MhJKOQw9XRkS1ZOz3lj8z2unKrhwMxYlqYKITgcFKccqxuNQsM8EUMWHmhAqmN4V0x4RhCodXVGHYM+ePE8aJ2W7Uq7cnpWqV3kcBbSPDtExstE5qqIbVEN1RNEDekIv6NV4NJ6NN+N9Wrpg5D176A+Mj2+Vc5iF</latexit>∫
d3ωk d3ωl

[ gammaloop ]

8

https://github.com/apelloni/cLTD
https://bitbucket.org/wjtorresb/lotty


Valentin Hirschi LoopFest XXIV, BNL

Local Unitarity
Real-emission (R)

<latexit sha1_base64="SpoMZIhu6toi1TCxEzulielSXms=">AAACF3icbVDLSsNAFJ34rPUVdelmsAh1UxJRdFl047KCfUATy2Q6aYdOJmHmRlpC/sKNv+LGhSJudeffOH0stPXAhcM593LvPUEiuAbH+baWlldW19YLG8XNre2dXXtvv6HjVFFWp7GIVSsgmgkuWR04CNZKFCNRIFgzGFyP/eYDU5rH8g5GCfMj0pM85JSAkTp2xeMSOs595ua4O8SeYCG0sRcqQjOPxro8PMmzYY49xXt98Dt2yak4E+BF4s5ICc1Q69hfXjemacQkUEG0brtOAn5GFHAqWF70Us0SQgekx9qGShIx7WeTv3J8bJQuDmNlSgKeqL8nMhJpPYoC0xkR6Ot5byz+57VTCC/9jMskBSbpdFGYCgwxHoeEu1wxCmJkCKGKm1sx7ROTCZgoiyYEd/7lRdI4rbjnFef2rFS9msVRQIfoCJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx/T1iVrNnOA/sD6/AGaLJ+X</latexit>Z 1

0
dx


cos(x)

x

�

Virtual (V)
<latexit sha1_base64="1Tv6j25vtznxJZjriY2AgIQLqEg=">AAACFXicbVBNS8NAEN34WetX1aOXxSJ40JKIoseiF48KVoUmls120i5uNmF3IoSQP+HFv+LFgyJeBW/+G7e1B219MPB4b4aZeWEqhUHX/XKmpmdm5+YrC9XFpeWV1dra+pVJMs2hxROZ6JuQGZBCQQsFSrhJNbA4lHAd3p0O/Ot70EYk6hLzFIKY9ZSIBGdopU5t1xcKO+5t4bkl7ea+hAjbe36kGS/gttjLy7LIS1+LXh+DTq3uNtwh6CTxRqRORjjv1D79bsKzGBRyyYxpe26KQcE0Ci6hrPqZgZTxO9aDtqWKxWCCYvhVSbet0qVRom0ppEP190TBYmPyOLSdMcO+GfcG4n9eO8PoOCiESjMExX8WRZmkmNBBRLQrNHCUuSWMa2FvpbzPbCJog6zaELzxlyfJ1X7DO2y4Fwf15skojgrZJFtkh3jkiDTJGTknLcLJA3kiL+TVeXSenTfn/ad1yhnNbJA/cD6+ASdTn3k=</latexit>Z 10

0
dy


�e�y

y

�
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Valentin Hirschi LoopFest XXIV, BNL

Local Unitarity
Real-emission (R)

<latexit sha1_base64="SpoMZIhu6toi1TCxEzulielSXms=">AAACF3icbVDLSsNAFJ34rPUVdelmsAh1UxJRdFl047KCfUATy2Q6aYdOJmHmRlpC/sKNv+LGhSJudeffOH0stPXAhcM593LvPUEiuAbH+baWlldW19YLG8XNre2dXXtvv6HjVFFWp7GIVSsgmgkuWR04CNZKFCNRIFgzGFyP/eYDU5rH8g5GCfMj0pM85JSAkTp2xeMSOs595ua4O8SeYCG0sRcqQjOPxro8PMmzYY49xXt98Dt2yak4E+BF4s5ICc1Q69hfXjemacQkUEG0brtOAn5GFHAqWF70Us0SQgekx9qGShIx7WeTv3J8bJQuDmNlSgKeqL8nMhJpPYoC0xkR6Ot5byz+57VTCC/9jMskBSbpdFGYCgwxHoeEu1wxCmJkCKGKm1sx7ROTCZgoiyYEd/7lRdI4rbjnFef2rFS9msVRQIfoCJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx/T1iVrNnOA/sD6/AGaLJ+X</latexit>Z 1

0
dx


cos(x)

x

� <latexit sha1_base64="UpiEmEh53/fiXKkLN69pDUTcBvc="></latexit>Z 1

0
dx


cos(x)

x
� 1

x

�

Virtual (V)
<latexit sha1_base64="1Tv6j25vtznxJZjriY2AgIQLqEg=">AAACFXicbVBNS8NAEN34WetX1aOXxSJ40JKIoseiF48KVoUmls120i5uNmF3IoSQP+HFv+LFgyJeBW/+G7e1B219MPB4b4aZeWEqhUHX/XKmpmdm5+YrC9XFpeWV1dra+pVJMs2hxROZ6JuQGZBCQQsFSrhJNbA4lHAd3p0O/Ot70EYk6hLzFIKY9ZSIBGdopU5t1xcKO+5t4bkl7ea+hAjbe36kGS/gttjLy7LIS1+LXh+DTq3uNtwh6CTxRqRORjjv1D79bsKzGBRyyYxpe26KQcE0Ci6hrPqZgZTxO9aDtqWKxWCCYvhVSbet0qVRom0ppEP190TBYmPyOLSdMcO+GfcG4n9eO8PoOCiESjMExX8WRZmkmNBBRLQrNHCUuSWMa2FvpbzPbCJog6zaELzxlyfJ1X7DO2y4Fwf15skojgrZJFtkh3jkiDTJGTknLcLJA3kiL+TVeXSenTfn/ad1yhnNbJA/cD6+ASdTn3k=</latexit>Z 10

0
dy


�e�y

y

�

9



Valentin Hirschi LoopFest XXIV, BNL

Local Unitarity
Real-emission (R)

<latexit sha1_base64="SpoMZIhu6toi1TCxEzulielSXms=">AAACF3icbVDLSsNAFJ34rPUVdelmsAh1UxJRdFl047KCfUATy2Q6aYdOJmHmRlpC/sKNv+LGhSJudeffOH0stPXAhcM593LvPUEiuAbH+baWlldW19YLG8XNre2dXXtvv6HjVFFWp7GIVSsgmgkuWR04CNZKFCNRIFgzGFyP/eYDU5rH8g5GCfMj0pM85JSAkTp2xeMSOs595ua4O8SeYCG0sRcqQjOPxro8PMmzYY49xXt98Dt2yak4E+BF4s5ICc1Q69hfXjemacQkUEG0brtOAn5GFHAqWF70Us0SQgekx9qGShIx7WeTv3J8bJQuDmNlSgKeqL8nMhJpPYoC0xkR6Ot5byz+57VTCC/9jMskBSbpdFGYCgwxHoeEu1wxCmJkCKGKm1sx7ROTCZgoiyYEd/7lRdI4rbjnFef2rFS9msVRQIfoCJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx/T1iVrNnOA/sD6/AGaLJ+X</latexit>Z 1

0
dx


cos(x)

x

� <latexit sha1_base64="UpiEmEh53/fiXKkLN69pDUTcBvc="></latexit>Z 1

0
dx


cos(x)

x
� 1

x

�

Virtual (V)
<latexit sha1_base64="1Tv6j25vtznxJZjriY2AgIQLqEg=">AAACFXicbVBNS8NAEN34WetX1aOXxSJ40JKIoseiF48KVoUmls120i5uNmF3IoSQP+HFv+LFgyJeBW/+G7e1B219MPB4b4aZeWEqhUHX/XKmpmdm5+YrC9XFpeWV1dra+pVJMs2hxROZ6JuQGZBCQQsFSrhJNbA4lHAd3p0O/Ot70EYk6hLzFIKY9ZSIBGdopU5t1xcKO+5t4bkl7ea+hAjbe36kGS/gttjLy7LIS1+LXh+DTq3uNtwh6CTxRqRORjjv1D79bsKzGBRyyYxpe26KQcE0Ci6hrPqZgZTxO9aDtqWKxWCCYvhVSbet0qVRom0ppEP190TBYmPyOLSdMcO+GfcG4n9eO8PoOCiESjMExX8WRZmkmNBBRLQrNHCUuSWMa2FvpbzPbCJog6zaELzxlyfJ1X7DO2y4Fwf15skojgrZJFtkh3jkiDTJGTknLcLJA3kiL+TVeXSenTfn/ad1yhnNbJA/cD6+ASdTn3k=</latexit>Z 10

0
dy


�e�y

y

�

Finite at           !<latexit sha1_base64="2E54hT0QSoAqnEROS38V1fVu3Hc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktiEIRil48VrAf0F1KNs22odlsSLJiWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvFBypo3rfjuFtfWNza3idmlnd2//oHx41NZJqghtkYQnqhtiTTkTtGWY4bQrFcVxyGknHN/O/M4jVZol4sFMJA1iPBQsYgQbK3We/Pq1X3f75YpbdedAq8TLSQVyNPvlL3+QkDSmwhCOte55rjRBhpVhhNNpyU81lZiM8ZD2LBU4pjrI5udO0ZlVBihKlC1h0Fz9PZHhWOtJHNrOGJuRXvZm4n9eLzXRVZAxIVNDBVksilKOTIJmv6MBU5QYPrEEE8XsrYiMsMLE2IRKNgRv+eVV0q5VvYuqe1+rNG7yOIpwAqdwDh5cQgPuoAktIDCGZ3iFN0c6L86787FoLTj5zDH8gfP5Azq7jtU=</latexit>

x = 0

• Integral performed numerically

• Need to design complicated counterterms
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Valentin Hirschi LoopFest XXIV, BNL

Local Unitarity
Real-emission (R)

<latexit sha1_base64="SpoMZIhu6toi1TCxEzulielSXms=">AAACF3icbVDLSsNAFJ34rPUVdelmsAh1UxJRdFl047KCfUATy2Q6aYdOJmHmRlpC/sKNv+LGhSJudeffOH0stPXAhcM593LvPUEiuAbH+baWlldW19YLG8XNre2dXXtvv6HjVFFWp7GIVSsgmgkuWR04CNZKFCNRIFgzGFyP/eYDU5rH8g5GCfMj0pM85JSAkTp2xeMSOs595ua4O8SeYCG0sRcqQjOPxro8PMmzYY49xXt98Dt2yak4E+BF4s5ICc1Q69hfXjemacQkUEG0brtOAn5GFHAqWF70Us0SQgekx9qGShIx7WeTv3J8bJQuDmNlSgKeqL8nMhJpPYoC0xkR6Ot5byz+57VTCC/9jMskBSbpdFGYCgwxHoeEu1wxCmJkCKGKm1sx7ROTCZgoiyYEd/7lRdI4rbjnFef2rFS9msVRQIfoCJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx/T1iVrNnOA/sD6/AGaLJ+X</latexit>Z 1

0
dx


cos(x)

x

�

<latexit sha1_base64="TSqt7tWFFx3mkAisAHPkmjgEPMk="></latexit>Z 10

0
dy


�e�y

y

�
+

Z 1

0
dx


1

x

�

<latexit sha1_base64="UpiEmEh53/fiXKkLN69pDUTcBvc="></latexit>Z 1

0
dx


cos(x)

x
� 1

x

�

Virtual (V)
<latexit sha1_base64="1Tv6j25vtznxJZjriY2AgIQLqEg=">AAACFXicbVBNS8NAEN34WetX1aOXxSJ40JKIoseiF48KVoUmls120i5uNmF3IoSQP+HFv+LFgyJeBW/+G7e1B219MPB4b4aZeWEqhUHX/XKmpmdm5+YrC9XFpeWV1dra+pVJMs2hxROZ6JuQGZBCQQsFSrhJNbA4lHAd3p0O/Ot70EYk6hLzFIKY9ZSIBGdopU5t1xcKO+5t4bkl7ea+hAjbe36kGS/gttjLy7LIS1+LXh+DTq3uNtwh6CTxRqRORjjv1D79bsKzGBRyyYxpe26KQcE0Ci6hrPqZgZTxO9aDtqWKxWCCYvhVSbet0qVRom0ppEP190TBYmPyOLSdMcO+GfcG4n9eO8PoOCiESjMExX8WRZmkmNBBRLQrNHCUuSWMa2FvpbzPbCJog6zaELzxlyfJ1X7DO2y4Fwf15skojgrZJFtkh3jkiDTJGTknLcLJA3kiL+TVeXSenTfn/ad1yhnNbJA/cD6+ASdTn3k=</latexit>Z 10

0
dy


�e�y

y

�

Finite at           !<latexit sha1_base64="2E54hT0QSoAqnEROS38V1fVu3Hc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktiEIRil48VrAf0F1KNs22odlsSLJiWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvFBypo3rfjuFtfWNza3idmlnd2//oHx41NZJqghtkYQnqhtiTTkTtGWY4bQrFcVxyGknHN/O/M4jVZol4sFMJA1iPBQsYgQbK3We/Pq1X3f75YpbdedAq8TLSQVyNPvlL3+QkDSmwhCOte55rjRBhpVhhNNpyU81lZiM8ZD2LBU4pjrI5udO0ZlVBihKlC1h0Fz9PZHhWOtJHNrOGJuRXvZm4n9eLzXRVZAxIVNDBVksilKOTIJmv6MBU5QYPrEEE8XsrYiMsMLE2IRKNgRv+eVV0q5VvYuqe1+rNG7yOIpwAqdwDh5cQgPuoAktIDCGZ3iFN0c6L86787FoLTj5zDH8gfP5Azq7jtU=</latexit>

x = 0

• Integral performed numerically

• Need to design complicated counterterms
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Valentin Hirschi LoopFest XXIV, BNL

Local Unitarity
Real-emission (R)

<latexit sha1_base64="SpoMZIhu6toi1TCxEzulielSXms=">AAACF3icbVDLSsNAFJ34rPUVdelmsAh1UxJRdFl047KCfUATy2Q6aYdOJmHmRlpC/sKNv+LGhSJudeffOH0stPXAhcM593LvPUEiuAbH+baWlldW19YLG8XNre2dXXtvv6HjVFFWp7GIVSsgmgkuWR04CNZKFCNRIFgzGFyP/eYDU5rH8g5GCfMj0pM85JSAkTp2xeMSOs595ua4O8SeYCG0sRcqQjOPxro8PMmzYY49xXt98Dt2yak4E+BF4s5ICc1Q69hfXjemacQkUEG0brtOAn5GFHAqWF70Us0SQgekx9qGShIx7WeTv3J8bJQuDmNlSgKeqL8nMhJpPYoC0xkR6Ot5byz+57VTCC/9jMskBSbpdFGYCgwxHoeEu1wxCmJkCKGKm1sx7ROTCZgoiyYEd/7lRdI4rbjnFef2rFS9msVRQIfoCJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx/T1iVrNnOA/sD6/AGaLJ+X</latexit>Z 1

0
dx


cos(x)

x

�

<latexit sha1_base64="TSqt7tWFFx3mkAisAHPkmjgEPMk="></latexit>Z 10

0
dy


�e�y

y

�
+

Z 1

0
dx


1

x

�

<latexit sha1_base64="UpiEmEh53/fiXKkLN69pDUTcBvc="></latexit>Z 1

0
dx


cos(x)

x
� 1

x

�

Virtual (V)
<latexit sha1_base64="1Tv6j25vtznxJZjriY2AgIQLqEg=">AAACFXicbVBNS8NAEN34WetX1aOXxSJ40JKIoseiF48KVoUmls120i5uNmF3IoSQP+HFv+LFgyJeBW/+G7e1B219MPB4b4aZeWEqhUHX/XKmpmdm5+YrC9XFpeWV1dra+pVJMs2hxROZ6JuQGZBCQQsFSrhJNbA4lHAd3p0O/Ot70EYk6hLzFIKY9ZSIBGdopU5t1xcKO+5t4bkl7ea+hAjbe36kGS/gttjLy7LIS1+LXh+DTq3uNtwh6CTxRqRORjjv1D79bsKzGBRyyYxpe26KQcE0Ci6hrPqZgZTxO9aDtqWKxWCCYvhVSbet0qVRom0ppEP190TBYmPyOLSdMcO+GfcG4n9eO8PoOCiESjMExX8WRZmkmNBBRLQrNHCUuSWMa2FvpbzPbCJog6zaELzxlyfJ1X7DO2y4Fwf15skojgrZJFtkh3jkiDTJGTknLcLJA3kiL+TVeXSenTfn/ad1yhnNbJA/cD6+ASdTn3k=</latexit>Z 10

0
dy


�e�y

y

�

<latexit sha1_base64="pJp/Yf0coCqpR8FYvukvXVxfYCw=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBbBiyEpkdpb0YvHCtYW2lA22027dLMJuxshlP4ILx4U8erv8ea/cdNGUNEHA4/3ZpiZFyScKe04H1ZpZXVtfaO8Wdna3tndq+4f3Kk4lYR2SMxj2QuwopwJ2tFMc9pLJMVRwGk3mF7lfveeSsVicauzhPoRHgsWMoK1kbpnAyZCnQ2rNcduNuqO20SO7SyQE89zPRe5hVKDAu1h9X0wikkaUaEJx0r1XSfR/gxLzQin88ogVTTBZIrHtG+owBFV/mxx7hydGGWEwliaEhot1O8TMxwplUWB6YywnqjfXi7+5fVTHV74MyaSVFNBlovClCMdo/x3NGKSEs0zQzCRzNyKyARLTLRJqGJC+PoU/U/u6rZ7bjs3Xq11WcRRhiM4hlNwoQEtuIY2dIDAFB7gCZ6txHq0XqzXZWvJKmYO4Qest09rEI+h</latexit>�1<latexit sha1_base64="NuOlRBL2NLQHdRY5LLhCnRGzI4A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiih6LXjxWsLbQhrLZbtqlm03YnQgh9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dkorq2vrG+XNytb2zu5edf/g0cSpZrzFYhnrTkANl0LxFgqUvJNoTqNA8nYwvp367SeujYjVA2YJ9yM6VCIUjKKV2mc9oULM+tWaW3dnIMvEK0gNCjT71a/eIGZpxBUySY3pem6Cfk41Cib5pNJLDU8oG9Mh71qqaMSNn8/OnZATqwxIGGtbCslM/T2R08iYLApsZ0RxZBa9qfif100xvPZzoZIUuWLzRWEqCcZk+jsZCM0ZyswSyrSwtxI2opoytAlVbAje4svL5PG87l3W3fuLWuOmiKMMR3AMp+DBFTTgDprQAgZjeIZXeHMS58V5dz7mrSWnmDmEP3A+fwAqrI91</latexit>

+1
• Integral performed analytically
• No universal nor systematic solution

<latexit sha1_base64="0fSvigSPYcm0JYURpTA8yC4jV0w=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16CRahIpREFD1WvXisYD+gKWWz3bRLN7thdyOWkL/ixYMiXv0j3vw3btsctPXBwOO9GWbmBTGjSrvut1VYWV1b3yhulra2d3b37P1yS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsY30799iORigr+oCcx6UVoyGlIMdJG6tvl61OfiWE19UmsKBM8O+nbFbfmzuAsEy8nFcjR6Ntf/kDgJCJcY4aU6npurHspkppiRrKSnygSIzxGQ9I1lKOIqF46uz1zjo0ycEIhTXHtzNTfEymKlJpEgemMkB6pRW8q/ud1Ex1e9VLK40QTjueLwoQ5WjjTIJwBlQRrNjEEYUnNrQ4eIYmwNnGVTAje4svLpHVW8y5q7v15pX6Tx1GEQziCKnhwCXW4gwY0AcMTPMMrvFmZ9WK9Wx/z1oKVzxzAH1ifP2yrlAw=</latexit>

A+ log(✏)

<latexit sha1_base64="YM2XAKeNSaXgRini3llxLJVeBVw=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjKtfe2KblxWsA9oh5JJM21oJhmTjFBKf8KNC0Xc+jvu/BszbQUVPXDhcM693HtPEHOmDUIfTmZtfWNzK7ud29nd2z/IHx61tUwUoS0iuVTdAGvKmaAtwwyn3VhRHAWcdoLJVep37qnSTIpbM42pH+GRYCEj2Fip26exZlyKQb6AXFQp10sIIreMvGq9bglClVqpCD1LUhTACs1B/r0/lCSJqDCEY617HoqNP8PKMMLpPNdPNI0xmeAR7VkqcES1P1vcO4dnVhnCUCpbwsCF+n1ihiOtp1FgOyNsxvq3l4p/eb3EhDV/xkScGCrIclGYcGgkTJ+HQ6YoMXxqCSaK2VshGWOFibER5WwIX5/C/0m76HplF91cFBqXqziy4AScgnPggSpogGvQBC1AAAcP4Ak8O3fOo/PivC5bM85q5hj8gPP2CbfLkG0=</latexit>✏ <latexit sha1_base64="YM2XAKeNSaXgRini3llxLJVeBVw=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjKtfe2KblxWsA9oh5JJM21oJhmTjFBKf8KNC0Xc+jvu/BszbQUVPXDhcM693HtPEHOmDUIfTmZtfWNzK7ud29nd2z/IHx61tUwUoS0iuVTdAGvKmaAtwwyn3VhRHAWcdoLJVep37qnSTIpbM42pH+GRYCEj2Fip26exZlyKQb6AXFQp10sIIreMvGq9bglClVqpCD1LUhTACs1B/r0/lCSJqDCEY617HoqNP8PKMMLpPNdPNI0xmeAR7VkqcES1P1vcO4dnVhnCUCpbwsCF+n1ihiOtp1FgOyNsxvq3l4p/eb3EhDV/xkScGCrIclGYcGgkTJ+HQ6YoMXxqCSaK2VshGWOFibER5WwIX5/C/0m76HplF91cFBqXqziy4AScgnPggSpogGvQBC1AAAcP4Ak8O3fOo/PivC5bM85q5hj8gPP2CbfLkG0=</latexit>✏
<latexit sha1_base64="QK/rXi0j8rIrV5TmUAHLCW3q1VY=">AAAB/HicdVBdSwJBFJ21L7Mvy8dehiQwItk1U3sTe+nRID/AXWR2HHVwdmaZmQ1ksb/SSw9F9NoP6a1/06waVNSBC4dz7uXee/yQUaVt+8NKrayurW+kNzNb2zu7e9n9g7YSkcSkhQUTsusjRRjlpKWpZqQbSoICn5GOP7lK/M4dkYoKfqunIfECNOJ0SDHSRupnc6eNM5eJUSF2SagoE3x20s/m7eJlrVIqV6BdtO2qU3ISUqqWz8vQMUqCPFii2c++uwOBo4BwjRlSqufYofZiJDXFjMwybqRIiPAEjUjPUI4Corx4fvwMHhtlAIdCmuIaztXvEzEKlJoGvukMkB6r314i/uX1Ij2seTHlYaQJx4tFw4hBLWCSBBxQSbBmU0MQltTcCvEYSYS1yStjQvj6FP5P2qWic1G0b8r5emMZRxocgiNQAA6ogjq4Bk3QAhhMwQN4As/WvfVovVivi9aUtZzJgR+w3j4BOt2Uhg==</latexit>

+B � log(✏)

Finite at           !<latexit sha1_base64="2E54hT0QSoAqnEROS38V1fVu3Hc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktiEIRil48VrAf0F1KNs22odlsSLJiWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvFBypo3rfjuFtfWNza3idmlnd2//oHx41NZJqghtkYQnqhtiTTkTtGWY4bQrFcVxyGknHN/O/M4jVZol4sFMJA1iPBQsYgQbK3We/Pq1X3f75YpbdedAq8TLSQVyNPvlL3+QkDSmwhCOte55rjRBhpVhhNNpyU81lZiM8ZD2LBU4pjrI5udO0ZlVBihKlC1h0Fz9PZHhWOtJHNrOGJuRXvZm4n9eLzXRVZAxIVNDBVksilKOTIJmv6MBU5QYPrEEE8XsrYiMsMLE2IRKNgRv+eVV0q5VvYuqe1+rNG7yOIpwAqdwDh5cQgPuoAktIDCGZ3iFN0c6L86787FoLTj5zDH8gfP5Azq7jtU=</latexit>

x = 0

• Integral performed numerically

• Need to design complicated counterterms
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Valentin Hirschi LoopFest XXIV, BNL

Local Unitarity
Real-emission (R) Virtual (V)

+

+
<latexit sha1_base64="SpoMZIhu6toi1TCxEzulielSXms=">AAACF3icbVDLSsNAFJ34rPUVdelmsAh1UxJRdFl047KCfUATy2Q6aYdOJmHmRlpC/sKNv+LGhSJudeffOH0stPXAhcM593LvPUEiuAbH+baWlldW19YLG8XNre2dXXtvv6HjVFFWp7GIVSsgmgkuWR04CNZKFCNRIFgzGFyP/eYDU5rH8g5GCfMj0pM85JSAkTp2xeMSOs595ua4O8SeYCG0sRcqQjOPxro8PMmzYY49xXt98Dt2yak4E+BF4s5ICc1Q69hfXjemacQkUEG0brtOAn5GFHAqWF70Us0SQgekx9qGShIx7WeTv3J8bJQuDmNlSgKeqL8nMhJpPYoC0xkR6Ot5byz+57VTCC/9jMskBSbpdFGYCgwxHoeEu1wxCmJkCKGKm1sx7ROTCZgoiyYEd/7lRdI4rbjnFef2rFS9msVRQIfoCJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx/T1iVrNnOA/sD6/AGaLJ+X</latexit>Z 1

0
dx


cos(x)

x

� <latexit sha1_base64="1Tv6j25vtznxJZjriY2AgIQLqEg=">AAACFXicbVBNS8NAEN34WetX1aOXxSJ40JKIoseiF48KVoUmls120i5uNmF3IoSQP+HFv+LFgyJeBW/+G7e1B219MPB4b4aZeWEqhUHX/XKmpmdm5+YrC9XFpeWV1dra+pVJMs2hxROZ6JuQGZBCQQsFSrhJNbA4lHAd3p0O/Ot70EYk6hLzFIKY9ZSIBGdopU5t1xcKO+5t4bkl7ea+hAjbe36kGS/gttjLy7LIS1+LXh+DTq3uNtwh6CTxRqRORjjv1D79bsKzGBRyyYxpe26KQcE0Ci6hrPqZgZTxO9aDtqWKxWCCYvhVSbet0qVRom0ppEP190TBYmPyOLSdMcO+GfcG4n9eO8PoOCiESjMExX8WRZmkmNBBRLQrNHCUuSWMa2FvpbzPbCJog6zaELzxlyfJ1X7DO2y4Fwf15skojgrZJFtkh3jkiDTJGTknLcLJA3kiL+TVeXSenTfn/ad1yhnNbJA/cD6+ASdTn3k=</latexit>Z 10

0
dy


�e�y

y

�

10



Valentin Hirschi LoopFest XXIV, BNL

Local Unitarity
Real-emission (R) Virtual (V)

+

+
<latexit sha1_base64="SpoMZIhu6toi1TCxEzulielSXms=">AAACF3icbVDLSsNAFJ34rPUVdelmsAh1UxJRdFl047KCfUATy2Q6aYdOJmHmRlpC/sKNv+LGhSJudeffOH0stPXAhcM593LvPUEiuAbH+baWlldW19YLG8XNre2dXXtvv6HjVFFWp7GIVSsgmgkuWR04CNZKFCNRIFgzGFyP/eYDU5rH8g5GCfMj0pM85JSAkTp2xeMSOs595ua4O8SeYCG0sRcqQjOPxro8PMmzYY49xXt98Dt2yak4E+BF4s5ICc1Q69hfXjemacQkUEG0brtOAn5GFHAqWF70Us0SQgekx9qGShIx7WeTv3J8bJQuDmNlSgKeqL8nMhJpPYoC0xkR6Ot5byz+57VTCC/9jMskBSbpdFGYCgwxHoeEu1wxCmJkCKGKm1sx7ROTCZgoiyYEd/7lRdI4rbjnFef2rFS9msVRQIfoCJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx/T1iVrNnOA/sD6/AGaLJ+X</latexit>Z 1

0
dx


cos(x)

x

� <latexit sha1_base64="1Tv6j25vtznxJZjriY2AgIQLqEg=">AAACFXicbVBNS8NAEN34WetX1aOXxSJ40JKIoseiF48KVoUmls120i5uNmF3IoSQP+HFv+LFgyJeBW/+G7e1B219MPB4b4aZeWEqhUHX/XKmpmdm5+YrC9XFpeWV1dra+pVJMs2hxROZ6JuQGZBCQQsFSrhJNbA4lHAd3p0O/Ot70EYk6hLzFIKY9ZSIBGdopU5t1xcKO+5t4bkl7ea+hAjbe36kGS/gttjLy7LIS1+LXh+DTq3uNtwh6CTxRqRORjjv1D79bsKzGBRyyYxpe26KQcE0Ci6hrPqZgZTxO9aDtqWKxWCCYvhVSbet0qVRom0ppEP190TBYmPyOLSdMcO+GfcG4n9eO8PoOCiESjMExX8WRZmkmNBBRLQrNHCUuSWMa2FvpbzPbCJog6zaELzxlyfJ1X7DO2y4Fwf15skojgrZJFtkh3jkiDTJGTknLcLJA3kiL+TVeXSenTfn/ad1yhnNbJA/cD6+ASdTn3k=</latexit>Z 10

0
dy


�e�y

y

�

Local Unitarity (LU)

<latexit sha1_base64="iP5hH5QCCb0r3Ah4OyJsd+8vHA0="></latexit>Z 10

0
dx


cos(x)

x
⇥(1� x)� e�x

x

�

“Localised KLN-cancellations” 
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Valentin Hirschi LoopFest XXIV, BNL

Local Unitarity
Real-emission (R) Virtual (V)

+

+
<latexit sha1_base64="SpoMZIhu6toi1TCxEzulielSXms=">AAACF3icbVDLSsNAFJ34rPUVdelmsAh1UxJRdFl047KCfUATy2Q6aYdOJmHmRlpC/sKNv+LGhSJudeffOH0stPXAhcM593LvPUEiuAbH+baWlldW19YLG8XNre2dXXtvv6HjVFFWp7GIVSsgmgkuWR04CNZKFCNRIFgzGFyP/eYDU5rH8g5GCfMj0pM85JSAkTp2xeMSOs595ua4O8SeYCG0sRcqQjOPxro8PMmzYY49xXt98Dt2yak4E+BF4s5ICc1Q69hfXjemacQkUEG0brtOAn5GFHAqWF70Us0SQgekx9qGShIx7WeTv3J8bJQuDmNlSgKeqL8nMhJpPYoC0xkR6Ot5byz+57VTCC/9jMskBSbpdFGYCgwxHoeEu1wxCmJkCKGKm1sx7ROTCZgoiyYEd/7lRdI4rbjnFef2rFS9msVRQIfoCJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx/T1iVrNnOA/sD6/AGaLJ+X</latexit>Z 1

0
dx


cos(x)

x

� <latexit sha1_base64="1Tv6j25vtznxJZjriY2AgIQLqEg=">AAACFXicbVBNS8NAEN34WetX1aOXxSJ40JKIoseiF48KVoUmls120i5uNmF3IoSQP+HFv+LFgyJeBW/+G7e1B219MPB4b4aZeWEqhUHX/XKmpmdm5+YrC9XFpeWV1dra+pVJMs2hxROZ6JuQGZBCQQsFSrhJNbA4lHAd3p0O/Ot70EYk6hLzFIKY9ZSIBGdopU5t1xcKO+5t4bkl7ea+hAjbe36kGS/gttjLy7LIS1+LXh+DTq3uNtwh6CTxRqRORjjv1D79bsKzGBRyyYxpe26KQcE0Ci6hrPqZgZTxO9aDtqWKxWCCYvhVSbet0qVRom0ppEP190TBYmPyOLSdMcO+GfcG4n9eO8PoOCiESjMExX8WRZmkmNBBRLQrNHCUuSWMa2FvpbzPbCJog6zaELzxlyfJ1X7DO2y4Fwf15skojgrZJFtkh3jkiDTJGTknLcLJA3kiL+TVeXSenTfn/ad1yhnNbJA/cD6+ASdTn3k=</latexit>Z 10

0
dy


�e�y

y

�

Local Unitarity (LU)

<latexit sha1_base64="iP5hH5QCCb0r3Ah4OyJsd+8vHA0="></latexit>Z 10

0
dx


cos(x)

x
⇥(1� x)� e�x

x

�

“Localised KLN-cancellations” 

Finite at           !<latexit sha1_base64="2E54hT0QSoAqnEROS38V1fVu3Hc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktiEIRil48VrAf0F1KNs22odlsSLJiWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvFBypo3rfjuFtfWNza3idmlnd2//oHx41NZJqghtkYQnqhtiTTkTtGWY4bQrFcVxyGknHN/O/M4jVZol4sFMJA1iPBQsYgQbK3We/Pq1X3f75YpbdedAq8TLSQVyNPvlL3+QkDSmwhCOte55rjRBhpVhhNNpyU81lZiM8ZD2LBU4pjrI5udO0ZlVBihKlC1h0Fz9PZHhWOtJHNrOGJuRXvZm4n9eLzXRVZAxIVNDBVksilKOTIJmv6MBU5QYPrEEE8XsrYiMsMLE2IRKNgRv+eVV0q5VvYuqe1+rNG7yOIpwAqdwDh5cQgPuoAktIDCGZ3iFN0c6L86787FoLTj5zDH8gfP5Azq7jtU=</latexit>

x = 0• Direct cancellation of divergences: no regulator

10



Valentin Hirschi LoopFest XXIV, BNL

Local Unitarity
Real-emission (R) Virtual (V)

+

+
<latexit sha1_base64="SpoMZIhu6toi1TCxEzulielSXms=">AAACF3icbVDLSsNAFJ34rPUVdelmsAh1UxJRdFl047KCfUATy2Q6aYdOJmHmRlpC/sKNv+LGhSJudeffOH0stPXAhcM593LvPUEiuAbH+baWlldW19YLG8XNre2dXXtvv6HjVFFWp7GIVSsgmgkuWR04CNZKFCNRIFgzGFyP/eYDU5rH8g5GCfMj0pM85JSAkTp2xeMSOs595ua4O8SeYCG0sRcqQjOPxro8PMmzYY49xXt98Dt2yak4E+BF4s5ICc1Q69hfXjemacQkUEG0brtOAn5GFHAqWF70Us0SQgekx9qGShIx7WeTv3J8bJQuDmNlSgKeqL8nMhJpPYoC0xkR6Ot5byz+57VTCC/9jMskBSbpdFGYCgwxHoeEu1wxCmJkCKGKm1sx7ROTCZgoiyYEd/7lRdI4rbjnFef2rFS9msVRQIfoCJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx/T1iVrNnOA/sD6/AGaLJ+X</latexit>Z 1

0
dx


cos(x)

x

� <latexit sha1_base64="1Tv6j25vtznxJZjriY2AgIQLqEg=">AAACFXicbVBNS8NAEN34WetX1aOXxSJ40JKIoseiF48KVoUmls120i5uNmF3IoSQP+HFv+LFgyJeBW/+G7e1B219MPB4b4aZeWEqhUHX/XKmpmdm5+YrC9XFpeWV1dra+pVJMs2hxROZ6JuQGZBCQQsFSrhJNbA4lHAd3p0O/Ot70EYk6hLzFIKY9ZSIBGdopU5t1xcKO+5t4bkl7ea+hAjbe36kGS/gttjLy7LIS1+LXh+DTq3uNtwh6CTxRqRORjjv1D79bsKzGBRyyYxpe26KQcE0Ci6hrPqZgZTxO9aDtqWKxWCCYvhVSbet0qVRom0ppEP190TBYmPyOLSdMcO+GfcG4n9eO8PoOCiESjMExX8WRZmkmNBBRLQrNHCUuSWMa2FvpbzPbCJog6zaELzxlyfJ1X7DO2y4Fwf15skojgrZJFtkh3jkiDTJGTknLcLJA3kiL+TVeXSenTfn/ad1yhnNbJA/cD6+ASdTn3k=</latexit>Z 10

0
dy


�e�y

y

�

Local Unitarity (LU)

<latexit sha1_base64="iP5hH5QCCb0r3Ah4OyJsd+8vHA0="></latexit>Z 10

0
dx


cos(x)

x
⇥(1� x)� e�x

x

�

“Localised KLN-cancellations” 

Finite at           !<latexit sha1_base64="2E54hT0QSoAqnEROS38V1fVu3Hc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktiEIRil48VrAf0F1KNs22odlsSLJiWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvFBypo3rfjuFtfWNza3idmlnd2//oHx41NZJqghtkYQnqhtiTTkTtGWY4bQrFcVxyGknHN/O/M4jVZol4sFMJA1iPBQsYgQbK3We/Pq1X3f75YpbdedAq8TLSQVyNPvlL3+QkDSmwhCOte55rjRBhpVhhNNpyU81lZiM8ZD2LBU4pjrI5udO0ZlVBihKlC1h0Fz9PZHhWOtJHNrOGJuRXvZm4n9eLzXRVZAxIVNDBVksilKOTIJmv6MBU5QYPrEEE8XsrYiMsMLE2IRKNgRv+eVV0q5VvYuqe1+rNG7yOIpwAqdwDh5cQgPuoAktIDCGZ3iFN0c6L86787FoLTj5zDH8gfP5Azq7jtU=</latexit>

x = 0• Direct cancellation of divergences: no regulator

• Very simplified example: applying the idea to QFT is a very challenging

[ Capatti, VH, Pelloni, Ruijl, arxiv: 2010.01068 ]
[ Capatti, VH, Kermanschah, Pelloni, Ruijl, arxiv: 1912.09291 ][ Capatti, VH, Kermanschah, Ruijl, arxiv: 1906.06138 ]

[ Capatti, VH, Kermanschah, Pelloni, Ruijl, arxiv: 2009.05509 ]
[ Capatti, VH, Ruijl, arxiv: 2203.11038 ]
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Local Unitarity: A conceptual shift

= + ++

<latexit sha1_base64="SKIx83gxrM340m/kXoEaV68buPA=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJWkILoRi25ctmAv0IYymZ60YyeTMDMRSugTuHGhiFt9GPduxLdxello9YeBj/8/hznnBAlnSrvul5VbWl5ZXcuv2xubW9s7hd29hopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGV5O8eYdSsVjc6FGCfkT6goWMEm2sWrlbKLoldyrnL3hzKF682+fJ26dd7RY+Or2YphEKTTlRqu25ifYzIjWjHMd2J1WYEDokfWwbFCRC5WfTQcfOkXF6ThhL84R2pu7PjoxESo2iwFRGRA/UYjYx/8vaqQ7P/IyJJNUo6OyjMOWOjp3J1k6PSaSajwwQKpmZ1aEDIgnV5ja2OYK3uPJfaJRL3knJrbnFyiXMlIcDOIRj8OAUKnANVagDBYR7eIQn69Z6sJ6tl1lpzpr37MMvWa/f3PqP9w==</latexit>

2
<latexit sha1_base64="cUdSg2qa3pIINVh9taa/v+8QpQo=">AAACCHicbVC7SgNBFJ31GeNr1dLCxSDEwrArBO0StLGMYB6QjWF2cpMMmX0wc1cMa0obO7/DxkIRWz/Bzo/wH5w8Ck08MHA459479x4vElyhbX8Zc/MLi0vLqZX06tr6xqa5tV1RYSwZlFkoQlnzqALBAygjRwG1SAL1PQFVr3c+9Ks3IBUPgyvsR9DwaSfgbc4oaqlp7rk8QMst8esk6yLcYhJ19bgjFVEGg8NB08zYOXsEa5Y4E5IpFnL5wt33Y6lpfrqtkMU+BMgEVaru2BE2EiqRMwGDtBsr0LN7tAN1TQPqg2oko0MG1oFWWlY7lPrptUbq746E+kr1fU9X+hS7atobiv959Rjbp42EB1GMELDxR+1YWBhaw1SsFpfAUPQ1oUxyvavFulRShjq7tA7BmT55llSOc04+Z1/qNM7IGCmyS/ZJljjkhBTJBSmRMmHknjyRF/JqPBjPxpvxPi6dMyY9O+QPjI8f5Lyc4g==</latexit>Z

⇧(phase-space)

<latexit sha1_base64="iLwfVdXcLw+K4lX4FqQIr1FPCF8="></latexit>

�(normal)
�?!dd̄
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Local Unitarity: A conceptual shift

= + ++

<latexit sha1_base64="SKIx83gxrM340m/kXoEaV68buPA=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJWkILoRi25ctmAv0IYymZ60YyeTMDMRSugTuHGhiFt9GPduxLdxello9YeBj/8/hznnBAlnSrvul5VbWl5ZXcuv2xubW9s7hd29hopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGV5O8eYdSsVjc6FGCfkT6goWMEm2sWrlbKLoldyrnL3hzKF682+fJ26dd7RY+Or2YphEKTTlRqu25ifYzIjWjHMd2J1WYEDokfWwbFCRC5WfTQcfOkXF6ThhL84R2pu7PjoxESo2iwFRGRA/UYjYx/8vaqQ7P/IyJJNUo6OyjMOWOjp3J1k6PSaSajwwQKpmZ1aEDIgnV5ja2OYK3uPJfaJRL3knJrbnFyiXMlIcDOIRj8OAUKnANVagDBYR7eIQn69Z6sJ6tl1lpzpr37MMvWa/f3PqP9w==</latexit>

2
<latexit sha1_base64="cUdSg2qa3pIINVh9taa/v+8QpQo=">AAACCHicbVC7SgNBFJ31GeNr1dLCxSDEwrArBO0StLGMYB6QjWF2cpMMmX0wc1cMa0obO7/DxkIRWz/Bzo/wH5w8Ck08MHA459479x4vElyhbX8Zc/MLi0vLqZX06tr6xqa5tV1RYSwZlFkoQlnzqALBAygjRwG1SAL1PQFVr3c+9Ks3IBUPgyvsR9DwaSfgbc4oaqlp7rk8QMst8esk6yLcYhJ19bgjFVEGg8NB08zYOXsEa5Y4E5IpFnL5wt33Y6lpfrqtkMU+BMgEVaru2BE2EiqRMwGDtBsr0LN7tAN1TQPqg2oko0MG1oFWWlY7lPrptUbq746E+kr1fU9X+hS7atobiv959Rjbp42EB1GMELDxR+1YWBhaw1SsFpfAUPQ1oUxyvavFulRShjq7tA7BmT55llSOc04+Z1/qNM7IGCmyS/ZJljjkhBTJBSmRMmHknjyRF/JqPBjPxpvxPi6dMyY9O+QPjI8f5Lyc4g==</latexit>Z

⇧(phase-space)

<latexit sha1_base64="iLwfVdXcLw+K4lX4FqQIr1FPCF8="></latexit>

�(normal)
�?!dd̄

�(LU)
�?!dd̄

lµ � kµ

2⇥+ +[LU= [ [LU [ [LU [
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Local Unitarity: A conceptual shift

<latexit sha1_base64="Cp11ZV2xOsEHABqXwbqx7Yyz+MI="></latexit>

X

c2{RRR,RRV,RV V,... }

Z
⇧(phase-space)

c

������

namplitudes(c)X

ic=1

Z
⇧(loop)

ic
Aic

������

2

truncated

numerical analytic<latexit sha1_base64="Me/21WlHJw4w0j4U6qdRXCje7Rc=">AAAB6nicbZDLSsNAFIZP6q3GW9Wlm8EiuCqJWHRTLLpxWdFeoA1lMpm0QyeTMDMRSugjuHGhiEt9F/duxLdxello6w8DH/9/DnPO8RPOlHacbyu3tLyyupZftzc2t7Z3Crt7DRWnktA6iXksWz5WlDNB65ppTluJpDjyOW36g6tx3rynUrFY3OlhQr0I9wQLGcHaWLdB5bRbKDolZyK0CO4MihcfdiV5+7Jr3cJnJ4hJGlGhCcdKtV0n0V6GpWaE05HdSRVNMBngHm0bFDiiyssmo47QkXECFMbSPKHRxP3dkeFIqWHkm8oI676az8bmf1k71eG5lzGRpJoKMv0oTDnSMRrvjQImKdF8aAATycysiPSxxESb69jmCO78yovQOCm55ZJz4xSrlzBVHg7gEI7BhTOowjXUoA4EevAAT/BscevRerFep6U5a9azD39kvf8AHvOQrg==</latexit>

d = 4
<latexit sha1_base64="pwM/prEm4x4+ETjHeO03Df2wFSg=">AAAB9HicbVDLSgMxFM34bOur6tJNsAhuLDNF0Y1QdOOygn1gO5RMJtOGZpKYZIpl6HeI4EIRt/ov7vwaTR8LbT1w4XDOvdx7TyAZ1cZ1v5yFxaXlldVMNre2vrG5ld/eqWmRKEyqWDChGgHShFFOqoYaRhpSERQHjNSD3uXIr/eJ0lTwGzOQxI9Rh9OIYmSs5Ifnx0elFpGaMsHb+YJbdMeA88SbkkI5Kx9vP+6/K+38ZysUOIkJN5ghrZueK42fImUoZmSYayWaSIR7qEOalnIUE+2n46OH8MAqIYyEssUNHKu/J1IUaz2IA9sZI9PVs95I/M9rJiY681PKZWIIx5NFUcKgEXCUAAypItiwgSUIK2pvhbiLFMLG5pSzIXizL8+TWqnonRTda5vGBZggA/bAPjgEHjgFZXAFKqAKMLgDD+AZvDh958l5dd4mrQvOdGYX/IHz/gMFnZVY</latexit>

d = 4� 2✏IR-subtraction

= + ++

<latexit sha1_base64="SKIx83gxrM340m/kXoEaV68buPA=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJWkILoRi25ctmAv0IYymZ60YyeTMDMRSugTuHGhiFt9GPduxLdxello9YeBj/8/hznnBAlnSrvul5VbWl5ZXcuv2xubW9s7hd29hopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGV5O8eYdSsVjc6FGCfkT6goWMEm2sWrlbKLoldyrnL3hzKF682+fJ26dd7RY+Or2YphEKTTlRqu25ifYzIjWjHMd2J1WYEDokfWwbFCRC5WfTQcfOkXF6ThhL84R2pu7PjoxESo2iwFRGRA/UYjYx/8vaqQ7P/IyJJNUo6OyjMOWOjp3J1k6PSaSajwwQKpmZ1aEDIgnV5ja2OYK3uPJfaJRL3knJrbnFyiXMlIcDOIRj8OAUKnANVagDBYR7eIQn69Z6sJ6tl1lpzpr37MMvWa/f3PqP9w==</latexit>

2
<latexit sha1_base64="cUdSg2qa3pIINVh9taa/v+8QpQo=">AAACCHicbVC7SgNBFJ31GeNr1dLCxSDEwrArBO0StLGMYB6QjWF2cpMMmX0wc1cMa0obO7/DxkIRWz/Bzo/wH5w8Ck08MHA459479x4vElyhbX8Zc/MLi0vLqZX06tr6xqa5tV1RYSwZlFkoQlnzqALBAygjRwG1SAL1PQFVr3c+9Ks3IBUPgyvsR9DwaSfgbc4oaqlp7rk8QMst8esk6yLcYhJ19bgjFVEGg8NB08zYOXsEa5Y4E5IpFnL5wt33Y6lpfrqtkMU+BMgEVaru2BE2EiqRMwGDtBsr0LN7tAN1TQPqg2oko0MG1oFWWlY7lPrptUbq746E+kr1fU9X+hS7atobiv959Rjbp42EB1GMELDxR+1YWBhaw1SsFpfAUPQ1oUxyvavFulRShjq7tA7BmT55llSOc04+Z1/qNM7IGCmyS/ZJljjkhBTJBSmRMmHknjyRF/JqPBjPxpvxPi6dMyY9O+QPjI8f5Lyc4g==</latexit>Z

⇧(phase-space)

<latexit sha1_base64="iLwfVdXcLw+K4lX4FqQIr1FPCF8="></latexit>

�(normal)
�?!dd̄

�(LU)
�?!dd̄

lµ � kµ

2⇥+ +[LU= [ [LU [ [LU [
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Local Unitarity: A conceptual shift

<latexit sha1_base64="Cp11ZV2xOsEHABqXwbqx7Yyz+MI="></latexit>

X

c2{RRR,RRV,RV V,... }

Z
⇧(phase-space)

c

������

namplitudes(c)X

ic=1

Z
⇧(loop)

ic
Aic

������

2

truncated

numerical analytic<latexit sha1_base64="Me/21WlHJw4w0j4U6qdRXCje7Rc=">AAAB6nicbZDLSsNAFIZP6q3GW9Wlm8EiuCqJWHRTLLpxWdFeoA1lMpm0QyeTMDMRSugjuHGhiEt9F/duxLdxello6w8DH/9/DnPO8RPOlHacbyu3tLyyupZftzc2t7Z3Crt7DRWnktA6iXksWz5WlDNB65ppTluJpDjyOW36g6tx3rynUrFY3OlhQr0I9wQLGcHaWLdB5bRbKDolZyK0CO4MihcfdiV5+7Jr3cJnJ4hJGlGhCcdKtV0n0V6GpWaE05HdSRVNMBngHm0bFDiiyssmo47QkXECFMbSPKHRxP3dkeFIqWHkm8oI676az8bmf1k71eG5lzGRpJoKMv0oTDnSMRrvjQImKdF8aAATycysiPSxxESb69jmCO78yovQOCm55ZJz4xSrlzBVHg7gEI7BhTOowjXUoA4EevAAT/BscevRerFep6U5a9azD39kvf8AHvOQrg==</latexit>

d = 4
<latexit sha1_base64="pwM/prEm4x4+ETjHeO03Df2wFSg=">AAAB9HicbVDLSgMxFM34bOur6tJNsAhuLDNF0Y1QdOOygn1gO5RMJtOGZpKYZIpl6HeI4EIRt/ov7vwaTR8LbT1w4XDOvdx7TyAZ1cZ1v5yFxaXlldVMNre2vrG5ld/eqWmRKEyqWDChGgHShFFOqoYaRhpSERQHjNSD3uXIr/eJ0lTwGzOQxI9Rh9OIYmSs5Ifnx0elFpGaMsHb+YJbdMeA88SbkkI5Kx9vP+6/K+38ZysUOIkJN5ghrZueK42fImUoZmSYayWaSIR7qEOalnIUE+2n46OH8MAqIYyEssUNHKu/J1IUaz2IA9sZI9PVs95I/M9rJiY681PKZWIIx5NFUcKgEXCUAAypItiwgSUIK2pvhbiLFMLG5pSzIXizL8+TWqnonRTda5vGBZggA/bAPjgEHjgFZXAFKqAKMLgDD+AZvDh958l5dd4mrQvOdGYX/IHz/gMFnZVY</latexit>

d = 4� 2✏IR-subtraction

= + ++

<latexit sha1_base64="SKIx83gxrM340m/kXoEaV68buPA=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJWkILoRi25ctmAv0IYymZ60YyeTMDMRSugTuHGhiFt9GPduxLdxello9YeBj/8/hznnBAlnSrvul5VbWl5ZXcuv2xubW9s7hd29hopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGV5O8eYdSsVjc6FGCfkT6goWMEm2sWrlbKLoldyrnL3hzKF682+fJ26dd7RY+Or2YphEKTTlRqu25ifYzIjWjHMd2J1WYEDokfWwbFCRC5WfTQcfOkXF6ThhL84R2pu7PjoxESo2iwFRGRA/UYjYx/8vaqQ7P/IyJJNUo6OyjMOWOjp3J1k6PSaSajwwQKpmZ1aEDIgnV5ja2OYK3uPJfaJRL3knJrbnFyiXMlIcDOIRj8OAUKnANVagDBYR7eIQn69Z6sJ6tl1lpzpr37MMvWa/f3PqP9w==</latexit>

2
<latexit sha1_base64="cUdSg2qa3pIINVh9taa/v+8QpQo=">AAACCHicbVC7SgNBFJ31GeNr1dLCxSDEwrArBO0StLGMYB6QjWF2cpMMmX0wc1cMa0obO7/DxkIRWz/Bzo/wH5w8Ck08MHA459479x4vElyhbX8Zc/MLi0vLqZX06tr6xqa5tV1RYSwZlFkoQlnzqALBAygjRwG1SAL1PQFVr3c+9Ks3IBUPgyvsR9DwaSfgbc4oaqlp7rk8QMst8esk6yLcYhJ19bgjFVEGg8NB08zYOXsEa5Y4E5IpFnL5wt33Y6lpfrqtkMU+BMgEVaru2BE2EiqRMwGDtBsr0LN7tAN1TQPqg2oko0MG1oFWWlY7lPrptUbq746E+kr1fU9X+hS7atobiv959Rjbp42EB1GMELDxR+1YWBhaw1SsFpfAUPQ1oUxyvavFulRShjq7tA7BmT55llSOc04+Z1/qNM7IGCmyS/ZJljjkhBTJBSmRMmHknjyRF/JqPBjPxpvxPi6dMyY9O+QPjI8f5Lyc4g==</latexit>Z

⇧(phase-space)

<latexit sha1_base64="iLwfVdXcLw+K4lX4FqQIr1FPCF8="></latexit>

�(normal)
�?!dd̄

<latexit sha1_base64="TzbsAhRF8i86obS6/joP+4T+Y9k="></latexit>nsupergraphsX

j=1

Z
⇧ g(LU)

j
numerical <latexit sha1_base64="Me/21WlHJw4w0j4U6qdRXCje7Rc=">AAAB6nicbZDLSsNAFIZP6q3GW9Wlm8EiuCqJWHRTLLpxWdFeoA1lMpm0QyeTMDMRSugjuHGhiEt9F/duxLdxello6w8DH/9/DnPO8RPOlHacbyu3tLyyupZftzc2t7Z3Crt7DRWnktA6iXksWz5WlDNB65ppTluJpDjyOW36g6tx3rynUrFY3OlhQr0I9wQLGcHaWLdB5bRbKDolZyK0CO4MihcfdiV5+7Jr3cJnJ4hJGlGhCcdKtV0n0V6GpWaE05HdSRVNMBngHm0bFDiiyssmo47QkXECFMbSPKHRxP3dkeFIqWHkm8oI676az8bmf1k71eG5lzGRpJoKMv0oTDnSMRrvjQImKdF8aAATycysiPSxxESb69jmCO78yovQOCm55ZJz4xSrlzBVHg7gEI7BhTOowjXUoA4EevAAT/BscevRerFep6U5a9azD39kvf8AHvOQrg==</latexit>

d = 4

NO IR-subtraction

�(LU)
�?!dd̄

lµ � kµ

2⇥+ +[LU= [ [LU [ [LU [
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Local Unitarity: The role of LTD

?

lµ

Qµ

kµ

lµ � kµ

<latexit sha1_base64="ge6yL+gHkdYo6ARWbS/IwWV+LwQ=">AAACJHicbZDLSgMxFIYz9VbrrerSTbAILdIyU6QKbopuXLZgL9CZlkyatmEymSHJCGXow7jxVdy48IILNz6LmbZCbf0h8Oc755Cc3w0Zlco0v4zU2vrG5lZ6O7Ozu7d/kD08asogEpg0cMAC0XaRJIxy0lBUMdIOBUG+y0jL9W6TeuuBCEkDfq/GIXF8NOR0QDFSGvWy13YoglAF0O4TplD3HOZZt1z4vRZhPs+KXkGjBeIV6wnpZXNmyZwKrhprbnJgrlov+273Axz5hCvMkJQdywyVEyOhKGZkkrEjSUKEPTQkHW058ol04umSE3imSR8OAqEPV3BKFydi5Es59l3d6SM1ksu1BP5X60RqcOXElIeRIhzPHhpEDOpQksRgnwqCFRtrg7Cg+q8Qj5BAWOlcMzoEa3nlVdMsl6xKqVK/yFVv5nGkwQk4BXlggUtQBXegBhoAg0fwDF7Bm/FkvBgfxuesNWXMZ47BHxnfP67IoRM=</latexit>

→ ω+(l2)ω→((l ↑ k)2)ω→((k ↑Q)2)

lµ

Qµ

kµ

lµ � kµ

/ �+(l2) ��((l �Q)2)

[ Capatti, arxiv: 2110.15662 ]Simple and easy-to-follow proceeding show-casing Local Unitarity:

https://arxiv.org/pdf/2110.15662


Valentin Hirschi LoopFest XXIV, BNL

Local Unitarity: The role of LTD

?

lµ

Qµ

kµ

lµ � kµ

<latexit sha1_base64="ge6yL+gHkdYo6ARWbS/IwWV+LwQ=">AAACJHicbZDLSgMxFIYz9VbrrerSTbAILdIyU6QKbopuXLZgL9CZlkyatmEymSHJCGXow7jxVdy48IILNz6LmbZCbf0h8Oc755Cc3w0Zlco0v4zU2vrG5lZ6O7Ozu7d/kD08asogEpg0cMAC0XaRJIxy0lBUMdIOBUG+y0jL9W6TeuuBCEkDfq/GIXF8NOR0QDFSGvWy13YoglAF0O4TplD3HOZZt1z4vRZhPs+KXkGjBeIV6wnpZXNmyZwKrhprbnJgrlov+273Axz5hCvMkJQdywyVEyOhKGZkkrEjSUKEPTQkHW058ol04umSE3imSR8OAqEPV3BKFydi5Es59l3d6SM1ksu1BP5X60RqcOXElIeRIhzPHhpEDOpQksRgnwqCFRtrg7Cg+q8Qj5BAWOlcMzoEa3nlVdMsl6xKqVK/yFVv5nGkwQk4BXlggUtQBXegBhoAg0fwDF7Bm/FkvBgfxuesNWXMZ47BHxnfP67IoRM=</latexit>

→ ω+(l2)ω→((l ↑ k)2)ω→((k ↑Q)2)

lµ

Qµ

kµ

lµ � kµ

/ �+(l2) ��((l �Q)2)

lµ

Qµ

kµ lµ � kµ

+

/ �+(l2) ��((l �Q)2) �+(k2)

/ �+(l2) ��((l �Q)2)

lµ

Qµ

kµ lµ � kµ

-

�+((l � k)2)

/ �+(l2) ��((l �Q)2)

lµ

Qµ

kµ lµ � kµ

+

�+((k �Q)2)

+

+=
LTD

[ Capatti, arxiv: 2110.15662 ]Simple and easy-to-follow proceeding show-casing Local Unitarity:

https://arxiv.org/pdf/2110.15662


Valentin Hirschi, CERN Local Unitarity 1313

Locality UnitarityLocality Unitarity
[ Capatti, VH, Pelloni, Ruijl, arxiv:2010.01068 ]

This pairwise cancellation pattern holds at all orders, and for all threshold : 
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= Cutkosky cut = threshold singularity

https://arxiv.org/abs/2010.01068
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Locality UnitarityLocality Unitarity
[ Capatti, VH, Pelloni, Ruijl, arxiv:2010.01068 ]

This pairwise cancellation pattern holds at all orders, and for all threshold : 
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= Cutkosky cut = threshold singularity
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Locality UnitarityLocality Unitarity
[ Capatti, VH, Pelloni, Ruijl, arxiv:2010.01068 ]

This pairwise cancellation pattern holds at all orders, and for all threshold : 
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Even for non-pinched singular threshold ! (when           ) :
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Os ⌘ 1

= Cutkosky cut = threshold singularity

https://arxiv.org/abs/2010.01068
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Locality UnitarityLocality Unitarity
[ Capatti, VH, Pelloni, Ruijl, arxiv:2010.01068 ]

This pairwise cancellation pattern holds at all orders, and for all threshold : 

https://arxiv.org/abs/2010.01068
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Applications



Valentin Hirschi LoopFest XXIV, BNL

Generic computational framework
To accommodate the many applications, on top of collider simulations

Collider : 

[ D.Kermanschah, M. Vicini, 
  C. Anastasiou, & al.]

<latexit sha1_base64="k1EDGtFXNks2DggEiIwmvc1bFKs=">AAACD3icbVC7SgNBFJ2Nrxhfq5Y2g0GJTdgViUKaoI2FxAhmE8iGMDuZJENmH8zcVcOSP7DxV2wsFLG1tfNvnDwKTTxw4XDOvdx7jxcJrsCyvo3UwuLS8kp6NbO2vrG5ZW7vOCqMJWVVGopQ1j2imOABqwIHweqRZMT3BKt5/YuRX7tjUvEwuIVBxJo+6Qa8wykBLbXMwwhH2JW82wMiZXiPHSfnHGG3WHKLLrAHSMrlq+thy8xaeWsMPE/sKcmiKSot88tthzT2WQBUEKUathVBMyESOBVsmHFjxSJC+6TLGpoGxGeqmYz/GeIDrbRxJ5S6AsBj9fdEQnylBr6nO30CPTXrjcT/vEYMnbNmwoMoBhbQyaJOLDCEeBQObnPJKIiBJoRKrm/FtEckoaAjzOgQ7NmX54lznLcL+cLNSbZ0Po0jjfbQPsohG52iErpEFVRFFD2iZ/SK3own48V4Nz4mrSljOrOL/sD4/AHQVJtI</latexit>

pp → V V (V ) @ NNLO

<latexit sha1_base64="sj+kbpH2DDHk8/gOx/epm6F5S1w=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAjahF2RKKQJ2liIRjAPyC5hdjJJhsw+mLmrhmW/wcZfsbFQxNbKzr9xkmyhiQcuHM65l3vv8SLBFVjWtzE3v7C4tJxbya+urW9smlvbdRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW8wfnIb9wxqXgY3MIwYq5PegHvckpAS23zMMIRdiTv9YFIGd5jwI5HZAIpdsoVp+wAe4Dk6vI6bZsFq2iNgWeJnZECylBtm19OJ6SxzwKggijVsq0I3IRI4FSwNO/EikWEDkiPtTQNiM+Um4xfSvG+Vjq4G0pdAeCx+nsiIb5SQ9/TnT6Bvpr2RuJ/XiuG7qmb8CCKgQV0sqgbCwwhHuWDO1wyCmKoCaGS61sx7RNJKOgU8zoEe/rlWVI/KtqlYunmuFA5y+LIoV20hw6QjU5QBV2gKqohih7RM3pFb8aT8WK8Gx+T1jkjm9lBf2B8/gBo7Z1W</latexit>

pp → tt̄ @ NLO

[ Z. Capatti, L. Huber, & al.]
<latexit sha1_base64="tCgDLHEzurnJgspwbe5p/dAhGuU=">AAACG3icbZC7SgNBFIZn4y3GW9TSZjAINobdIFFIE7SxEI1gLrC7hNnJbDJk9sLMWTUseQ8bX8XGQhErwcK3cXIpNPGHgZ/vnMOZ83ux4ApM89vILCwuLa9kV3Nr6xubW/ntnYaKEklZnUYiki2PKCZ4yOrAQbBWLBkJPMGaXv98VG/eMal4FN7CIGZuQLoh9zkloFE7X4pxjB3Juz0gUkb32HaAPUDa0+QoSAQMXexUqk5lgq8ur4ftfMEsmmPheWNNTQFNVWvnP51ORJOAhUAFUcq2zBjclEjgVLBhzkkUiwntky6ztQ1JwJSbjm8b4gNNOtiPpH4h4DH9PZGSQKlB4OnOgEBPzdZG8L+anYB/6qY8jBNgIZ0s8hOBIcKjoHCHS0ZBDLQhVHL9V0x7RBIKOs6cDsGaPXneNEpFq1ws3xwXqmfTOLJoD+2jQ2ShE1RFF6iG6oiiR/SMXtGb8WS8GO/Gx6Q1Y0xndtEfGV8/Iuahfw==</latexit>

pp → [high-mult] @ NLO

[ S. Pozzorini, G. Bertolotti, & al.]



Valentin Hirschi LoopFest XXIV, BNL

Generic computational framework
To accommodate the many applications, on top of collider simulations

[ Kärkkäinen & al.: 2501.17921 ]

Neutron stars EoS

Collider : 

[ D.Kermanschah, M. Vicini, 
  C. Anastasiou, & al.]

<latexit sha1_base64="k1EDGtFXNks2DggEiIwmvc1bFKs=">AAACD3icbVC7SgNBFJ2Nrxhfq5Y2g0GJTdgViUKaoI2FxAhmE8iGMDuZJENmH8zcVcOSP7DxV2wsFLG1tfNvnDwKTTxw4XDOvdx7jxcJrsCyvo3UwuLS8kp6NbO2vrG5ZW7vOCqMJWVVGopQ1j2imOABqwIHweqRZMT3BKt5/YuRX7tjUvEwuIVBxJo+6Qa8wykBLbXMwwhH2JW82wMiZXiPHSfnHGG3WHKLLrAHSMrlq+thy8xaeWsMPE/sKcmiKSot88tthzT2WQBUEKUathVBMyESOBVsmHFjxSJC+6TLGpoGxGeqmYz/GeIDrbRxJ5S6AsBj9fdEQnylBr6nO30CPTXrjcT/vEYMnbNmwoMoBhbQyaJOLDCEeBQObnPJKIiBJoRKrm/FtEckoaAjzOgQ7NmX54lznLcL+cLNSbZ0Po0jjfbQPsohG52iErpEFVRFFD2iZ/SK3own48V4Nz4mrSljOrOL/sD4/AHQVJtI</latexit>

pp → V V (V ) @ NNLO

<latexit sha1_base64="sj+kbpH2DDHk8/gOx/epm6F5S1w=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAjahF2RKKQJ2liIRjAPyC5hdjJJhsw+mLmrhmW/wcZfsbFQxNbKzr9xkmyhiQcuHM65l3vv8SLBFVjWtzE3v7C4tJxbya+urW9smlvbdRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW8wfnIb9wxqXgY3MIwYq5PegHvckpAS23zMMIRdiTv9YFIGd5jwI5HZAIpdsoVp+wAe4Dk6vI6bZsFq2iNgWeJnZECylBtm19OJ6SxzwKggijVsq0I3IRI4FSwNO/EikWEDkiPtTQNiM+Um4xfSvG+Vjq4G0pdAeCx+nsiIb5SQ9/TnT6Bvpr2RuJ/XiuG7qmb8CCKgQV0sqgbCwwhHuWDO1wyCmKoCaGS61sx7RNJKOgU8zoEe/rlWVI/KtqlYunmuFA5y+LIoV20hw6QjU5QBV2gKqohih7RM3pFb8aT8WK8Gx+T1jkjm9lBf2B8/gBo7Z1W</latexit>

pp → tt̄ @ NLO

[ Z. Capatti, L. Huber, & al.]
<latexit sha1_base64="tCgDLHEzurnJgspwbe5p/dAhGuU=">AAACG3icbZC7SgNBFIZn4y3GW9TSZjAINobdIFFIE7SxEI1gLrC7hNnJbDJk9sLMWTUseQ8bX8XGQhErwcK3cXIpNPGHgZ/vnMOZ83ux4ApM89vILCwuLa9kV3Nr6xubW/ntnYaKEklZnUYiki2PKCZ4yOrAQbBWLBkJPMGaXv98VG/eMal4FN7CIGZuQLoh9zkloFE7X4pxjB3Juz0gUkb32HaAPUDa0+QoSAQMXexUqk5lgq8ur4ftfMEsmmPheWNNTQFNVWvnP51ORJOAhUAFUcq2zBjclEjgVLBhzkkUiwntky6ztQ1JwJSbjm8b4gNNOtiPpH4h4DH9PZGSQKlB4OnOgEBPzdZG8L+anYB/6qY8jBNgIZ0s8hOBIcKjoHCHS0ZBDLQhVHL9V0x7RBIKOs6cDsGaPXneNEpFq1ws3xwXqmfTOLJoD+2jQ2ShE1RFF6iG6oiiR/SMXtGb8WS8GO/Gx6Q1Y0xndtEfGV8/Iuahfw==</latexit>

pp → [high-mult] @ NLO

[ S. Pozzorini, G. Bertolotti, & al.]



Valentin Hirschi LoopFest XXIV, BNL

Generic computational framework
To accommodate the many applications, on top of collider simulations

[ Kärkkäinen & al.: 2501.17921 ]

Neutron stars EoS Fermi gas
[ R. Beane & al.: 2407.20168 ]

Collider : 

[ D.Kermanschah, M. Vicini, 
  C. Anastasiou, & al.]

<latexit sha1_base64="k1EDGtFXNks2DggEiIwmvc1bFKs=">AAACD3icbVC7SgNBFJ2Nrxhfq5Y2g0GJTdgViUKaoI2FxAhmE8iGMDuZJENmH8zcVcOSP7DxV2wsFLG1tfNvnDwKTTxw4XDOvdx7jxcJrsCyvo3UwuLS8kp6NbO2vrG5ZW7vOCqMJWVVGopQ1j2imOABqwIHweqRZMT3BKt5/YuRX7tjUvEwuIVBxJo+6Qa8wykBLbXMwwhH2JW82wMiZXiPHSfnHGG3WHKLLrAHSMrlq+thy8xaeWsMPE/sKcmiKSot88tthzT2WQBUEKUathVBMyESOBVsmHFjxSJC+6TLGpoGxGeqmYz/GeIDrbRxJ5S6AsBj9fdEQnylBr6nO30CPTXrjcT/vEYMnbNmwoMoBhbQyaJOLDCEeBQObnPJKIiBJoRKrm/FtEckoaAjzOgQ7NmX54lznLcL+cLNSbZ0Po0jjfbQPsohG52iErpEFVRFFD2iZ/SK3own48V4Nz4mrSljOrOL/sD4/AHQVJtI</latexit>

pp → V V (V ) @ NNLO

<latexit sha1_base64="sj+kbpH2DDHk8/gOx/epm6F5S1w=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAjahF2RKKQJ2liIRjAPyC5hdjJJhsw+mLmrhmW/wcZfsbFQxNbKzr9xkmyhiQcuHM65l3vv8SLBFVjWtzE3v7C4tJxbya+urW9smlvbdRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW8wfnIb9wxqXgY3MIwYq5PegHvckpAS23zMMIRdiTv9YFIGd5jwI5HZAIpdsoVp+wAe4Dk6vI6bZsFq2iNgWeJnZECylBtm19OJ6SxzwKggijVsq0I3IRI4FSwNO/EikWEDkiPtTQNiM+Um4xfSvG+Vjq4G0pdAeCx+nsiIb5SQ9/TnT6Bvpr2RuJ/XiuG7qmb8CCKgQV0sqgbCwwhHuWDO1wyCmKoCaGS61sx7RNJKOgU8zoEe/rlWVI/KtqlYunmuFA5y+LIoV20hw6QjU5QBV2gKqohih7RM3pFb8aT8WK8Gx+T1jkjm9lBf2B8/gBo7Z1W</latexit>

pp → tt̄ @ NLO

[ Z. Capatti, L. Huber, & al.]
<latexit sha1_base64="tCgDLHEzurnJgspwbe5p/dAhGuU=">AAACG3icbZC7SgNBFIZn4y3GW9TSZjAINobdIFFIE7SxEI1gLrC7hNnJbDJk9sLMWTUseQ8bX8XGQhErwcK3cXIpNPGHgZ/vnMOZ83ux4ApM89vILCwuLa9kV3Nr6xubW/ntnYaKEklZnUYiki2PKCZ4yOrAQbBWLBkJPMGaXv98VG/eMal4FN7CIGZuQLoh9zkloFE7X4pxjB3Juz0gUkb32HaAPUDa0+QoSAQMXexUqk5lgq8ur4ftfMEsmmPheWNNTQFNVWvnP51ORJOAhUAFUcq2zBjclEjgVLBhzkkUiwntky6ztQ1JwJSbjm8b4gNNOtiPpH4h4DH9PZGSQKlB4OnOgEBPzdZG8L+anYB/6qY8jBNgIZ0s8hOBIcKjoHCHS0ZBDLQhVHL9V0x7RBIKOs6cDsGaPXneNEpFq1ws3xwXqmfTOLJoD+2jQ2ShE1RFF6iG6oiiR/SMXtGb8WS8GO/Gx6Q1Y0xndtEfGV8/Iuahfw==</latexit>

pp → [high-mult] @ NLO

[ S. Pozzorini, G. Bertolotti, & al.]



Valentin Hirschi LoopFest XXIV, BNL

Generic computational framework
To accommodate the many applications, on top of collider simulations

[ Kärkkäinen & al.: 2501.17921 ]

Neutron stars EoS
[ Anastasiou & al.: 2212.07421 ]

EFT for Large Scale StructureFermi gas
[ R. Beane & al.: 2407.20168 ]

Collider : 

[ D.Kermanschah, M. Vicini, 
  C. Anastasiou, & al.]

<latexit sha1_base64="k1EDGtFXNks2DggEiIwmvc1bFKs=">AAACD3icbVC7SgNBFJ2Nrxhfq5Y2g0GJTdgViUKaoI2FxAhmE8iGMDuZJENmH8zcVcOSP7DxV2wsFLG1tfNvnDwKTTxw4XDOvdx7jxcJrsCyvo3UwuLS8kp6NbO2vrG5ZW7vOCqMJWVVGopQ1j2imOABqwIHweqRZMT3BKt5/YuRX7tjUvEwuIVBxJo+6Qa8wykBLbXMwwhH2JW82wMiZXiPHSfnHGG3WHKLLrAHSMrlq+thy8xaeWsMPE/sKcmiKSot88tthzT2WQBUEKUathVBMyESOBVsmHFjxSJC+6TLGpoGxGeqmYz/GeIDrbRxJ5S6AsBj9fdEQnylBr6nO30CPTXrjcT/vEYMnbNmwoMoBhbQyaJOLDCEeBQObnPJKIiBJoRKrm/FtEckoaAjzOgQ7NmX54lznLcL+cLNSbZ0Po0jjfbQPsohG52iErpEFVRFFD2iZ/SK3own48V4Nz4mrSljOrOL/sD4/AHQVJtI</latexit>

pp → V V (V ) @ NNLO

<latexit sha1_base64="sj+kbpH2DDHk8/gOx/epm6F5S1w=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAjahF2RKKQJ2liIRjAPyC5hdjJJhsw+mLmrhmW/wcZfsbFQxNbKzr9xkmyhiQcuHM65l3vv8SLBFVjWtzE3v7C4tJxbya+urW9smlvbdRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW8wfnIb9wxqXgY3MIwYq5PegHvckpAS23zMMIRdiTv9YFIGd5jwI5HZAIpdsoVp+wAe4Dk6vI6bZsFq2iNgWeJnZECylBtm19OJ6SxzwKggijVsq0I3IRI4FSwNO/EikWEDkiPtTQNiM+Um4xfSvG+Vjq4G0pdAeCx+nsiIb5SQ9/TnT6Bvpr2RuJ/XiuG7qmb8CCKgQV0sqgbCwwhHuWDO1wyCmKoCaGS61sx7RNJKOgU8zoEe/rlWVI/KtqlYunmuFA5y+LIoV20hw6QjU5QBV2gKqohih7RM3pFb8aT8WK8Gx+T1jkjm9lBf2B8/gBo7Z1W</latexit>

pp → tt̄ @ NLO

[ Z. Capatti, L. Huber, & al.]
<latexit sha1_base64="tCgDLHEzurnJgspwbe5p/dAhGuU=">AAACG3icbZC7SgNBFIZn4y3GW9TSZjAINobdIFFIE7SxEI1gLrC7hNnJbDJk9sLMWTUseQ8bX8XGQhErwcK3cXIpNPGHgZ/vnMOZ83ux4ApM89vILCwuLa9kV3Nr6xubW/ntnYaKEklZnUYiki2PKCZ4yOrAQbBWLBkJPMGaXv98VG/eMal4FN7CIGZuQLoh9zkloFE7X4pxjB3Juz0gUkb32HaAPUDa0+QoSAQMXexUqk5lgq8ur4ftfMEsmmPheWNNTQFNVWvnP51ORJOAhUAFUcq2zBjclEjgVLBhzkkUiwntky6ztQ1JwJSbjm8b4gNNOtiPpH4h4DH9PZGSQKlB4OnOgEBPzdZG8L+anYB/6qY8jBNgIZ0s8hOBIcKjoHCHS0ZBDLQhVHL9V0x7RBIKOs6cDsGaPXneNEpFq1ws3xwXqmfTOLJoD+2jQ2ShE1RFF6iG6oiiR/SMXtGb8WS8GO/Gx6Q1Y0xndtEfGV8/Iuahfw==</latexit>

pp → [high-mult] @ NLO

[ S. Pozzorini, G. Bertolotti, & al.]



Valentin Hirschi LoopFest XXIV, BNL

Generic computational framework
To accommodate the many applications, on top of collider simulations

[ Kärkkäinen & al.: 2501.17921 ]

Neutron stars EoS
[ Anastasiou & al.: 2212.07421 ]

EFT for Large Scale StructureFermi gas
[ R. Beane & al.: 2407.20168 ]

[ Emil & al.: 2104.04510 ]
Gravitational waves from classical limit of loops

Collider : 

[ D.Kermanschah, M. Vicini, 
  C. Anastasiou, & al.]

<latexit sha1_base64="k1EDGtFXNks2DggEiIwmvc1bFKs=">AAACD3icbVC7SgNBFJ2Nrxhfq5Y2g0GJTdgViUKaoI2FxAhmE8iGMDuZJENmH8zcVcOSP7DxV2wsFLG1tfNvnDwKTTxw4XDOvdx7jxcJrsCyvo3UwuLS8kp6NbO2vrG5ZW7vOCqMJWVVGopQ1j2imOABqwIHweqRZMT3BKt5/YuRX7tjUvEwuIVBxJo+6Qa8wykBLbXMwwhH2JW82wMiZXiPHSfnHGG3WHKLLrAHSMrlq+thy8xaeWsMPE/sKcmiKSot88tthzT2WQBUEKUathVBMyESOBVsmHFjxSJC+6TLGpoGxGeqmYz/GeIDrbRxJ5S6AsBj9fdEQnylBr6nO30CPTXrjcT/vEYMnbNmwoMoBhbQyaJOLDCEeBQObnPJKIiBJoRKrm/FtEckoaAjzOgQ7NmX54lznLcL+cLNSbZ0Po0jjfbQPsohG52iErpEFVRFFD2iZ/SK3own48V4Nz4mrSljOrOL/sD4/AHQVJtI</latexit>

pp → V V (V ) @ NNLO

<latexit sha1_base64="sj+kbpH2DDHk8/gOx/epm6F5S1w=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAjahF2RKKQJ2liIRjAPyC5hdjJJhsw+mLmrhmW/wcZfsbFQxNbKzr9xkmyhiQcuHM65l3vv8SLBFVjWtzE3v7C4tJxbya+urW9smlvbdRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW8wfnIb9wxqXgY3MIwYq5PegHvckpAS23zMMIRdiTv9YFIGd5jwI5HZAIpdsoVp+wAe4Dk6vI6bZsFq2iNgWeJnZECylBtm19OJ6SxzwKggijVsq0I3IRI4FSwNO/EikWEDkiPtTQNiM+Um4xfSvG+Vjq4G0pdAeCx+nsiIb5SQ9/TnT6Bvpr2RuJ/XiuG7qmb8CCKgQV0sqgbCwwhHuWDO1wyCmKoCaGS61sx7RNJKOgU8zoEe/rlWVI/KtqlYunmuFA5y+LIoV20hw6QjU5QBV2gKqohih7RM3pFb8aT8WK8Gx+T1jkjm9lBf2B8/gBo7Z1W</latexit>

pp → tt̄ @ NLO

[ Z. Capatti, L. Huber, & al.]
<latexit sha1_base64="tCgDLHEzurnJgspwbe5p/dAhGuU=">AAACG3icbZC7SgNBFIZn4y3GW9TSZjAINobdIFFIE7SxEI1gLrC7hNnJbDJk9sLMWTUseQ8bX8XGQhErwcK3cXIpNPGHgZ/vnMOZ83ux4ApM89vILCwuLa9kV3Nr6xubW/ntnYaKEklZnUYiki2PKCZ4yOrAQbBWLBkJPMGaXv98VG/eMal4FN7CIGZuQLoh9zkloFE7X4pxjB3Juz0gUkb32HaAPUDa0+QoSAQMXexUqk5lgq8ur4ftfMEsmmPheWNNTQFNVWvnP51ORJOAhUAFUcq2zBjclEjgVLBhzkkUiwntky6ztQ1JwJSbjm8b4gNNOtiPpH4h4DH9PZGSQKlB4OnOgEBPzdZG8L+anYB/6qY8jBNgIZ0s8hOBIcKjoHCHS0ZBDLQhVHL9V0x7RBIKOs6cDsGaPXneNEpFq1ws3xwXqmfTOLJoD+2jQ2ShE1RFF6iG6oiiR/SMXtGb8WS8GO/Gx6Q1Y0xndtEfGV8/Iuahfw==</latexit>

pp → [high-mult] @ NLO

[ S. Pozzorini, G. Bertolotti, & al.]



Valentin Hirschi LoopFest XXIV, BNL

Generic computational framework
To accommodate the many applications, on top of collider simulations

[ Kärkkäinen & al.: 2501.17921 ]

Neutron stars EoS
[ Anastasiou & al.: 2212.07421 ]

EFT for Large Scale StructureFermi gas
[ R. Beane & al.: 2407.20168 ]

[ Ferrero & al.: 2501.19118 ]

“RFDiagMC” for high-Tc superconductivity
[ Emil & al.: 2104.04510 ]

Gravitational waves from classical limit of loops

…

Collider : 

[ D.Kermanschah, M. Vicini, 
  C. Anastasiou, & al.]

<latexit sha1_base64="k1EDGtFXNks2DggEiIwmvc1bFKs=">AAACD3icbVC7SgNBFJ2Nrxhfq5Y2g0GJTdgViUKaoI2FxAhmE8iGMDuZJENmH8zcVcOSP7DxV2wsFLG1tfNvnDwKTTxw4XDOvdx7jxcJrsCyvo3UwuLS8kp6NbO2vrG5ZW7vOCqMJWVVGopQ1j2imOABqwIHweqRZMT3BKt5/YuRX7tjUvEwuIVBxJo+6Qa8wykBLbXMwwhH2JW82wMiZXiPHSfnHGG3WHKLLrAHSMrlq+thy8xaeWsMPE/sKcmiKSot88tthzT2WQBUEKUathVBMyESOBVsmHFjxSJC+6TLGpoGxGeqmYz/GeIDrbRxJ5S6AsBj9fdEQnylBr6nO30CPTXrjcT/vEYMnbNmwoMoBhbQyaJOLDCEeBQObnPJKIiBJoRKrm/FtEckoaAjzOgQ7NmX54lznLcL+cLNSbZ0Po0jjfbQPsohG52iErpEFVRFFD2iZ/SK3own48V4Nz4mrSljOrOL/sD4/AHQVJtI</latexit>

pp → V V (V ) @ NNLO

<latexit sha1_base64="sj+kbpH2DDHk8/gOx/epm6F5S1w=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAjahF2RKKQJ2liIRjAPyC5hdjJJhsw+mLmrhmW/wcZfsbFQxNbKzr9xkmyhiQcuHM65l3vv8SLBFVjWtzE3v7C4tJxbya+urW9smlvbdRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW8wfnIb9wxqXgY3MIwYq5PegHvckpAS23zMMIRdiTv9YFIGd5jwI5HZAIpdsoVp+wAe4Dk6vI6bZsFq2iNgWeJnZECylBtm19OJ6SxzwKggijVsq0I3IRI4FSwNO/EikWEDkiPtTQNiM+Um4xfSvG+Vjq4G0pdAeCx+nsiIb5SQ9/TnT6Bvpr2RuJ/XiuG7qmb8CCKgQV0sqgbCwwhHuWDO1wyCmKoCaGS61sx7RNJKOgU8zoEe/rlWVI/KtqlYunmuFA5y+LIoV20hw6QjU5QBV2gKqohih7RM3pFb8aT8WK8Gx+T1jkjm9lBf2B8/gBo7Z1W</latexit>

pp → tt̄ @ NLO

[ Z. Capatti, L. Huber, & al.]
<latexit sha1_base64="tCgDLHEzurnJgspwbe5p/dAhGuU=">AAACG3icbZC7SgNBFIZn4y3GW9TSZjAINobdIFFIE7SxEI1gLrC7hNnJbDJk9sLMWTUseQ8bX8XGQhErwcK3cXIpNPGHgZ/vnMOZ83ux4ApM89vILCwuLa9kV3Nr6xubW/ntnYaKEklZnUYiki2PKCZ4yOrAQbBWLBkJPMGaXv98VG/eMal4FN7CIGZuQLoh9zkloFE7X4pxjB3Juz0gUkb32HaAPUDa0+QoSAQMXexUqk5lgq8ur4ftfMEsmmPheWNNTQFNVWvnP51ORJOAhUAFUcq2zBjclEjgVLBhzkkUiwntky6ztQ1JwJSbjm8b4gNNOtiPpH4h4DH9PZGSQKlB4OnOgEBPzdZG8L+anYB/6qY8jBNgIZ0s8hOBIcKjoHCHS0ZBDLQhVHL9V0x7RBIKOs6cDsGaPXneNEpFq1ws3xwXqmfTOLJoD+2jQ2ShE1RFF6iG6oiiR/SMXtGb8WS8GO/Gx6Q1Y0xndtEfGV8/Iuahfw==</latexit>

pp → [high-mult] @ NLO

[ S. Pozzorini, G. Bertolotti, & al.]
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Numerical results
We have computed the following fixed-order processes with Local Unitarity: 

<latexit sha1_base64="BX/PBWd22b+aTPyxHbZUVtEv2F0=">AAACFHicbVDJSgNBEO2JW4xb1KOXxiAIwTAjih6DXjxGMAtko6ZTSdp0zwzdPUoI+Qgv/ooXD4p49eDNv7GzHEziKwoe71XRXc+PBNfGdX+cxNLyyupacj21sbm1vZPe3SvpMFYMiywUoar4oFHwAIuGG4GVSCFIX2DZ712P/PIDKs3D4M70I6xL6AS8zRkYKzXTWWxkKTZOaE3xTteAUuEjrXVASpiR7m010xk3545BF4k3JRkyRaGZ/q61QhZLDAwToHXVcyNTH4AynAkcpmqxxghYDzpYtTQAibo+GB81pEdWadF2qGwHho7VvxsDkFr3pW8nJZiunvdG4n9eNTbty/qAB1FsMGCTh9qxoCako4RoiytkRvQtAaa4/StlXVDAjM0xZUPw5k9eJKXTnHeec2/PMvmraRxJckAOyTHxyAXJkxtSIEXCyBN5IW/k3Xl2Xp0P53MymnCmO/tkBs7XLxPlnZg=</latexit>

e+e� ! � ! jj
<latexit sha1_base64="SsKG3D3k8uSjKbqiSH1lP1gTDQc=">AAACFXicbVDJSgNBEO2JW4xb1KOXxiAIapgRRY9BLx4jmAWyUdOpJG26Z4buHiWE/IQXf8WLB0W8Ct78GzvLwSS+ouDxXhXd9fxIcG1c98dJLCwuLa8kV1Nr6xubW+ntnaIOY8WwwEIRqrIPGgUPsGC4EViOFIL0BZb87vXQLz2g0jwM7kwvwpqEdsBbnIGxUiN9jPUjivUTWlW83TGgVPhIq22QEqak+2E10hk3645A54k3IRkyQb6R/q42QxZLDAwToHXFcyNT64MynAkcpKqxxghYF9pYsTQAibrWH101oAdWadJWqGwHho7Uvxt9kFr3pG8nJZiOnvWG4n9eJTaty1qfB1FsMGDjh1qxoCakw4hokytkRvQsAaa4/StlHVDAjA0yZUPwZk+eJ8XTrHeedW/PMrmrSRxJskf2ySHxyAXJkRuSJwXCyBN5IW/k3Xl2Xp0P53M8mnAmO7tkCs7XL+kfngw=</latexit>

e+e� ! � ! jjj
<latexit sha1_base64="vpOEjOHiViTYve3gePuZdVbSb4w=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIIght2g6FH04jGCUSEbQ++kkwzO7C4zvUpY8h9e/BUvHhTxJHjwb5w8Dr4KGoqqbrq7olRJS77/6U1MTk3PzM7NFxYWl5ZXiqtrFzbJjMCaSFRiriKwqGSMNZKk8Co1CDpSeBndnAz8y1s0VibxOfVSbGjoxLItBZCTmsUKXu9wvN7loZGdLoExyR0PO6A1/JCIhxGYnPq82yyW/LI/BP9LgjEpsTGqzeJ72EpEpjEmocDaeuCn1MjBkBQK+4Uws5iCuIEO1h2NQaNt5MPf+nzLKS3eToyrmPhQ/T6Rg7a2pyPXqYG69rc3EP/z6hm1Dxu5jNOMMBajRe1McUr4ICjekgYFqZ4jIIx0t3LRBQOCXJwFF0Lw++W/5KJSDvbL/tle6eh4HMcc22CbbJsF7IAdsVNWZTUm2D17ZM/sxXvwnrxX723UOuGNZ9bZD3gfXyKfoOM=</latexit>

e+e� ! � ! tt̄h

<latexit sha1_base64="kENy6ShKMnm7L+qJxFM4XL5x/gk=">AAAB73icdVDLSgMxFM3UV62vqks3wSLUzZApfdhd0Y3LCtYW2mHIpJk2NpMZk4xQhv6EGxeKuPV33Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/uFFRIgntkIhHsudjRTkTtKOZ5rQXS4pDn9OuP7nI/O49lYpF4lpPY+qGeCRYwAjWRurFni7fes6pVywh26nUG80qRHYdVZu1jCCn1kAIOjaaowSWaHvF98EwIklIhSYcK9V3UKzdFEvNCKezwiBRNMZkgke0b6jAIVVuOr93Bk+MMoRBJE0JDefq94kUh0pNQ990hliP1W8vE//y+okOztyUiTjRVJDFoiDhUEcwex4OmaRE86khmEhmboVkjCUm2kRUMCF8fQr/JzcV26nZ6Kpaap0v48iDI3AMysABDdACl6ANOoAADh7AE3i27qxH68V6XbTmrOXMIfgB6+0Tg7ePog==</latexit>

pt(j1) distribution
semi-inclusive
(semi-)inclusive

<latexit sha1_base64="8QmDVFX00IwYv2ZPKKnCHi0UnpE=">AAACBXicbZC7TsMwFIYdrqXcAowwWFRITFWCQDBWsDAWiV6kJlQnrpO6tZPIdkBV1YWFV2FhACFW3oGNt8FtM0DLL1n69J9zdHz+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3rpJMElojCU9kMwBFOYtpTTPNaTOVFETAaSPoX43rjXsqFUviWz1IqS8gilnICGhjte0DLwIh4M5TGiT2JIu6BmTygHu417ZLTtmZCM+Dm0MJ5aq27S+vk5BM0FgTDkq1XCfV/hCkZoTTUdHLFE2B9CGiLYMxCKr84eSKET4yTgeHiTQv1nji/p4YglBqIALTKUB31WxtbP5Xa2U6vPCHLE4zTWMyXRRmHOsEjyPBHSYp0XxgAIhk5q+YdEEC0Sa4ognBnT15HuonZfes7NycliqXeRwFtI8O0TFy0TmqoGtURTVE0CN6Rq/ozXqyXqx362PaumDlM3voj6zPH1MomHM=</latexit>

�? ! jj
<latexit sha1_base64="4I6YUMy8HqlYA2OXy9I8Q9Lmb1s=">AAACC3icbZC7SgNBFIZnvcZ4W7W0GRIEq7AripZBG8sI5gLZGM5OJsmQmd1l5qwSlvQ2voqNhSK2voCdb+PkUmjiDwMf/zmHM+cPEykMet63s7S8srq2ntvIb25t7+y6e/s1E6ea8SqLZawbIRguRcSrKFDyRqI5qFDyeji4Gtfr91wbEUe3OEx4S0EvEl3BAK3VdgtBD5SCu8AgaBpo0etb0PEDRRqEoDMctd2iV/Imoovgz6BIZqq03a+gE7NU8QiZBGOavpdgKwONgkk+ygep4QmwAfR402IEiptWNrllRI+s06HdWNsXIZ24vycyUMYMVWg7FWDfzNfG5n+1Zordi1YmoiRFHrHpom4qKcZ0HAztCM0ZyqEFYFrYv1LWBw0MbXx5G4I/f/Ii1E5K/lnJuzktli9nceTIISmQY+KTc1Im16RCqoSRR/JMXsmb8+S8OO/Ox7R1yZnNHJA/cj5/AG8Nm0w=</latexit>

�? ! tt̄
inclusive
inclusive

N
LO

N
N

LO

First NNLO cross-sections computed fully numerically in momentum space.

LO

NLO

[ Z. Capatti, VH, B. Ruijl, arxiv: 2203.11038 ]

https://arxiv.org/pdf/2203.11038
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Numerical results
We have computed the following fixed-order processes with Local Unitarity: 

<latexit sha1_base64="BX/PBWd22b+aTPyxHbZUVtEv2F0=">AAACFHicbVDJSgNBEO2JW4xb1KOXxiAIwTAjih6DXjxGMAtko6ZTSdp0zwzdPUoI+Qgv/ooXD4p49eDNv7GzHEziKwoe71XRXc+PBNfGdX+cxNLyyupacj21sbm1vZPe3SvpMFYMiywUoar4oFHwAIuGG4GVSCFIX2DZ712P/PIDKs3D4M70I6xL6AS8zRkYKzXTWWxkKTZOaE3xTteAUuEjrXVASpiR7m010xk3545BF4k3JRkyRaGZ/q61QhZLDAwToHXVcyNTH4AynAkcpmqxxghYDzpYtTQAibo+GB81pEdWadF2qGwHho7VvxsDkFr3pW8nJZiunvdG4n9eNTbty/qAB1FsMGCTh9qxoCako4RoiytkRvQtAaa4/StlXVDAjM0xZUPw5k9eJKXTnHeec2/PMvmraRxJckAOyTHxyAXJkxtSIEXCyBN5IW/k3Xl2Xp0P53MymnCmO/tkBs7XLxPlnZg=</latexit>

e+e� ! � ! jj
<latexit sha1_base64="SsKG3D3k8uSjKbqiSH1lP1gTDQc=">AAACFXicbVDJSgNBEO2JW4xb1KOXxiAIapgRRY9BLx4jmAWyUdOpJG26Z4buHiWE/IQXf8WLB0W8Ct78GzvLwSS+ouDxXhXd9fxIcG1c98dJLCwuLa8kV1Nr6xubW+ntnaIOY8WwwEIRqrIPGgUPsGC4EViOFIL0BZb87vXQLz2g0jwM7kwvwpqEdsBbnIGxUiN9jPUjivUTWlW83TGgVPhIq22QEqak+2E10hk3645A54k3IRkyQb6R/q42QxZLDAwToHXFcyNT64MynAkcpKqxxghYF9pYsTQAibrWH101oAdWadJWqGwHho7Uvxt9kFr3pG8nJZiOnvWG4n9eJTaty1qfB1FsMGDjh1qxoCakw4hokytkRvQsAaa4/StlHVDAjA0yZUPwZk+eJ8XTrHeedW/PMrmrSRxJskf2ySHxyAXJkRuSJwXCyBN5IW/k3Xl2Xp0P53M8mnAmO7tkCs7XL+kfngw=</latexit>

e+e� ! � ! jjj
<latexit sha1_base64="vpOEjOHiViTYve3gePuZdVbSb4w=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIIght2g6FH04jGCUSEbQ++kkwzO7C4zvUpY8h9e/BUvHhTxJHjwb5w8Dr4KGoqqbrq7olRJS77/6U1MTk3PzM7NFxYWl5ZXiqtrFzbJjMCaSFRiriKwqGSMNZKk8Co1CDpSeBndnAz8y1s0VibxOfVSbGjoxLItBZCTmsUKXu9wvN7loZGdLoExyR0PO6A1/JCIhxGYnPq82yyW/LI/BP9LgjEpsTGqzeJ72EpEpjEmocDaeuCn1MjBkBQK+4Uws5iCuIEO1h2NQaNt5MPf+nzLKS3eToyrmPhQ/T6Rg7a2pyPXqYG69rc3EP/z6hm1Dxu5jNOMMBajRe1McUr4ICjekgYFqZ4jIIx0t3LRBQOCXJwFF0Lw++W/5KJSDvbL/tle6eh4HMcc22CbbJsF7IAdsVNWZTUm2D17ZM/sxXvwnrxX723UOuGNZ9bZD3gfXyKfoOM=</latexit>

e+e� ! � ! tt̄h

<latexit sha1_base64="kENy6ShKMnm7L+qJxFM4XL5x/gk=">AAAB73icdVDLSgMxFM3UV62vqks3wSLUzZApfdhd0Y3LCtYW2mHIpJk2NpMZk4xQhv6EGxeKuPV33Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/uFFRIgntkIhHsudjRTkTtKOZ5rQXS4pDn9OuP7nI/O49lYpF4lpPY+qGeCRYwAjWRurFni7fes6pVywh26nUG80qRHYdVZu1jCCn1kAIOjaaowSWaHvF98EwIklIhSYcK9V3UKzdFEvNCKezwiBRNMZkgke0b6jAIVVuOr93Bk+MMoRBJE0JDefq94kUh0pNQ990hliP1W8vE//y+okOztyUiTjRVJDFoiDhUEcwex4OmaRE86khmEhmboVkjCUm2kRUMCF8fQr/JzcV26nZ6Kpaap0v48iDI3AMysABDdACl6ANOoAADh7AE3i27qxH68V6XbTmrOXMIfgB6+0Tg7ePog==</latexit>

pt(j1) distribution
semi-inclusive
(semi-)inclusive

<latexit sha1_base64="8QmDVFX00IwYv2ZPKKnCHi0UnpE=">AAACBXicbZC7TsMwFIYdrqXcAowwWFRITFWCQDBWsDAWiV6kJlQnrpO6tZPIdkBV1YWFV2FhACFW3oGNt8FtM0DLL1n69J9zdHz+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3rpJMElojCU9kMwBFOYtpTTPNaTOVFETAaSPoX43rjXsqFUviWz1IqS8gilnICGhjte0DLwIh4M5TGiT2JIu6BmTygHu417ZLTtmZCM+Dm0MJ5aq27S+vk5BM0FgTDkq1XCfV/hCkZoTTUdHLFE2B9CGiLYMxCKr84eSKET4yTgeHiTQv1nji/p4YglBqIALTKUB31WxtbP5Xa2U6vPCHLE4zTWMyXRRmHOsEjyPBHSYp0XxgAIhk5q+YdEEC0Sa4ognBnT15HuonZfes7NycliqXeRwFtI8O0TFy0TmqoGtURTVE0CN6Rq/ozXqyXqx362PaumDlM3voj6zPH1MomHM=</latexit>

�? ! jj
<latexit sha1_base64="4I6YUMy8HqlYA2OXy9I8Q9Lmb1s=">AAACC3icbZC7SgNBFIZnvcZ4W7W0GRIEq7AripZBG8sI5gLZGM5OJsmQmd1l5qwSlvQ2voqNhSK2voCdb+PkUmjiDwMf/zmHM+cPEykMet63s7S8srq2ntvIb25t7+y6e/s1E6ea8SqLZawbIRguRcSrKFDyRqI5qFDyeji4Gtfr91wbEUe3OEx4S0EvEl3BAK3VdgtBD5SCu8AgaBpo0etb0PEDRRqEoDMctd2iV/Imoovgz6BIZqq03a+gE7NU8QiZBGOavpdgKwONgkk+ygep4QmwAfR402IEiptWNrllRI+s06HdWNsXIZ24vycyUMYMVWg7FWDfzNfG5n+1Zordi1YmoiRFHrHpom4qKcZ0HAztCM0ZyqEFYFrYv1LWBw0MbXx5G4I/f/Ii1E5K/lnJuzktli9nceTIISmQY+KTc1Im16RCqoSRR/JMXsmb8+S8OO/Ox7R1yZnNHJA/cj5/AG8Nm0w=</latexit>

�? ! tt̄
inclusive
inclusive

N
LO

N
N

LO

First NNLO cross-sections computed fully numerically in momentum space.

LO

NLO

NNLO
<latexit sha1_base64="93o0g/pEbGVA8g1HeACkqhzXmzo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURRZdFN+6sYB/QhjCZTtqhk0mYmRRK6J+4caGIW//EnX/jpM1CWw8MHM65l3vmBAlnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8V3udyZUKhaLJz1NqBfhoWAhI1gbybftfoT1iGCePcxqwg/Pfbvq1J050CpxC1KFAk3f/uoPYpJGVGjCsVI910m0l2GpGeF0VumniiaYjPGQ9gwVOKLKy+bJZ+jMKAMUxtI8odFc/b2R4UipaRSYyTynWvZy8T+vl+rwxsuYSFJNBVkcClOOdIzyGtCASUo0nxqCiWQmKyIjLDHRpqyKKcFd/vIqaV/U3au683hZbdwWdZThBE6hBi5cQwPuoQktIDCBZ3iFNyuzXqx362MxWrKKnWP4A+vzBx1xk1A=</latexit>

O(nf )

[ Z. Capatti, VH, B. Ruijl, arxiv: 2203.11038 ]

https://arxiv.org/pdf/2203.11038
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Numerical results
We have computed the following fixed-order processes with Local Unitarity: 

<latexit sha1_base64="BX/PBWd22b+aTPyxHbZUVtEv2F0=">AAACFHicbVDJSgNBEO2JW4xb1KOXxiAIwTAjih6DXjxGMAtko6ZTSdp0zwzdPUoI+Qgv/ooXD4p49eDNv7GzHEziKwoe71XRXc+PBNfGdX+cxNLyyupacj21sbm1vZPe3SvpMFYMiywUoar4oFHwAIuGG4GVSCFIX2DZ712P/PIDKs3D4M70I6xL6AS8zRkYKzXTWWxkKTZOaE3xTteAUuEjrXVASpiR7m010xk3545BF4k3JRkyRaGZ/q61QhZLDAwToHXVcyNTH4AynAkcpmqxxghYDzpYtTQAibo+GB81pEdWadF2qGwHho7VvxsDkFr3pW8nJZiunvdG4n9eNTbty/qAB1FsMGCTh9qxoCako4RoiytkRvQtAaa4/StlXVDAjM0xZUPw5k9eJKXTnHeec2/PMvmraRxJckAOyTHxyAXJkxtSIEXCyBN5IW/k3Xl2Xp0P53MymnCmO/tkBs7XLxPlnZg=</latexit>

e+e� ! � ! jj
<latexit sha1_base64="SsKG3D3k8uSjKbqiSH1lP1gTDQc=">AAACFXicbVDJSgNBEO2JW4xb1KOXxiAIapgRRY9BLx4jmAWyUdOpJG26Z4buHiWE/IQXf8WLB0W8Ct78GzvLwSS+ouDxXhXd9fxIcG1c98dJLCwuLa8kV1Nr6xubW+ntnaIOY8WwwEIRqrIPGgUPsGC4EViOFIL0BZb87vXQLz2g0jwM7kwvwpqEdsBbnIGxUiN9jPUjivUTWlW83TGgVPhIq22QEqak+2E10hk3645A54k3IRkyQb6R/q42QxZLDAwToHXFcyNT64MynAkcpKqxxghYF9pYsTQAibrWH101oAdWadJWqGwHho7Uvxt9kFr3pG8nJZiOnvWG4n9eJTaty1qfB1FsMGDjh1qxoCakw4hokytkRvQsAaa4/StlHVDAjA0yZUPwZk+eJ8XTrHeedW/PMrmrSRxJskf2ySHxyAXJkRuSJwXCyBN5IW/k3Xl2Xp0P53M8mnAmO7tkCs7XL+kfngw=</latexit>

e+e� ! � ! jjj
<latexit sha1_base64="vpOEjOHiViTYve3gePuZdVbSb4w=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIIght2g6FH04jGCUSEbQ++kkwzO7C4zvUpY8h9e/BUvHhTxJHjwb5w8Dr4KGoqqbrq7olRJS77/6U1MTk3PzM7NFxYWl5ZXiqtrFzbJjMCaSFRiriKwqGSMNZKk8Co1CDpSeBndnAz8y1s0VibxOfVSbGjoxLItBZCTmsUKXu9wvN7loZGdLoExyR0PO6A1/JCIhxGYnPq82yyW/LI/BP9LgjEpsTGqzeJ72EpEpjEmocDaeuCn1MjBkBQK+4Uws5iCuIEO1h2NQaNt5MPf+nzLKS3eToyrmPhQ/T6Rg7a2pyPXqYG69rc3EP/z6hm1Dxu5jNOMMBajRe1McUr4ICjekgYFqZ4jIIx0t3LRBQOCXJwFF0Lw++W/5KJSDvbL/tle6eh4HMcc22CbbJsF7IAdsVNWZTUm2D17ZM/sxXvwnrxX723UOuGNZ9bZD3gfXyKfoOM=</latexit>

e+e� ! � ! tt̄h

<latexit sha1_base64="kENy6ShKMnm7L+qJxFM4XL5x/gk=">AAAB73icdVDLSgMxFM3UV62vqks3wSLUzZApfdhd0Y3LCtYW2mHIpJk2NpMZk4xQhv6EGxeKuPV33Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/uFFRIgntkIhHsudjRTkTtKOZ5rQXS4pDn9OuP7nI/O49lYpF4lpPY+qGeCRYwAjWRurFni7fes6pVywh26nUG80qRHYdVZu1jCCn1kAIOjaaowSWaHvF98EwIklIhSYcK9V3UKzdFEvNCKezwiBRNMZkgke0b6jAIVVuOr93Bk+MMoRBJE0JDefq94kUh0pNQ990hliP1W8vE//y+okOztyUiTjRVJDFoiDhUEcwex4OmaRE86khmEhmboVkjCUm2kRUMCF8fQr/JzcV26nZ6Kpaap0v48iDI3AMysABDdACl6ANOoAADh7AE3i27qxH68V6XbTmrOXMIfgB6+0Tg7ePog==</latexit>

pt(j1) distribution
semi-inclusive
(semi-)inclusive

<latexit sha1_base64="8QmDVFX00IwYv2ZPKKnCHi0UnpE=">AAACBXicbZC7TsMwFIYdrqXcAowwWFRITFWCQDBWsDAWiV6kJlQnrpO6tZPIdkBV1YWFV2FhACFW3oGNt8FtM0DLL1n69J9zdHz+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3rpJMElojCU9kMwBFOYtpTTPNaTOVFETAaSPoX43rjXsqFUviWz1IqS8gilnICGhjte0DLwIh4M5TGiT2JIu6BmTygHu417ZLTtmZCM+Dm0MJ5aq27S+vk5BM0FgTDkq1XCfV/hCkZoTTUdHLFE2B9CGiLYMxCKr84eSKET4yTgeHiTQv1nji/p4YglBqIALTKUB31WxtbP5Xa2U6vPCHLE4zTWMyXRRmHOsEjyPBHSYp0XxgAIhk5q+YdEEC0Sa4ognBnT15HuonZfes7NycliqXeRwFtI8O0TFy0TmqoGtURTVE0CN6Rq/ozXqyXqx362PaumDlM3voj6zPH1MomHM=</latexit>

�? ! jj
<latexit sha1_base64="4I6YUMy8HqlYA2OXy9I8Q9Lmb1s=">AAACC3icbZC7SgNBFIZnvcZ4W7W0GRIEq7AripZBG8sI5gLZGM5OJsmQmd1l5qwSlvQ2voqNhSK2voCdb+PkUmjiDwMf/zmHM+cPEykMet63s7S8srq2ntvIb25t7+y6e/s1E6ea8SqLZawbIRguRcSrKFDyRqI5qFDyeji4Gtfr91wbEUe3OEx4S0EvEl3BAK3VdgtBD5SCu8AgaBpo0etb0PEDRRqEoDMctd2iV/Imoovgz6BIZqq03a+gE7NU8QiZBGOavpdgKwONgkk+ygep4QmwAfR402IEiptWNrllRI+s06HdWNsXIZ24vycyUMYMVWg7FWDfzNfG5n+1Zordi1YmoiRFHrHpom4qKcZ0HAztCM0ZyqEFYFrYv1LWBw0MbXx5G4I/f/Ii1E5K/lnJuzktli9nceTIISmQY+KTc1Im16RCqoSRR/JMXsmb8+S8OO/Ox7R1yZnNHJA/cj5/AG8Nm0w=</latexit>

�? ! tt̄
inclusive
inclusive

N
LO

N
N

LO

First NNLO cross-sections computed fully numerically in momentum space.

LO

NLO

NNLO
<latexit sha1_base64="93o0g/pEbGVA8g1HeACkqhzXmzo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURRZdFN+6sYB/QhjCZTtqhk0mYmRRK6J+4caGIW//EnX/jpM1CWw8MHM65l3vmBAlnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8V3udyZUKhaLJz1NqBfhoWAhI1gbybftfoT1iGCePcxqwg/Pfbvq1J050CpxC1KFAk3f/uoPYpJGVGjCsVI910m0l2GpGeF0VumniiaYjPGQ9gwVOKLKy+bJZ+jMKAMUxtI8odFc/b2R4UipaRSYyTynWvZy8T+vl+rwxsuYSFJNBVkcClOOdIzyGtCASUo0nxqCiWQmKyIjLDHRpqyKKcFd/vIqaV/U3au683hZbdwWdZThBE6hBi5cQwPuoQktIDCBZ3iFNyuzXqx362MxWrKKnWP4A+vzBx1xk1A=</latexit>

O(nf )
NNLO

<latexit sha1_base64="dSzOxr0Uw3mCnO67MOGOttbeVWM=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBItQNyURRZdFN+6sYB/QxjCZTtqhk0mYmYgl5FfcuFDErT/izr9x0mahrQcGDufcyz1z/JhRqWz72yitrK6tb5Q3K1vbO7t75n61I6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/cp373UciJI34vZrGxA3RiNOAYqS05JnVQYjUGCOW3mZ17gUP9oln1uyGPYO1TJyC1KBAyzO/BsMIJyHhCjMkZd+xY+WmSCiKGckqg0SSGOEJGpG+phyFRLrpLHtmHWtlaAWR0I8ra6b+3khRKOU09PVknlQuern4n9dPVHDpppTHiSIczw8FCbNUZOVFWEMqCFZsqgnCguqsFh4jgbDSdVV0Cc7il5dJ57ThnDfsu7Na86qoowyHcAR1cOACmnADLWgDhid4hld4MzLjxXg3PuajJaPYOYA/MD5/AEuYk/I=</latexit>

O(n0
f )

[ Z. Capatti, VH, B. Ruijl, arxiv: 2203.11038 ]

https://arxiv.org/pdf/2203.11038
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in Ultra Peripheral Collisions (UPC) 
at hadron colliders

[ Capatti, Fraaije, VH, Huber, Ruijl, H.S.Shao arxiv: 2312.16956 ]

[ Ajjath, Ekta, Fraaije, VH, H.S.Shao arxiv: 1007.0194 ]

<latexit sha1_base64="JKRBE5mre9vO0b8FDlHBsLCe34E=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuSiJSXRbduGzBPqAN5WY6SYbOJGFmopTQD/A7/AC3+gnuxJ34Af6G0zaCbT0wzOHcc7jc4yWcKW3bn9bK6tr6xmZhq7i9s7u3Xzo4bKk4lYQ2Scxj2fFAUc4i2tRMc9pJJAXhcdr2hjeTefueSsXi6E6PEuoKCCLmMwLaSP1SuReAEIB/P8mCUIOU8QNu4J4HMmuMjcuu2FPgZeLkpIxy1Pul794gJqmgkSYclOo6dqLdDKRmhNNxsZcqmgAZQkC7hkYgqHKz6TFjfGqUAfZjaV6k8VT9m8hAKDUSnnEK0KGamymzLqSD8WJg4vwv0E21f+VmLEpSTSMy2+6nHOsYT+rCAyYp0XxkCBDJzAGYhCCBaFNq0TTjLPawTFrnFadaqTYuyrXrvKMCOkYn6Aw56BLV0C2qoyYi6BE9oxf0aj1Zb9a79TGzrlh55gjNwfr6AT4Do/s=</latexit>

ωω → QQ̄ and
<latexit sha1_base64="qLV0gsDKMVWmdmm2/4Y74+q4NKI=">AAACJXicbVDLSgMxFM34rPU16tJNsIiuyoxIdVl047KCfUA7lDtppg1NJkOSUcrQT/A7/AC3+gnuRHDl0t8wfQi29ULI4Ty43BMmnGnjeZ/O0vLK6tp6biO/ubW9s+vu7de0TBWhVSK5VI0QNOUsplXDDKeNRFEQIaf1sH890uv3VGkm4zszSGggoBuziBEwlmq7J60uCAH491Os2zOglHzAM0rbLXhFbzx4EfhTUEDTqbTd71ZHklTQ2BAOWjd9LzFBBsowwukw30o1TYD0oUubFsYgqA6y8UFDfGyZDo6ksi82eMz+TWQgtB6I0DoFmJ6e0bRd16Od4Xxg5Pwv0ExNdBlkLE5SQ2My2R6lHBuJR5XhDlOUGD6wAIhi9gBMeqCAGFts3jbjz/ewCGpnRb9ULN2eF8pX045y6BAdoVPkowtURjeogqqIoEf0jF7Qq/PkvDnvzsfEuuRMMwdoZpyvH4/1pbY=</latexit>

ωω → ωω
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NNLO QCD WITH LOCAL UNITARITY

NNLO :  nh, nf
2 x 10 distinct FS graphs

NNLO :  non-singlet
114 distinct FS graphs



Valentin Hirschi, U. Bern Local Unitarity 1919

NNLO QCD WITH LOCAL UNITARITY
Reminder: when you see:

Think:

All cuts included !



Valentin Hirschi, U. Bern Local Unitarity 2020

NNLO QCD WITH LOCAL UNITARITY

NNLO :  singlets with ISR excluded

NNLO:  singlets
4 distinct FS graphs

Bad!
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NNLO QCD WITH LOCAL UNITARITY
What about the singlet contributions ?

Corresponds to: 
<latexit sha1_base64="fU92BWvTMxg5lOvmYkoQa1fsrfQ=">AAACLHicbVDLSgMxFM34rPU16tJNsAiuyoxIdSUFNy4r2Ae0pdxJ0zY0mRmSO0oZ+hd+hx/gVj/BjYhb/Q3Th9CHB0IO557D5Z4glsKg5304K6tr6xubma3s9s7u3r57cFgxUaIZL7NIRroWgOFShLyMAiWvxZqDCiSvBv2b0bz6wLURUXiPg5g3FXRD0REM0EotN9/oglJA/z4tuj0EraNHirQRgE5xOMNabs7Le2PQZeJPSY5MUWq5P412xBLFQ2QSjKn7XozNFDQKJvkw20gMj4H1ocvrloaguGmm47uG9NQqbdqJtH0h0rE6m0hBGTNQgXUqwJ6Zmxm7rsfbw8XAyPlfoJ5g56qZijBOkIdssr2TSIoRHTVH20JzhnJgCTAt7AGU9UADQ9tv1jbjL/awTCrneb+QL9xd5IrX044y5JickDPik0tSJLekRMqEkSfyQl7Jm/PsvDufztfEuuJMM0dkDs73Lwb1qHw=</latexit>

ωω → tt̄tt̄
Safe to remove! 
It cannot intersect with                 cuts!

<latexit sha1_base64="TZuWRr4fKFaiYSscldpnmL0XtTA=">AAACIXicbVBLSgNBFOyJvxh/UZduGoPgKsyIRFcScOMygvlAEsKbTidp0j0zdL9RwjAH8BwewK0ewZ24Ew/gNex8BJNY0HRRr4rHKz+SwqDrfjqZldW19Y3sZm5re2d3L79/UDNhrBmvslCGuuGD4VIEvIoCJW9EmoPyJa/7w+vxvH7PtRFhcIejiLcV9APREwzQSp18odUHpYD+flr0Bwhahw8UacsHnWBqXW7RnYAuE29GCmSGSif/3eqGLFY8QCbBmKbnRthOQKNgkqe5Vmx4BGwIfd60NADFTTuZHJPSE6t0aS/U9gVIJ+rfRALKmJHyrVMBDszczNh1A95NFwNj53+BZoy9y3YigihGHrDp9l4sKYZ0XBftCs0ZypElwLSwB1A2AA0Mbak524y32MMyqZ0VvVKxdHteKF/NOsqSI3JMTolHLkiZ3JAKqRJGHskzeSGvzpPz5rw7H1NrxpllDskcnK8freCkPQ==</latexit>

ωω → tt̄

Corresponds to: 
Keep to avoid threshold regularisation! 
And subtract it back, computed as with MadGraph!

<latexit sha1_base64="sihxyAZ9Tss6s3MpH/pvOLKnEd4=">AAACG3icbVDLSsNAFJ34rPUVdSnCYBFclUSkupKCG5cV7APaUm6mk2ToTBJmJkoJXfkdfoBb/QR34taFX+BvOG0j2NYDwxzOPYfLPV7CmdKO82UtLa+srq0XNoqbW9s7u/befkPFqSS0TmIey5YHinIW0bpmmtNWIikIj9OmN7gez5v3VCoWR3d6mNCugCBiPiOgjdSzjzoBCAH495MsCDVIGT/gAAc9u+SUnQnwInFzUkI5aj37u9OPSSpopAkHpdquk+huBlIzwumo2EkVTYAMIKBtQyMQVHWzyRkjfGKUPvZjaV6k8UT9m8hAKDUUnnEK0KGamSmzLqT90Xxg7Pwv0E61f9nNWJSkmkZkut1POdYxHheF+0xSovnQECCSmQMwCUEC0abOomnGne9hkTTOym6lXLk9L1Wv8o4K6BAdo1PkogtURTeohuqIoEf0jF7Qq/VkvVnv1sfUumTlmQM0A+vzB1CyoV4=</latexit>

ωω → gg
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 : Demo
<latexit sha1_base64="JDbZ5Gt8OQP/HPMZZfmMRdslXC8=">AAACD3icbVBLSgNBFOzxG+Nvoks3g0FwFWZEosugGxcuIpgPJCH0dF6SJt3TQ/cbNQw5hAdwq0dwJ249gifwGnY+C5NY0FDUq+K9rjAW3KDvfzsrq2vrG5uZrez2zu7evps7qBqVaAYVpoTS9ZAaEDyCCnIUUI81UBkKqIWD6/G89gDacBXd4zCGlqS9iHc5o2iltptr9qiUtInwhOmtUvGo7eb9gj+Bt0yCGcmTGcpt96fZUSyRECET1JhG4MfYSqlGzgSMss3EQEzZgPagYWlEJZhWOjl95J1YpeN1lbYvQm+i/k2kVBozlKF1Sop9Mzczdl0fOqPFwNj5X6CRYPeylfIoThAiNt3eTYSHyhuX43W4BoZiaAllmtsPeKxPNWVoK8zaZoLFHpZJ9awQFAvFu/N86WrWUYYckWNySgJyQUrkhpRJhTDySF7IK3lznp1358P5nFpXnFnmkMzB+foFaP2dSw==</latexit>

ωLoop
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• Fast and flexible numerator algebra spenso
spenso / idenso

Modular codes for Maximum flexibility

<latexit sha1_base64="JDbZ5Gt8OQP/HPMZZfmMRdslXC8=">AAACD3icbVBLSgNBFOzxG+Nvoks3g0FwFWZEosugGxcuIpgPJCH0dF6SJt3TQ/cbNQw5hAdwq0dwJ249gifwGnY+C5NY0FDUq+K9rjAW3KDvfzsrq2vrG5uZrez2zu7evps7qBqVaAYVpoTS9ZAaEDyCCnIUUI81UBkKqIWD6/G89gDacBXd4zCGlqS9iHc5o2iltptr9qiUtInwhOmtUvGo7eb9gj+Bt0yCGcmTGcpt96fZUSyRECET1JhG4MfYSqlGzgSMss3EQEzZgPagYWlEJZhWOjl95J1YpeN1lbYvQm+i/k2kVBozlKF1Sop9Mzczdl0fOqPFwNj5X6CRYPeylfIoThAiNt3eTYSHyhuX43W4BoZiaAllmtsPeKxPNWVoK8zaZoLFHpZJ9awQFAvFu/N86WrWUYYckWNySgJyQUrkhpRJhTDySF7IK3lznp1358P5nFpXnFnmkMzB+foFaP2dSw==</latexit>

ωLoop Low-level ~ “Open-source CAS / Compiler ”

<latexit sha1_base64="97rpO4U/0ay4SbV5jxtuY6r7LsA=">AAACA3icbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+4B2KJnMnTY0kxmSjFBKl36AW/0Ed+LWD/EL/A3Tdha29UDgcO453JsTpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6iRTDBssEYlqB1Sj4BIbhhuB7VQhjQOBrWB4N523nlBpnshHM0rRj2lf8ogzaqzU6uos1Wh6pbJbcWcgq8TLSRly1Huln26YsCxGaZigWnc8NzX+mCrDmcBJsZtpTCkb0j52LJU0Ru2PZ+dOyLlVQhIlyj5pyEz9mxjTWOtRHFhnTM1AL8y0XTfAcLIcmDr/C3QyE934Yy7TzKBk8+1RJohJyLQQEnKFzIiRJZQpbj9A2IAqyoytrWib8ZZ7WCXNy4pXrVQfrsq127yjApzCGVyAB9dQg3uoQwMYDOEFXuHNeXbenQ/nc25dc/LMCSzA+foFzJOYpA==</latexit>→
User-friendly 

Components often distributed independently as sub-crates on:
https://github.com/alphal00p/gammaloop/tree/main/crates/XXX
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https://github.com/alphal00p/gammaloop/tree/main/crates/spenso
https://github.com/alphal00p/gammaloop/tree/main/crates/idenso
https://github.com/alphal00p/gammaloop
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• Diagram generation and manipulations feyngen
through gammaloop CLI only / linnet

• Fast and flexible numerator algebra spenso
spenso / idenso

Modular codes for Maximum flexibility

<latexit sha1_base64="JDbZ5Gt8OQP/HPMZZfmMRdslXC8=">AAACD3icbVBLSgNBFOzxG+Nvoks3g0FwFWZEosugGxcuIpgPJCH0dF6SJt3TQ/cbNQw5hAdwq0dwJ249gifwGnY+C5NY0FDUq+K9rjAW3KDvfzsrq2vrG5uZrez2zu7evps7qBqVaAYVpoTS9ZAaEDyCCnIUUI81UBkKqIWD6/G89gDacBXd4zCGlqS9iHc5o2iltptr9qiUtInwhOmtUvGo7eb9gj+Bt0yCGcmTGcpt96fZUSyRECET1JhG4MfYSqlGzgSMss3EQEzZgPagYWlEJZhWOjl95J1YpeN1lbYvQm+i/k2kVBozlKF1Sop9Mzczdl0fOqPFwNj5X6CRYPeylfIoThAiNt3eTYSHyhuX43W4BoZiaAllmtsPeKxPNWVoK8zaZoLFHpZJ9awQFAvFu/N86WrWUYYckWNySgJyQUrkhpRJhTDySF7IK3lznp1358P5nFpXnFnmkMzB+foFaP2dSw==</latexit>

ωLoop Low-level ~ “Open-source CAS / Compiler ”

<latexit sha1_base64="97rpO4U/0ay4SbV5jxtuY6r7LsA=">AAACA3icbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+4B2KJnMnTY0kxmSjFBKl36AW/0Ed+LWD/EL/A3Tdha29UDgcO453JsTpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6iRTDBssEYlqB1Sj4BIbhhuB7VQhjQOBrWB4N523nlBpnshHM0rRj2lf8ogzaqzU6uos1Wh6pbJbcWcgq8TLSRly1Huln26YsCxGaZigWnc8NzX+mCrDmcBJsZtpTCkb0j52LJU0Ru2PZ+dOyLlVQhIlyj5pyEz9mxjTWOtRHFhnTM1AL8y0XTfAcLIcmDr/C3QyE934Yy7TzKBk8+1RJohJyLQQEnKFzIiRJZQpbj9A2IAqyoytrWib8ZZ7WCXNy4pXrVQfrsq127yjApzCGVyAB9dQg3uoQwMYDOEFXuHNeXbenQ/nc25dc/LMCSzA+foFzJOYpA==</latexit>→
User-friendly 

Components often distributed independently as sub-crates on:
https://github.com/alphal00p/gammaloop/tree/main/crates/XXX

24

https://github.com/alphal00p/gammaloop/tree/main/crates/gammaloop-api
https://github.com/alphal00p/gammaloop/tree/main/crates/linnet
https://github.com/alphal00p/gammaloop/tree/main/crates/spenso
https://github.com/alphal00p/gammaloop/tree/main/crates/idenso
https://github.com/alphal00p/gammaloop
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• Diagram generation and manipulations feyngen
through gammaloop CLI only / linnet

• Analytical vacuum integrals vakint
single-scale vaccuum integrals

• Fast and flexible numerator algebra spenso
spenso / idenso

Modular codes for Maximum flexibility

<latexit sha1_base64="JDbZ5Gt8OQP/HPMZZfmMRdslXC8=">AAACD3icbVBLSgNBFOzxG+Nvoks3g0FwFWZEosugGxcuIpgPJCH0dF6SJt3TQ/cbNQw5hAdwq0dwJ249gifwGnY+C5NY0FDUq+K9rjAW3KDvfzsrq2vrG5uZrez2zu7evps7qBqVaAYVpoTS9ZAaEDyCCnIUUI81UBkKqIWD6/G89gDacBXd4zCGlqS9iHc5o2iltptr9qiUtInwhOmtUvGo7eb9gj+Bt0yCGcmTGcpt96fZUSyRECET1JhG4MfYSqlGzgSMss3EQEzZgPagYWlEJZhWOjl95J1YpeN1lbYvQm+i/k2kVBozlKF1Sop9Mzczdl0fOqPFwNj5X6CRYPeylfIoThAiNt3eTYSHyhuX43W4BoZiaAllmtsPeKxPNWVoK8zaZoLFHpZJ9awQFAvFu/N86WrWUYYckWNySgJyQUrkhpRJhTDySF7IK3lznp1358P5nFpXnFnmkMzB+foFaP2dSw==</latexit>

ωLoop Low-level ~ “Open-source CAS / Compiler ”

<latexit sha1_base64="97rpO4U/0ay4SbV5jxtuY6r7LsA=">AAACA3icbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+4B2KJnMnTY0kxmSjFBKl36AW/0Ed+LWD/EL/A3Tdha29UDgcO453JsTpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6iRTDBssEYlqB1Sj4BIbhhuB7VQhjQOBrWB4N523nlBpnshHM0rRj2lf8ogzaqzU6uos1Wh6pbJbcWcgq8TLSRly1Huln26YsCxGaZigWnc8NzX+mCrDmcBJsZtpTCkb0j52LJU0Ru2PZ+dOyLlVQhIlyj5pyEz9mxjTWOtRHFhnTM1AL8y0XTfAcLIcmDr/C3QyE934Yy7TzKBk8+1RJohJyLQQEnKFzIiRJZQpbj9A2IAqyoytrWib8ZZ7WCXNy4pXrVQfrsq127yjApzCGVyAB9dQg3uoQwMYDOEFXuHNeXbenQ/nc25dc/LMCSzA+foFzJOYpA==</latexit>→
User-friendly 

Components often distributed independently as sub-crates on:
https://github.com/alphal00p/gammaloop/tree/main/crates/XXX

24

https://github.com/alphal00p/gammaloop/tree/main/crates/gammaloop-api
https://github.com/alphal00p/gammaloop/tree/main/crates/linnet
https://github.com/alphal00p/gammaloop/tree/main/crates/vakint
https://github.com/alphal00p/gammaloop/tree/main/crates/spenso
https://github.com/alphal00p/gammaloop/tree/main/crates/idenso
https://github.com/alphal00p/gammaloop
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• Diagram generation and manipulations feyngen
through gammaloop CLI only / linnet

• Analytical vacuum integrals vakint
single-scale vaccuum integrals

• Topology-informed momentum sampling momtrop
tropical sampling with momentum space integrals

• Fast and flexible numerator algebra spenso
spenso / idenso

Modular codes for Maximum flexibility

<latexit sha1_base64="JDbZ5Gt8OQP/HPMZZfmMRdslXC8=">AAACD3icbVBLSgNBFOzxG+Nvoks3g0FwFWZEosugGxcuIpgPJCH0dF6SJt3TQ/cbNQw5hAdwq0dwJ249gifwGnY+C5NY0FDUq+K9rjAW3KDvfzsrq2vrG5uZrez2zu7evps7qBqVaAYVpoTS9ZAaEDyCCnIUUI81UBkKqIWD6/G89gDacBXd4zCGlqS9iHc5o2iltptr9qiUtInwhOmtUvGo7eb9gj+Bt0yCGcmTGcpt96fZUSyRECET1JhG4MfYSqlGzgSMss3EQEzZgPagYWlEJZhWOjl95J1YpeN1lbYvQm+i/k2kVBozlKF1Sop9Mzczdl0fOqPFwNj5X6CRYPeylfIoThAiNt3eTYSHyhuX43W4BoZiaAllmtsPeKxPNWVoK8zaZoLFHpZJ9awQFAvFu/N86WrWUYYckWNySgJyQUrkhpRJhTDySF7IK3lznp1358P5nFpXnFnmkMzB+foFaP2dSw==</latexit>

ωLoop Low-level ~ “Open-source CAS / Compiler ”

<latexit sha1_base64="97rpO4U/0ay4SbV5jxtuY6r7LsA=">AAACA3icbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+4B2KJnMnTY0kxmSjFBKl36AW/0Ed+LWD/EL/A3Tdha29UDgcO453JsTpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6iRTDBssEYlqB1Sj4BIbhhuB7VQhjQOBrWB4N523nlBpnshHM0rRj2lf8ogzaqzU6uos1Wh6pbJbcWcgq8TLSRly1Huln26YsCxGaZigWnc8NzX+mCrDmcBJsZtpTCkb0j52LJU0Ru2PZ+dOyLlVQhIlyj5pyEz9mxjTWOtRHFhnTM1AL8y0XTfAcLIcmDr/C3QyE934Yy7TzKBk8+1RJohJyLQQEnKFzIiRJZQpbj9A2IAqyoytrWib8ZZ7WCXNy4pXrVQfrsq127yjApzCGVyAB9dQg3uoQwMYDOEFXuHNeXbenQ/nc25dc/LMCSzA+foFzJOYpA==</latexit>→
User-friendly 

Components often distributed independently as sub-crates on:
https://github.com/alphal00p/gammaloop/tree/main/crates/XXX

24

https://github.com/alphal00p/gammaloop/tree/main/crates/gammaloop-api
https://github.com/alphal00p/gammaloop/tree/main/crates/linnet
https://github.com/alphal00p/gammaloop/tree/main/crates/vakint
https://github.com/alphal00p/spenso
https://github.com/alphal00p/gammaloop/tree/main/crates/spenso
https://github.com/alphal00p/gammaloop/tree/main/crates/idenso
https://github.com/alphal00p/gammaloop
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• Diagram generation and manipulations feyngen
through gammaloop CLI only / linnet

• Analytical vacuum integrals vakint
single-scale vaccuum integrals

• Topology-informed momentum sampling momtrop
tropical sampling with momentum space integrals

• Fast and flexible numerator algebra spenso
spenso / idenso

Modular codes for Maximum flexibility

<latexit sha1_base64="JDbZ5Gt8OQP/HPMZZfmMRdslXC8=">AAACD3icbVBLSgNBFOzxG+Nvoks3g0FwFWZEosugGxcuIpgPJCH0dF6SJt3TQ/cbNQw5hAdwq0dwJ249gifwGnY+C5NY0FDUq+K9rjAW3KDvfzsrq2vrG5uZrez2zu7evps7qBqVaAYVpoTS9ZAaEDyCCnIUUI81UBkKqIWD6/G89gDacBXd4zCGlqS9iHc5o2iltptr9qiUtInwhOmtUvGo7eb9gj+Bt0yCGcmTGcpt96fZUSyRECET1JhG4MfYSqlGzgSMss3EQEzZgPagYWlEJZhWOjl95J1YpeN1lbYvQm+i/k2kVBozlKF1Sop9Mzczdl0fOqPFwNj5X6CRYPeylfIoThAiNt3eTYSHyhuX43W4BoZiaAllmtsPeKxPNWVoK8zaZoLFHpZJ9awQFAvFu/N86WrWUYYckWNySgJyQUrkhpRJhTDySF7IK3lznp1358P5nFpXnFnmkMzB+foFaP2dSw==</latexit>

ωLoop Low-level ~ “Open-source CAS / Compiler ”

<latexit sha1_base64="97rpO4U/0ay4SbV5jxtuY6r7LsA=">AAACA3icbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+4B2KJnMnTY0kxmSjFBKl36AW/0Ed+LWD/EL/A3Tdha29UDgcO453JsTpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6iRTDBssEYlqB1Sj4BIbhhuB7VQhjQOBrWB4N523nlBpnshHM0rRj2lf8ogzaqzU6uos1Wh6pbJbcWcgq8TLSRly1Huln26YsCxGaZigWnc8NzX+mCrDmcBJsZtpTCkb0j52LJU0Ru2PZ+dOyLlVQhIlyj5pyEz9mxjTWOtRHFhnTM1AL8y0XTfAcLIcmDr/C3QyE934Yy7TzKBk8+1RJohJyLQQEnKFzIiRJZQpbj9A2IAqyoytrWib8ZZ7WCXNy4pXrVQfrsq127yjApzCGVyAB9dQg3uoQwMYDOEFXuHNeXbenQ/nc25dc/LMCSzA+foFzJOYpA==</latexit>→
User-friendly 

•  Neural multi-channel importance sampling MadNIS
T. Heimel & al tool tailored to gammaBoard

Components often distributed independently as sub-crates on:
https://github.com/alphal00p/gammaloop/tree/main/crates/XXX
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https://github.com/alphal00p/gammaloop/tree/main/crates/gammaloop-api
https://github.com/alphal00p/gammaloop/tree/main/crates/linnet
https://github.com/alphal00p/gammaloop/tree/main/crates/vakint
https://github.com/alphal00p/spenso
https://github.com/alphal00p/gammaloop/tree/main/crates/spenso
https://github.com/alphal00p/gammaloop/tree/main/crates/idenso
https://github.com/alphal00p/madnis_gammaboard_api
https://github.com/alphal00p/gammaloop


Valentin Hirschi LoopFest XXIV, BNL

• Diagram generation and manipulations feyngen
through gammaloop CLI only / linnet

• Analytical vacuum integrals vakint
single-scale vaccuum integrals

• Topology-informed momentum sampling momtrop
tropical sampling with momentum space integrals

• Fast and flexible numerator algebra spenso
spenso / idenso

Modular codes for Maximum flexibility

<latexit sha1_base64="JDbZ5Gt8OQP/HPMZZfmMRdslXC8=">AAACD3icbVBLSgNBFOzxG+Nvoks3g0FwFWZEosugGxcuIpgPJCH0dF6SJt3TQ/cbNQw5hAdwq0dwJ249gifwGnY+C5NY0FDUq+K9rjAW3KDvfzsrq2vrG5uZrez2zu7evps7qBqVaAYVpoTS9ZAaEDyCCnIUUI81UBkKqIWD6/G89gDacBXd4zCGlqS9iHc5o2iltptr9qiUtInwhOmtUvGo7eb9gj+Bt0yCGcmTGcpt96fZUSyRECET1JhG4MfYSqlGzgSMss3EQEzZgPagYWlEJZhWOjl95J1YpeN1lbYvQm+i/k2kVBozlKF1Sop9Mzczdl0fOqPFwNj5X6CRYPeylfIoThAiNt3eTYSHyhuX43W4BoZiaAllmtsPeKxPNWVoK8zaZoLFHpZJ9awQFAvFu/N86WrWUYYckWNySgJyQUrkhpRJhTDySF7IK3lznp1358P5nFpXnFnmkMzB+foFaP2dSw==</latexit>

ωLoop Low-level ~ “Open-source CAS / Compiler ”

<latexit sha1_base64="97rpO4U/0ay4SbV5jxtuY6r7LsA=">AAACA3icbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+4B2KJnMnTY0kxmSjFBKl36AW/0Ed+LWD/EL/A3Tdha29UDgcO453JsTpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6iRTDBssEYlqB1Sj4BIbhhuB7VQhjQOBrWB4N523nlBpnshHM0rRj2lf8ogzaqzU6uos1Wh6pbJbcWcgq8TLSRly1Huln26YsCxGaZigWnc8NzX+mCrDmcBJsZtpTCkb0j52LJU0Ru2PZ+dOyLlVQhIlyj5pyEz9mxjTWOtRHFhnTM1AL8y0XTfAcLIcmDr/C3QyE934Yy7TzKBk8+1RJohJyLQQEnKFzIiRJZQpbj9A2IAqyoytrWib8ZZ7WCXNy4pXrVQfrsq127yjApzCGVyAB9dQg3uoQwMYDOEFXuHNeXbenQ/nc25dc/LMCSzA+foFzJOYpA==</latexit>→
User-friendly 

•  Neural multi-channel importance sampling MadNIS
T. Heimel & al tool tailored to gammaBoard

• Monte-Carlo integration harness / dashboard GammaBoard
Full generic: use it!

Components often distributed independently as sub-crates on:
https://github.com/alphal00p/gammaloop/tree/main/crates/XXX

24

https://github.com/alphal00p/gammaloop/tree/main/crates/gammaloop-api
https://github.com/alphal00p/gammaloop/tree/main/crates/linnet
https://github.com/alphal00p/gammaloop/tree/main/crates/vakint
https://github.com/alphal00p/spenso
https://github.com/alphal00p/gammaloop/tree/main/crates/spenso
https://github.com/alphal00p/gammaloop/tree/main/crates/idenso
https://github.com/alphal00p/madnis_gammaboard_api
https://github.com/alphal00p/gammaboard
https://github.com/alphal00p/gammaloop
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The LoopFest 2020 challenge

My interpretation

…

<latexit sha1_base64="vhJB0KPNA20nM8iIa3rBu657Zkg=">AAAB/3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmVF+4A2lMnkph06mYSZiVBCF36AW/0Ed+LWT/EL/A2nbRa29cDA4dxzuHeOn3CmtON8W4W19Y3NreJ2aWd3b/+gfHjUUnEqKTZpzGPZ8YlCzgQ2NdMcO4lEEvkc2/7odjpvP6FULBaPepygF5GBYCGjRBvpIem7/XLFqToz2KvEzUkFcjT65Z9eENM0QqEpJ0p1XSfRXkakZpTjpNRLFSaEjsgAu4YKEqHystmpE/vMKIEdxtI8oe2Z+jeRkUipceQbZ0T0UC3MlFk3xGCyHJg6/wt0Ux1eexkTSapR0Pn2MOW2ju1pGXbAJFLNx4YQKpn5gE2HRBKqTWUl04y73MMqaV1U3Vq1dn9Zqd/kHRXhBE7hHFy4gjrcQQOaQGEAL/AKb9az9W59WJ9za8HKM8ewAOvrF/7Alnw=</latexit>p1

<latexit sha1_base64="FvRGBRT3JHLTdA6ab4HV4WnFVLo=">AAAB/3icbVDLSsNAFL3xWeur6tJNsAiuSlKkuiy6cVnRPqANZTK5aYdOJmFmIpTQhR/gVj/Bnbj1U/wCf8Npm4VtPTBwOPcc7p3jJ5wp7Tjf1tr6xubWdmGnuLu3f3BYOjpuqTiVFJs05rHs+EQhZwKbmmmOnUQiiXyObX90O523n1AqFotHPU7Qi8hAsJBRoo30kPSr/VLZqTgz2KvEzUkZcjT6pZ9eENM0QqEpJ0p1XSfRXkakZpTjpNhLFSaEjsgAu4YKEqHystmpE/vcKIEdxtI8oe2Z+jeRkUipceQbZ0T0UC3MlFk3xGCyHJg6/wt0Ux1eexkTSapR0Pn2MOW2ju1pGXbAJFLNx4YQKpn5gE2HRBKqTWVF04y73MMqaVUrbq1Su78s12/yjgpwCmdwAS5cQR3uoAFNoDCAF3iFN+vZerc+rM+5dc3KMyewAOvrFwBoln0=</latexit>p2

<latexit sha1_base64="JpVD0doojhwG0Nr5XotlmPrIBwo=">AAAB/3icbVBLSgNBFHzjN8Zf1KWbxiC4CjMq0WXQjcuI5gPJEHp63iRNej509whhyMIDuNUjuBO3HsUTeA07ySxMYkFDUa+K97q8RHClbfvbWlldW9/YLGwVt3d29/ZLB4dNFaeSYYPFIpZtjyoUPMKG5lpgO5FIQ09gyxveTuatJ5SKx9GjHiXohrQf8YAzqo30kPQueqWyXbGnIMvEyUkZctR7pZ+uH7M0xEgzQZXqOHai3YxKzZnAcbGbKkwoG9I+dgyNaIjKzaanjsmpUXwSxNK8SJOp+jeR0VCpUegZZ0j1QM3NlFk3QH+8GJg4/wt0Uh1cuxmPklRjxGbbg1QQHZNJGcTnEpkWI0Mok9x8gLABlZRpU1nRNOMs9rBMmucVp1qp3l+Wazd5RwU4hhM4AweuoAZ3UIcGMOjDC7zCm/VsvVsf1ufMumLlmSOYg/X1CwIBln4=</latexit>p3

<latexit sha1_base64="ZoR8Me73Hz6OflOXXOfkNuxx9ik=">AAAB/3icbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmVF+4A2lMnkph06mYSZiVBCF36AW/0Ed+LWT/EL/A2nbRa29cDA4dxzuHeOn3CmtON8W4W19Y3NreJ2aWd3b/+gfHjUUnEqKTZpzGPZ8YlCzgQ2NdMcO4lEEvkc2/7odjpvP6FULBaPepygF5GBYCGjRBvpIelf9ssVp+rMYK8SNycVyNHol396QUzTCIWmnCjVdZ1EexmRmlGOk1IvVZgQOiID7BoqSITKy2anTuwzowR2GEvzhLZn6t9ERiKlxpFvnBHRQ7UwU2bdEIPJcmDq/C/QTXV47WVMJKlGQefbw5TbOranZdgBk0g1HxtCqGTmAzYdEkmoNpWVTDPucg+rpHVRdWvV2v1lpX6Td1SEEziFc3DhCupwBw1oAoUBvMArvFnP1rv1YX3OrQUrzxzDAqyvXwOaln8=</latexit>p4

x15

[Basso,Dixon:1705.03545]

[Broadhurst,Davydychev:1705.03545]No the easiest…

1x15 fishnet was the closest shot then
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The LoopFest 2026 challenge

My interpretation

Now more doable!
<latexit sha1_base64="gyuDKeq1e6o/TTCLmLqknFv9/Vo="></latexit>

ωω(p0 + p1) → ωω(p2 + p3)ω(p4)ω(p5)ω(p6)

5-point vector fusion through top loop !

Drawn using linnet (within typst)

https://github.com/alphal00p/gammaloop/tree/main/crates/linnet
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The LoopFest 2026 challenge
Two-loop 5-point challenge diagram Two-loop 5-point challenge diagram

digraph BNL { 
  num = "1"; 
  overall_factor = "1"; 
  overall_factor_evaluated = "1"; 
  projector = "vbar(0,spenso::bis(4,hedge(0))) 
    * u(1,spenso::bis(4,hedge(1))) 
    * v(2,spenso::bis(4,hedge(2))) 
    * ubar(3,spenso::bis(4,hedge(3))) 
    * ebar(4,spenso::mink(4,hedge(4))) 
    * ebar(5,spenso::mink(4,hedge(5))) 
    * ebar(6,spenso::mink(4,hedge(6)))"; 

  ext [style=invis] 
  ext  -> 0:0 [id=0 particle="e+"]; 
  ext -> 0:1 [id=1 particle="e-"]; 

  1:2 -> ext [id=2 particle="mu+"]; 
  1:3 -> ext [id=3 particle="mu-"]; 
  2:4 -> ext [id=4 particle="a"]; 
  3:5 -> ext [id=5 particle="a"]; 
  4:6 -> ext [id=6 particle="a"]; 

  0 -> 5 [id=7 particle="a"]; 
  6 -> 1 [id=8 particle="a"]; 

  5 -> 6 [id=9 particle="t" lmb_id=0]; 
  6 -> 2 [id=10 particle="t"]; 
  2 -> 3 [id=11 particle="t"]; 
  3 -> 7 [id=12 particle="t"]; 
  7 -> 4 [id=13 particle="t"]; 
  4 -> 8 [id=14 particle="t"]; 
  8 -> 5 [id=15 particle="t"]; 
  7 -> 8 [id=16 particle="g" lmb_id=1]; 
}

"dot" format documentation

https://wiki.alphaloop.ch/en/gammaLoop/input_graphs
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The LoopFest 2026 demo
https://gammaloop.hirschi.lu

https://gammaloop.hirschi.lu/
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The LoopFest 2026 demo
https://gammaloop.hirschi.lu/board

https://gammaloop.hirschi.lu/
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The LoopFest 2026 demo
https://gammaloop.hirschi.lu/challenge

https://gammaloop.hirschi.lu/
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Thank you for your attention
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Thank you for your attention
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Backup Slides
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Loop-Tree Duality
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(one)-Loop Tree duality mock-up

F (x) =
1

x2 +A2

1

x2 +B2

1

x2 + C2I =

Z +1

�1
dxF (x)

1

(x�Ai)(x+Ai)

1

(x�Bi)(x+Bi)

1

(x� Ci)(x+ Ci)
F (x) =

Re(x)

Im(x)

Ai

Bi

Ci

�

�
�

Ci

Bi

Ai

Cauchy: R(x?) ⌘ Res(F, x = x?)(                                    )

What does it correspond to for a one-loop integral?

34

I = (�2⇡i)[R(Ai) +R(Bi) +R(Ci)]

Assumptions ! {A > 0, B > 0, C > 0}(                                                 )
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(one-)Loop Tree duality
1
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=
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q
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q
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◆
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Pole selected for each propagator

35

(one-)Loop Tree duality
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Pole selected for each propagator

35

(one-)Loop Tree duality
1

k2 �M2 + i�
=

1

(k0)2 � |~k|2 �M2 + i�

=
1✓

k0 �
q

|~k|2 +M2 � i�

◆✓
k0 +

q
|~k|2 +M2 � i�

◆

� I2 � I3

�pµ1

pµ1 + pµ2

�pµ2

I

(k � p1)
�2

(k � p1 � p2)
�2

k�2 =
LTD

� I1

⌘ �(q2i )⇥(q0i )

Analogous 1-loop triangle case:
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Pole selected for each propagator

35

(one-)Loop Tree duality
1

k2 �M2 + i�
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=
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q
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� I2 � I3

�pµ1

pµ1 + pµ2

�pµ2

I

(k � p1)
�2

(k � p1 � p2)
�2

k�2 =
LTD

� I1

⌘ �(q2i )⇥(q0i )

Analogous 1-loop triangle case:

[ Catani & al., arxiv:0804.3170 ]
General 1-loop case: I = �

35
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2

1
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3
=

1

2⇡i

Z

R
dk0

 Multi-Loop Tree Duality: cLTD
[ Capatti, VH, Pelloni, Kermanschah, Ruijl, arxiv:2009.05509 ]

Using partial fractioning, H-surfaces can be algebraically canceled: 

https://arxiv.org/abs/2009.05509
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(two-)Loop Tree duality mock-up
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Z +1

�1
dx

Z +1

�1
dy
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�1
dy

38



38

(two-)Loop Tree duality mock-up

I =

Z +1

�1
dx

Z +1

�1
dy

1

(x�Ai)(x+Ai)

1

(y �Bi)(y +Bi)

1

(x+ y � Ci)(x+ y + Ci)

Integrate x first:

⇤

⇤
I = (�2⇡i)

Z 1

�1
dy

1

2Ai

1

(y �Bi)(y +Bi)

1

(Ai+ y � Ci)(Ai+ y + Ci)
⇥(A)

38



38

(two-)Loop Tree duality mock-up

I =

Z +1

�1
dx

Z +1

�1
dy

1

(x�Ai)(x+Ai)

1

(y �Bi)(y +Bi)

1

(x+ y � Ci)(x+ y + Ci)

Integrate x first:

⇤

⇤
I = (�2⇡i)

Z 1

�1
dy

1

2Ai

1

(y �Bi)(y +Bi)

1

(Ai+ y � Ci)(Ai+ y + Ci)
⇥(A)

1

�2Ai

1

(y �Bi)(y +Bi)

1

(Ai+ y � Ci)(Ai+ y + Ci)
⇥(�A)+

38



38
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(two-)Loop Tree duality mock-up
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The signs of the residues selected are non-trivial ! 
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 Multi-Loop Tree Duality

Analogous sunrise case:

R(+1,+1, 0)
+ R(-1, 0,+1)

I = (2⇡i)2
⇥

+ R( 0,+1,+1) ]

(k2 �m2
1 + i�)�1

((k + l + p)2 �m2
3 + i�)�1

(l2 �m2
3 + i�)�1

Now, what about beyond two-loop and arbitrary topologies ? 

• Distributional identities:

• Averaging procedure:

[ Bierenbaum, Catani, Draggiotis, Rodrigo, arxiv: 1007.0194 ]

[ Runkel, Scór, Vesga, Weinzierl, arxiv: 1902.02135 ]

41

• Iterative procedure:

[ Capatti, VH, Kermanschah, Ruijl, arxiv:1906.06138 ]

[ Capatti, VH, Kermanschah, Ruijl, arxiv: 1906.06138 ]
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 Multi-Loop Tree Duality
[ Capatti, VH, Kermanschah, Ruijl, arxiv:1906.06138 ]

We iteratively apply the residue theorem: 

,
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 Multi-Loop Tree Duality
[ Capatti, VH, Kermanschah, Ruijl, arxiv:1906.06138 ]

We iteratively apply the residue theorem: 

,

           Key characteristics: 

A single residue per spanning-tree of the graph, with a common sign.
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 Multi-Loop Tree Duality
[ Capatti, VH, Kermanschah, Ruijl, arxiv:1906.06138 ]

We iteratively apply the residue theorem: 

,

           Key characteristics: 

A single residue per spanning-tree of the graph, with a common sign.
No surviving Heaviside factors, all identically simplify to zero or one.
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 Multi-Loop Tree Duality
[ Capatti, VH, Kermanschah, Ruijl, arxiv:1906.06138 ]

We iteratively apply the residue theorem: 

,

           Key characteristics: 

A single residue per spanning-tree of the graph, with a common sign.
No surviving Heaviside factors, all identically simplify to zero or one.

Verified explicitly up to six loops.
Also valid for complex momenta and masses.†

†Credits to S. Weinzierl 

Algorithmic determination of the cut-structure         : �b
j

Given a:  - loop momentum basis 
 - choice of complex contour closure (upper or lower)
 - ordering in the integration of loop momenta energies

we can compute the cut structure signs for any multi-loop topology.
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 Multi-Loop Tree Duality
[ Capatti, VH, Kermanschah, Ruijl, arxiv:1906.06138 ]

Three-loop example (showcasing the irrelevance of external momenta).
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 Multi-Loop Tree Duality
[ Capatti, VH, Kermanschah, Ruijl, arxiv:1906.06138 ]

Three-loop example (showcasing the irrelevance of external momenta).
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 Multi-Loop Tree Duality
[ Capatti, VH, Kermanschah, Ruijl, arxiv:1906.06138 ]

Three-loop example (showcasing the irrelevance of external momenta).

+

+ +
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 Multi-Loop Tree Duality
[ Capatti, VH, Kermanschah, Ruijl, arxiv:1906.06138 ]

Three-loop example (showcasing the irrelevance of external momenta).

+

+ +

+

-

-
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 Multi-Loop Tree Duality
[ Capatti, VH, Kermanschah, Ruijl, arxiv:1906.06138 ]

Three-loop example (showcasing the irrelevance of external momenta).

Ex. of an invalid
spanning tree:

+

+ +

+

-

-
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 Multi-Loop Tree Duality: Singularities
The sunrise again, with more details:

R(+1,+1, 0)

+ R(-1, 0,+1)
I = (2⇡i)2

⇥

+ R( 0,+1,+1) ]

(k2 �m2
1 + i�)�1

((k + l + p)2 �m2
3 + i�)�1

(l2 �m2
2 + i�)�1
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 Multi-Loop Tree Duality: Singularities
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identical signs  : bounded ellipsoid-like surface requiring deformation: E-surfaces 
otherwise        : unbounded hyperboloid-like surface dual-cancelling: H-surfaces
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For Euclidean kinematics (          ) :p2i < 0

E-surface has no solution      no non-integrable singularity      no deformation needed

( on-shell energies:                                  )Ei(~ki) =
q
~k2i +m2

i � i�
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 Multi-Loop Tree Duality: cLTD

45

[ Capatti, VH, Pelloni, Kermanschah, Ruijl, arxiv:2009.05509 ]

The cLTD representation is closely related to Time Ordered Perturbation Theory 

1

2E1

1

(E1 � p01 + p03)
2 � E2

3

+
1

(E1 � p01 + p02)
2 � E2

2

https://arxiv.org/abs/2009.05509
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In general however, no one-to-one correspondence. cLTD has fewer terms.

https://arxiv.org/abs/2009.05509
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 Multi-Loop Tree Duality: cLTD

46

[ Capatti, VH, Pelloni, Kermanschah, Ruijl, arxiv:2009.05509 ]

We give a completely general and algorithmic construction of cLTD:

https://arxiv.org/abs/2009.05509
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 Multi-Loop Tree Duality: cLTD

47

[ Capatti, VH, Pelloni, Kermanschah, Ruijl, arxiv:2009.05509 ]

cLTD completely cures numerical stability issue in the UV region:

https://arxiv.org/abs/2009.05509
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Threshold regularisation
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Singular surfaces - 2D ellipsoids 

49

‣ General one-loop ellipsoid expression:

Eij(~k) =

r⇣
~k + ~pi

⌘2
+m2

i � i�

+

r⇣
~k + ~pj

⌘2
+m2

j � i� � p0i + p0j

kx

kykz
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Deforming around singular 2D-ellipsoids

50

Deformation:                           ~k ! ~k � i~ Causal prescription imposes: ~ · ~nEij > 0
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Deforming around singular 2D-ellipsoids

51

How to construct such a field? For example for this case:
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[ Capatti, VH, Kermanschah, Pelloni, Ruijl ] 
[ arxiv:1906.06138 ]
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51

How to construct such a field? For example for this case:
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A radial field centered in 
the inside of all ellipsoids!

[ Capatti, VH, Kermanschah, Pelloni, Ruijl ] 
[ arxiv:1906.06138 ]
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Deforming around singular 2D-ellipsoids

52
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But then what if there is no point in the inside of all ellipsoids ( Box4E example ) ?
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Deforming around singular 2D-ellipsoids
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But then what if there is no point in the inside of all ellipsoids ( Box4E example ) ?
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threshold subtraction instead of deformation
[ D. Kermanschah, arXiv : 2110.06869 ]
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<latexit sha1_base64="UZetII9JHx1VIEjHG5YqJuQN3Ww=">AAACF3icbZDLSsNAFIYnXmu9RV26CRZBkIaMKLoRim5cVrAXaGKYTCft0MmFmUmhpHkLN76KGxeKuNWdb+M0jaCtB4b5+P9zmDm/FzMqpGV9aQuLS8srq6W18vrG5ta2vrPbFFHCMWngiEW87SFBGA1JQ1LJSDvmBAUeIy1vcD3xW0PCBY3COzmKiROgXkh9ipFUkqubl7bPEU5hlo7tIcHpIBsf/1A1v+PMheNq7MJ7K3P1imVaeRnzAAuogKLqrv5pdyOcBCSUmCEhOtCKpZMiLilmJCvbiSAxwgPUIx2FIQqIcNJ8r8w4VErX8COuTiiNXP09kaJAiFHgqc4Ayb6Y9Sbif14nkf6Fk9IwTiQJ8fQhP2GGjIxJSEaXcoIlGylAmFP1VwP3kcpJqijLKgQ4u/I8NE9MeGZat6eV2lURRwnsgwNwBCA4BzVwA+qgATB4AE/gBbxqj9qz9qa9T1sXtGJmD/wp7eMb7higYA==</latexit>

=
1
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<latexit sha1_base64="anu39HVt36yj6+uH21e66NavsNY="></latexit>
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2|~k|� 2
/ 1q

k2x + k2y � 1

https://arxiv.org/abs/2110.06869
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� - - - -(K )<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2(K ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2

<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3(K ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

<latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4(K ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤ <latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4

+ (K ) )<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤K( + (K ) )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤K( + (K ) )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\K(<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2 <latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3 <latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤

https://arxiv.org/pdf/2203.11038.pdf
https://inspirehep.net/literature/55117
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Localised Renormalisation

=R( )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�=

<latexit sha1_base64="92wzqQoomrmGqZtZnj3/NY+flyw="></latexit>
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� \ S ⇤
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�2S
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[ Capatti, VH, Ruijl, arxiv : 2203.11038 ] [ BPHZ refs. ]

UV subgraphs :
=

<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2=

<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3=
<latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4=

<latexit sha1_base64="cyBLuognkUs40Kt0aiwfbcrmmPs="></latexit>

dod
�
�{1,2,3}

�
= 0

dod (�4) = 2

( <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�R ) =
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

� - - - -(K )<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2(K ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2

<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3(K ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

<latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4(K ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤ <latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4

+ (K ) )<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤K( + (K ) )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤K( + (K ) )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\K(<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2 <latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3 <latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤

<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�What is the operator K(   ) ? Anything we want ! so long as it:
•  Locally cancels UV divergences of    , even in the presence of nestings  
• Yields results immediately renormalised in the chosen scheme (            )
•Minimal analytics: at most single-scale all-massive vacuum integrals

<latexit sha1_base64="GPN5ZPBhNRoleHJHuluvqMimHaA=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAiCUBJRdFl040as1D6gCWUynbZDJ5MwcyOWkJ0bf8WNC0Xc+gvu/BsnbRbaemDgcM493LnHjzhTYNvfxtz8wuLScmGluLq2vrFpbm03VBhLQusk5KFs+VhRzgStAwNOW5GkOPA5bfrDy8xv3lOpWCjuYBRRL8B9wXqMYNBSx9xzQ21n6cQF+gDJdS1Njyb0ppZ2zJJdtsewZomTkxLKUe2YX243JHFABRCOlWo7dgRegiUwwmladGNFI0yGuE/bmgocUOUl4ztS60ArXasXSv0EWGP1dyLBgVKjwNeTAYaBmvYy8T+vHUPv3EuYiGKggkwW9WJuQWhlpVhdJikBPtIEE8n0Xy0ywBIT0NUVdQnO9MmzpHFcdk7L9u1JqXKR11FAu2gfHSIHnaEKukJVVEcEPaJn9IrejCfjxXg3Piajc0ae2UF/YHz+AEX/mjI=</latexit>

MS+OS

<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

https://arxiv.org/pdf/2203.11038.pdf
https://inspirehep.net/literature/55117
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Local renormalisation operator K
(K )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>� := (T )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�Our solution:

(T )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>� := Local CT : Taylor expansion around the “UV point” up to 
<latexit sha1_base64="KU1E/DiQ+Iy0qO6OJ5DjHXgQKPQ=">AAAB+3icbVBNS8NAEN34WetXrEcvwSLUS0lE0WPRi8cK9gOaUDabTbt0Nxt2J9IS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MOVMg+t+W2vrG5tb26Wd8u7e/sGhfVRpa5kpQltEcqm6IdaUs4S2gAGn3VRRLEJOO+HobuZ3nqjSTCaPMElpIPAgYTEjGIzUtys+0DHkkYymNX+AhcDnfbvq1t05nFXiFaSKCjT79pcfSZIJmgDhWOue56YQ5FgBI5xOy36maYrJCA9oz9AEC6qDfH771DkzSuTEUplKwJmrvydyLLSeiNB0CgxDvezNxP+8XgbxTZCzJM2AJmSxKM64A9KZBeFETFECfGIIJoqZWx0yxAoTMHGVTQje8surpH1R967q7sNltXFbxFFCJ+gU1ZCHrlED3aMmaiGCxugZvaI3a2q9WO/Wx6J1zSpmjtEfWJ8/+YqUYw==</latexit>

dod(�)
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Local renormalisation operator K
(K )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>� := (T )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�Our solution:

(T )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>� := Local CT : Taylor expansion around the “UV point” up to 
<latexit sha1_base64="KU1E/DiQ+Iy0qO6OJ5DjHXgQKPQ=">AAAB+3icbVBNS8NAEN34WetXrEcvwSLUS0lE0WPRi8cK9gOaUDabTbt0Nxt2J9IS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MOVMg+t+W2vrG5tb26Wd8u7e/sGhfVRpa5kpQltEcqm6IdaUs4S2gAGn3VRRLEJOO+HobuZ3nqjSTCaPMElpIPAgYTEjGIzUtys+0DHkkYymNX+AhcDnfbvq1t05nFXiFaSKCjT79pcfSZIJmgDhWOue56YQ5FgBI5xOy36maYrJCA9oz9AEC6qDfH771DkzSuTEUplKwJmrvydyLLSeiNB0CgxDvezNxP+8XgbxTZCzJM2AJmSxKM64A9KZBeFETFECfGIIJoqZWx0yxAoTMHGVTQje8surpH1R967q7sNltXFbxFFCJ+gU1ZCHrlED3aMmaiGCxugZvaI3a2q9WO/Wx6J1zSpmjtEfWJ8/+YqUYw==</latexit>

dod(�)

==<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1 <latexit sha1_base64="GZHzWi7p6proNzXMFJk7gFGN05o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD09eM8w==</latexit>

k
<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="cRcfECyy1dd4xfaCtEddYJc2Fp4="></latexit>

N�1(k, p1, p2,m)

( (k � p1)2 �m2 )( k2 )( (k + p2)2 �m2 )

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
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Local renormalisation operator K
(K )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>� := (T )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�Our solution:

(T )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>� := Local CT : Taylor expansion around the “UV point” up to 
<latexit sha1_base64="KU1E/DiQ+Iy0qO6OJ5DjHXgQKPQ=">AAAB+3icbVBNS8NAEN34WetXrEcvwSLUS0lE0WPRi8cK9gOaUDabTbt0Nxt2J9IS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MOVMg+t+W2vrG5tb26Wd8u7e/sGhfVRpa5kpQltEcqm6IdaUs4S2gAGn3VRRLEJOO+HobuZ3nqjSTCaPMElpIPAgYTEjGIzUtys+0DHkkYymNX+AhcDnfbvq1t05nFXiFaSKCjT79pcfSZIJmgDhWOue56YQ5FgBI5xOy36maYrJCA9oz9AEC6qDfH771DkzSuTEUplKwJmrvydyLLSeiNB0CgxDvezNxP+8XgbxTZCzJM2AJmSxKM64A9KZBeFETFECfGIIJoqZWx0yxAoTMHGVTQje8surpH1R967q7sNltXFbxFFCJ+gU1ZCHrlED3aMmaiGCxugZvaI3a2q9WO/Wx6J1zSpmjtEfWJ8/+YqUYw==</latexit>

dod(�)

<latexit sha1_base64="UtfpTgfPFlOEsc4SYrnKGy2okRY="></latexit>

��
1 :=

<latexit sha1_base64="6Shi3d781XHlh5RXF9vtouVh594="></latexit>

N�1(k,�p1,�p2,�m)

(k � �p1)2 �m2
UV � �2(m2 �m2

UV))(k
2 �m2

UV)((k + �p2)2 �m2
UV � �2(m2 �m2

UV) )

==<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1 <latexit sha1_base64="GZHzWi7p6proNzXMFJk7gFGN05o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD09eM8w==</latexit>

k
<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="cRcfECyy1dd4xfaCtEddYJc2Fp4="></latexit>

N�1(k, p1, p2,m)

( (k � p1)2 �m2 )( k2 )( (k + p2)2 �m2 )

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
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Local renormalisation operator K
(K )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>� := (T )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�Our solution:

(T )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>� := Local CT : Taylor expansion around the “UV point” up to 
<latexit sha1_base64="KU1E/DiQ+Iy0qO6OJ5DjHXgQKPQ=">AAAB+3icbVBNS8NAEN34WetXrEcvwSLUS0lE0WPRi8cK9gOaUDabTbt0Nxt2J9IS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MOVMg+t+W2vrG5tb26Wd8u7e/sGhfVRpa5kpQltEcqm6IdaUs4S2gAGn3VRRLEJOO+HobuZ3nqjSTCaPMElpIPAgYTEjGIzUtys+0DHkkYymNX+AhcDnfbvq1t05nFXiFaSKCjT79pcfSZIJmgDhWOue56YQ5FgBI5xOy36maYrJCA9oz9AEC6qDfH771DkzSuTEUplKwJmrvydyLLSeiNB0CgxDvezNxP+8XgbxTZCzJM2AJmSxKM64A9KZBeFETFECfGIIJoqZWx0yxAoTMHGVTQje8surpH1R967q7sNltXFbxFFCJ+gU1ZCHrlED3aMmaiGCxugZvaI3a2q9WO/Wx6J1zSpmjtEfWJ8/+YqUYw==</latexit>

dod(�)

<latexit sha1_base64="UtfpTgfPFlOEsc4SYrnKGy2okRY="></latexit>

��
1 :=

<latexit sha1_base64="6Shi3d781XHlh5RXF9vtouVh594="></latexit>

N�1(k,�p1,�p2,�m)

(k � �p1)2 �m2
UV � �2(m2 �m2

UV))(k
2 �m2

UV)((k + �p2)2 �m2
UV � �2(m2 �m2

UV) )

(T ) = T<latexit sha1_base64="mY01j+CKa1xI72AAi0huoLRxLbs="></latexit>

dod(�)
<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>� ( )

<latexit sha1_base64="tnJ8mjiCIKq9bWvXB+chbdr9law=">AAACIHicbVDLSgMxFM34tr6qLt0MFsGFlKT05U5041LBPqAzljtp2oYmM0OSEcrQT3Hjr7hxoYju9GvMtF34uhA4Oeeem5sTxIJrg/GHs7C4tLyyurae29jc2t7J7+41dZQoyho0EpFqB6CZ4CFrGG4Ea8eKgQwEawWji0xv3TGleRTemHHMfAmDkPc5BWOpbr7mDUBKuPWE9fQg9aYjO2oQ+CkuklK1XsYnuFitEELqFmB8WjqtTSbdfCG7ZOX+BWQOCmheV938u9eLaCJZaKgArTsEx8ZPQRlOBZvkvESzGOgIBqxjYQiSaT+dbjNxjyzTc/uRsic07pT97khBaj2Wge2UYIb6t5aR/2mdxPTrfsrDODEspLOH+olwTeRmabk9rhg1YmwBUMXtri4dggJqbKY5GwL5/eW/oFkqkkoRX5cLZ+fzONbQATpEx4igGjpDl+gKNRBF9+gRPaMX58F5cl6dt1nrgjP37KMf5Xx+ATSQn8U=</latexit>

�� =
<latexit sha1_base64="KH9ZyjziajAOo1+Py2Cgj+gydOs="></latexit>

dod(�)X

j=0

1

j!

dj

d�j
��

�����
�=0

(T0 ) =<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1, ~
<latexit sha1_base64="Zdr1Znq+bV3/VJUNX5KBV7VC7v4="></latexit>

N (k, 0, 0, 0)

(k2 �m2
UV)

3

==<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1 <latexit sha1_base64="GZHzWi7p6proNzXMFJk7gFGN05o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD09eM8w==</latexit>

k
<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="cRcfECyy1dd4xfaCtEddYJc2Fp4="></latexit>

N�1(k, p1, p2,m)

( (k � p1)2 �m2 )( k2 )( (k + p2)2 �m2 )

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
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Local renormalisation operator K
- ([ T ] )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�(K )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>� := (T )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�Our solution:

(T )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>� := Local CT : Taylor expansion around the “UV point” up to 
<latexit sha1_base64="KU1E/DiQ+Iy0qO6OJ5DjHXgQKPQ=">AAAB+3icbVBNS8NAEN34WetXrEcvwSLUS0lE0WPRi8cK9gOaUDabTbt0Nxt2J9IS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MOVMg+t+W2vrG5tb26Wd8u7e/sGhfVRpa5kpQltEcqm6IdaUs4S2gAGn3VRRLEJOO+HobuZ3nqjSTCaPMElpIPAgYTEjGIzUtys+0DHkkYymNX+AhcDnfbvq1t05nFXiFaSKCjT79pcfSZIJmgDhWOue56YQ5FgBI5xOy36maYrJCA9oz9AEC6qDfH771DkzSuTEUplKwJmrvydyLLSeiNB0CgxDvezNxP+8XgbxTZCzJM2AJmSxKM64A9KZBeFETFECfGIIJoqZWx0yxAoTMHGVTQje8surpH1R967q7sNltXFbxFFCJ+gU1ZCHrlED3aMmaiGCxugZvaI3a2q9WO/Wx6J1zSpmjtEfWJ8/+YqUYw==</latexit>

dod(�)

<latexit sha1_base64="UtfpTgfPFlOEsc4SYrnKGy2okRY="></latexit>

��
1 :=

<latexit sha1_base64="6Shi3d781XHlh5RXF9vtouVh594="></latexit>

N�1(k,�p1,�p2,�m)

(k � �p1)2 �m2
UV � �2(m2 �m2

UV))(k
2 �m2

UV)((k + �p2)2 �m2
UV � �2(m2 �m2

UV) )

(T ) = T<latexit sha1_base64="mY01j+CKa1xI72AAi0huoLRxLbs="></latexit>

dod(�)
<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>� ( )

<latexit sha1_base64="tnJ8mjiCIKq9bWvXB+chbdr9law=">AAACIHicbVDLSgMxFM34tr6qLt0MFsGFlKT05U5041LBPqAzljtp2oYmM0OSEcrQT3Hjr7hxoYju9GvMtF34uhA4Oeeem5sTxIJrg/GHs7C4tLyyurae29jc2t7J7+41dZQoyho0EpFqB6CZ4CFrGG4Ea8eKgQwEawWji0xv3TGleRTemHHMfAmDkPc5BWOpbr7mDUBKuPWE9fQg9aYjO2oQ+CkuklK1XsYnuFitEELqFmB8WjqtTSbdfCG7ZOX+BWQOCmheV938u9eLaCJZaKgArTsEx8ZPQRlOBZvkvESzGOgIBqxjYQiSaT+dbjNxjyzTc/uRsic07pT97khBaj2Wge2UYIb6t5aR/2mdxPTrfsrDODEspLOH+olwTeRmabk9rhg1YmwBUMXtri4dggJqbKY5GwL5/eW/oFkqkkoRX5cLZ+fzONbQATpEx4igGjpDl+gKNRBF9+gRPaMX58F5cl6dt1nrgjP37KMf5Xx+ATSQn8U=</latexit>

�� =
<latexit sha1_base64="KH9ZyjziajAOo1+Py2Cgj+gydOs="></latexit>

dod(�)X

j=0

1

j!

dj

d�j
��

�����
�=0

(T0 ) =<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1, ~
<latexit sha1_base64="Zdr1Znq+bV3/VJUNX5KBV7VC7v4="></latexit>

N (k, 0, 0, 0)

(k2 �m2
UV)

3

([ T ] )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>� := Integrated CT , [ T ]( )<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1 =
<latexit sha1_base64="nxUj1x0cwqvoK/UHVFFOvvBZORE="></latexit>✓

µ2
r

4⇡e��E

◆✏ Z
d4�2✏k =

<latexit sha1_base64="O9GPI7ZVYpaZ1VEVJA6FPrHqaJA=">AAACGXicbZDLSsNAFIYnXmu9RV26GSyCIJZEFN0IRTcuK9gLNGmYTCftkMkkzEyEEPIabnwVNy4Ucakr38Zpm4W2/jDw8Z9zOHN+P2FUKsv6NhYWl5ZXVitr1fWNza1tc2e3LeNUYNLCMYtF10eSMMpJS1HFSDcRBEU+Ix0/vBnXOw9ESBrze5UlxI3QkNOAYqS05ZmWI9PIy8OrE4fyQGVFPz8uCTqIJSPkhdAhiaQs5v08LDyzZtWtieA82CXUQKmmZ346gxinEeEKMyRlz7YS5eZIKIoZKapOKkmCcIiGpKeRo4hIN59cVsBD7QxgEAv9uIIT9/dEjiIps8jXnRFSIzlbG5v/1XqpCi7dnPIkVYTj6aIgZVDFcBwTHFBBsGKZBoQF1X+FeIQEwkqHWdUh2LMnz0P7tG6f1627s1rjuoyjAvbBATgCNrgADXALmqAFMHgEz+AVvBlPxovxbnxMWxeMcmYP/JHx9QPla6F8</latexit>

+1X

k=�1
↵k✏

k

==<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1 <latexit sha1_base64="GZHzWi7p6proNzXMFJk7gFGN05o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD09eM8w==</latexit>

k
<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="cRcfECyy1dd4xfaCtEddYJc2Fp4="></latexit>

N�1(k, p1, p2,m)

( (k � p1)2 �m2 )( k2 )( (k + p2)2 �m2 )

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
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Local renormalisation operator K

<latexit sha1_base64="DSuU9uKBwuBA1vldB3JoHrBkebY=">AAAB+nicbVC5TsNAEF1zhnA5UNJYREhUkY1AUEbQUAaJHFJsovV6nKyyPrQ7BiLjT6GhACFavoSOv2FzFJDwpJGe3pvRzDw/FVyhbX8bS8srq2vrpY3y5tb2zq5Z2WupJJMMmiwRiez4VIHgMTSRo4BOKoFGvoC2P7wa++17kIon8S2OUvAi2o95yBlFLfXMihuAQHqXuwiPmHeKomdW7Zo9gbVInBmpkhkaPfPLDRKWRRAjE1SprmOn6OVUImcCirKbKUgpG9I+dDWNaQTKyyenF9aRVgIrTKSuGK2J+nsip5FSo8jXnRHFgZr3xuJ/XjfD8MLLeZxmCDGbLgozYWFijXOwAi6BoRhpQpnk+laLDaikDHVaZR2CM//yImmd1Jyzmn1zWq1fzuIokQNySI6JQ85JnVyTBmkSRh7IM3klb8aT8WK8Gx/T1iVjNrNP/sD4/AERPJSG</latexit>

�X( )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>� := Renormalisation CT - [ T ]+
<latexit sha1_base64="Mp1LaaG7UZlNZQF9wyg7X4NJOfs=">AAACBnicbVDLSsNAFJ34rPUVdSlCsAiuSiKKLotu3AgV7QOaWCbT23bo5MHMjVhCVm78FTcuFHHrN7jzb5y0XWjrgYHDOefOzD1+LLhC2/425uYXFpeWCyvF1bX1jU1za7uuokQyqLFIRLLpUwWCh1BDjgKasQQa+AIa/uAi9xv3IBWPwlscxuAFtBfyLmcUtdQ299wOCKR3qRvpWH5L6iI8YHp1k2VZ2yzZZXsEa5Y4E1IiE1Tb5pfbiVgSQIhMUKVajh2jl1KJnAnIim6iIKZsQHvQ0jSkASgvHa2RWQda6VjdSOoTojVSf0+kNFBqGPg6GVDsq2kvF//zWgl2z7yUh3GCELLxQ91EWBhZeSdWh0tgKIaaUCa5/qvF+lRShrq5oi7BmV55ltSPys5J2b4+LlXOJ3UUyC7ZJ4fEIaekQi5JldQII4/kmbySN+PJeDHejY9xdM6YzOyQPzA+fwDTyZn+</latexit>

�MS( ):=
<latexit sha1_base64="2Jo4gz3rC7+6SRw+BDe8C6mvs4A=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4Cj0h6y3oRfASwSyQGUNPp5M06VnorlHDkP/w4kERr/6LN//GziKo6IOCx3tVVNXzIik0EPJhpVZW19Y30puZre2d3b3s/kFLh7FivMlCGaqORzWXIuBNECB5J1Kc+p7kbW98PvPbt1xpEQbXMIm469NhIAaCUTDSjeNRlTjA7yG5nE572RzJ24VytUgwyZdLtm1XDSGkVqhVsG3IDDm0RKOXfXf6IYt9HgCTVOuuTSJwE6pAMMmnGSfWPKJsTIe8a2hAfa7dZH71FJ8YpY8HoTIVAJ6r3ycS6ms98T3T6VMY6d/eTPzL68YwqLqJCKIYeMAWiwaxxBDiWQS4LxRnICeGUKaEuRWzEVWUgQkqY0L4+hT/T1qFvF3Kk6tirn62jCONjtAxOkU2qqA6ukAN1EQMKfSAntCzdWc9Wi/W66I1ZS1nDtEPWG+fl/2TPQ==</latexit>

K̄ ,
<latexit sha1_base64="2Jo4gz3rC7+6SRw+BDe8C6mvs4A=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4Cj0h6y3oRfASwSyQGUNPp5M06VnorlHDkP/w4kERr/6LN//GziKo6IOCx3tVVNXzIik0EPJhpVZW19Y30puZre2d3b3s/kFLh7FivMlCGaqORzWXIuBNECB5J1Kc+p7kbW98PvPbt1xpEQbXMIm469NhIAaCUTDSjeNRlTjA7yG5nE572RzJ24VytUgwyZdLtm1XDSGkVqhVsG3IDDm0RKOXfXf6IYt9HgCTVOuuTSJwE6pAMMmnGSfWPKJsTIe8a2hAfa7dZH71FJ8YpY8HoTIVAJ6r3ycS6ms98T3T6VMY6d/eTPzL68YwqLqJCKIYeMAWiwaxxBDiWQS4LxRnICeGUKaEuRWzEVWUgQkqY0L4+hT/T1qFvF3Kk6tirn62jCONjtAxOkU2qqA6ukAN1EQMKfSAntCzdWc9Wi/W66I1ZS1nDtEPWG+fl/2TPQ==</latexit>

K̄( <latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1 =)
<latexit sha1_base64="15x/zD1JE9zSuG3qZq+6b/J/+n8="></latexit>

+1X

k=0

↵k✏
k

in scheme X ,

- ([ T ] )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�(K )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>� := (T )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�Our solution: + ( )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�
<latexit sha1_base64="RoSZHD+XH+YWFnqwOq2Rf8k/q3U=">AAACEnicbZC7SgNBFIZnvcZ4W7W0WQyCIoRdUbQM2tiIEc0FsjHMTk6SIbMXZs6KYdlnsPFVbCwUsbWy822cJFto4oGBj/8/Z2bO70WCK7Ttb2Nmdm5+YTG3lF9eWV1bNzc2qyqMJYMKC0Uo6x5VIHgAFeQooB5JoL4noOb1z4d+7R6k4mFwi4MImj7tBrzDGUUttcx9tw0C6V3ihrpteEviIjxgcnmTpgcZX2lOW2bBLtqjsqbByaBAsiq3zC+3HbLYhwCZoEo1HDvCZkIlciYgzbuxgoiyPu1CQ2NAfVDNZLRSau1qpW11QqlPgNZI/T2RUF+pge/pTp9iT016Q/E/rxFj57SZ8CCKEQI2fqgTCwtDa5iP1eYSGIqBBsok13+1WI9KylCnmNchOJMrT0P1sOgcF+3ro0LpLIsjR7bJDtkjDjkhJXJByqRCGHkkz+SVvBlPxovxbnyMW2eMbGaL/Cnj8week59U</latexit>

�MS+OS

(T )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>� := Local CT : Taylor expansion around the “UV point” up to 
<latexit sha1_base64="KU1E/DiQ+Iy0qO6OJ5DjHXgQKPQ=">AAAB+3icbVBNS8NAEN34WetXrEcvwSLUS0lE0WPRi8cK9gOaUDabTbt0Nxt2J9IS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MOVMg+t+W2vrG5tb26Wd8u7e/sGhfVRpa5kpQltEcqm6IdaUs4S2gAGn3VRRLEJOO+HobuZ3nqjSTCaPMElpIPAgYTEjGIzUtys+0DHkkYymNX+AhcDnfbvq1t05nFXiFaSKCjT79pcfSZIJmgDhWOue56YQ5FgBI5xOy36maYrJCA9oz9AEC6qDfH771DkzSuTEUplKwJmrvydyLLSeiNB0CgxDvezNxP+8XgbxTZCzJM2AJmSxKM64A9KZBeFETFECfGIIJoqZWx0yxAoTMHGVTQje8surpH1R967q7sNltXFbxFFCJ+gU1ZCHrlED3aMmaiGCxugZvaI3a2q9WO/Wx6J1zSpmjtEfWJ8/+YqUYw==</latexit>

dod(�)

<latexit sha1_base64="UtfpTgfPFlOEsc4SYrnKGy2okRY="></latexit>

��
1 :=

<latexit sha1_base64="6Shi3d781XHlh5RXF9vtouVh594="></latexit>

N�1(k,�p1,�p2,�m)

(k � �p1)2 �m2
UV � �2(m2 �m2

UV))(k
2 �m2

UV)((k + �p2)2 �m2
UV � �2(m2 �m2

UV) )

(T ) = T<latexit sha1_base64="mY01j+CKa1xI72AAi0huoLRxLbs="></latexit>

dod(�)
<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>� ( )

<latexit sha1_base64="tnJ8mjiCIKq9bWvXB+chbdr9law=">AAACIHicbVDLSgMxFM34tr6qLt0MFsGFlKT05U5041LBPqAzljtp2oYmM0OSEcrQT3Hjr7hxoYju9GvMtF34uhA4Oeeem5sTxIJrg/GHs7C4tLyyurae29jc2t7J7+41dZQoyho0EpFqB6CZ4CFrGG4Ea8eKgQwEawWji0xv3TGleRTemHHMfAmDkPc5BWOpbr7mDUBKuPWE9fQg9aYjO2oQ+CkuklK1XsYnuFitEELqFmB8WjqtTSbdfCG7ZOX+BWQOCmheV938u9eLaCJZaKgArTsEx8ZPQRlOBZvkvESzGOgIBqxjYQiSaT+dbjNxjyzTc/uRsic07pT97khBaj2Wge2UYIb6t5aR/2mdxPTrfsrDODEspLOH+olwTeRmabk9rhg1YmwBUMXtri4dggJqbKY5GwL5/eW/oFkqkkoRX5cLZ+fzONbQATpEx4igGjpDl+gKNRBF9+gRPaMX58F5cl6dt1nrgjP37KMf5Xx+ATSQn8U=</latexit>

�� =
<latexit sha1_base64="KH9ZyjziajAOo1+Py2Cgj+gydOs="></latexit>

dod(�)X

j=0

1

j!

dj

d�j
��

�����
�=0

(T0 ) =<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1, ~
<latexit sha1_base64="Zdr1Znq+bV3/VJUNX5KBV7VC7v4="></latexit>

N (k, 0, 0, 0)

(k2 �m2
UV)

3

([ T ] )<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>� := Integrated CT , [ T ]( )<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1 =
<latexit sha1_base64="nxUj1x0cwqvoK/UHVFFOvvBZORE="></latexit>✓

µ2
r

4⇡e��E

◆✏ Z
d4�2✏k =

<latexit sha1_base64="O9GPI7ZVYpaZ1VEVJA6FPrHqaJA=">AAACGXicbZDLSsNAFIYnXmu9RV26GSyCIJZEFN0IRTcuK9gLNGmYTCftkMkkzEyEEPIabnwVNy4Ucakr38Zpm4W2/jDw8Z9zOHN+P2FUKsv6NhYWl5ZXVitr1fWNza1tc2e3LeNUYNLCMYtF10eSMMpJS1HFSDcRBEU+Ix0/vBnXOw9ESBrze5UlxI3QkNOAYqS05ZmWI9PIy8OrE4fyQGVFPz8uCTqIJSPkhdAhiaQs5v08LDyzZtWtieA82CXUQKmmZ346gxinEeEKMyRlz7YS5eZIKIoZKapOKkmCcIiGpKeRo4hIN59cVsBD7QxgEAv9uIIT9/dEjiIps8jXnRFSIzlbG5v/1XqpCi7dnPIkVYTj6aIgZVDFcBwTHFBBsGKZBoQF1X+FeIQEwkqHWdUh2LMnz0P7tG6f1627s1rjuoyjAvbBATgCNrgADXALmqAFMHgEz+AVvBlPxovxbnxMWxeMcmYP/JHx9QPla6F8</latexit>

+1X

k=�1
↵k✏

k

==<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1 <latexit sha1_base64="GZHzWi7p6proNzXMFJk7gFGN05o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD09eM8w==</latexit>

k
<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="cRcfECyy1dd4xfaCtEddYJc2Fp4="></latexit>

N�1(k, p1, p2,m)

( (k � p1)2 �m2 )( k2 )( (k + p2)2 �m2 )

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2



5858

R-operator unfolding

=
<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1

<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2=
<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3=

<latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4=
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

� =
with UV 

subgraphs

(R )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

� - - - -(T0 )<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2(T0 ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2

<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3(T0 ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

<latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4(T2 ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤ <latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4

+ ( ) )<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤( + ( ) )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤( + (T2  T0 ) )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤(<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2 <latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

=

+
<latexit sha1_base64="2Jo4gz3rC7+6SRw+BDe8C6mvs4A=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4Cj0h6y3oRfASwSyQGUNPp5M06VnorlHDkP/w4kERr/6LN//GziKo6IOCx3tVVNXzIik0EPJhpVZW19Y30puZre2d3b3s/kFLh7FivMlCGaqORzWXIuBNECB5J1Kc+p7kbW98PvPbt1xpEQbXMIm469NhIAaCUTDSjeNRlTjA7yG5nE572RzJ24VytUgwyZdLtm1XDSGkVqhVsG3IDDm0RKOXfXf6IYt9HgCTVOuuTSJwE6pAMMmnGSfWPKJsTIe8a2hAfa7dZH71FJ8YpY8HoTIVAJ6r3ycS6ms98T3T6VMY6d/eTPzL68YwqLqJCKIYeMAWiwaxxBDiWQS4LxRnICeGUKaEuRWzEVWUgQkqY0L4+hT/T1qFvF3Kk6tirn62jCONjtAxOkU2qqA6ukAN1EQMKfSAntCzdWc9Wi/W66I1ZS1nDtEPWG+fl/2TPQ==</latexit>

K̄ termsT2  T0T2  T0

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�



5858

R-operator unfolding

=
<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1

<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2=
<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3=

<latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4=
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

� =
with UV 

subgraphs

(R )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

� - - - -(T0 )<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2(T0 ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2

<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3(T0 ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

<latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4(T2 ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤ <latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4

+ ( ) )<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤( + ( ) )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤( + (T2  T0 ) )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤(<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2 <latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

=

+
<latexit sha1_base64="2Jo4gz3rC7+6SRw+BDe8C6mvs4A=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4Cj0h6y3oRfASwSyQGUNPp5M06VnorlHDkP/w4kERr/6LN//GziKo6IOCx3tVVNXzIik0EPJhpVZW19Y30puZre2d3b3s/kFLh7FivMlCGaqORzWXIuBNECB5J1Kc+p7kbW98PvPbt1xpEQbXMIm469NhIAaCUTDSjeNRlTjA7yG5nE572RzJ24VytUgwyZdLtm1XDSGkVqhVsG3IDDm0RKOXfXf6IYt9HgCTVOuuTSJwE6pAMMmnGSfWPKJsTIe8a2hAfa7dZH71FJ8YpY8HoTIVAJ6r3ycS6ms98T3T6VMY6d/eTPzL68YwqLqJCKIYeMAWiwaxxBDiWQS4LxRnICeGUKaEuRWzEVWUgQkqY0L4+hT/T1qFvF3Kk6tirn62jCONjtAxOkU2qqA6ukAN1EQMKfSAntCzdWc9Wi/W66I1ZS1nDtEPWG+fl/2TPQ==</latexit>

K̄ termsT2  T0T2  T0

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�

= - - - -

+ + + +
<latexit sha1_base64="2Jo4gz3rC7+6SRw+BDe8C6mvs4A=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4Cj0h6y3oRfASwSyQGUNPp5M06VnorlHDkP/w4kERr/6LN//GziKo6IOCx3tVVNXzIik0EPJhpVZW19Y30puZre2d3b3s/kFLh7FivMlCGaqORzWXIuBNECB5J1Kc+p7kbW98PvPbt1xpEQbXMIm469NhIAaCUTDSjeNRlTjA7yG5nE572RzJ24VytUgwyZdLtm1XDSGkVqhVsG3IDDm0RKOXfXf6IYt9HgCTVOuuTSJwE6pAMMmnGSfWPKJsTIe8a2hAfa7dZH71FJ8YpY8HoTIVAJ6r3ycS6ms98T3T6VMY6d/eTPzL68YwqLqJCKIYeMAWiwaxxBDiWQS4LxRnICeGUKaEuRWzEVWUgQkqY0L4+hT/T1qFvF3Kk6tirn62jCONjtAxOkU2qqA6ukAN1EQMKfSAntCzdWc9Wi/W66I1ZS1nDtEPWG+fl/2TPQ==</latexit>

K̄ terms



5858

R-operator unfolding

=
<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1

<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2=
<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3=

<latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4=
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

� =
with UV 

subgraphs

(R )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

� - - - -(T0 )<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2(T0 ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2

<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3(T0 ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

<latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4(T2 ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤ <latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4

+ ( ) )<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤( + ( ) )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤( + (T2  T0 ) )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤(<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2 <latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

=

+
<latexit sha1_base64="2Jo4gz3rC7+6SRw+BDe8C6mvs4A=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4Cj0h6y3oRfASwSyQGUNPp5M06VnorlHDkP/w4kERr/6LN//GziKo6IOCx3tVVNXzIik0EPJhpVZW19Y30puZre2d3b3s/kFLh7FivMlCGaqORzWXIuBNECB5J1Kc+p7kbW98PvPbt1xpEQbXMIm469NhIAaCUTDSjeNRlTjA7yG5nE572RzJ24VytUgwyZdLtm1XDSGkVqhVsG3IDDm0RKOXfXf6IYt9HgCTVOuuTSJwE6pAMMmnGSfWPKJsTIe8a2hAfa7dZH71FJ8YpY8HoTIVAJ6r3ycS6ms98T3T6VMY6d/eTPzL68YwqLqJCKIYeMAWiwaxxBDiWQS4LxRnICeGUKaEuRWzEVWUgQkqY0L4+hT/T1qFvF3Kk6tirn62jCONjtAxOkU2qqA6ukAN1EQMKfSAntCzdWc9Wi/W66I1ZS1nDtEPWG+fl/2TPQ==</latexit>

K̄ termsT2  T0T2  T0

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�

= - - - -

+ + + +
<latexit sha1_base64="2Jo4gz3rC7+6SRw+BDe8C6mvs4A=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4Cj0h6y3oRfASwSyQGUNPp5M06VnorlHDkP/w4kERr/6LN//GziKo6IOCx3tVVNXzIik0EPJhpVZW19Y30puZre2d3b3s/kFLh7FivMlCGaqORzWXIuBNECB5J1Kc+p7kbW98PvPbt1xpEQbXMIm469NhIAaCUTDSjeNRlTjA7yG5nE572RzJ24VytUgwyZdLtm1XDSGkVqhVsG3IDDm0RKOXfXf6IYt9HgCTVOuuTSJwE6pAMMmnGSfWPKJsTIe8a2hAfa7dZH71FJ8YpY8HoTIVAJ6r3ycS6ms98T3T6VMY6d/eTPzL68YwqLqJCKIYeMAWiwaxxBDiWQS4LxRnICeGUKaEuRWzEVWUgQkqY0L4+hT/T1qFvF3Kk6tirn62jCONjtAxOkU2qqA6ukAN1EQMKfSAntCzdWc9Wi/W66I1ZS1nDtEPWG+fl/2TPQ==</latexit>

K̄ terms

<latexit sha1_base64="GZHzWi7p6proNzXMFJk7gFGN05o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD09eM8w==</latexit>

k
<latexit sha1_base64="THlCflwBalydqi+qaWZsLlRG5J0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUEP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A1VuM9A==</latexit>

l

<latexit sha1_base64="AV9aJWW4ksQKVrrKAQbweHyzc1s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB1t+M9Q==</latexit>m

The four different
types of UV limits
are now finite !

<latexit sha1_base64="LT7xYgUW7eVbjMDpxhtY4089bGw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuKHoMevEY0TwgWcLsZDYZMo9lZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR7dRvPVFtmJKPdpzQUOCBZDEj2DrpYXQmeuWKX/VnQMskyEkFctR75a9uX5FUUGkJx8Z0Aj+xYYa1ZYTTSambGppgMsID2nFUYkFNmM1OnaATp/RRrLQradFM/T2RYWHMWESuU2A7NIveVPzP66Q2vg4zJpPUUknmi+KUI6vQ9G/UZ5oSy8eOYKKZuxWRIdaYWJdOyYUQLL68TJrn1eCy6t9fVGo3eRxFOIJjOIUArqAGd1CHBhAYwDO8wpvHvRfv3fuYtxa8fOYQ/sD7/AEGpY2g</latexit>

k,m
<latexit sha1_base64="mW1DV+C9zYGIz5KSU3/3s9CVL0g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuKHoMevEY0TwgWcLsZDYZMo9lZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR7dRvPVFtmJKPdpzQUOCBZDEj2DrpgZ+JXrniV/0Z0DIJclKBHPVe+avbVyQVVFrCsTGdwE9smGFtGeF0UuqmhiaYjPCAdhyVWFATZrNTJ+jEKX0UK+1KWjRTf09kWBgzFpHrFNgOzaI3Ff/zOqmNr8OMySS1VJL5ojjlyCo0/Rv1mabE8rEjmGjmbkVkiDUm1qVTciEEiy8vk+Z5Nbis+vcXldpNHkcRjuAYTiGAK6jBHdShAQQG8Ayv8OZx78V79z7mrQUvnzmEP/A+fwAIK42h</latexit>

l,m
<latexit sha1_base64="PF+3mnWY/l3qWd3ZPnlVhTQtnMI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlh9GZ6JUrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwms/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8r3qXVff+olK7yeMowhEcwyl4cAU1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8FIY2f</latexit>

k, l
<latexit sha1_base64="gl2X/ZBWddaUMEsY9MWWynqWEow=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBQymJKHosevFYwbSFNpTNdtMu3d2E3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyd3M7zxRpVksH02W0EDgkWQRI9hYyZ/UeV0MqjW34c6BVolXkBoUaA2qX/1hTFJBpSEca93z3MQEOVaGEU6nlX6qaYLJBI9oz1KJBdVBPj92is6sMkRRrGxJg+bq74kcC60zEdpOgc1YL3sz8T+vl5roJsiZTFJDJVksilKOTIxmn6MhU5QYnlmCiWL2VkTGWGFibD4VG4K3/PIqaV80vKuG+3BZa94WcZThBE7hHDy4hibcQwt8IMDgGV7hzZHOi/PufCxaS04xcwx/4Hz+ADkYjkw=</latexit>

k, l,m

<latexit sha1_base64="g9pBvF8NaCNXqHBvWmJTN91Eu1Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBJR9Fj04rGC/YAmlM120y7d7IbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnIoYJLlkTOAjWSTUjSSRYOxrdTP32A9OGK3kP45SFCRlIHnNKwEo9txJoPhgC0Vo94oDLGMY9t+rVvBnwMvELUkUFGj33K+grmiVMAhXEmK7vpRDmRAOngk3KQWZYSuiIDFjXUkkSZsJ8dvsEn1ilj2OlbUnAM/X3RE4SY8ZJZDsTAkOz6E3F/7xuBvFVmHOZZsAknS+KM4FB4WkQuM81oyDGlhCqub0V0yHRhIKNq2xD8BdfXiats5p/UfPuzqv16yKOEjpCx+gU+egS1dEtaqAmougJPaNX9OZMnBfn3fmYt644xcwh+gPn8wdqQJSu</latexit>! 1
<latexit sha1_base64="g9pBvF8NaCNXqHBvWmJTN91Eu1Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBJR9Fj04rGC/YAmlM120y7d7IbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnIoYJLlkTOAjWSTUjSSRYOxrdTP32A9OGK3kP45SFCRlIHnNKwEo9txJoPhgC0Vo94oDLGMY9t+rVvBnwMvELUkUFGj33K+grmiVMAhXEmK7vpRDmRAOngk3KQWZYSuiIDFjXUkkSZsJ8dvsEn1ilj2OlbUnAM/X3RE4SY8ZJZDsTAkOz6E3F/7xuBvFVmHOZZsAknS+KM4FB4WkQuM81oyDGlhCqub0V0yHRhIKNq2xD8BdfXiats5p/UfPuzqv16yKOEjpCx+gU+egS1dEtaqAmougJPaNX9OZMnBfn3fmYt644xcwh+gPn8wdqQJSu</latexit>! 1

<latexit sha1_base64="g9pBvF8NaCNXqHBvWmJTN91Eu1Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBJR9Fj04rGC/YAmlM120y7d7IbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnIoYJLlkTOAjWSTUjSSRYOxrdTP32A9OGK3kP45SFCRlIHnNKwEo9txJoPhgC0Vo94oDLGMY9t+rVvBnwMvELUkUFGj33K+grmiVMAhXEmK7vpRDmRAOngk3KQWZYSuiIDFjXUkkSZsJ8dvsEn1ilj2OlbUnAM/X3RE4SY8ZJZDsTAkOz6E3F/7xuBvFVmHOZZsAknS+KM4FB4WkQuM81oyDGlhCqub0V0yHRhIKNq2xD8BdfXiats5p/UfPuzqv16yKOEjpCx+gU+egS1dEtaqAmougJPaNX9OZMnBfn3fmYt644xcwh+gPn8wdqQJSu</latexit>! 1
<latexit sha1_base64="g9pBvF8NaCNXqHBvWmJTN91Eu1Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBJR9Fj04rGC/YAmlM120y7d7IbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnIoYJLlkTOAjWSTUjSSRYOxrdTP32A9OGK3kP45SFCRlIHnNKwEo9txJoPhgC0Vo94oDLGMY9t+rVvBnwMvELUkUFGj33K+grmiVMAhXEmK7vpRDmRAOngk3KQWZYSuiIDFjXUkkSZsJ8dvsEn1ilj2OlbUnAM/X3RE4SY8ZJZDsTAkOz6E3F/7xuBvFVmHOZZsAknS+KM4FB4WkQuM81oyDGlhCqub0V0yHRhIKNq2xD8BdfXiats5p/UfPuzqv16yKOEjpCx+gU+egS1dEtaqAmougJPaNX9OZMnBfn3fmYt644xcwh+gPn8wdqQJSu</latexit>! 1

<latexit sha1_base64="h1u5h2KkchXqIAR2LgOLpksmwiE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD0WvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup36rSeujYjVI44T7kd0oEQoGEUrPZwR2StX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPq95l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QOS3I1U</latexit>

, l

<latexit sha1_base64="pf2ZF8gq8GNU8gAIZh8z41AqtpI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuKHoMevEY0TwgWcLsZDYZMo9lZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR7dRvPVFtmJKPdpzQUOCBZDEj2Drp4QyJXrniV/0Z0DIJclKBHPVe+avbVyQVVFrCsTGdwE9smGFtGeF0UuqmhiaYjPCAdhyVWFATZrNTJ+jEKX0UK+1KWjRTf09kWBgzFpHrFNgOzaI3Ff/zOqmNr8OMySS1VJL5ojjlyCo0/Rv1mabE8rEjmGjmbkVkiDUm1qVTciEEiy8vk+Z5Nbis+vcXldpNHkcRjuAYTiGAK6jBHdShAQQG8Ayv8OZx78V79z7mrQUvnzmEP/A+fwCUYI1V</latexit>,m

<latexit sha1_base64="Rrh/PogGbkCKOGarVihfUPkpbnA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlhzMy6pUrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwms/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8r3qXVff+olK7yeMowhEcwyl4cAU1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w+RWI1T</latexit>

, k

<latexit sha1_base64="SLpiuPNS+BNN7cylrlZqCwu/91E=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4Kokoeix68VjBfkAbymY7aZduNnF3Uiyhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIa3U785Am1ErB5wnIAfsb4SoeAMreR3EJ4wC4USCJNuqexW3BnoMvFyUiY5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbUsUiMH42O3pCT63So2GsbSmkM/X3RMYiY8ZRYDsjhgOz6E3F/7x2iuG1nwmVpAiKzxeFqaQY02kCtCc0cJRjSxjXwt5K+YBpxtHmVLQheIsvL5PGecW7rLj3F+XqTR5HgRyTE3JGPHJFquSO1EidcPJInskreXNGzovz7nzMW1ecfOaI/IHz+QOI+ZKY</latexit>

finite
<latexit sha1_base64="SLpiuPNS+BNN7cylrlZqCwu/91E=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4Kokoeix68VjBfkAbymY7aZduNnF3Uiyhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIa3U785Am1ErB5wnIAfsb4SoeAMreR3EJ4wC4USCJNuqexW3BnoMvFyUiY5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbUsUiMH42O3pCT63So2GsbSmkM/X3RMYiY8ZRYDsjhgOz6E3F/7x2iuG1nwmVpAiKzxeFqaQY02kCtCc0cJRjSxjXwt5K+YBpxtHmVLQheIsvL5PGecW7rLj3F+XqTR5HgRyTE3JGPHJFquSO1EidcPJInskreXNGzovz7nzMW1ecfOaI/IHz+QOI+ZKY</latexit>

finite
<latexit sha1_base64="SLpiuPNS+BNN7cylrlZqCwu/91E=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4Kokoeix68VjBfkAbymY7aZduNnF3Uiyhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIa3U785Am1ErB5wnIAfsb4SoeAMreR3EJ4wC4USCJNuqexW3BnoMvFyUiY5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbUsUiMH42O3pCT63So2GsbSmkM/X3RMYiY8ZRYDsjhgOz6E3F/7x2iuG1nwmVpAiKzxeFqaQY02kCtCc0cJRjSxjXwt5K+YBpxtHmVLQheIsvL5PGecW7rLj3F+XqTR5HgRyTE3JGPHJFquSO1EidcPJInskreXNGzovz7nzMW1ecfOaI/IHz+QOI+ZKY</latexit>

finite



5858

R-operator unfolding

=
<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1

<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2=
<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3=

<latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4=
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

� =
with UV 

subgraphs

(R )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

� - - - -(T0 )<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2(T0 ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2

<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3(T0 ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

<latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4(T2 ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤ <latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4

+ ( ) )<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤( + ( ) )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤( + (T2  T0 ) )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤(<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2 <latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

=

+
<latexit sha1_base64="2Jo4gz3rC7+6SRw+BDe8C6mvs4A=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4Cj0h6y3oRfASwSyQGUNPp5M06VnorlHDkP/w4kERr/6LN//GziKo6IOCx3tVVNXzIik0EPJhpVZW19Y30puZre2d3b3s/kFLh7FivMlCGaqORzWXIuBNECB5J1Kc+p7kbW98PvPbt1xpEQbXMIm469NhIAaCUTDSjeNRlTjA7yG5nE572RzJ24VytUgwyZdLtm1XDSGkVqhVsG3IDDm0RKOXfXf6IYt9HgCTVOuuTSJwE6pAMMmnGSfWPKJsTIe8a2hAfa7dZH71FJ8YpY8HoTIVAJ6r3ycS6ms98T3T6VMY6d/eTPzL68YwqLqJCKIYeMAWiwaxxBDiWQS4LxRnICeGUKaEuRWzEVWUgQkqY0L4+hT/T1qFvF3Kk6tirn62jCONjtAxOkU2qqA6ukAN1EQMKfSAntCzdWc9Wi/W66I1ZS1nDtEPWG+fl/2TPQ==</latexit>

K̄ termsT2  T0T2  T0

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�

= - - - -

+ + + +
<latexit sha1_base64="2Jo4gz3rC7+6SRw+BDe8C6mvs4A=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4Cj0h6y3oRfASwSyQGUNPp5M06VnorlHDkP/w4kERr/6LN//GziKo6IOCx3tVVNXzIik0EPJhpVZW19Y30puZre2d3b3s/kFLh7FivMlCGaqORzWXIuBNECB5J1Kc+p7kbW98PvPbt1xpEQbXMIm469NhIAaCUTDSjeNRlTjA7yG5nE572RzJ24VytUgwyZdLtm1XDSGkVqhVsG3IDDm0RKOXfXf6IYt9HgCTVOuuTSJwE6pAMMmnGSfWPKJsTIe8a2hAfa7dZH71FJ8YpY8HoTIVAJ6r3ycS6ms98T3T6VMY6d/eTPzL68YwqLqJCKIYeMAWiwaxxBDiWQS4LxRnICeGUKaEuRWzEVWUgQkqY0L4+hT/T1qFvF3Kk6tirn62jCONjtAxOkU2qqA6ukAN1EQMKfSAntCzdWc9Wi/W66I1ZS1nDtEPWG+fl/2TPQ==</latexit>

K̄ terms

<latexit sha1_base64="GZHzWi7p6proNzXMFJk7gFGN05o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD09eM8w==</latexit>

k
<latexit sha1_base64="THlCflwBalydqi+qaWZsLlRG5J0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUEP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A1VuM9A==</latexit>

l

<latexit sha1_base64="AV9aJWW4ksQKVrrKAQbweHyzc1s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB1t+M9Q==</latexit>m

The four different
types of UV limits
are now finite !

<latexit sha1_base64="LT7xYgUW7eVbjMDpxhtY4089bGw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuKHoMevEY0TwgWcLsZDYZMo9lZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR7dRvPVFtmJKPdpzQUOCBZDEj2DrpYXQmeuWKX/VnQMskyEkFctR75a9uX5FUUGkJx8Z0Aj+xYYa1ZYTTSambGppgMsID2nFUYkFNmM1OnaATp/RRrLQradFM/T2RYWHMWESuU2A7NIveVPzP66Q2vg4zJpPUUknmi+KUI6vQ9G/UZ5oSy8eOYKKZuxWRIdaYWJdOyYUQLL68TJrn1eCy6t9fVGo3eRxFOIJjOIUArqAGd1CHBhAYwDO8wpvHvRfv3fuYtxa8fOYQ/sD7/AEGpY2g</latexit>

k,m
<latexit sha1_base64="mW1DV+C9zYGIz5KSU3/3s9CVL0g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuKHoMevEY0TwgWcLsZDYZMo9lZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR7dRvPVFtmJKPdpzQUOCBZDEj2DrpgZ+JXrniV/0Z0DIJclKBHPVe+avbVyQVVFrCsTGdwE9smGFtGeF0UuqmhiaYjPCAdhyVWFATZrNTJ+jEKX0UK+1KWjRTf09kWBgzFpHrFNgOzaI3Ff/zOqmNr8OMySS1VJL5ojjlyCo0/Rv1mabE8rEjmGjmbkVkiDUm1qVTciEEiy8vk+Z5Nbis+vcXldpNHkcRjuAYTiGAK6jBHdShAQQG8Ayv8OZx78V79z7mrQUvnzmEP/A+fwAIK42h</latexit>

l,m
<latexit sha1_base64="PF+3mnWY/l3qWd3ZPnlVhTQtnMI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlh9GZ6JUrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwms/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8r3qXVff+olK7yeMowhEcwyl4cAU1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8FIY2f</latexit>

k, l
<latexit sha1_base64="gl2X/ZBWddaUMEsY9MWWynqWEow=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBQymJKHosevFYwbSFNpTNdtMu3d2E3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyd3M7zxRpVksH02W0EDgkWQRI9hYyZ/UeV0MqjW34c6BVolXkBoUaA2qX/1hTFJBpSEca93z3MQEOVaGEU6nlX6qaYLJBI9oz1KJBdVBPj92is6sMkRRrGxJg+bq74kcC60zEdpOgc1YL3sz8T+vl5roJsiZTFJDJVksilKOTIxmn6MhU5QYnlmCiWL2VkTGWGFibD4VG4K3/PIqaV80vKuG+3BZa94WcZThBE7hHDy4hibcQwt8IMDgGV7hzZHOi/PufCxaS04xcwx/4Hz+ADkYjkw=</latexit>

k, l,m

<latexit sha1_base64="g9pBvF8NaCNXqHBvWmJTN91Eu1Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBJR9Fj04rGC/YAmlM120y7d7IbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnIoYJLlkTOAjWSTUjSSRYOxrdTP32A9OGK3kP45SFCRlIHnNKwEo9txJoPhgC0Vo94oDLGMY9t+rVvBnwMvELUkUFGj33K+grmiVMAhXEmK7vpRDmRAOngk3KQWZYSuiIDFjXUkkSZsJ8dvsEn1ilj2OlbUnAM/X3RE4SY8ZJZDsTAkOz6E3F/7xuBvFVmHOZZsAknS+KM4FB4WkQuM81oyDGlhCqub0V0yHRhIKNq2xD8BdfXiats5p/UfPuzqv16yKOEjpCx+gU+egS1dEtaqAmougJPaNX9OZMnBfn3fmYt644xcwh+gPn8wdqQJSu</latexit>! 1
<latexit sha1_base64="g9pBvF8NaCNXqHBvWmJTN91Eu1Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBJR9Fj04rGC/YAmlM120y7d7IbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnIoYJLlkTOAjWSTUjSSRYOxrdTP32A9OGK3kP45SFCRlIHnNKwEo9txJoPhgC0Vo94oDLGMY9t+rVvBnwMvELUkUFGj33K+grmiVMAhXEmK7vpRDmRAOngk3KQWZYSuiIDFjXUkkSZsJ8dvsEn1ilj2OlbUnAM/X3RE4SY8ZJZDsTAkOz6E3F/7xuBvFVmHOZZsAknS+KM4FB4WkQuM81oyDGlhCqub0V0yHRhIKNq2xD8BdfXiats5p/UfPuzqv16yKOEjpCx+gU+egS1dEtaqAmougJPaNX9OZMnBfn3fmYt644xcwh+gPn8wdqQJSu</latexit>! 1

<latexit sha1_base64="g9pBvF8NaCNXqHBvWmJTN91Eu1Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBJR9Fj04rGC/YAmlM120y7d7IbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnIoYJLlkTOAjWSTUjSSRYOxrdTP32A9OGK3kP45SFCRlIHnNKwEo9txJoPhgC0Vo94oDLGMY9t+rVvBnwMvELUkUFGj33K+grmiVMAhXEmK7vpRDmRAOngk3KQWZYSuiIDFjXUkkSZsJ8dvsEn1ilj2OlbUnAM/X3RE4SY8ZJZDsTAkOz6E3F/7xuBvFVmHOZZsAknS+KM4FB4WkQuM81oyDGlhCqub0V0yHRhIKNq2xD8BdfXiats5p/UfPuzqv16yKOEjpCx+gU+egS1dEtaqAmougJPaNX9OZMnBfn3fmYt644xcwh+gPn8wdqQJSu</latexit>! 1
<latexit sha1_base64="g9pBvF8NaCNXqHBvWmJTN91Eu1Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBJR9Fj04rGC/YAmlM120y7d7IbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnIoYJLlkTOAjWSTUjSSRYOxrdTP32A9OGK3kP45SFCRlIHnNKwEo9txJoPhgC0Vo94oDLGMY9t+rVvBnwMvELUkUFGj33K+grmiVMAhXEmK7vpRDmRAOngk3KQWZYSuiIDFjXUkkSZsJ8dvsEn1ilj2OlbUnAM/X3RE4SY8ZJZDsTAkOz6E3F/7xuBvFVmHOZZsAknS+KM4FB4WkQuM81oyDGlhCqub0V0yHRhIKNq2xD8BdfXiats5p/UfPuzqv16yKOEjpCx+gU+egS1dEtaqAmougJPaNX9OZMnBfn3fmYt644xcwh+gPn8wdqQJSu</latexit>! 1

<latexit sha1_base64="h1u5h2KkchXqIAR2LgOLpksmwiE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD0WvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup36rSeujYjVI44T7kd0oEQoGEUrPZwR2StX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPq95l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QOS3I1U</latexit>

, l

<latexit sha1_base64="pf2ZF8gq8GNU8gAIZh8z41AqtpI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuKHoMevEY0TwgWcLsZDYZMo9lZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR7dRvPVFtmJKPdpzQUOCBZDEj2Drp4QyJXrniV/0Z0DIJclKBHPVe+avbVyQVVFrCsTGdwE9smGFtGeF0UuqmhiaYjPCAdhyVWFATZrNTJ+jEKX0UK+1KWjRTf09kWBgzFpHrFNgOzaI3Ff/zOqmNr8OMySS1VJL5ojjlyCo0/Rv1mabE8rEjmGjmbkVkiDUm1qVTciEEiy8vk+Z5Nbis+vcXldpNHkcRjuAYTiGAK6jBHdShAQQG8Ayv8OZx78V79z7mrQUvnzmEP/A+fwCUYI1V</latexit>,m

<latexit sha1_base64="Rrh/PogGbkCKOGarVihfUPkpbnA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlhzMy6pUrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwms/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8r3qXVff+olK7yeMowhEcwyl4cAU1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w+RWI1T</latexit>

, k

<latexit sha1_base64="SLpiuPNS+BNN7cylrlZqCwu/91E=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4Kokoeix68VjBfkAbymY7aZduNnF3Uiyhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIa3U785Am1ErB5wnIAfsb4SoeAMreR3EJ4wC4USCJNuqexW3BnoMvFyUiY5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbUsUiMH42O3pCT63So2GsbSmkM/X3RMYiY8ZRYDsjhgOz6E3F/7x2iuG1nwmVpAiKzxeFqaQY02kCtCc0cJRjSxjXwt5K+YBpxtHmVLQheIsvL5PGecW7rLj3F+XqTR5HgRyTE3JGPHJFquSO1EidcPJInskreXNGzovz7nzMW1ecfOaI/IHz+QOI+ZKY</latexit>

finite
<latexit sha1_base64="SLpiuPNS+BNN7cylrlZqCwu/91E=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4Kokoeix68VjBfkAbymY7aZduNnF3Uiyhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIa3U785Am1ErB5wnIAfsb4SoeAMreR3EJ4wC4USCJNuqexW3BnoMvFyUiY5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbUsUiMH42O3pCT63So2GsbSmkM/X3RMYiY8ZRYDsjhgOz6E3F/7x2iuG1nwmVpAiKzxeFqaQY02kCtCc0cJRjSxjXwt5K+YBpxtHmVLQheIsvL5PGecW7rLj3F+XqTR5HgRyTE3JGPHJFquSO1EidcPJInskreXNGzovz7nzMW1ecfOaI/IHz+QOI+ZKY</latexit>

finite
<latexit sha1_base64="SLpiuPNS+BNN7cylrlZqCwu/91E=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4Kokoeix68VjBfkAbymY7aZduNnF3Uiyhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIa3U785Am1ErB5wnIAfsb4SoeAMreR3EJ4wC4USCJNuqexW3BnoMvFyUiY5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbUsUiMH42O3pCT63So2GsbSmkM/X3RMYiY8ZRYDsjhgOz6E3F/7x2iuG1nwmVpAiKzxeFqaQY02kCtCc0cJRjSxjXwt5K+YBpxtHmVLQheIsvL5PGecW7rLj3F+XqTR5HgRyTE3JGPHJFquSO1EidcPJInskreXNGzovz7nzMW1ecfOaI/IHz+QOI+ZKY</latexit>

finite



5858

R-operator unfolding

=
<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1

<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2=
<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3=

<latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4=
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

� =
with UV 

subgraphs

(R )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

� - - - -(T0 )<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2(T0 ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2

<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3(T0 ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

<latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4(T2 ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤ <latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4

+ ( ) )<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤( + ( ) )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤( + (T2  T0 ) )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤(<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2 <latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

=

+
<latexit sha1_base64="2Jo4gz3rC7+6SRw+BDe8C6mvs4A=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4Cj0h6y3oRfASwSyQGUNPp5M06VnorlHDkP/w4kERr/6LN//GziKo6IOCx3tVVNXzIik0EPJhpVZW19Y30puZre2d3b3s/kFLh7FivMlCGaqORzWXIuBNECB5J1Kc+p7kbW98PvPbt1xpEQbXMIm469NhIAaCUTDSjeNRlTjA7yG5nE572RzJ24VytUgwyZdLtm1XDSGkVqhVsG3IDDm0RKOXfXf6IYt9HgCTVOuuTSJwE6pAMMmnGSfWPKJsTIe8a2hAfa7dZH71FJ8YpY8HoTIVAJ6r3ycS6ms98T3T6VMY6d/eTPzL68YwqLqJCKIYeMAWiwaxxBDiWQS4LxRnICeGUKaEuRWzEVWUgQkqY0L4+hT/T1qFvF3Kk6tirn62jCONjtAxOkU2qqA6ukAN1EQMKfSAntCzdWc9Wi/W66I1ZS1nDtEPWG+fl/2TPQ==</latexit>

K̄ termsT2  T0T2  T0

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�

= - - - -

+ + + +
<latexit sha1_base64="2Jo4gz3rC7+6SRw+BDe8C6mvs4A=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4Cj0h6y3oRfASwSyQGUNPp5M06VnorlHDkP/w4kERr/6LN//GziKo6IOCx3tVVNXzIik0EPJhpVZW19Y30puZre2d3b3s/kFLh7FivMlCGaqORzWXIuBNECB5J1Kc+p7kbW98PvPbt1xpEQbXMIm469NhIAaCUTDSjeNRlTjA7yG5nE572RzJ24VytUgwyZdLtm1XDSGkVqhVsG3IDDm0RKOXfXf6IYt9HgCTVOuuTSJwE6pAMMmnGSfWPKJsTIe8a2hAfa7dZH71FJ8YpY8HoTIVAJ6r3ycS6ms98T3T6VMY6d/eTPzL68YwqLqJCKIYeMAWiwaxxBDiWQS4LxRnICeGUKaEuRWzEVWUgQkqY0L4+hT/T1qFvF3Kk6tirn62jCONjtAxOkU2qqA6ukAN1EQMKfSAntCzdWc9Wi/W66I1ZS1nDtEPWG+fl/2TPQ==</latexit>

K̄ terms

<latexit sha1_base64="GZHzWi7p6proNzXMFJk7gFGN05o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD09eM8w==</latexit>

k
<latexit sha1_base64="THlCflwBalydqi+qaWZsLlRG5J0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUEP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A1VuM9A==</latexit>

l

<latexit sha1_base64="AV9aJWW4ksQKVrrKAQbweHyzc1s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB1t+M9Q==</latexit>m

The four different
types of UV limits
are now finite !

<latexit sha1_base64="LT7xYgUW7eVbjMDpxhtY4089bGw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuKHoMevEY0TwgWcLsZDYZMo9lZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR7dRvPVFtmJKPdpzQUOCBZDEj2DrpYXQmeuWKX/VnQMskyEkFctR75a9uX5FUUGkJx8Z0Aj+xYYa1ZYTTSambGppgMsID2nFUYkFNmM1OnaATp/RRrLQradFM/T2RYWHMWESuU2A7NIveVPzP66Q2vg4zJpPUUknmi+KUI6vQ9G/UZ5oSy8eOYKKZuxWRIdaYWJdOyYUQLL68TJrn1eCy6t9fVGo3eRxFOIJjOIUArqAGd1CHBhAYwDO8wpvHvRfv3fuYtxa8fOYQ/sD7/AEGpY2g</latexit>

k,m
<latexit sha1_base64="mW1DV+C9zYGIz5KSU3/3s9CVL0g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuKHoMevEY0TwgWcLsZDYZMo9lZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR7dRvPVFtmJKPdpzQUOCBZDEj2DrpgZ+JXrniV/0Z0DIJclKBHPVe+avbVyQVVFrCsTGdwE9smGFtGeF0UuqmhiaYjPCAdhyVWFATZrNTJ+jEKX0UK+1KWjRTf09kWBgzFpHrFNgOzaI3Ff/zOqmNr8OMySS1VJL5ojjlyCo0/Rv1mabE8rEjmGjmbkVkiDUm1qVTciEEiy8vk+Z5Nbis+vcXldpNHkcRjuAYTiGAK6jBHdShAQQG8Ayv8OZx78V79z7mrQUvnzmEP/A+fwAIK42h</latexit>

l,m
<latexit sha1_base64="PF+3mnWY/l3qWd3ZPnlVhTQtnMI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlh9GZ6JUrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwms/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8r3qXVff+olK7yeMowhEcwyl4cAU1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8FIY2f</latexit>

k, l
<latexit sha1_base64="gl2X/ZBWddaUMEsY9MWWynqWEow=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBQymJKHosevFYwbSFNpTNdtMu3d2E3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyd3M7zxRpVksH02W0EDgkWQRI9hYyZ/UeV0MqjW34c6BVolXkBoUaA2qX/1hTFJBpSEca93z3MQEOVaGEU6nlX6qaYLJBI9oz1KJBdVBPj92is6sMkRRrGxJg+bq74kcC60zEdpOgc1YL3sz8T+vl5roJsiZTFJDJVksilKOTIxmn6MhU5QYnlmCiWL2VkTGWGFibD4VG4K3/PIqaV80vKuG+3BZa94WcZThBE7hHDy4hibcQwt8IMDgGV7hzZHOi/PufCxaS04xcwx/4Hz+ADkYjkw=</latexit>

k, l,m

<latexit sha1_base64="g9pBvF8NaCNXqHBvWmJTN91Eu1Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBJR9Fj04rGC/YAmlM120y7d7IbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnIoYJLlkTOAjWSTUjSSRYOxrdTP32A9OGK3kP45SFCRlIHnNKwEo9txJoPhgC0Vo94oDLGMY9t+rVvBnwMvELUkUFGj33K+grmiVMAhXEmK7vpRDmRAOngk3KQWZYSuiIDFjXUkkSZsJ8dvsEn1ilj2OlbUnAM/X3RE4SY8ZJZDsTAkOz6E3F/7xuBvFVmHOZZsAknS+KM4FB4WkQuM81oyDGlhCqub0V0yHRhIKNq2xD8BdfXiats5p/UfPuzqv16yKOEjpCx+gU+egS1dEtaqAmougJPaNX9OZMnBfn3fmYt644xcwh+gPn8wdqQJSu</latexit>! 1
<latexit sha1_base64="g9pBvF8NaCNXqHBvWmJTN91Eu1Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBJR9Fj04rGC/YAmlM120y7d7IbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnIoYJLlkTOAjWSTUjSSRYOxrdTP32A9OGK3kP45SFCRlIHnNKwEo9txJoPhgC0Vo94oDLGMY9t+rVvBnwMvELUkUFGj33K+grmiVMAhXEmK7vpRDmRAOngk3KQWZYSuiIDFjXUkkSZsJ8dvsEn1ilj2OlbUnAM/X3RE4SY8ZJZDsTAkOz6E3F/7xuBvFVmHOZZsAknS+KM4FB4WkQuM81oyDGlhCqub0V0yHRhIKNq2xD8BdfXiats5p/UfPuzqv16yKOEjpCx+gU+egS1dEtaqAmougJPaNX9OZMnBfn3fmYt644xcwh+gPn8wdqQJSu</latexit>! 1

<latexit sha1_base64="g9pBvF8NaCNXqHBvWmJTN91Eu1Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBJR9Fj04rGC/YAmlM120y7d7IbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnIoYJLlkTOAjWSTUjSSRYOxrdTP32A9OGK3kP45SFCRlIHnNKwEo9txJoPhgC0Vo94oDLGMY9t+rVvBnwMvELUkUFGj33K+grmiVMAhXEmK7vpRDmRAOngk3KQWZYSuiIDFjXUkkSZsJ8dvsEn1ilj2OlbUnAM/X3RE4SY8ZJZDsTAkOz6E3F/7xuBvFVmHOZZsAknS+KM4FB4WkQuM81oyDGlhCqub0V0yHRhIKNq2xD8BdfXiats5p/UfPuzqv16yKOEjpCx+gU+egS1dEtaqAmougJPaNX9OZMnBfn3fmYt644xcwh+gPn8wdqQJSu</latexit>! 1
<latexit sha1_base64="g9pBvF8NaCNXqHBvWmJTN91Eu1Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBJR9Fj04rGC/YAmlM120y7d7IbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnIoYJLlkTOAjWSTUjSSRYOxrdTP32A9OGK3kP45SFCRlIHnNKwEo9txJoPhgC0Vo94oDLGMY9t+rVvBnwMvELUkUFGj33K+grmiVMAhXEmK7vpRDmRAOngk3KQWZYSuiIDFjXUkkSZsJ8dvsEn1ilj2OlbUnAM/X3RE4SY8ZJZDsTAkOz6E3F/7xuBvFVmHOZZsAknS+KM4FB4WkQuM81oyDGlhCqub0V0yHRhIKNq2xD8BdfXiats5p/UfPuzqv16yKOEjpCx+gU+egS1dEtaqAmougJPaNX9OZMnBfn3fmYt644xcwh+gPn8wdqQJSu</latexit>! 1

<latexit sha1_base64="h1u5h2KkchXqIAR2LgOLpksmwiE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD0WvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup36rSeujYjVI44T7kd0oEQoGEUrPZwR2StX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPq95l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QOS3I1U</latexit>

, l

<latexit sha1_base64="pf2ZF8gq8GNU8gAIZh8z41AqtpI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuKHoMevEY0TwgWcLsZDYZMo9lZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR7dRvPVFtmJKPdpzQUOCBZDEj2Drp4QyJXrniV/0Z0DIJclKBHPVe+avbVyQVVFrCsTGdwE9smGFtGeF0UuqmhiaYjPCAdhyVWFATZrNTJ+jEKX0UK+1KWjRTf09kWBgzFpHrFNgOzaI3Ff/zOqmNr8OMySS1VJL5ojjlyCo0/Rv1mabE8rEjmGjmbkVkiDUm1qVTciEEiy8vk+Z5Nbis+vcXldpNHkcRjuAYTiGAK6jBHdShAQQG8Ayv8OZx78V79z7mrQUvnzmEP/A+fwCUYI1V</latexit>,m

<latexit sha1_base64="Rrh/PogGbkCKOGarVihfUPkpbnA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlhzMy6pUrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwms/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8r3qXVff+olK7yeMowhEcwyl4cAU1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w+RWI1T</latexit>

, k

<latexit sha1_base64="SLpiuPNS+BNN7cylrlZqCwu/91E=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4Kokoeix68VjBfkAbymY7aZduNnF3Uiyhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIa3U785Am1ErB5wnIAfsb4SoeAMreR3EJ4wC4USCJNuqexW3BnoMvFyUiY5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbUsUiMH42O3pCT63So2GsbSmkM/X3RMYiY8ZRYDsjhgOz6E3F/7x2iuG1nwmVpAiKzxeFqaQY02kCtCc0cJRjSxjXwt5K+YBpxtHmVLQheIsvL5PGecW7rLj3F+XqTR5HgRyTE3JGPHJFquSO1EidcPJInskreXNGzovz7nzMW1ecfOaI/IHz+QOI+ZKY</latexit>

finite
<latexit sha1_base64="SLpiuPNS+BNN7cylrlZqCwu/91E=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4Kokoeix68VjBfkAbymY7aZduNnF3Uiyhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIa3U785Am1ErB5wnIAfsb4SoeAMreR3EJ4wC4USCJNuqexW3BnoMvFyUiY5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbUsUiMH42O3pCT63So2GsbSmkM/X3RMYiY8ZRYDsjhgOz6E3F/7x2iuG1nwmVpAiKzxeFqaQY02kCtCc0cJRjSxjXwt5K+YBpxtHmVLQheIsvL5PGecW7rLj3F+XqTR5HgRyTE3JGPHJFquSO1EidcPJInskreXNGzovz7nzMW1ecfOaI/IHz+QOI+ZKY</latexit>

finite
<latexit sha1_base64="SLpiuPNS+BNN7cylrlZqCwu/91E=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4Kokoeix68VjBfkAbymY7aZduNnF3Uiyhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIa3U785Am1ErB5wnIAfsb4SoeAMreR3EJ4wC4USCJNuqexW3BnoMvFyUiY5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbUsUiMH42O3pCT63So2GsbSmkM/X3RMYiY8ZRYDsjhgOz6E3F/7x2iuG1nwmVpAiKzxeFqaQY02kCtCc0cJRjSxjXwt5K+YBpxtHmVLQheIsvL5PGecW7rLj3F+XqTR5HgRyTE3JGPHJFquSO1EidcPJInskreXNGzovz7nzMW1ecfOaI/IHz+QOI+ZKY</latexit>

finite



5858

R-operator unfolding

=
<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1

<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2=
<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3=

<latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4=
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

� =
with UV 

subgraphs

(R )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

� - - - -(T0 )<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2(T0 ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2

<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3(T0 ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

<latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4(T2 ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤ <latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4

+ ( ) )<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤( + ( ) )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤( + (T2  T0 ) )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤(<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2 <latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

=

+
<latexit sha1_base64="2Jo4gz3rC7+6SRw+BDe8C6mvs4A=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4Cj0h6y3oRfASwSyQGUNPp5M06VnorlHDkP/w4kERr/6LN//GziKo6IOCx3tVVNXzIik0EPJhpVZW19Y30puZre2d3b3s/kFLh7FivMlCGaqORzWXIuBNECB5J1Kc+p7kbW98PvPbt1xpEQbXMIm469NhIAaCUTDSjeNRlTjA7yG5nE572RzJ24VytUgwyZdLtm1XDSGkVqhVsG3IDDm0RKOXfXf6IYt9HgCTVOuuTSJwE6pAMMmnGSfWPKJsTIe8a2hAfa7dZH71FJ8YpY8HoTIVAJ6r3ycS6ms98T3T6VMY6d/eTPzL68YwqLqJCKIYeMAWiwaxxBDiWQS4LxRnICeGUKaEuRWzEVWUgQkqY0L4+hT/T1qFvF3Kk6tirn62jCONjtAxOkU2qqA6ukAN1EQMKfSAntCzdWc9Wi/W66I1ZS1nDtEPWG+fl/2TPQ==</latexit>

K̄ termsT2  T0T2  T0

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�

= - - - -

+ + + +
<latexit sha1_base64="2Jo4gz3rC7+6SRw+BDe8C6mvs4A=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4Cj0h6y3oRfASwSyQGUNPp5M06VnorlHDkP/w4kERr/6LN//GziKo6IOCx3tVVNXzIik0EPJhpVZW19Y30puZre2d3b3s/kFLh7FivMlCGaqORzWXIuBNECB5J1Kc+p7kbW98PvPbt1xpEQbXMIm469NhIAaCUTDSjeNRlTjA7yG5nE572RzJ24VytUgwyZdLtm1XDSGkVqhVsG3IDDm0RKOXfXf6IYt9HgCTVOuuTSJwE6pAMMmnGSfWPKJsTIe8a2hAfa7dZH71FJ8YpY8HoTIVAJ6r3ycS6ms98T3T6VMY6d/eTPzL68YwqLqJCKIYeMAWiwaxxBDiWQS4LxRnICeGUKaEuRWzEVWUgQkqY0L4+hT/T1qFvF3Kk6tirn62jCONjtAxOkU2qqA6ukAN1EQMKfSAntCzdWc9Wi/W66I1ZS1nDtEPWG+fl/2TPQ==</latexit>

K̄ terms

<latexit sha1_base64="GZHzWi7p6proNzXMFJk7gFGN05o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD09eM8w==</latexit>

k
<latexit sha1_base64="THlCflwBalydqi+qaWZsLlRG5J0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUEP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A1VuM9A==</latexit>

l

<latexit sha1_base64="AV9aJWW4ksQKVrrKAQbweHyzc1s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB1t+M9Q==</latexit>m

The four different
types of UV limits
are now finite !

<latexit sha1_base64="LT7xYgUW7eVbjMDpxhtY4089bGw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuKHoMevEY0TwgWcLsZDYZMo9lZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR7dRvPVFtmJKPdpzQUOCBZDEj2DrpYXQmeuWKX/VnQMskyEkFctR75a9uX5FUUGkJx8Z0Aj+xYYa1ZYTTSambGppgMsID2nFUYkFNmM1OnaATp/RRrLQradFM/T2RYWHMWESuU2A7NIveVPzP66Q2vg4zJpPUUknmi+KUI6vQ9G/UZ5oSy8eOYKKZuxWRIdaYWJdOyYUQLL68TJrn1eCy6t9fVGo3eRxFOIJjOIUArqAGd1CHBhAYwDO8wpvHvRfv3fuYtxa8fOYQ/sD7/AEGpY2g</latexit>

k,m
<latexit sha1_base64="mW1DV+C9zYGIz5KSU3/3s9CVL0g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuKHoMevEY0TwgWcLsZDYZMo9lZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR7dRvPVFtmJKPdpzQUOCBZDEj2DrpgZ+JXrniV/0Z0DIJclKBHPVe+avbVyQVVFrCsTGdwE9smGFtGeF0UuqmhiaYjPCAdhyVWFATZrNTJ+jEKX0UK+1KWjRTf09kWBgzFpHrFNgOzaI3Ff/zOqmNr8OMySS1VJL5ojjlyCo0/Rv1mabE8rEjmGjmbkVkiDUm1qVTciEEiy8vk+Z5Nbis+vcXldpNHkcRjuAYTiGAK6jBHdShAQQG8Ayv8OZx78V79z7mrQUvnzmEP/A+fwAIK42h</latexit>

l,m
<latexit sha1_base64="PF+3mnWY/l3qWd3ZPnlVhTQtnMI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlh9GZ6JUrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwms/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8r3qXVff+olK7yeMowhEcwyl4cAU1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8FIY2f</latexit>

k, l
<latexit sha1_base64="gl2X/ZBWddaUMEsY9MWWynqWEow=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBQymJKHosevFYwbSFNpTNdtMu3d2E3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyd3M7zxRpVksH02W0EDgkWQRI9hYyZ/UeV0MqjW34c6BVolXkBoUaA2qX/1hTFJBpSEca93z3MQEOVaGEU6nlX6qaYLJBI9oz1KJBdVBPj92is6sMkRRrGxJg+bq74kcC60zEdpOgc1YL3sz8T+vl5roJsiZTFJDJVksilKOTIxmn6MhU5QYnlmCiWL2VkTGWGFibD4VG4K3/PIqaV80vKuG+3BZa94WcZThBE7hHDy4hibcQwt8IMDgGV7hzZHOi/PufCxaS04xcwx/4Hz+ADkYjkw=</latexit>

k, l,m

<latexit sha1_base64="g9pBvF8NaCNXqHBvWmJTN91Eu1Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBJR9Fj04rGC/YAmlM120y7d7IbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnIoYJLlkTOAjWSTUjSSRYOxrdTP32A9OGK3kP45SFCRlIHnNKwEo9txJoPhgC0Vo94oDLGMY9t+rVvBnwMvELUkUFGj33K+grmiVMAhXEmK7vpRDmRAOngk3KQWZYSuiIDFjXUkkSZsJ8dvsEn1ilj2OlbUnAM/X3RE4SY8ZJZDsTAkOz6E3F/7xuBvFVmHOZZsAknS+KM4FB4WkQuM81oyDGlhCqub0V0yHRhIKNq2xD8BdfXiats5p/UfPuzqv16yKOEjpCx+gU+egS1dEtaqAmougJPaNX9OZMnBfn3fmYt644xcwh+gPn8wdqQJSu</latexit>! 1
<latexit sha1_base64="g9pBvF8NaCNXqHBvWmJTN91Eu1Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBJR9Fj04rGC/YAmlM120y7d7IbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnIoYJLlkTOAjWSTUjSSRYOxrdTP32A9OGK3kP45SFCRlIHnNKwEo9txJoPhgC0Vo94oDLGMY9t+rVvBnwMvELUkUFGj33K+grmiVMAhXEmK7vpRDmRAOngk3KQWZYSuiIDFjXUkkSZsJ8dvsEn1ilj2OlbUnAM/X3RE4SY8ZJZDsTAkOz6E3F/7xuBvFVmHOZZsAknS+KM4FB4WkQuM81oyDGlhCqub0V0yHRhIKNq2xD8BdfXiats5p/UfPuzqv16yKOEjpCx+gU+egS1dEtaqAmougJPaNX9OZMnBfn3fmYt644xcwh+gPn8wdqQJSu</latexit>! 1

<latexit sha1_base64="g9pBvF8NaCNXqHBvWmJTN91Eu1Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBJR9Fj04rGC/YAmlM120y7d7IbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnIoYJLlkTOAjWSTUjSSRYOxrdTP32A9OGK3kP45SFCRlIHnNKwEo9txJoPhgC0Vo94oDLGMY9t+rVvBnwMvELUkUFGj33K+grmiVMAhXEmK7vpRDmRAOngk3KQWZYSuiIDFjXUkkSZsJ8dvsEn1ilj2OlbUnAM/X3RE4SY8ZJZDsTAkOz6E3F/7xuBvFVmHOZZsAknS+KM4FB4WkQuM81oyDGlhCqub0V0yHRhIKNq2xD8BdfXiats5p/UfPuzqv16yKOEjpCx+gU+egS1dEtaqAmougJPaNX9OZMnBfn3fmYt644xcwh+gPn8wdqQJSu</latexit>! 1
<latexit sha1_base64="g9pBvF8NaCNXqHBvWmJTN91Eu1Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBJR9Fj04rGC/YAmlM120y7d7IbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnIoYJLlkTOAjWSTUjSSRYOxrdTP32A9OGK3kP45SFCRlIHnNKwEo9txJoPhgC0Vo94oDLGMY9t+rVvBnwMvELUkUFGj33K+grmiVMAhXEmK7vpRDmRAOngk3KQWZYSuiIDFjXUkkSZsJ8dvsEn1ilj2OlbUnAM/X3RE4SY8ZJZDsTAkOz6E3F/7xuBvFVmHOZZsAknS+KM4FB4WkQuM81oyDGlhCqub0V0yHRhIKNq2xD8BdfXiats5p/UfPuzqv16yKOEjpCx+gU+egS1dEtaqAmougJPaNX9OZMnBfn3fmYt644xcwh+gPn8wdqQJSu</latexit>! 1

<latexit sha1_base64="h1u5h2KkchXqIAR2LgOLpksmwiE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD0WvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup36rSeujYjVI44T7kd0oEQoGEUrPZwR2StX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPq95l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QOS3I1U</latexit>

, l

<latexit sha1_base64="pf2ZF8gq8GNU8gAIZh8z41AqtpI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuKHoMevEY0TwgWcLsZDYZMo9lZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR7dRvPVFtmJKPdpzQUOCBZDEj2Drp4QyJXrniV/0Z0DIJclKBHPVe+avbVyQVVFrCsTGdwE9smGFtGeF0UuqmhiaYjPCAdhyVWFATZrNTJ+jEKX0UK+1KWjRTf09kWBgzFpHrFNgOzaI3Ff/zOqmNr8OMySS1VJL5ojjlyCo0/Rv1mabE8rEjmGjmbkVkiDUm1qVTciEEiy8vk+Z5Nbis+vcXldpNHkcRjuAYTiGAK6jBHdShAQQG8Ayv8OZx78V79z7mrQUvnzmEP/A+fwCUYI1V</latexit>,m

<latexit sha1_base64="Rrh/PogGbkCKOGarVihfUPkpbnA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlhzMy6pUrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwms/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8r3qXVff+olK7yeMowhEcwyl4cAU1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w+RWI1T</latexit>

, k

<latexit sha1_base64="SLpiuPNS+BNN7cylrlZqCwu/91E=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4Kokoeix68VjBfkAbymY7aZduNnF3Uiyhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIa3U785Am1ErB5wnIAfsb4SoeAMreR3EJ4wC4USCJNuqexW3BnoMvFyUiY5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbUsUiMH42O3pCT63So2GsbSmkM/X3RMYiY8ZRYDsjhgOz6E3F/7x2iuG1nwmVpAiKzxeFqaQY02kCtCc0cJRjSxjXwt5K+YBpxtHmVLQheIsvL5PGecW7rLj3F+XqTR5HgRyTE3JGPHJFquSO1EidcPJInskreXNGzovz7nzMW1ecfOaI/IHz+QOI+ZKY</latexit>

finite
<latexit sha1_base64="SLpiuPNS+BNN7cylrlZqCwu/91E=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4Kokoeix68VjBfkAbymY7aZduNnF3Uiyhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIa3U785Am1ErB5wnIAfsb4SoeAMreR3EJ4wC4USCJNuqexW3BnoMvFyUiY5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbUsUiMH42O3pCT63So2GsbSmkM/X3RMYiY8ZRYDsjhgOz6E3F/7x2iuG1nwmVpAiKzxeFqaQY02kCtCc0cJRjSxjXwt5K+YBpxtHmVLQheIsvL5PGecW7rLj3F+XqTR5HgRyTE3JGPHJFquSO1EidcPJInskreXNGzovz7nzMW1ecfOaI/IHz+QOI+ZKY</latexit>

finite
<latexit sha1_base64="SLpiuPNS+BNN7cylrlZqCwu/91E=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4Kokoeix68VjBfkAbymY7aZduNnF3Uiyhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIa3U785Am1ErB5wnIAfsb4SoeAMreR3EJ4wC4USCJNuqexW3BnoMvFyUiY5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbUsUiMH42O3pCT63So2GsbSmkM/X3RMYiY8ZRYDsjhgOz6E3F/7x2iuG1nwmVpAiKzxeFqaQY02kCtCc0cJRjSxjXwt5K+YBpxtHmVLQheIsvL5PGecW7rLj3F+XqTR5HgRyTE3JGPHJFquSO1EidcPJInskreXNGzovz7nzMW1ecfOaI/IHz+QOI+ZKY</latexit>

finite



5858

R-operator unfolding

=
<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1

<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2=
<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3=

<latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4=
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

� =
with UV 

subgraphs

(R )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

� - - - -(T0 )<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2(T0 ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2

<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3(T0 ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤
<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

<latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4(T2 ) <latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤ <latexit sha1_base64="FrhM50VIuw76nwF2W6YPuIXVNUE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqXVfe+Vqnf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+2E4/A</latexit>�4

+ ( ) )<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1
<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="XCpynjqClrLlyfghf9OlYlt2xcU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmI36JYrftWfgSyTICcVyFHvlr86vYRmkilLBRrTDvzUhmPUllPBJqVOZliKdIh91nZUoWQmHM/unZATp/RInGhXypKZ+ntijNKYkYxcp0Q7MIveVPzPa2c2vgrHXKWZZYrOF8WZIDYh0+dJj2tGrRg5glRzdyuhA9RIrYuo5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAygIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AGxh4+9</latexit>�1<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤( + ( ) )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤( + (T2  T0 ) )<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�
<latexit sha1_base64="97fKFOAtYqUk05x4c5tNm+UK7Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEhyhL3NXrJkd+/YnRNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXTSY8dyVEJntluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs4Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8VU4FjrNkGs2XxRnkmBCpt+TnjCcoRw5QpkR7lbCBtRQhi6jkgshWHx5mTTPqsFF1b87r9Su8ziKcATHcAoBXEINbqEODWCg4Ble4c0z3ov37n3MWwtePnMIf+B9/gA1o5Cs</latexit>

\<latexit sha1_base64="OSai7G5dhDJy6gr3am4cwz8I1dU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/cVOMsg==</latexit>⇤(<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2
<latexit sha1_base64="uYWylUE2Yt5nuDBJyK0s7t9t8E4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Ae0oUy2m3bpbhJ3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VOr0hSon9Wr9ccavuHGSVeDmpQI5Gv/zVG8Q0lSwyVKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEUqm/Wx+75ScWWVAwljZigyZq78nMpRaT2RgOyWakV72ZuJ/Xjc14bWf8ShJDYvoYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdKqVb3Lqnt/Uanf5HEU4QRO4Rw8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w+zC4++</latexit>�2 <latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

<latexit sha1_base64="t11eIGBv0BIFszw5epWJsgMbvMg=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS+idzCZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqd+64kqzWL5YMYJDQQOJIsYQWOldneAQmDvvFeueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10XWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVr37i0rtJo+jCEdwDKfgwxXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AtI+Pvw==</latexit>�3

=

+
<latexit sha1_base64="2Jo4gz3rC7+6SRw+BDe8C6mvs4A=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4Cj0h6y3oRfASwSyQGUNPp5M06VnorlHDkP/w4kERr/6LN//GziKo6IOCx3tVVNXzIik0EPJhpVZW19Y30puZre2d3b3s/kFLh7FivMlCGaqORzWXIuBNECB5J1Kc+p7kbW98PvPbt1xpEQbXMIm469NhIAaCUTDSjeNRlTjA7yG5nE572RzJ24VytUgwyZdLtm1XDSGkVqhVsG3IDDm0RKOXfXf6IYt9HgCTVOuuTSJwE6pAMMmnGSfWPKJsTIe8a2hAfa7dZH71FJ8YpY8HoTIVAJ6r3ycS6ms98T3T6VMY6d/eTPzL68YwqLqJCKIYeMAWiwaxxBDiWQS4LxRnICeGUKaEuRWzEVWUgQkqY0L4+hT/T1qFvF3Kk6tirn62jCONjtAxOkU2qqA6ukAN1EQMKfSAntCzdWc9Wi/W66I1ZS1nDtEPWG+fl/2TPQ==</latexit>

K̄ termsT2  T0T2  T0

<latexit sha1_base64="/zbj/1mbivskIHhLeO6uEIuB6OY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegBz1GMA9IltA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2BIZyJmnDMstpO9EURMRpKxrdTP3WE9WGKflgxwkNBQwkixkB66Rm9xaEgF654lf9GfAyCXJSQTnqvfJXt69IKqi0hIMxncBPbJiBtoxwOil1U0MTICMY0I6jEgQ1YTa7doJPnNLHsdKupMUz9fdEBsKYsYhcpwA7NIveVPzP66Q2vgozJpPUUknmi+KUY6vw9HXcZ5oSy8eOANHM3YrJEDQQ6wIquRCCxZeXSfOsGlxU/fvzSu06j6OIjtAxOkUBukQ1dIfqqIEIekTP6BW9ecp78d69j3lrwctnDtEfeJ8/Vz2O+Q==</latexit>

�

= - - - -

+ + + +
<latexit sha1_base64="2Jo4gz3rC7+6SRw+BDe8C6mvs4A=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4Cj0h6y3oRfASwSyQGUNPp5M06VnorlHDkP/w4kERr/6LN//GziKo6IOCx3tVVNXzIik0EPJhpVZW19Y30puZre2d3b3s/kFLh7FivMlCGaqORzWXIuBNECB5J1Kc+p7kbW98PvPbt1xpEQbXMIm469NhIAaCUTDSjeNRlTjA7yG5nE572RzJ24VytUgwyZdLtm1XDSGkVqhVsG3IDDm0RKOXfXf6IYt9HgCTVOuuTSJwE6pAMMmnGSfWPKJsTIe8a2hAfa7dZH71FJ8YpY8HoTIVAJ6r3ycS6ms98T3T6VMY6d/eTPzL68YwqLqJCKIYeMAWiwaxxBDiWQS4LxRnICeGUKaEuRWzEVWUgQkqY0L4+hT/T1qFvF3Kk6tirn62jCONjtAxOkU2qqA6ukAN1EQMKfSAntCzdWc9Wi/W66I1ZS1nDtEPWG+fl/2TPQ==</latexit>

K̄ terms

<latexit sha1_base64="GZHzWi7p6proNzXMFJk7gFGN05o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD09eM8w==</latexit>

k
<latexit sha1_base64="THlCflwBalydqi+qaWZsLlRG5J0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUEP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A1VuM9A==</latexit>

l

<latexit sha1_base64="AV9aJWW4ksQKVrrKAQbweHyzc1s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB1t+M9Q==</latexit>m

The four different
types of UV limits
are now finite !

<latexit sha1_base64="LT7xYgUW7eVbjMDpxhtY4089bGw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuKHoMevEY0TwgWcLsZDYZMo9lZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR7dRvPVFtmJKPdpzQUOCBZDEj2DrpYXQmeuWKX/VnQMskyEkFctR75a9uX5FUUGkJx8Z0Aj+xYYa1ZYTTSambGppgMsID2nFUYkFNmM1OnaATp/RRrLQradFM/T2RYWHMWESuU2A7NIveVPzP66Q2vg4zJpPUUknmi+KUI6vQ9G/UZ5oSy8eOYKKZuxWRIdaYWJdOyYUQLL68TJrn1eCy6t9fVGo3eRxFOIJjOIUArqAGd1CHBhAYwDO8wpvHvRfv3fuYtxa8fOYQ/sD7/AEGpY2g</latexit>

k,m
<latexit sha1_base64="mW1DV+C9zYGIz5KSU3/3s9CVL0g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuKHoMevEY0TwgWcLsZDYZMo9lZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR7dRvPVFtmJKPdpzQUOCBZDEj2DrpgZ+JXrniV/0Z0DIJclKBHPVe+avbVyQVVFrCsTGdwE9smGFtGeF0UuqmhiaYjPCAdhyVWFATZrNTJ+jEKX0UK+1KWjRTf09kWBgzFpHrFNgOzaI3Ff/zOqmNr8OMySS1VJL5ojjlyCo0/Rv1mabE8rEjmGjmbkVkiDUm1qVTciEEiy8vk+Z5Nbis+vcXldpNHkcRjuAYTiGAK6jBHdShAQQG8Ayv8OZx78V79z7mrQUvnzmEP/A+fwAIK42h</latexit>

l,m
<latexit sha1_base64="PF+3mnWY/l3qWd3ZPnlVhTQtnMI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlh9GZ6JUrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwms/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8r3qXVff+olK7yeMowhEcwyl4cAU1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8FIY2f</latexit>

k, l
<latexit sha1_base64="gl2X/ZBWddaUMEsY9MWWynqWEow=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBQymJKHosevFYwbSFNpTNdtMu3d2E3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyd3M7zxRpVksH02W0EDgkWQRI9hYyZ/UeV0MqjW34c6BVolXkBoUaA2qX/1hTFJBpSEca93z3MQEOVaGEU6nlX6qaYLJBI9oz1KJBdVBPj92is6sMkRRrGxJg+bq74kcC60zEdpOgc1YL3sz8T+vl5roJsiZTFJDJVksilKOTIxmn6MhU5QYnlmCiWL2VkTGWGFibD4VG4K3/PIqaV80vKuG+3BZa94WcZThBE7hHDy4hibcQwt8IMDgGV7hzZHOi/PufCxaS04xcwx/4Hz+ADkYjkw=</latexit>

k, l,m

<latexit sha1_base64="g9pBvF8NaCNXqHBvWmJTN91Eu1Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBJR9Fj04rGC/YAmlM120y7d7IbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnIoYJLlkTOAjWSTUjSSRYOxrdTP32A9OGK3kP45SFCRlIHnNKwEo9txJoPhgC0Vo94oDLGMY9t+rVvBnwMvELUkUFGj33K+grmiVMAhXEmK7vpRDmRAOngk3KQWZYSuiIDFjXUkkSZsJ8dvsEn1ilj2OlbUnAM/X3RE4SY8ZJZDsTAkOz6E3F/7xuBvFVmHOZZsAknS+KM4FB4WkQuM81oyDGlhCqub0V0yHRhIKNq2xD8BdfXiats5p/UfPuzqv16yKOEjpCx+gU+egS1dEtaqAmougJPaNX9OZMnBfn3fmYt644xcwh+gPn8wdqQJSu</latexit>! 1
<latexit sha1_base64="g9pBvF8NaCNXqHBvWmJTN91Eu1Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBJR9Fj04rGC/YAmlM120y7d7IbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnIoYJLlkTOAjWSTUjSSRYOxrdTP32A9OGK3kP45SFCRlIHnNKwEo9txJoPhgC0Vo94oDLGMY9t+rVvBnwMvELUkUFGj33K+grmiVMAhXEmK7vpRDmRAOngk3KQWZYSuiIDFjXUkkSZsJ8dvsEn1ilj2OlbUnAM/X3RE4SY8ZJZDsTAkOz6E3F/7xuBvFVmHOZZsAknS+KM4FB4WkQuM81oyDGlhCqub0V0yHRhIKNq2xD8BdfXiats5p/UfPuzqv16yKOEjpCx+gU+egS1dEtaqAmougJPaNX9OZMnBfn3fmYt644xcwh+gPn8wdqQJSu</latexit>! 1

<latexit sha1_base64="g9pBvF8NaCNXqHBvWmJTN91Eu1Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBJR9Fj04rGC/YAmlM120y7d7IbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnIoYJLlkTOAjWSTUjSSRYOxrdTP32A9OGK3kP45SFCRlIHnNKwEo9txJoPhgC0Vo94oDLGMY9t+rVvBnwMvELUkUFGj33K+grmiVMAhXEmK7vpRDmRAOngk3KQWZYSuiIDFjXUkkSZsJ8dvsEn1ilj2OlbUnAM/X3RE4SY8ZJZDsTAkOz6E3F/7xuBvFVmHOZZsAknS+KM4FB4WkQuM81oyDGlhCqub0V0yHRhIKNq2xD8BdfXiats5p/UfPuzqv16yKOEjpCx+gU+egS1dEtaqAmougJPaNX9OZMnBfn3fmYt644xcwh+gPn8wdqQJSu</latexit>! 1
<latexit sha1_base64="g9pBvF8NaCNXqHBvWmJTN91Eu1Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBJR9Fj04rGC/YAmlM120y7d7IbdiVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnIoYJLlkTOAjWSTUjSSRYOxrdTP32A9OGK3kP45SFCRlIHnNKwEo9txJoPhgC0Vo94oDLGMY9t+rVvBnwMvELUkUFGj33K+grmiVMAhXEmK7vpRDmRAOngk3KQWZYSuiIDFjXUkkSZsJ8dvsEn1ilj2OlbUnAM/X3RE4SY8ZJZDsTAkOz6E3F/7xuBvFVmHOZZsAknS+KM4FB4WkQuM81oyDGlhCqub0V0yHRhIKNq2xD8BdfXiats5p/UfPuzqv16yKOEjpCx+gU+egS1dEtaqAmougJPaNX9OZMnBfn3fmYt644xcwh+gPn8wdqQJSu</latexit>! 1

<latexit sha1_base64="h1u5h2KkchXqIAR2LgOLpksmwiE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD0WvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup36rSeujYjVI44T7kd0oEQoGEUrPZwR2StX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPq95l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QOS3I1U</latexit>

, l

<latexit sha1_base64="pf2ZF8gq8GNU8gAIZh8z41AqtpI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuKHoMevEY0TwgWcLsZDYZMo9lZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR7dRvPVFtmJKPdpzQUOCBZDEj2Drp4QyJXrniV/0Z0DIJclKBHPVe+avbVyQVVFrCsTGdwE9smGFtGeF0UuqmhiaYjPCAdhyVWFATZrNTJ+jEKX0UK+1KWjRTf09kWBgzFpHrFNgOzaI3Ff/zOqmNr8OMySS1VJL5ojjlyCo0/Rv1mabE8rEjmGjmbkVkiDUm1qVTciEEiy8vk+Z5Nbis+vcXldpNHkcRjuAYTiGAK6jBHdShAQQG8Ayv8OZx78V79z7mrQUvnzmEP/A+fwCUYI1V</latexit>,m

<latexit sha1_base64="Rrh/PogGbkCKOGarVihfUPkpbnA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlhzMy6pUrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwms/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8r3qXVff+olK7yeMowhEcwyl4cAU1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w+RWI1T</latexit>

, k

<latexit sha1_base64="SLpiuPNS+BNN7cylrlZqCwu/91E=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4Kokoeix68VjBfkAbymY7aZduNnF3Uiyhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIa3U785Am1ErB5wnIAfsb4SoeAMreR3EJ4wC4USCJNuqexW3BnoMvFyUiY5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbUsUiMH42O3pCT63So2GsbSmkM/X3RMYiY8ZRYDsjhgOz6E3F/7x2iuG1nwmVpAiKzxeFqaQY02kCtCc0cJRjSxjXwt5K+YBpxtHmVLQheIsvL5PGecW7rLj3F+XqTR5HgRyTE3JGPHJFquSO1EidcPJInskreXNGzovz7nzMW1ecfOaI/IHz+QOI+ZKY</latexit>

finite
<latexit sha1_base64="SLpiuPNS+BNN7cylrlZqCwu/91E=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4Kokoeix68VjBfkAbymY7aZduNnF3Uiyhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIa3U785Am1ErB5wnIAfsb4SoeAMreR3EJ4wC4USCJNuqexW3BnoMvFyUiY5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbUsUiMH42O3pCT63So2GsbSmkM/X3RMYiY8ZRYDsjhgOz6E3F/7x2iuG1nwmVpAiKzxeFqaQY02kCtCc0cJRjSxjXwt5K+YBpxtHmVLQheIsvL5PGecW7rLj3F+XqTR5HgRyTE3JGPHJFquSO1EidcPJInskreXNGzovz7nzMW1ecfOaI/IHz+QOI+ZKY</latexit>

finite
<latexit sha1_base64="SLpiuPNS+BNN7cylrlZqCwu/91E=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4Kokoeix68VjBfkAbymY7aZduNnF3Uiyhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIa3U785Am1ErB5wnIAfsb4SoeAMreR3EJ4wC4USCJNuqexW3BnoMvFyUiY5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbUsUiMH42O3pCT63So2GsbSmkM/X3RMYiY8ZRYDsjhgOz6E3F/7x2iuG1nwmVpAiKzxeFqaQY02kCtCc0cJRjSxjXwt5K+YBpxtHmVLQheIsvL5PGecW7rLj3F+XqTR5HgRyTE3JGPHJFquSO1EidcPJInskreXNGzovz7nzMW1ecfOaI/IHz+QOI+ZKY</latexit>

finite



5959

Locality Unitarity: raised propagators
[ Capatti, VH, Ruijl, arxiv : 2203.11038 ]

lµ � kµ

Traditional Cutkosky rule

=
<latexit sha1_base64="7/O+WhjBh1EqWp8YtapgGpASBzc="></latexit>

�2⇡i
�(p0 � E(~p ))

2E(~p )

would not apply here !

<latexit sha1_base64="/1xUJqS20jmXBzTDU3NqBIFUF/I=">AAACGXicbVBNS8NAEN34WetX1aOXYBEUpSRF0YtQFMGjglWhSctmO2mXbj7cnRRK2r/hxb/ixYMiHvXkv3Fbg2j1wcDjvRlm5nmx4Aot68OYmJyanpnNzeXnFxaXlgsrq1cqSiSDKotEJG88qkDwEKrIUcBNLIEGnoBrr3My9K+7IBWPwkvsxeAGtBVynzOKWmoUrNMtpwssjQfO7vaRo24lpo4AH/vfsiN5q439enknqJcHjULRKlkjmH+JnZEiyXDeKLw5zYglAYTIBFWqZlsxuimVyJmAQd5JFMSUdWgLapqGNADlpqPPBuamVpqmH0ldIZoj9edESgOleoGnOwOKbTXuDcX/vFqC/qGb8jBOEEL2tchPhImROYzJbHIJDEVPE8ok17earE0lZajDzOsQ7PGX/5KrcsneL1kXe8XKcRZHjqyTDbJFbHJAKuSMnJMqYeSOPJAn8mzcG4/Gi/H61TphZDNr5BeM90/Bf6DF</latexit>

E(~p ) =
q

|~p |2 +m2

<latexit sha1_base64="/XGiWt6mcSnvQ1kQq7qhPSVLi/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB22uM+A==</latexit>p

In LU, we cannot consider truncated amplitudes only :

https://arxiv.org/pdf/2203.11038.pdf


5959

Locality Unitarity: raised propagators
[ Capatti, VH, Ruijl, arxiv : 2203.11038 ]

lµ � kµ

Traditional Cutkosky rule

=
<latexit sha1_base64="7/O+WhjBh1EqWp8YtapgGpASBzc="></latexit>

�2⇡i
�(p0 � E(~p ))

2E(~p )

would not apply here !

<latexit sha1_base64="/1xUJqS20jmXBzTDU3NqBIFUF/I=">AAACGXicbVBNS8NAEN34WetX1aOXYBEUpSRF0YtQFMGjglWhSctmO2mXbj7cnRRK2r/hxb/ixYMiHvXkv3Fbg2j1wcDjvRlm5nmx4Aot68OYmJyanpnNzeXnFxaXlgsrq1cqSiSDKotEJG88qkDwEKrIUcBNLIEGnoBrr3My9K+7IBWPwkvsxeAGtBVynzOKWmoUrNMtpwssjQfO7vaRo24lpo4AH/vfsiN5q439enknqJcHjULRKlkjmH+JnZEiyXDeKLw5zYglAYTIBFWqZlsxuimVyJmAQd5JFMSUdWgLapqGNADlpqPPBuamVpqmH0ldIZoj9edESgOleoGnOwOKbTXuDcX/vFqC/qGb8jBOEEL2tchPhImROYzJbHIJDEVPE8ok17earE0lZajDzOsQ7PGX/5KrcsneL1kXe8XKcRZHjqyTDbJFbHJAKuSMnJMqYeSOPJAn8mzcG4/Gi/H61TphZDNr5BeM90/Bf6DF</latexit>

E(~p ) =
q

|~p |2 +m2

<latexit sha1_base64="/XGiWt6mcSnvQ1kQq7qhPSVLi/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB22uM+A==</latexit>p

So consider this Cutkosky cut as a higher-order residue

lµ � kµ
=

<latexit sha1_base64="bMQ1wjg0KNuD2ph5d5Q9KpCxKSU="></latexit>

�2⇡i
�(n)

⇥
p0 � E(~p )

⇤

(p0 + E(~p ))2

<latexit sha1_base64="bifzA6WzVq4VimsOBRiy83QYWm0="></latexit>Z
dx �(n+1)[x]f(x) =

1

n!

dnf

dxn

�����
x=0

Generalised cutting rule

<latexit sha1_base64="irRsvRZr8MoM77Oqcf/aHX2KVpM=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgxbArih6DXjxGMA9I1jA7mU2GzM4uM71qWPIfXjwo4tV/8ebfOHkcNLGgoajqprsrSKQw6LrfTm5peWV1Lb9e2Njc2t4p7u7VTZxqxmsslrFuBtRwKRSvoUDJm4nmNAokbwSD67HfeODaiFjd4TDhfkR7SoSCUbTSvTppI3/CDEXEzahTLLlldwKySLwZKcEM1U7xq92NWRpxhUxSY1qem6CfUY2CST4qtFPDE8oGtMdblipqt/jZ5OoRObJKl4SxtqWQTNTfExmNjBlGge2MKPbNvDcW//NaKYaXfiZUkiJXbLooTCXBmIwjIF2hOUM5tIQyLeythPWppgxtUAUbgjf/8iKpn5a987J7e1aqXM3iyMMBHMIxeHABFbiBKtSAgYZneIU359F5cd6dj2lrzpnN7MMfOJ8/Ds2S4A==</latexit>

n� times

In LU, we cannot consider truncated amplitudes only :

https://arxiv.org/pdf/2203.11038.pdf


6060

Locality Unitarity: raised propagators
[ Capatti, VH, Ruijl, arxiv : 2203.11038 ]

This is well understood for raised loop propagators, 
but for raised external propagators of supergraphs, there are subtleties :

<latexit sha1_base64="l+Ii0JfSpyj5ADjvFEcgzrXgjl0="></latexit>

/ �(1)[p01 � E(~p1 )]�
(2)[p02 � E(~p2 )]�

(3)[p03 � E(~p3 )]

https://arxiv.org/pdf/2203.11038.pdf
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<latexit sha1_base64="eSCRxD7yAh8EdSOpbhekfxSV6X0="></latexit>

/ �(1)[p01 � E(~p1 )]�
(2)[p02 � E(~p2 )]�

(3)[q0 � p01 � p02 � E(t ~p1 )� E(t ~p2 )]

https://arxiv.org/pdf/2203.11038.pdf
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<latexit sha1_base64="eSCRxD7yAh8EdSOpbhekfxSV6X0="></latexit>

/ �(1)[p01 � E(~p1 )]�
(2)[p02 � E(~p2 )]�

(3)[q0 � p01 � p02 � E(t ~p1 )� E(t ~p2 )]

https://arxiv.org/pdf/2203.11038.pdf
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https://arxiv.org/pdf/2203.11038.pdf
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https://arxiv.org/pdf/2203.11038.pdf
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/ �(1)[p01 � E(~p1 )]�
(2)[p02 � E(~p2 )]�

(3)[q0 � p01 � p02 � E(t ~p1 )� E(t ~p2 )]

Use multivariate dual numbers (auto-differentiation) in order to efficiently 
compute amplitude derivatives of      and      in      and    ( in this example )

<latexit sha1_base64="D08SlWnEP0myME0ObNbM3ja8/ng=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSSn/Zqj26vXHGr7hxklXg5qUCORq/81e0nLIu5QiapMR3PTTGYUI2CST4tdTPDU8pGdMA7lioacxNM5sdOyZlV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0HUyESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadkQ/CWX14lzVrVu6y69xeV+k0eRxFO4BTOwYMrqMMdNMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPJc+OPw==</latexit>

p02
<latexit sha1_base64="W+cQxzCzyNjJHqtlVZvJXMOej10=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVbVxWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4XuM/A==</latexit>

t
<latexit sha1_base64="4kHDLAAriZ1EKL6gQRhv7elx5gA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJooYVFRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCo0+GHi8N8PMvCARXBvX/XIKS8srq2vF9dLG5tb2Tnl3r6njVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0dXUbz2i0jyWD2acoB/RgeQhZ9RY6f66d9srV9yqOwP5S7ycVCBHvVf+7PZjlkYoDRNU647nJsbPqDKcCZyUuqnGhLIRHWDHUkkj1H42O3VCjqzSJ2GsbElDZurPiYxGWo+jwHZG1Az1ojcV//M6qQkv/IzLJDUo2XxRmApiYjL9m/S5QmbE2BLKFLe3EjakijJj0ynZELzFl/+S5knVO6u6d6eV2mUeRxEO4BCOwYNzqMEN1KEBDAbwBC/w6gjn2Xlz3uetBSef2YdfcD6+Aes5jY4=</latexit>

GL
<latexit sha1_base64="2CCzlf/ejkJKRgz89cqiOGcMpZg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegBz3GRx6QLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjq6nfekSleSwfzDhBP6IDyUPOqLHS/XXvrleuuFV3BvKXeDmpQI56r/zZ7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx26oQcWaVPwljZkobM1J8TGY20HkeB7YyoGepFbyr+53VSE174GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7IheIsv/yXNk6p3VnVvTyu1yzyOIhzAIRyDB+dQgxuoQwMYDOAJXuDVEc6z8+a8z1sLTj6zD7/gfHwD9FGNlA==</latexit>

GR

https://arxiv.org/pdf/2203.11038.pdf


6161

Spurious soft singularities

<latexit sha1_base64="mpWGDe0cHvFXrdgwLrJ5SikL6ik=">AAACAnicbVDLSgMxFM3UV62vUVfiZrAIdVNmiqLLohuXFewDOtOSSTNtaCYJSUYow+DGX3HjQhG3foU7/8a0nYW2HggczrmXm3NCQYnSrvttFVZW19Y3ipulre2d3T17/6CleCIRbiJOueyEUGFKGG5qoinuCIlhHFLcDsc3U7/9gKUinN3ricBBDIeMRARBbaS+feQLyYXmjh9JiFIvSyuiVzvr1bK+XXar7gzOMvFyUgY5Gn37yx9wlMSYaUShUl3PFTpIodQEUZyV/ERhAdEYDnHXUAZjrIJ0FiFzTo0ycCIuzWPamam/N1IYKzWJQzMZQz1Si95U/M/rJjq6ClLCRKIxQ/NDUUIdE3nahzMgEiNNJ4ZAJIn5q4NG0HShTWslU4K3GHmZtGpV76Lq3p2X69d5HUVwDE5ABXjgEtTBLWiAJkDgETyDV/BmPVkv1rv1MR8tWPnOIfgD6/MHYiuWww==</latexit>

/ 1

(p2)2

For 
<latexit sha1_base64="1n/1fAJGRUU7Fd8NEv/HFxauGXE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9JBcu71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVN3780rtJo+jCEdwDKfgwSXU4A7q0AAGA3iGV3hzpPPivDsf89aCk88cwh84nz/LlY15</latexit>

p = 0

this induces a spurious
soft divergence whose
cancellation has nothing

to do with KLN!

At the integrated level, we have
<latexit sha1_base64="b0Hj02k7iFs+UCSm14eJxuPYVGM="></latexit>

/ 1

p2
�
p2gµ⌫ � pµp⌫

� 1

p2

[ Capatti, VH, Ruijl, arxiv : 2203.11038 ]

Only beyond NLO (needs a soft propagator dressed with a self-energy correction)

https://arxiv.org/pdf/2203.11038.pdf
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/ 1
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<latexit sha1_base64="1n/1fAJGRUU7Fd8NEv/HFxauGXE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9JBcu71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVN3780rtJo+jCEdwDKfgwSXU4A7q0AAGA3iGV3hzpPPivDsf89aCk88cwh84nz/LlY15</latexit>

p = 0

this induces a spurious
soft divergence whose
cancellation has nothing

to do with KLN!

At the integrated level, we have
<latexit sha1_base64="b0Hj02k7iFs+UCSm14eJxuPYVGM="></latexit>

/ 1

p2
�
p2gµ⌫ � pµp⌫

� 1

p2

but not at the local level; we must introduce spurious soft counterterms :

<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�( =)<latexit sha1_base64="clt/T627dKa1nCeyOGSYLCCSS4Q=">AAACA3icdVBNS8NAEN34bf2qetPLYhE8lU2pWm+iF48KVoWmhM1mooubbNidiCUUvPhXvHhQxKt/wpv/xq1WUNEHA4/3ZpiZF+VKWmTszRsZHRufmJyarszMzs0vVBeXTqwujIC20Eqbs4hbUDKDNkpUcJYb4Gmk4DS63B/4p1dgrNTZMfZy6Kb8PJOJFBydFFZXApQqhvK4HwYI11hanWAQxjruh9Uaq/uNrVaTUVbf2vR9v+UIYzuNnW3qOzJAjQxxGFZfg1iLIoUMheLWdnyWY7fkBqVQ0K8EhYWci0t+Dh1HM56C7ZYfP/TpulNimmjjKkP6oX6fKHlqbS+NXGfK8cL+9gbiX16nwKTVLWWWFwiZ+FyUFIqipoNAaCwNCFQ9R7gw0t1KxQU3XKCLreJC+PqU/k9OGnV/s86OmrXdvWEcU2SVrJEN4pNtsksOyCFpE0FuyB15II/erXfvPXnPn60j3nBmmfyA9/IOr/yY2Q==</latexit>

T̃soft dod

<latexit sha1_base64="gYLDT2asJO5pRPEfUw/P9vhc5h4=">AAAB8nicdVDJSgNBEO1xjXGLevTSGARPQ3fIegt68RghGyQh9HR6kiY9C901QhjyGV48KOLVr/Hm39hZBBV9UPB4r4qqel6spAFCPpyNza3tnd3MXnb/4PDoOHdy2jZRorlo8UhFuusxI5QMRQskKNGNtWCBp0THm94s/M690EZGYRNmsRgEbBxKX3IGVur1QaqRSJvzIR3m8sSlhXK1SDBxyyVKadUSQmqFWgVTSxbIozUaw9x7fxTxJBAhcMWM6VESwyBlGiRXYp7tJ0bEjE/ZWPQsDVkgzCBdnjzHl1YZYT/StkLAS/X7RMoCY2aBZzsDBhPz21uIf3m9BPzqIJVhnIAI+WqRnygMEV78j0dSCw5qZgnjWtpbMZ8wzTjYlLI2hK9P8f+kXXBpySV3xXz9eh1HBp2jC3SFKKqgOrpFDdRCHEXoAT2hZwecR+fFeV21bjjrmTP0A87bJ58EkXw=</latexit>

T̃1

<latexit sha1_base64="uzjzQaT3qdgnhYLiEevI/vFbbMQ="></latexit>

soft dod(�)X

j=0

1

j!

dj

d�j
�(� p)

�����
�=0

<latexit sha1_base64="bUONscwRB0QdrhHySBXKehJrKLo=">AAAB8nicdVDJSgNBEO2JW4xb1KOXxiB4GnpCFnMLevEYIRtMhtDT6SRNeha6a4Qw5DO8eFDEq1/jzb+xJ4mgog8KHu9VUVXPj6XQQMiHldvY3Nreye8W9vYPDo+KxyddHSWK8Q6LZKT6PtVcipB3QIDk/VhxGviS9/zZTeb37rnSIgrbMI+5F9BJKMaCUTCS6w5AyBFP2wtvWCwR2ynX6o0KJnaNVBrVjBCnWicEOzZZooTWaA2L74NRxJKAh8Ak1dp1SAxeShUIJvmiMEg0jymb0Ql3DQ1pwLWXLk9e4AujjPA4UqZCwEv1+0RKA63ngW86AwpT/dvLxL88N4HxlZeKME6Ah2y1aJxIDBHO/scjoTgDOTeEMiXMrZhNqaIMTEoFE8LXp/h/0i3bTtUmd5VS83odRx6doXN0iRxUR010i1qogxiK0AN6Qs8WWI/Wi/W6as1Z65lT9APW2yfb5JGk</latexit>

[T̃ ], , =
<latexit sha1_base64="LKzNUVkH7uNh7xjulCHYOFs39OE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBemuMuA==</latexit>

0

[ Capatti, VH, Ruijl, arxiv : 2203.11038 ]

Only beyond NLO (needs a soft propagator dressed with a self-energy correction)

https://arxiv.org/pdf/2203.11038.pdf


6262

Combined UV and Spurious IR forest
Eurekâ moment: 

so that we can combine the UV and spurious soft subtraction as one !

•Remarkably, we always have :
•Spurious soft expansion also valid as UV counter term.
•Spurious soft IR forest similar to the one produced by the R-operation

<latexit sha1_base64="6VOw7D5duTSb8F5qoxToLhBldpQ=">AAACCnicdVDLSgMxFM34tr5GXbqJFsGNQ0ZaqwtBdONSwVahLSWTybShmcmQ3BHL0LUbf8WNC0Xc+gXu/BvTh6CiBy6cnHMvufcEqRQGCPlwJianpmdm5+YLC4tLyyvu6lrNqEwzXmVKKn0dUMOlSHgVBEh+nWpO40Dyq6B7OvCvbrg2QiWX0Et5M6btRESCUbBSy91sAL+F3KgIGq1Qhf2jkVCtjZ67fsstEs/f268cljDx9knpsDwgxC9XCMG+R4YoojHOW+57I1Qsi3kCTFJj6j5JoZlTDYJJ3i80MsNTyrq0zeuWJjTmppkPT+njbauEOFLaVgJ4qH6fyGlsTC8ObGdMoWN+ewPxL6+eQXTQzEWSZsATNvooyiQGhQe54FBozkD2LKFMC7srZh2qKQObXsGG8HUp/p/U9jy/7JGLUvH4ZBzHHNpAW2gH+aiCjtEZOkdVxNAdekBP6Nm5dx6dF+d11DrhjGfW0Q84b59mWptX</latexit>

soft dod = UV dod� 1

<latexit sha1_base64="NO+0IyMZ+L/YOgtrOLjcje5VvLQ=">AAACTHicdVDLSgMxFM3Ud31VXboJFkEQy4wouhGKblwqtFXolJLJ3Npg5kFyRyzDfKAbF+78CjcuFBHMtAX70AOBk3PO5SbHi6XQaNuvVmFmdm5+YXGpuLyyurZe2ths6ChRHOo8kpG69ZgGKUKoo0AJt7ECFngSbrz7i9y/eQClRRTWsBdDK2B3oegIztBI7RJ3uwzTWtZ2ER4x9SM/o2e0Nnrdpy4K6UOeSn/1AyejB2PJ/2LtUtmu2H3QaeIMSZkMcdUuvbh+xJMAQuSSad107BhbKVMouISs6CYaYsbv2R00DQ1ZALqV9svI6K5RfNqJlDkh0r46OpGyQOte4JlkwLCrJ71c/MtrJtg5baUijBOEkA8WdRJJMaJ5s9QXCjjKniGMK2HeSnmXKcbR9F80JTiTX54mjcOKc1yxr4/K1fNhHYtkm+yQPeKQE1Ill+SK1AknT+SNfJBP69l6t76s70G0YA1ntsgYCvM/h6m1+w==</latexit>

T̂dod = Tdod + T̃dod�1 � TdodT̃dod�1

until we realised that we had just re-invented the wheel: [ J. H. Lowenstein, 1976 ]
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Combined UV and Spurious IR forest
Eurekâ moment: 

so that we can combine the UV and spurious soft subtraction as one !

•Remarkably, we always have :
•Spurious soft expansion also valid as UV counter term.
•Spurious soft IR forest similar to the one produced by the R-operation

<latexit sha1_base64="6VOw7D5duTSb8F5qoxToLhBldpQ=">AAACCnicdVDLSgMxFM34tr5GXbqJFsGNQ0ZaqwtBdONSwVahLSWTybShmcmQ3BHL0LUbf8WNC0Xc+gXu/BvTh6CiBy6cnHMvufcEqRQGCPlwJianpmdm5+YLC4tLyyvu6lrNqEwzXmVKKn0dUMOlSHgVBEh+nWpO40Dyq6B7OvCvbrg2QiWX0Et5M6btRESCUbBSy91sAL+F3KgIGq1Qhf2jkVCtjZ67fsstEs/f268cljDx9knpsDwgxC9XCMG+R4YoojHOW+57I1Qsi3kCTFJj6j5JoZlTDYJJ3i80MsNTyrq0zeuWJjTmppkPT+njbauEOFLaVgJ4qH6fyGlsTC8ObGdMoWN+ewPxL6+eQXTQzEWSZsATNvooyiQGhQe54FBozkD2LKFMC7srZh2qKQObXsGG8HUp/p/U9jy/7JGLUvH4ZBzHHNpAW2gH+aiCjtEZOkdVxNAdekBP6Nm5dx6dF+d11DrhjGfW0Q84b59mWptX</latexit>

soft dod = UV dod� 1

<latexit sha1_base64="NO+0IyMZ+L/YOgtrOLjcje5VvLQ=">AAACTHicdVDLSgMxFM3Ud31VXboJFkEQy4wouhGKblwqtFXolJLJ3Npg5kFyRyzDfKAbF+78CjcuFBHMtAX70AOBk3PO5SbHi6XQaNuvVmFmdm5+YXGpuLyyurZe2ths6ChRHOo8kpG69ZgGKUKoo0AJt7ECFngSbrz7i9y/eQClRRTWsBdDK2B3oegIztBI7RJ3uwzTWtZ2ER4x9SM/o2e0Nnrdpy4K6UOeSn/1AyejB2PJ/2LtUtmu2H3QaeIMSZkMcdUuvbh+xJMAQuSSad107BhbKVMouISs6CYaYsbv2R00DQ1ZALqV9svI6K5RfNqJlDkh0r46OpGyQOte4JlkwLCrJ71c/MtrJtg5baUijBOEkA8WdRJJMaJ5s9QXCjjKniGMK2HeSnmXKcbR9F80JTiTX54mjcOKc1yxr4/K1fNhHYtkm+yQPeKQE1Ill+SK1AknT+SNfJBP69l6t76s70G0YA1ntsgYCvM/h6m1+w==</latexit>

T̂dod = Tdod + T̃dod�1 � TdodT̃dod�1

until we realised that we had just re-invented the wheel: [ J. H. Lowenstein, 1976 ]

Novelty though: automatic renormalisation of fermion masses in the OS scheme:
<latexit sha1_base64="/XGiWt6mcSnvQ1kQq7qhPSVLi/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB22uM+A==</latexit>p<latexit sha1_base64="B02u2vTKshEoDOARMYYM/z7jWCk=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSSi6LHoxWOFfkETy2a7aZfubsLupFhC/okXD4p49Z9489+4bXPQ1gcDj/dmmJkXJpxpcN1vq7S2vrG5Vd6u7Ozu7R/Yh0dtHaeK0BaJeay6IdaUM0lbwIDTbqIoFiGnnXB8N/M7E6o0i2UTpgkNBB5KFjGCwUh9224+Zj7QJ8hinfuJyPt21a25czirxCtIFRVo9O0vfxCTVFAJhGOte56bQJBhBYxwmlf8VNMEkzEe0p6hEguqg2x+ee6cGWXgRLEyJcGZq78nMiy0norQdAoMI73szcT/vF4K0U2QMZmkQCVZLIpS7kDszGJwBkxRAnxqCCaKmVsdMsIKEzBhVUwI3vLLq6R9UfOuau7DZbV+W8RRRifoFJ0jD12jOrpHDdRCBE3QM3pFb1ZmvVjv1seitWQVM8foD6zPH27YlC0=</latexit>

T os±( )=
<latexit sha1_base64="XQR7X0YH+SyaImQx9E361CjrIGs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqr+3Xmldp3HUYQjOIZTCOASanALdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/bLGPBw==</latexit>

⌃ =
<latexit sha1_base64="I7mhUxE0rkX7SjKPV3eHdKbZNSg=">AAACEnicbVA9SwNBEN2LXzF+RS1tFoOQNOFOFG2EoI1lRKNCLoa5zSYu2b1bdufEcOQ32PhXbCwUsbWy89+4iSn8ejDweG+GmXmRlsKi7394uanpmdm5/HxhYXFpeaW4unZuk9Qw3mCJTMxlBJZLEfMGCpT8UhsOKpL8IuofjfyLG26sSOIzHGjeUtCLRVcwQCe1i5VyEGoV9kApuPIr4anoKSjrAydSfZWFyG8xS+xwWGkXS37VH4P+JcGElMgE9XbxPewkLFU8RibB2mbga2xlYFAwyYeFMLVcA+tDjzcdjUFx28rGLw3pllM6tJsYVzHSsfp9IgNl7UBFrlMBXtvf3kj8z2um2N1vZSLWKfKYfS3qppJiQkf50I4wnKEcOALMCHcrZddggKFLseBCCH6//Jecb1eD3ap/slOqHU7iyJMNsknKJCB7pEaOSZ00CCN35IE8kWfv3nv0XrzXr9acN5lZJz/gvX0CZcSdVg==</latexit>

(1± �0)⌃(p = ±pos)
<latexit sha1_base64="otPXteZ4KWRFrYhlcbv2tlVsKnw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFqCAlEUU3QtGNywr2AW0sk+mkHTrJhJkbsYRs/BU3LhRx62e482+ctFlo67lcOJxzLzP3eBFnCmz72ygsLC4trxRXS2vrG5tb5vZOU4lYEtogggvZ9rCinIW0AQw4bUeS4sDjtOWNrjO/9UClYiK8g3FE3QAPQuYzgkFLPXMvuk+6QB8hESpNLyvBsZ3VUc8s21V7AmueODkpoxz1nvnV7QsSBzQEwrFSHceOwE2wBEY4TUvdWNEIkxEe0I6mIQ6ocpPJAal1qJW+5QupOwRrov7eSHCg1Djw9GSAYahmvUz8z+vE4F+4CQujGGhIpg/5MbdAWFkaVp9JSoCPNcFEMv1XiwyxxAR0ZiUdgjN78jxpnlSds6p9e1quXeVxFNE+OkAV5KBzVEM3qI4aiKAUPaNX9GY8GS/Gu/ExHS0Y+c4u+gPj8wcU/5Vl</latexit>

pos = (m, 0, 0, 0),

<latexit sha1_base64="DPra522Pw6sJAnziW4h3mVoHFL0="></latexit>

1

2

�⇥
T os+(⌃)

⇤
+ [T os�(⌃)]

�
= �mos

Implying that our local  UV 
counterterm      automatically 
generates the OS mass 
renormalisation counterterm !

<latexit sha1_base64="558Tnivsjwdi9TC9lqQFDged+s8=">AAAB9HicbVBNSwMxEM36WetX1aOXYBE8lV1R9Fj04rFCv6BdSzbNtqHZZE1mi2XZ3+HFgyJe/THe/Dem7R609cHA470ZZuYFseAGXPfbWVldW9/YLGwVt3d29/ZLB4dNoxJNWYMqoXQ7IIYJLlkDOAjWjjUjUSBYKxjdTv3WmGnDlazDJGZ+RAaSh5wSsJJff0i7wJ4gVSbLeqWyW3FnwMvEy0kZ5aj1Sl/dvqJJxCRQQYzpeG4Mfko0cCpYVuwmhsWEjsiAdSyVJGLGT2dHZ/jUKn0cKm1LAp6pvydSEhkziQLbGREYmkVvKv7ndRIIr/2UyzgBJul8UZgIDApPE8B9rhkFMbGEUM3trZgOiSYUbE5FG4K3+PIyaZ5XvMuKe39Rrt7kcRTQMTpBZ8hDV6iK7lANNRBFj+gZvaI3Z+y8OO/Ox7x1xclnjtAfOJ8/m6CSpQ==</latexit>

T os
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Local Unitarity

local 

cancellation
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Locality Unitarity

<latexit sha1_base64="lNpVo8UFt7FFDCUHLIHVTUfKtA0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3O+M+Q==</latexit>q
<latexit sha1_base64="/XGiWt6mcSnvQ1kQq7qhPSVLi/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB22uM+A==</latexit>p

We convert the four-dimensional Minkowski loop integration measure 
into a three-dimensional Euclidean phase-space measure:

<latexit sha1_base64="GZHzWi7p6proNzXMFJk7gFGN05o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD09eM8w==</latexit>

k
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Locality Unitarity

<latexit sha1_base64="lNpVo8UFt7FFDCUHLIHVTUfKtA0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3O+M+Q==</latexit>q
<latexit sha1_base64="/XGiWt6mcSnvQ1kQq7qhPSVLi/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB22uM+A==</latexit>p

d3~p

2|~p|
d3~k

2|~k|
�(|~p|+ |~p� ~q|�Q0)

<latexit sha1_base64="fz4BTKYbF+pinHGrPzOxv/Ye/b0="></latexit>

We convert the four-dimensional Minkowski loop integration measure 
into a three-dimensional Euclidean phase-space measure:

<latexit sha1_base64="GZHzWi7p6proNzXMFJk7gFGN05o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD09eM8w==</latexit>

k
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Locality Unitarity

<latexit sha1_base64="lNpVo8UFt7FFDCUHLIHVTUfKtA0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3O+M+Q==</latexit>q
<latexit sha1_base64="/XGiWt6mcSnvQ1kQq7qhPSVLi/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB22uM+A==</latexit>p

d3~p

2|~p|
d3~k

2|~k|
�(|~p|+ |~p� ~q|�Q0)

<latexit sha1_base64="fz4BTKYbF+pinHGrPzOxv/Ye/b0="></latexit>

We convert the four-dimensional Minkowski loop integration measure 
into a three-dimensional Euclidean phase-space measure:

=

Z
d3~kd3~p (�(E1 + E2 �Q0)fvirt + �(E1 + E3 + E5 �Q0)freal)

<latexit sha1_base64="b7LFzL2S1w7e4XfPPfzYbxnSZWQ="></latexit>

But the measure is not yet fully aligned:

<latexit sha1_base64="GZHzWi7p6proNzXMFJk7gFGN05o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD09eM8w==</latexit>

k
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Locality Unitarity

<latexit sha1_base64="lNpVo8UFt7FFDCUHLIHVTUfKtA0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3O+M+Q==</latexit>q
<latexit sha1_base64="/XGiWt6mcSnvQ1kQq7qhPSVLi/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB22uM+A==</latexit>p

d3~p

2|~p|
d3~k

2|~k|
�(|~p|+ |~p� ~q|�Q0)

<latexit sha1_base64="fz4BTKYbF+pinHGrPzOxv/Ye/b0="></latexit>

We convert the four-dimensional Minkowski loop integration measure 
into a three-dimensional Euclidean phase-space measure:

=

Z
d3~kd3~p (�(E1 + E2 �Q0)fvirt + �(E1 + E3 + E5 �Q0)freal)

<latexit sha1_base64="b7LFzL2S1w7e4XfPPfzYbxnSZWQ="></latexit>

But the measure is not yet fully aligned:

( on-shell energies:                                  )Ei(~ki) =
q
~k2i +m2

i � i�

<latexit sha1_base64="ailPwCJZlsoRs3115evsHWQOWl8=">AAACCXicbVC7SgNBFJ31GeMramkzGISIEnYF0TJoYxnBRCG7LLOTGx0y+2DmbjAs29rY+hk2ForY+gd2+RsnmxS+Dlzu4Zx7mbknSKTQaNsja2Z2bn5hsbRUXl5ZXVuvbGy2dZwqDi0ey1hdB0yDFBG0UKCE60QBCwMJV0H/bOxfDUBpEUeXOEzAC9lNJHqCMzSSX6EuIPNdhDvMBnktcwfAs35+UPQkz/f8StWu2wXoX+JMSbWx4+4/jhrDpl/5dLsxT0OIkEumdcexE/QyplBwCXnZTTUkjPfZDXQMjVgI2suKS3K6a5Qu7cXKVIS0UL9vZCzUehgGZjJkeKt/e2PxP6+TYu/Ey0SUpAgRnzzUSyXFmI5joV2hgKMcGsK4EuavlN8yxTia8MomBOf3yX9J+7DuHNXtC5PGKZmgRLbJDqkRhxyTBjknTdIinNyTJ/JCXq0H69l6s94nozPWdGeL/ID18QW0/Z3y</latexit>

⌘v(~k, ~p)
<latexit sha1_base64="OwNVHbDgD/YHeb3t0hscvN++iQQ=">AAACCXicbVA9SwNBEN2L3/ErammzRARFCXeCaBm0sYxgTCB3HHubSbJk74PdOTEc19rY+jNsLBSx9R/Y5d+4SSw08cEwj/dm2J0XJFJotO2hVZibX1hcWl4prq6tb2yWtrZvdZwqDnUey1g1A6ZBigjqKFBCM1HAwkBCI+hfjvzGHSgt4ugGBwl4IetGoiM4QyP5JeoCMt9FuMdM5QeZewc86+fH457k+aFf2rMr9hh0ljg/ZK9ado+ehtVBzS99ue2YpyFEyCXTuuXYCXoZUyi4hLzophoSxvusCy1DIxaC9rLxJTndN0qbdmJlKkI6Vn9vZCzUehAGZjJk2NPT3kj8z2ul2Dn3MhElKULEJw91UkkxpqNYaFso4CgHhjCuhPkr5T2mGEcTXtGE4EyfPEtuTyrOacW+NmlckAmWyS4pkwPikDNSJVekRuqEkwfyTF7Jm/VovVjv1sdktGD97OyQP7A+vwGunZ3u</latexit>

⌘r(~k, ~p)

<latexit sha1_base64="GZHzWi7p6proNzXMFJk7gFGN05o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD09eM8w==</latexit>

k
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Objective: find a common variable to solve both deltas.

Causal flow
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A different perspective on the usual phase space mapping problem

Causal flow
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The measure now differs only in the delta enforcing on shell energy conservation

Objective: find a common variable to solve both deltas.

Soper, 

arXiv: 9804454 (1998)

Soper, 

arXiv: 0102031 (2001 @ RADCOR)

ZC, Hirschi, Pelloni, Ruijl

arXiv: 2010.01068 (2020)

General FSR cancellations 
For N to M NkLO processes

Solution: introduce an auxiliary variable in which to solve the delta

A different perspective on the usual phase space mapping problem

Causal flow

https://arxiv.org/abs/hep-ph/9804454
https://arxiv.org/abs/hep-ph/0102031
https://arxiv.org/abs/1906.06138
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The measure now differs only in the delta enforcing on shell energy conservation

Objective: find a common variable to solve both deltas.

Soper, 

arXiv: 9804454 (1998)

Soper, 

arXiv: 0102031 (2001 @ RADCOR)

ZC, Hirschi, Pelloni, Ruijl

arXiv: 2010.01068 (2020)

General FSR cancellations 
For N to M NkLO processes

Solution: introduce an auxiliary variable in which to solve the delta

A toy example: Z
d3~k �(|~k|�Q0)f(~k)

<latexit sha1_base64="KVKR5nJMdVlMsWkb80xSKPokhKE="></latexit>

A different perspective on the usual phase space mapping problem

Causal flow

https://arxiv.org/abs/hep-ph/9804454
https://arxiv.org/abs/hep-ph/0102031
https://arxiv.org/abs/1906.06138
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Causal flow : toy integral

=

Z
d3~k

Z
dt h(t) �(|~k|�Q0)f(~k)

<latexit sha1_base64="mNQe43PX2ZV0A0RpLvl5+1x09mI="></latexit>

1 =

Z
dt h(t)

<latexit sha1_base64="M6KZhdxi2vNcEbSQbkwN616ip3k=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahgpQZH+hGKLpxWcE+oDOUTCbThiaZIckIZSi48VfcuFDErT/hzr8x03ahrQcCh3PuJeeeIGFUacf5tgoLi0vLK8XV0tr6xuaWvb3TVHEqMWngmMWyHSBFGBWkoalmpJ1IgnjASCsY3OR+64FIRWNxr4cJ8TnqCRpRjLSRuvaee+VRoaHHke5LnoUjw49hv6KPunbZqTpjwHniTkkZTFHv2l9eGOOUE6ExQ0p1XCfRfoakppiRUclLFUkQHqAe6RgqECfKz8Y3jOChUUIYxdI8k2es/t7IEFdqyAMzmUdVs14u/ud1Uh1d+hkVSaqJwJOPopRBHcO8EBhSSbBmQ0MQltRkhbiPJMLa1FYyJbizJ8+T5knVPa2e352Va9fTOopgHxyACnDBBaiBW1AHDYDBI3gGr+DNerJerHfrYzJasKY7u+APrM8fLkuWlQ==</latexit>

using
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Causal flow : toy integral

=

Z
d3~k

Z
dt t3 h(t) �(t|~k|�Q0)f(t~k)

<latexit sha1_base64="Vmi7xYP9lQ92ukM5oxpuVrk49pg="></latexit>

=

Z
d3~k

Z
dt h(t) �(|~k|�Q0)f(~k)

<latexit sha1_base64="mNQe43PX2ZV0A0RpLvl5+1x09mI="></latexit>

1 =

Z
dt h(t)

<latexit sha1_base64="M6KZhdxi2vNcEbSQbkwN616ip3k=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahgpQZH+hGKLpxWcE+oDOUTCbThiaZIckIZSi48VfcuFDErT/hzr8x03ahrQcCh3PuJeeeIGFUacf5tgoLi0vLK8XV0tr6xuaWvb3TVHEqMWngmMWyHSBFGBWkoalmpJ1IgnjASCsY3OR+64FIRWNxr4cJ8TnqCRpRjLSRuvaee+VRoaHHke5LnoUjw49hv6KPunbZqTpjwHniTkkZTFHv2l9eGOOUE6ExQ0p1XCfRfoakppiRUclLFUkQHqAe6RgqECfKz8Y3jOChUUIYxdI8k2es/t7IEFdqyAMzmUdVs14u/ud1Uh1d+hkVSaqJwJOPopRBHcO8EBhSSbBmQ0MQltRkhbiPJMLa1FYyJbizJ8+T5knVPa2e352Va9fTOopgHxyACnDBBaiBW1AHDYDBI3gGr+DNerJerHfrYzJasKY7u+APrM8fLkuWlQ==</latexit>

using

~k ! t~k
<latexit sha1_base64="CQLg87v7LL832JU2Bf2GGWMwbmI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXRjcsK9gFNKJPppB06yYSZm0oJXbjxV9y4UMStH+HOv3HaZqGtBy4czrmXe+8JEsE1OM63VVhZXVvfKG6WtrZ3dvfs/YOmlqmirEGlkKodEM0Ej1kDOAjWThQjUSBYKxjeTP3WiCnNZXwP44T5EenHPOSUgJG6dtkbMZoNJ57i/QEQpeQDhlzr2hWn6syAl4mbkwrKUe/aX15P0jRiMVBBtO64TgJ+RhRwKtik5KWaJYQOSZ91DI1JxLSfzZ6Y4GOj9HAolakY8Ez9PZGRSOtxFJjOiMBAL3pT8T+vk0J45Wc8TlJgMZ0vClOBQeJpIrjHFaMgxoYQqri5FdMBUYSCya1kQnAXX14mzdOqe1a9uDuv1K7zOIqojI7QCXLRJaqhW1RHDUTRI3pGr+jNerJerHfrY95asPKZQ/QH1ucP+XiY8w==</latexit>

using



6666

Causal flow : toy integral

=

Z
d3~k

Z
dt t3 h(t) �(t|~k|�Q0)f(t~k)

<latexit sha1_base64="Vmi7xYP9lQ92ukM5oxpuVrk49pg="></latexit>

=

Z
d3~k

Q3
0

|~k|4
h(Q0/|~k|) f(Q0

~k/|~k|)
<latexit sha1_base64="timElZg6LU9uN1zZGZdy2eOYtws="></latexit>

=

Z
d3~k

Z
dt h(t) �(|~k|�Q0)f(~k)

<latexit sha1_base64="mNQe43PX2ZV0A0RpLvl5+1x09mI="></latexit>

1 =

Z
dt h(t)

<latexit sha1_base64="M6KZhdxi2vNcEbSQbkwN616ip3k=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahgpQZH+hGKLpxWcE+oDOUTCbThiaZIckIZSi48VfcuFDErT/hzr8x03ahrQcCh3PuJeeeIGFUacf5tgoLi0vLK8XV0tr6xuaWvb3TVHEqMWngmMWyHSBFGBWkoalmpJ1IgnjASCsY3OR+64FIRWNxr4cJ8TnqCRpRjLSRuvaee+VRoaHHke5LnoUjw49hv6KPunbZqTpjwHniTkkZTFHv2l9eGOOUE6ExQ0p1XCfRfoakppiRUclLFUkQHqAe6RgqECfKz8Y3jOChUUIYxdI8k2es/t7IEFdqyAMzmUdVs14u/ud1Uh1d+hkVSaqJwJOPopRBHcO8EBhSSbBmQ0MQltRkhbiPJMLa1FYyJbizJ8+T5knVPa2e352Va9fTOopgHxyACnDBBaiBW1AHDYDBI3gGr+DNerJerHfrYzJasKY7u+APrM8fLkuWlQ==</latexit>

using

~k ! t~k
<latexit sha1_base64="CQLg87v7LL832JU2Bf2GGWMwbmI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXRjcsK9gFNKJPppB06yYSZm0oJXbjxV9y4UMStH+HOv3HaZqGtBy4czrmXe+8JEsE1OM63VVhZXVvfKG6WtrZ3dvfs/YOmlqmirEGlkKodEM0Ej1kDOAjWThQjUSBYKxjeTP3WiCnNZXwP44T5EenHPOSUgJG6dtkbMZoNJ57i/QEQpeQDhlzr2hWn6syAl4mbkwrKUe/aX15P0jRiMVBBtO64TgJ+RhRwKtik5KWaJYQOSZ91DI1JxLSfzZ6Y4GOj9HAolakY8Ez9PZGRSOtxFJjOiMBAL3pT8T+vk0J45Wc8TlJgMZ0vClOBQeJpIrjHFaMgxoYQqri5FdMBUYSCya1kQnAXX14mzdOqe1a9uDuv1K7zOIqojI7QCXLRJaqhW1RHDUTRI3pGr+jNerJerHfrY95asPKZQ/QH1ucP+XiY8w==</latexit>

using

Solve all deltas in the common scaling variable.  This completes the alignment of the measure!

with t? = Q0/|~k|
<latexit sha1_base64="ReElfQhYHb8cqjPYu0PWJzmEieY=">AAAB/nicbVDJSgNBEO2JW4zbqHjy0hgET3HGBb0IQS8eEzALZMahp9NJmvQsdNcEwiTgr3jxoIhXv8Obf2MnmYMmPih4vFdFVT0/FlyBZX0buaXlldW1/HphY3Nre8fc3aurKJGU1WgkItn0iWKCh6wGHARrxpKRwBes4ffvJn5jwKTiUfgAw5i5AemGvMMpAS155gE8OgqIvKl61unIGTCa9scjzyxaJWsKvEjsjBRRhopnfjntiCYBC4EKolTLtmJwUyKBU8HGBSdRLCa0T7qspWlIAqbcdHr+GB9rpY07kdQVAp6qvydSEig1DHzdGRDoqXlvIv7ntRLoXLspD+MEWEhnizqJwBDhSRa4zSWjIIaaECq5vhXTHpGEgk6soEOw519eJPWzkn1euqxeFMu3WRx5dIiO0Amy0RUqo3tUQTVEUYqe0St6M56MF+Pd+Ji15oxsZh/9gfH5Azyula0=</latexit>



6666

Causal flow : toy integral

where

When applying this construction to LU we get:

=

Z
d3~k

Z
dt t3 h(t) �(t|~k|�Q0)f(t~k)

<latexit sha1_base64="Vmi7xYP9lQ92ukM5oxpuVrk49pg="></latexit>

=

Z
d3~k

Q3
0

|~k|4
h(Q0/|~k|) f(Q0

~k/|~k|)
<latexit sha1_base64="timElZg6LU9uN1zZGZdy2eOYtws="></latexit>

=

Z
d3~k

Z
dt h(t) �(|~k|�Q0)f(~k)

<latexit sha1_base64="mNQe43PX2ZV0A0RpLvl5+1x09mI="></latexit>

1 =

Z
dt h(t)

<latexit sha1_base64="M6KZhdxi2vNcEbSQbkwN616ip3k=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahgpQZH+hGKLpxWcE+oDOUTCbThiaZIckIZSi48VfcuFDErT/hzr8x03ahrQcCh3PuJeeeIGFUacf5tgoLi0vLK8XV0tr6xuaWvb3TVHEqMWngmMWyHSBFGBWkoalmpJ1IgnjASCsY3OR+64FIRWNxr4cJ8TnqCRpRjLSRuvaee+VRoaHHke5LnoUjw49hv6KPunbZqTpjwHniTkkZTFHv2l9eGOOUE6ExQ0p1XCfRfoakppiRUclLFUkQHqAe6RgqECfKz8Y3jOChUUIYxdI8k2es/t7IEFdqyAMzmUdVs14u/ud1Uh1d+hkVSaqJwJOPopRBHcO8EBhSSbBmQ0MQltRkhbiPJMLa1FYyJbizJ8+T5knVPa2e352Va9fTOopgHxyACnDBBaiBW1AHDYDBI3gGr+DNerJerHfrYzJasKY7u+APrM8fLkuWlQ==</latexit>

using

~k ! t~k
<latexit sha1_base64="CQLg87v7LL832JU2Bf2GGWMwbmI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXRjcsK9gFNKJPppB06yYSZm0oJXbjxV9y4UMStH+HOv3HaZqGtBy4czrmXe+8JEsE1OM63VVhZXVvfKG6WtrZ3dvfs/YOmlqmirEGlkKodEM0Ej1kDOAjWThQjUSBYKxjeTP3WiCnNZXwP44T5EenHPOSUgJG6dtkbMZoNJ57i/QEQpeQDhlzr2hWn6syAl4mbkwrKUe/aX15P0jRiMVBBtO64TgJ+RhRwKtik5KWaJYQOSZ91DI1JxLSfzZ6Y4GOj9HAolakY8Ez9PZGRSOtxFJjOiMBAL3pT8T+vk0J45Wc8TlJgMZ0vClOBQeJpIrjHFaMgxoYQqri5FdMBUYSCya1kQnAXX14mzdOqe1a9uDuv1K7zOIqojI7QCXLRJaqhW1RHDUTRI3pGr+jNerJerHfrY95asPKZQ/QH1ucP+XiY8w==</latexit>

using

Solve all deltas in the common scaling variable.  This completes the alignment of the measure!

(~p,~k) ! ~�(t, (~p,~k))
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(
@t~� = ~ � ~�
~�(0, (~k,~l)) = (~k,~l)

<latexit sha1_base64="F1CdW7p6L/KvA8Y2Nq6/5l+eISc="></latexit>

“Causal flow” is called like 
this because it is the generalisation 
of the Soper, derive from a contour 

deformation field satisfying 
the causal constraints. 

with t? = Q0/|~k|
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 projected to ( ⃗k, ⃗l ) ∈ ℝ3 × ℝ3 ( ly , lz ) ∈ ℝ2
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⌘sv2 ! 2|~l 0| = Q0
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[ Capatti, VH, Kermnashah, Pelonni, Ruijl, arxiv:1912.09291 ]
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Locality UnitarityLocality Unitarity
[ Capatti, VH, Pelloni, Ruijl, arxiv:2010.01068 ]

The rescaling change of variables is however not general : 

(E, 0, 0, E)

(E, 0, 0,�E)

ky

kx

https://arxiv.org/abs/2010.01068
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Compute a causal flow     from
our existing construction of a
deformation field    :

@t~�(t,~k) = ~(~�(t,~k))
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In general, this ODE can be
solved numerically.
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Locality Unitarity: all-orders proof
[ Z. Capatti, VH, A. Pelloni, B. Ruijl, arXiv : 2010.01068 ] [ Summary in proceedings, arXiv : 2110.15662 ]

https://arxiv.org/abs/2010.01068
https://arxiv.org/abs/2110.15662
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https://arxiv.org/abs/2110.15662
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 The LTD representation of the double triangle with rescaled momenta is

[ Z. Capatti, VH, A. Pelloni, B. Ruijl, arXiv : 2010.01068 ] [ Summary in proceedings, arXiv : 2110.15662 ]

https://arxiv.org/abs/2010.01068
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Locality Unitarity: all-orders proof

can be written as different limits of the same function!

Then one can capture the thresholds of this forward-scattering graphs with

Solving delta in the scaling variable       1d residue theorem along the line

LU  
representation

Cutkosky, but at the local level!

 The LTD representation of the double triangle with rescaled momenta is

We prove cancellations by studying the limit 
<latexit sha1_base64="HjVJxa+R4toyoFj5652l2B1u4vg=">AAACD3icbZC7SgNBFIZn4y3GW9TSZkhQUoVdQWIZtLGMYC6QjcvsZDYZMnth5mw0LHkDG2vfwsZCEdu0dqIP4+QiaOIPAx//OYcz53cjwRWY5oeRWlpeWV1Lr2c2Nre2d7K7ezUVxpKyKg1FKBsuUUzwgFWBg2CNSDLiu4LV3d75uF7vM6l4GFzBIGItn3QC7nFKQFtO9giubQVEOhLbkne6GmV4g39cG9gtJP2hk82bRXMivAjWDPLlXOHrszR6qDjZd7sd0thnAVBBlGpaZgSthEjgVLBhxo4ViwjtkQ5ragyIz1QrmdwzxIfaaWMvlPoFgCfu74mE+EoNfFd3+gS6ar42Nv+rNWPwTlsJD6IYWECni7xYYAjxOBzc5pJREAMNhEqu/4ppl0hCQUeY0SFY8ycvQu24aJ0UzUudxhmaKo0OUA4VkIVKqIwuUAVVEUV36BE9oxfj3ngyXo23aWvKmM3soz8yRt+48KF3</latexit>

t?r ! t?v

[ Z. Capatti, VH, A. Pelloni, B. Ruijl, arXiv : 2010.01068 ] [ Summary in proceedings, arXiv : 2110.15662 ]

https://arxiv.org/abs/2010.01068
https://arxiv.org/abs/2110.15662
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Locality UnitarityLocality Unitarity
[ Capatti, VH, Pelloni, Ruijl, arxiv:2010.01068 ]

This pairwise cancellation pattern holds at all orders, and for all threshold : 
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Testing N3LO UV Limits

Towards UV limit

[ arbitrary units ]
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Testing IR quadruple collinear Limits

Towards IR limit

[ arbitrary units ]
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Testing IR quadruple collinear Limits

Towards IR limit

[ arbitrary units ]
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Testing IR quadruple collinear Limits

LU integrand always
goes to a constant
on collinear limits 
without incl. any scaling
of the measure !
No residual integrable
singularity.

Towards IR limit

[ arbitrary units ]
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Initial-state Singularities

KLN CAN WORK FOR INITIAL-STATE !



Valentin Hirschi, CERN Local Unitarity - Universität Freiburg seminar 81

Initial-state singularities: Idea                    
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Initial-state singularities: Idea                    

(Including all degenerate configurations, higher final-state multiplicities)

For                                      we used
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(Including all degenerate configurations, higher final-state multiplicities)

For                                      we used

+<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit> +<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit> +<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

Flip it, and obtain the answer for Drell-Yan, 2 j ! e+e�
<latexit sha1_base64="nZeZjiSYeliC7GEbo48dl5rr2JU=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiQkoEoKCMYKFsYi0YfUhMpx3dbUjiPbAVVRZxZ+hYUBhFj5Ajb+BqfNAC1HutLROffq3nuCiFGlHefbmpmdm19YzC3ll1dW19btjc2aErHEpIoFE7IRIEUYDUlVU81II5IE8YCRetC/TP36PZGKivBGDyLic9QNaYdipI3UsndK3iH0ONI9yZO7oSdpt6eRlOIBktsDU0ctu+AUnRHgNHEzUgAZKi37y2sLHHMSasyQUk3XibSfIKkpZmSY92JFIoT7qEuahoaIE+Uno1eGcM8obdgR0lSo4Uj9PZEgrtSAB6YzPVpNeqn4n9eMdefcT2gYxZqEeLyoEzOoBUxzgW0qCdZsYAjCkppbIe4hibA26eVNCO7ky9OkViq6x8XT65NC+SKLIwe2wS7YBy44A2VwBSqgCjB4BM/gFbxZT9aL9W59jFtnrGxmC/yB9fkDFMeZ4A==</latexit>
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+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

(Including all degenerate configurations, higher final-state multiplicities)

For                                      we used

+<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit> +<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit> +<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

Flip it, and obtain the answer for Drell-Yan, 2 j ! e+e�
<latexit sha1_base64="nZeZjiSYeliC7GEbo48dl5rr2JU=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiQkoEoKCMYKFsYi0YfUhMpx3dbUjiPbAVVRZxZ+hYUBhFj5Ajb+BqfNAC1HutLROffq3nuCiFGlHefbmpmdm19YzC3ll1dW19btjc2aErHEpIoFE7IRIEUYDUlVU81II5IE8YCRetC/TP36PZGKivBGDyLic9QNaYdipI3UsndK3iH0ONI9yZO7oSdpt6eRlOIBktsDU0ctu+AUnRHgNHEzUgAZKi37y2sLHHMSasyQUk3XibSfIKkpZmSY92JFIoT7qEuahoaIE+Uno1eGcM8obdgR0lSo4Uj9PZEgrtSAB6YzPVpNeqn4n9eMdefcT2gYxZqEeLyoEzOoBUxzgW0qCdZsYAjCkppbIe4hibA26eVNCO7ky9OkViq6x8XT65NC+SKLIwe2wS7YBy44A2VwBSqgCjB4BM/gFbxZT9aL9W59jFtnrGxmC/yB9fkDFMeZ4A==</latexit>
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+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

parton model

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

(Including all degenerate configurations, higher final-state multiplicities)

For                                      we used

+<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit> +<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit> +<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

Flip it, and obtain the answer for Drell-Yan, 2 j ! e+e�
<latexit sha1_base64="nZeZjiSYeliC7GEbo48dl5rr2JU=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiQkoEoKCMYKFsYi0YfUhMpx3dbUjiPbAVVRZxZ+hYUBhFj5Ajb+BqfNAC1HutLROffq3nuCiFGlHefbmpmdm19YzC3ll1dW19btjc2aErHEpIoFE7IRIEUYDUlVU81II5IE8YCRetC/TP36PZGKivBGDyLic9QNaYdipI3UsndK3iH0ONI9yZO7oSdpt6eRlOIBktsDU0ctu+AUnRHgNHEzUgAZKi37y2sLHHMSasyQUk3XibSfIKkpZmSY92JFIoT7qEuahoaIE+Uno1eGcM8obdgR0lSo4Uj9PZEgrtSAB6YzPVpNeqn4n9eMdefcT2gYxZqEeLyoEzOoBUxzgW0qCdZsYAjCkppbIe4hibA26eVNCO7ky9OkViq6x8XT65NC+SKLIwe2wS7YBy44A2VwBSqgCjB4BM/gFbxZT9aL9W59jFtnrGxmC/yB9fkDFMeZ4A==</latexit>
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parton model

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

(Including all degenerate configurations, higher final-state multiplicities)

For                                      we used

+<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit> +<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit> +<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

Flip it, and obtain the answer for Drell-Yan, 2 j ! e+e�
<latexit sha1_base64="nZeZjiSYeliC7GEbo48dl5rr2JU=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiQkoEoKCMYKFsYi0YfUhMpx3dbUjiPbAVVRZxZ+hYUBhFj5Ajb+BqfNAC1HutLROffq3nuCiFGlHefbmpmdm19YzC3ll1dW19btjc2aErHEpIoFE7IRIEUYDUlVU81II5IE8YCRetC/TP36PZGKivBGDyLic9QNaYdipI3UsndK3iH0ONI9yZO7oSdpt6eRlOIBktsDU0ctu+AUnRHgNHEzUgAZKi37y2sLHHMSasyQUk3XibSfIKkpZmSY92JFIoT7qEuahoaIE+Uno1eGcM8obdgR0lSo4Uj9PZEgrtSAB6YzPVpNeqn4n9eMdefcT2gYxZqEeLyoEzOoBUxzgW0qCdZsYAjCkppbIe4hibA26eVNCO7ky9OkViq6x8XT65NC+SKLIwe2wS7YBy44A2VwBSqgCjB4BM/gFbxZT9aL9W59jFtnrGxmC/yB9fkDFMeZ4A==</latexit>

The initial state singularity is now absent!
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+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

parton model

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

(Including all degenerate configurations, higher final-state multiplicities)

For                                      we used

+<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit> +<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit> +<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

Flip it, and obtain the answer for Drell-Yan, 2 j ! e+e�
<latexit sha1_base64="nZeZjiSYeliC7GEbo48dl5rr2JU=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiQkoEoKCMYKFsYi0YfUhMpx3dbUjiPbAVVRZxZ+hYUBhFj5Ajb+BqfNAC1HutLROffq3nuCiFGlHefbmpmdm19YzC3ll1dW19btjc2aErHEpIoFE7IRIEUYDUlVU81II5IE8YCRetC/TP36PZGKivBGDyLic9QNaYdipI3UsndK3iH0ONI9yZO7oSdpt6eRlOIBktsDU0ctu+AUnRHgNHEzUgAZKi37y2sLHHMSasyQUk3XibSfIKkpZmSY92JFIoT7qEuahoaIE+Uno1eGcM8obdgR0lSo4Uj9PZEgrtSAB6YzPVpNeqn4n9eMdefcT2gYxZqEeLyoEzOoBUxzgW0qCdZsYAjCkppbIe4hibA26eVNCO7ky9OkViq6x8XT65NC+SKLIwe2wS7YBy44A2VwBSqgCjB4BM/gFbxZT9aL9W59jFtnrGxmC/yB9fkDFMeZ4A==</latexit>

The initial state singularity is now absent!
Include degenerate initial states !

<latexit sha1_base64="LFSrhdM6ZR484FEpl64Z+/naxPw=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmAckS5idzCZDZneWmV4lLPkMLx4U8erXePNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNCrVjDeYkkq3A2q4FDFvoEDJ24nmNAokbwWj26nfeuTaCBU/4DjhfkQHsQgFo2ilTleLwRCp1uqpV664VXcGsky8nFQgR71X/ur2FUsjHiOT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqUxjbjxs9nJE3JilT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/1MxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCmVbAje4svLpHlW9c6rl/cXldpNHkcRjuAYTsGDK6jBHdShAQwUPMMrvDnovDjvzse8teDkM4fwB87nD8T/kZQ=</latexit>

Higher multiplicity initial states
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What about  
this diagram?

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p� k
<latexit sha1_base64="MOw0D1mY76qinlDv1lVm87AmlEg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZ9oMegF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpITkddktlt+JOQRaJl5My5Kh1S1+dXszSCKVhgmrd9tzE+BlVhjOB42In1ZhQNqR9bFsqaYTaz6anjsmxVXokjJUtachU/T2R0UjrURTYzoiagZ73JuJ/Xjs14bWfcZmkBiWbLQpTQUxMJn+THlfIjBhZQpni9lbCBlRRZmw6RRuCN//yImmcVbzzyuX9Rbl6k8dRgEM4ghPw4AqqcAc1qAODPjzDK7w5wnlx3p2PWeuSk88cwB84nz8Nso2n</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit>

k = xp
<latexit sha1_base64="6zlKcSqQ0SrcPX91iRw5eLlaTEM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0n8QC9C0YvHCqYttKFsttt26WYTdidiCf0NXjwo4tUf5M1/47bNQasPBh7vzTAzL0ykMOi6X05haXllda24XtrY3NreKe/uNUycasZ9FstYt0JquBSK+yhQ8laiOY1CyZvh6GbqNx+4NiJW9zhOeBDRgRJ9wShayR9dPZKkW664VXcG8pd4OalAjnq3/NnpxSyNuEImqTFtz00wyKhGwSSflDqp4QllIzrgbUsVjbgJstmxE3JklR7px9qWQjJTf05kNDJmHIW2M6I4NIveVPzPa6fYvwwyoZIUuWLzRf1UEozJ9HPSE5ozlGNLKNPC3krYkGrK0OZTsiF4iy//JY2TqndaPb87q9Su8ziKcACHcAweXEANbqEOPjAQ8AQv8Ooo59l5c97nrQUnn9mHX3A+vgFYmY5j</latexit>

Also has collinear  
singularity at
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What about  
this diagram?

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p� k
<latexit sha1_base64="MOw0D1mY76qinlDv1lVm87AmlEg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZ9oMegF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpITkddktlt+JOQRaJl5My5Kh1S1+dXszSCKVhgmrd9tzE+BlVhjOB42In1ZhQNqR9bFsqaYTaz6anjsmxVXokjJUtachU/T2R0UjrURTYzoiagZ73JuJ/Xjs14bWfcZmkBiWbLQpTQUxMJn+THlfIjBhZQpni9lbCBlRRZmw6RRuCN//yImmcVbzzyuX9Rbl6k8dRgEM4ghPw4AqqcAc1qAODPjzDK7w5wnlx3p2PWeuSk88cwB84nz8Nso2n</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit>

k = xp
<latexit sha1_base64="6zlKcSqQ0SrcPX91iRw5eLlaTEM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0n8QC9C0YvHCqYttKFsttt26WYTdidiCf0NXjwo4tUf5M1/47bNQasPBh7vzTAzL0ykMOi6X05haXllda24XtrY3NreKe/uNUycasZ9FstYt0JquBSK+yhQ8laiOY1CyZvh6GbqNx+4NiJW9zhOeBDRgRJ9wShayR9dPZKkW664VXcG8pd4OalAjnq3/NnpxSyNuEImqTFtz00wyKhGwSSflDqp4QllIzrgbUsVjbgJstmxE3JklR7px9qWQjJTf05kNDJmHIW2M6I4NIveVPzPa6fYvwwyoZIUuWLzRf1UEozJ9HPSE5ozlGNLKNPC3krYkGrK0OZTsiF4iy//JY2TqndaPb87q9Su8ziKcACHcAweXEANbqEOPjAQ8AQv8Ooo59l5c97nrQUnn9mHX3A+vgFYmY5j</latexit>

Also has collinear  
singularity at

Higher multiplicity initial states, but also disconnected! Free travelling gluon!

In this case, the cancelling partner is

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p� k
<latexit sha1_base64="MOw0D1mY76qinlDv1lVm87AmlEg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZ9oMegF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpITkddktlt+JOQRaJl5My5Kh1S1+dXszSCKVhgmrd9tzE+BlVhjOB42In1ZhQNqR9bFsqaYTaz6anjsmxVXokjJUtachU/T2R0UjrURTYzoiagZ73JuJ/Xjs14bWfcZmkBiWbLQpTQUxMJn+THlfIjBhZQpni9lbCBlRRZmw6RRuCN//yImmcVbzzyuX9Rbl6k8dRgEM4ghPw4AqqcAc1qAODPjzDK7w5wnlx3p2PWeuSk88cwB84nz8Nso2n</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>
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p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p� k
<latexit sha1_base64="MOw0D1mY76qinlDv1lVm87AmlEg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZ9oMegF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpITkddktlt+JOQRaJl5My5Kh1S1+dXszSCKVhgmrd9tzE+BlVhjOB42In1ZhQNqR9bFsqaYTaz6anjsmxVXokjJUtachU/T2R0UjrURTYzoiagZ73JuJ/Xjs14bWfcZmkBiWbLQpTQUxMJn+THlfIjBhZQpni9lbCBlRRZmw6RRuCN//yImmcVbzzyuX9Rbl6k8dRgEM4ghPw4AqqcAc1qAODPjzDK7w5wnlx3p2PWeuSk88cwB84nz8Nso2n</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit>

k = xp
<latexit sha1_base64="6zlKcSqQ0SrcPX91iRw5eLlaTEM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0n8QC9C0YvHCqYttKFsttt26WYTdidiCf0NXjwo4tUf5M1/47bNQasPBh7vzTAzL0ykMOi6X05haXllda24XtrY3NreKe/uNUycasZ9FstYt0JquBSK+yhQ8laiOY1CyZvh6GbqNx+4NiJW9zhOeBDRgRJ9wShayR9dPZKkW664VXcG8pd4OalAjnq3/NnpxSyNuEImqTFtz00wyKhGwSSflDqp4QllIzrgbUsVjbgJstmxE3JklR7px9qWQjJTf05kNDJmHIW2M6I4NIveVPzPa6fYvwwyoZIUuWLzRf1UEozJ9HPSE5ozlGNLKNPC3krYkGrK0OZTsiF4iy//JY2TqndaPb87q9Su8ziKcACHcAweXEANbqEOPjAQ8AQv8Ooo59l5c97nrQUnn9mHX3A+vgFYmY5j</latexit>

Also has collinear  
singularity at

The sum of these two diagrams is finite everywhere in phase space

Higher multiplicity initial states, but also disconnected! Free travelling gluon!

In this case, the cancelling partner is

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p� k
<latexit sha1_base64="MOw0D1mY76qinlDv1lVm87AmlEg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZ9oMegF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpITkddktlt+JOQRaJl5My5Kh1S1+dXszSCKVhgmrd9tzE+BlVhjOB42In1ZhQNqR9bFsqaYTaz6anjsmxVXokjJUtachU/T2R0UjrURTYzoiagZ73JuJ/Xjs14bWfcZmkBiWbLQpTQUxMJn+THlfIjBhZQpni9lbCBlRRZmw6RRuCN//yImmcVbzzyuX9Rbl6k8dRgEM4ghPw4AqqcAc1qAODPjzDK7w5wnlx3p2PWeuSk88cwB84nz8Nso2n</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>
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<latexit sha1_base64="MOw0D1mY76qinlDv1lVm87AmlEg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZ9oMegF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpITkddktlt+JOQRaJl5My5Kh1S1+dXszSCKVhgmrd9tzE+BlVhjOB42In1ZhQNqR9bFsqaYTaz6anjsmxVXokjJUtachU/T2R0UjrURTYzoiagZ73JuJ/Xjs14bWfcZmkBiWbLQpTQUxMJn+THlfIjBhZQpni9lbCBlRRZmw6RRuCN//yImmcVbzzyuX9Rbl6k8dRgEM4ghPw4AqqcAc1qAODPjzDK7w5wnlx3p2PWeuSk88cwB84nz8Nso2n</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit>

k = xp
<latexit sha1_base64="6zlKcSqQ0SrcPX91iRw5eLlaTEM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0n8QC9C0YvHCqYttKFsttt26WYTdidiCf0NXjwo4tUf5M1/47bNQasPBh7vzTAzL0ykMOi6X05haXllda24XtrY3NreKe/uNUycasZ9FstYt0JquBSK+yhQ8laiOY1CyZvh6GbqNx+4NiJW9zhOeBDRgRJ9wShayR9dPZKkW664VXcG8pd4OalAjnq3/NnpxSyNuEImqTFtz00wyKhGwSSflDqp4QllIzrgbUsVjbgJstmxE3JklR7px9qWQjJTf05kNDJmHIW2M6I4NIveVPzPa6fYvwwyoZIUuWLzRf1UEozJ9HPSE5ozlGNLKNPC3krYkGrK0OZTsiF4iy//JY2TqndaPb87q9Su8ziKcACHcAweXEANbqEOPjAQ8AQv8Ooo59l5c97nrQUnn9mHX3A+vgFYmY5j</latexit>

Also has collinear  
singularity at

The sum of these two diagrams is finite everywhere in phase space

Higher multiplicity initial states, but also disconnected! Free travelling gluon!

In this case, the cancelling partner is

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p� k
<latexit sha1_base64="MOw0D1mY76qinlDv1lVm87AmlEg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZ9oMegF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpITkddktlt+JOQRaJl5My5Kh1S1+dXszSCKVhgmrd9tzE+BlVhjOB42In1ZhQNqR9bFsqaYTaz6anjsmxVXokjJUtachU/T2R0UjrURTYzoiagZ73JuJ/Xjs14bWfcZmkBiWbLQpTQUxMJn+THlfIjBhZQpni9lbCBlRRZmw6RRuCN//yImmcVbzzyuX9Rbl6k8dRgEM4ghPw4AqqcAc1qAODPjzDK7w5wnlx3p2PWeuSk88cwB84nz8Nso2n</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

Looks radical, but actually not a new idea, e.g. :
T. Kinoshita 
“Mass singularities of  
Feynman amplitudes” 
(1962)

G. Sterman, S. Weinberg, 
“Jets from Quantum Chromodynamics” 
(1977)

T.D. Lee, M. Nauenberg 
“Degenerate systems and 
mass singularities” 
(1963)
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this diagram?

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p� k
<latexit sha1_base64="MOw0D1mY76qinlDv1lVm87AmlEg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZ9oMegF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpITkddktlt+JOQRaJl5My5Kh1S1+dXszSCKVhgmrd9tzE+BlVhjOB42In1ZhQNqR9bFsqaYTaz6anjsmxVXokjJUtachU/T2R0UjrURTYzoiagZ73JuJ/Xjs14bWfcZmkBiWbLQpTQUxMJn+THlfIjBhZQpni9lbCBlRRZmw6RRuCN//yImmcVbzzyuX9Rbl6k8dRgEM4ghPw4AqqcAc1qAODPjzDK7w5wnlx3p2PWeuSk88cwB84nz8Nso2n</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit>

k = xp
<latexit sha1_base64="6zlKcSqQ0SrcPX91iRw5eLlaTEM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0n8QC9C0YvHCqYttKFsttt26WYTdidiCf0NXjwo4tUf5M1/47bNQasPBh7vzTAzL0ykMOi6X05haXllda24XtrY3NreKe/uNUycasZ9FstYt0JquBSK+yhQ8laiOY1CyZvh6GbqNx+4NiJW9zhOeBDRgRJ9wShayR9dPZKkW664VXcG8pd4OalAjnq3/NnpxSyNuEImqTFtz00wyKhGwSSflDqp4QllIzrgbUsVjbgJstmxE3JklR7px9qWQjJTf05kNDJmHIW2M6I4NIveVPzPa6fYvwwyoZIUuWLzRf1UEozJ9HPSE5ozlGNLKNPC3krYkGrK0OZTsiF4iy//JY2TqndaPb87q9Su8ziKcACHcAweXEANbqEOPjAQ8AQv8Ooo59l5c97nrQUnn9mHX3A+vgFYmY5j</latexit>

Also has collinear  
singularity at

The sum of these two diagrams is finite everywhere in phase space

Higher multiplicity initial states, but also disconnected! Free travelling gluon!

In this case, the cancelling partner is

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p� k
<latexit sha1_base64="MOw0D1mY76qinlDv1lVm87AmlEg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZ9oMegF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpITkddktlt+JOQRaJl5My5Kh1S1+dXszSCKVhgmrd9tzE+BlVhjOB42In1ZhQNqR9bFsqaYTaz6anjsmxVXokjJUtachU/T2R0UjrURTYzoiagZ73JuJ/Xjs14bWfcZmkBiWbLQpTQUxMJn+THlfIjBhZQpni9lbCBlRRZmw6RRuCN//yImmcVbzzyuX9Rbl6k8dRgEM4ghPw4AqqcAc1qAODPjzDK7w5wnlx3p2PWeuSk88cwB84nz8Nso2n</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

Looks radical, but actually not a new idea, e.g. :
T. Kinoshita 
“Mass singularities of  
Feynman amplitudes” 
(1962)

G. Sterman, S. Weinberg, 
“Jets from Quantum Chromodynamics” 
(1977)

T.D. Lee, M. Nauenberg 
“Degenerate systems and 
mass singularities” 
(1963)

Frye, Hannesdottir, Paul, Schwartz, Yan 
arXiv:1810.10022 (2019) But also more recently, they were studied in:
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Initial-state singularities: preliminary tests                    

This argument suggests that, in order to maintain IR-finiteness, one requires more than 
two initial state partons

H

H
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Initial-state singularities: preliminary tests                    

This argument suggests that, in order to maintain IR-finiteness, one requires more than 
two initial state partons

H

H

and that the multiple partons should be clustered into two jet-like objects that resemble 
boosted hadrons

After clustering, we get two jets with momenta 

P j
1

<latexit sha1_base64="fG6TRpg1MyIg8E4wKxHsUVSTkYg=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQ+0GXRjcsK9gFtDJPppB07k4SZSaGE/IkbF4q49U/c+TdO2i609cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqTiVhDZJzGPZCbCinEW0qZnmtJNIikXAaTsY3RZ+e0ylYnH0oCcJ9QQeRCxkBGsj+bbd8N3HrCewHkqRPeW5b1edmjMFWibunFRhjoZvf/X6MUkFjTThWKmu6yTay7DUjHCaV3qpogkmIzygXUMjLKjysmnyHJ0YpY/CWJoXaTRVf29kWCg1EYGZLCKqRa8Q//O6qQ6vvYxFSappRGaHwpQjHaOiBtRnkhLNJ4ZgIpnJisgQS0y0KatiSnAXv7xMWmc197x2eX9Rrd/M6yjDERzDKbhwBXW4gwY0gcAYnuEV3qzMerHerY/ZaMma7xzCH1ifP9eYk88=</latexit>

P j
2

<latexit sha1_base64="DywL9skwiclmCKluMwiUEvRDVx4=">AAAB+XicbVDLSsNAFL3xWesr6tJNsAiuSlIVXRbduKxgH9DGMJlO2rEzkzAzKZTQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98wJE0aVdt1va2V1bX1js7RV3t7Z3du3Dw5bKk4lJk0cs1h2QqQIo4I0NdWMdBJJEA8ZaYej29xvj4lUNBYPepIQn6OBoBHFSBspsO1GUHvMehzpoeTZ03Qa2BW36s7gLBOvIBUo0Ajsr14/xiknQmOGlOp6bqL9DElNMSPTci9VJEF4hAaka6hAnCg/myWfOqdG6TtRLM0T2pmpvzcyxJWa8NBM5hHVopeL/3ndVEfXfkZFkmoi8PxQlDJHx05eg9OnkmDNJoYgLKnJ6uAhkghrU1bZlOAtfnmZtGpV77x6eX9Rqd8UdZTgGE7gDDy4gjrcQQOagGEMz/AKb1ZmvVjv1sd8dMUqdo7gD6zPH9kpk9A=</latexit>

!
<latexit sha1_base64="LFSrhdM6ZR484FEpl64Z+/naxPw=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmAckS5idzCZDZneWmV4lLPkMLx4U8erXePNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNCrVjDeYkkq3A2q4FDFvoEDJ24nmNAokbwWj26nfeuTaCBU/4DjhfkQHsQgFo2ilTleLwRCp1uqpV664VXcGsky8nFQgR71X/ur2FUsjHiOT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqUxjbjxs9nJE3JilT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/1MxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCmVbAje4svLpHlW9c6rl/cXldpNHkcRjuAYTsGDK6jBHdShAQwUPMMrvDnovDjvzse8teDkM4fwB87nD8T/kZQ=</latexit>

✓ < ⇤
<latexit sha1_base64="f1qY6tr8tpT7JUCB4iMrTC+6Pd0=">AAAB9XicbVDLSsNAFJ3UV62vqks3wSK4KokPdOGi6MaFiwr2AU0sN5NJO3QyCTM3Sgn9DzcuFHHrv7jzb5w+Flo9MHA45x7unROkgmt0nC+rsLC4tLxSXC2trW9sbpW3d5o6yRRlDZqIRLUD0ExwyRrIUbB2qhjEgWCtYHA19lsPTGmeyDscpsyPoSd5xCmgke497DOEC+/GJELolitO1ZnA/kvcGamQGerd8qcXJjSLmUQqQOuO66To56CQU8FGJS/TLAU6gB7rGCohZtrPJ1eP7AOjhHaUKPMk2hP1ZyKHWOthHJjJGLCv572x+J/XyTA693Mu0wyZpNNFUSZsTOxxBXbIFaMohoYAVdzcatM+KKBoiiqZEtz5L/8lzaOqe1w9vT2p1C5ndRTJHtknh8QlZ6RGrkmdNAglijyRF/JqPVrP1pv1Ph0tWLPMLvkF6+MbO+ySWA==</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

q2
<latexit sha1_base64="WUwBN5vHLe0s4DbpeLAEFOhtqEU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswODUyYnV1nZk3Ihk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8HoZuo3n1BpHskHM47RD+lA8j5n1Fjp/rFb6RZLbtmdgSwTLyMlyFDrFr86vYglIUrDBNW67bmx8VOqDGcCJ4VOojGmbEQH2LZU0hC1n85OnZATq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo36XGFzIixJZQpbm8lbEgVZcamU7AheIsvL5NGpeydlS/uzkvV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNEc6L8+58zFtzTjZzCH/gfP4ABM6NoQ==</latexit> q1 + q2

<latexit sha1_base64="v+vLVFTxDGwljfwaVQKOidJ1gwM=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBEEoexWRY9FLx4r2A9olyWbZtvQbHabZIWy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5QSK4No7zjVZW19Y3Ngtbxe2d3b390sFhU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB8G7qt56Y0jyWj2acMC8ifclDTomxUmvku+cjv+qXyk7FmQEvEzcnZchR90tf3V5M04hJQwXRuuM6ifEyogyngk2K3VSzhNAh6bOOpZJETHvZ7NwJPrVKD4exsiUNnqm/JzISaT2OAtsZETPQi95U/M/rpCa88TIuk9QwSeeLwlRgE+Pp77jHFaNGjC0hVHF7K6YDogg1NqGiDcFdfHmZNKsV96Jy9XBZrt3mcRTgGE7gDFy4hhrcQx0aQGEIz/AKbyhBL+gdfcxbV1A+cwR/gD5/AGUOjvU=</latexit>

j
<latexit sha1_base64="pQXhInPBtZJKOiD4xSMjiogD1M8=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxoRZdFNy4r2Ae2Q8mkmTY2yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695NwTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0dJQoQpsk4pHqBFhTziRtGmY47cSKYhFw2g7GN5nffqJKs0jem0lMfYGHkoWMYGOlh57AZqRE+jjtlytu1Z0BLRMvJxXI0eiXv3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dJZ4ik6sMkBhpOyTBs3U3xspFlpPRGAns4R60cvE/7xuYsIrP2UyTgyVZP5RmHBkIpSdjwZMUWL4xBJMFLNZERlhhYmxJZVsCd7iycukdVb1zqsXd7VK/TqvowhHcAyn4MEl1OEWGtAEAhKe4RXeHO28OO/Ox3y04OQ7h/AHzucPDXeRLA==</latexit>
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Initial-state singularities: preliminary tests                    

This argument suggests that, in order to maintain IR-finiteness, one requires more than 
two initial state partons

H

H

and that the multiple partons should be clustered into two jet-like objects that resemble 
boosted hadrons

After clustering, we get two jets with momenta 

P j
1

<latexit sha1_base64="fG6TRpg1MyIg8E4wKxHsUVSTkYg=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQ+0GXRjcsK9gFtDJPppB07k4SZSaGE/IkbF4q49U/c+TdO2i609cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqTiVhDZJzGPZCbCinEW0qZnmtJNIikXAaTsY3RZ+e0ylYnH0oCcJ9QQeRCxkBGsj+bbd8N3HrCewHkqRPeW5b1edmjMFWibunFRhjoZvf/X6MUkFjTThWKmu6yTay7DUjHCaV3qpogkmIzygXUMjLKjysmnyHJ0YpY/CWJoXaTRVf29kWCg1EYGZLCKqRa8Q//O6qQ6vvYxFSappRGaHwpQjHaOiBtRnkhLNJ4ZgIpnJisgQS0y0KatiSnAXv7xMWmc197x2eX9Rrd/M6yjDERzDKbhwBXW4gwY0gcAYnuEV3qzMerHerY/ZaMma7xzCH1ifP9eYk88=</latexit>

P j
2

<latexit sha1_base64="DywL9skwiclmCKluMwiUEvRDVx4=">AAAB+XicbVDLSsNAFL3xWesr6tJNsAiuSlIVXRbduKxgH9DGMJlO2rEzkzAzKZTQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98wJE0aVdt1va2V1bX1js7RV3t7Z3du3Dw5bKk4lJk0cs1h2QqQIo4I0NdWMdBJJEA8ZaYej29xvj4lUNBYPepIQn6OBoBHFSBspsO1GUHvMehzpoeTZ03Qa2BW36s7gLBOvIBUo0Ajsr14/xiknQmOGlOp6bqL9DElNMSPTci9VJEF4hAaka6hAnCg/myWfOqdG6TtRLM0T2pmpvzcyxJWa8NBM5hHVopeL/3ndVEfXfkZFkmoi8PxQlDJHx05eg9OnkmDNJoYgLKnJ6uAhkghrU1bZlOAtfnmZtGpV77x6eX9Rqd8UdZTgGE7gDDy4gjrcQQOagGEMz/AKb1ZmvVjv1sd8dMUqdo7gD6zPH9kpk9A=</latexit>

!
<latexit sha1_base64="LFSrhdM6ZR484FEpl64Z+/naxPw=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmAckS5idzCZDZneWmV4lLPkMLx4U8erXePNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNCrVjDeYkkq3A2q4FDFvoEDJ24nmNAokbwWj26nfeuTaCBU/4DjhfkQHsQgFo2ilTleLwRCp1uqpV664VXcGsky8nFQgR71X/ur2FUsjHiOT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqUxjbjxs9nJE3JilT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/1MxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCmVbAje4svLpHlW9c6rl/cXldpNHkcRjuAYTsGDK6jBHdShAQwUPMMrvDnovDjvzse8teDkM4fwB87nD8T/kZQ=</latexit>

✓ < ⇤
<latexit sha1_base64="f1qY6tr8tpT7JUCB4iMrTC+6Pd0=">AAAB9XicbVDLSsNAFJ3UV62vqks3wSK4KokPdOGi6MaFiwr2AU0sN5NJO3QyCTM3Sgn9DzcuFHHrv7jzb5w+Flo9MHA45x7unROkgmt0nC+rsLC4tLxSXC2trW9sbpW3d5o6yRRlDZqIRLUD0ExwyRrIUbB2qhjEgWCtYHA19lsPTGmeyDscpsyPoSd5xCmgke497DOEC+/GJELolitO1ZnA/kvcGamQGerd8qcXJjSLmUQqQOuO66To56CQU8FGJS/TLAU6gB7rGCohZtrPJ1eP7AOjhHaUKPMk2hP1ZyKHWOthHJjJGLCv572x+J/XyTA693Mu0wyZpNNFUSZsTOxxBXbIFaMohoYAVdzcatM+KKBoiiqZEtz5L/8lzaOqe1w9vT2p1C5ndRTJHtknh8QlZ6RGrkmdNAglijyRF/JqPVrP1pv1Ph0tWLPMLvkF6+MbO+ySWA==</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

q2
<latexit sha1_base64="WUwBN5vHLe0s4DbpeLAEFOhtqEU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswODUyYnV1nZk3Ihk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8HoZuo3n1BpHskHM47RD+lA8j5n1Fjp/rFb6RZLbtmdgSwTLyMlyFDrFr86vYglIUrDBNW67bmx8VOqDGcCJ4VOojGmbEQH2LZU0hC1n85OnZATq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo36XGFzIixJZQpbm8lbEgVZcamU7AheIsvL5NGpeydlS/uzkvV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNEc6L8+58zFtzTjZzCH/gfP4ABM6NoQ==</latexit> q1 + q2

<latexit sha1_base64="v+vLVFTxDGwljfwaVQKOidJ1gwM=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBEEoexWRY9FLx4r2A9olyWbZtvQbHabZIWy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5QSK4No7zjVZW19Y3Ngtbxe2d3b390sFhU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB8G7qt56Y0jyWj2acMC8ifclDTomxUmvku+cjv+qXyk7FmQEvEzcnZchR90tf3V5M04hJQwXRuuM6ifEyogyngk2K3VSzhNAh6bOOpZJETHvZ7NwJPrVKD4exsiUNnqm/JzISaT2OAtsZETPQi95U/M/rpCa88TIuk9QwSeeLwlRgE+Pp77jHFaNGjC0hVHF7K6YDogg1NqGiDcFdfHmZNKsV96Jy9XBZrt3mcRTgGE7gDFy4hhrcQx0aQGEIz/AKbyhBL+gdfcxbV1A+cwR/gD5/AGUOjvU=</latexit>

j
<latexit sha1_base64="pQXhInPBtZJKOiD4xSMjiogD1M8=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxoRZdFNy4r2Ae2Q8mkmTY2yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695NwTxJxp47rfTmFldW19o7hZ2tre2d0r7x+0dJQoQpsk4pHqBFhTziRtGmY47cSKYhFw2g7GN5nffqJKs0jem0lMfYGHkoWMYGOlh57AZqRE+jjtlytu1Z0BLRMvJxXI0eiXv3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dJZ4ik6sMkBhpOyTBs3U3xspFlpPRGAns4R60cvE/7xuYsIrP2UyTgyVZP5RmHBkIpSdjwZMUWL4xBJMFLNZERlhhYmxJZVsCd7iycukdVb1zqsXd7VK/TqvowhHcAyn4MEl1OEWGtAEAhKe4RXeHO28OO/Ox3y04OQ7h/AHzucPDXeRLA==</latexit>

Cluster initial states analogously to final states: symmetry initial-final state
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Initial-state singularities: preliminary tests                    
There are two relevant scales for the two initial state jets reconstructed: 
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Initial-state singularities: preliminary tests                    
There are two relevant scales for the two initial state jets reconstructed: 

If the scale is zero, the jet lies exactly on the z axis z
<latexit sha1_base64="hFON795rDUTTGYiH9EBI5hmvUkk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7uZmTXBDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqLSPJL3ZhyjH9KB5H3OqLFS7albLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A+uFjQU=</latexit>

P j
i

<latexit sha1_base64="ustGTavsJZ/mxaYUJcjcAXAN34Y=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRkf6LLoxmUF+4B2WjJppo1NMkOSUcrQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+QEMWfauO63s7S8srq2Xtgobm5t7+yW9vYbOkoUoXUS8Ui1AqwpZ5LWDTOctmJFsQg4bQajm8xvPlKlWSTvzTimvsADyUJGsLFSt9btCGyGSqQPkx7rlcpuxZ0CLRIvJ2XIUeuVvjr9iCSCSkM41rrtubHxU6wMI5xOip1E0xiTER7QtqUSC6r9dJp6go6t0kdhpOyTBk3V3xspFlqPRWAns4x63svE/7x2YsIrP2UyTgyVZHYoTDgyEcoqQH2mKDF8bAkmitmsiAyxwsTYooq2BG/+y4ukcVrxzioXd+fl6nVeRwEO4QhOwINLqMIt1KAOBBQ8wyu8OU/Oi/PufMxGl5x85wD+wPn8Aem2kso=</latexit>)

<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

< d?
<latexit sha1_base64="I39sAb6tmEsC/J81mH9K1RYxJZ0=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKez6QA8egl48RjAPTJYwO9tJhszOLjOzQljyF148KOLVv/Hm3zhJ9qDRgoaiqpvuriARXBvX/XIKS8srq2vF9dLG5tb2Tnl3r6njVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2i0jyW92acoB/RgeR9zqix0sNV2Mu6Capk0itX3Ko7A/lLvJxUIEe9V/7shjFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5tdPCFHVglJP1a2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3U9C/9jMskNSjZfFE/FcTEZPo+CblCZsTYEsoUt7cSNqSKMmNDKtkQvMWX/5LmSdU7rZ7fnVVq13kcRTiAQzgGDy6gBrdQhwYwkPAEL/DqaOfZeXPe560FJ5/Zh19wPr4Br0CQ7w==</latexit>

• One measuring the allowed phase space for the total momentum of the jet

(P j
i )? < d?

<latexit sha1_base64="LmI858Kac2YiLZoFb/fgN4DUa9w=">AAACCXicbZC7TsMwFIadcivlFmBksaiQylIlXAQDQwULY5HoRWpC5DhOa+pcZDtIVZSVhVdhYQAhVt6AjbfBSTNAyy9Z+vSfc+RzfjdmVEjD+NYqC4tLyyvV1dra+sbmlr690xVRwjHp4IhFvO8iQRgNSUdSyUg/5gQFLiM9d3yV13sPhAsahbdyEhM7QMOQ+hQjqSxHh422Q++sAMkRD9L77NCxYsLjC89JC8gcvW40jUJwHswS6qBU29G/LC/CSUBCiRkSYmAasbRTxCXFjGQ1KxEkRniMhmSgMEQBEXZaXJLBA+V40I+4eqGEhft7IkWBEJPAVZ35ymK2lpv/1QaJ9M/tlIZxIkmIpx/5CYMygnks0KOcYMkmChDmVO0K8QhxhKUKr6ZCMGdPnofuUdM8bp7enNRbl2UcVbAH9kEDmOAMtMA1aIMOwOARPINX8KY9aS/au/Yxba1o5cwu+CPt8wflYpp8</latexit>

If the two jets are exactly back-to-back. This is equivalent to the
parton’s model

p1 = (x1
p
s, 0, 0, x1

p
s), p2 = (x2

p
s, 0, 0,�x2

p
s)

<latexit sha1_base64="ubhJEMuAm2QGAQTkpzUm5Gr6K+M=">AAACPnicbVDNS8MwHE39nPOr6tFLcAgbzNFORS/C0IvHCe4DtlLSNNvC0rRLUnGU/WVe/Bu8efTiQRGvHs22HubmI4HHe+9H8ntexKhUlvVqLC2vrK6tZzaym1vbO7vm3n5dhrHApIZDFoqmhyRhlJOaooqRZiQICjxGGl7/Zuw3HoiQNOT3ahgRJ0BdTjsUI6Ul16xFrn2Vf3Rt2JYDoRI5KkJrcma1QhG2BzHyYeSWx+nyQvpkViy4Zs4qWRPARWKnJAdSVF3zpe2HOA4IV5ghKVu2FSknQUJRzMgo244liRDuoy5pacpRQKSTTNYfwWOt+LATCn25ghN1diJBgZTDwNPJAKmenPfG4n9eK1adSyehPIoV4Xj6UCdmUIVw3CX0qSBYsaEmCAuq/wpxDwmElW48q0uw51deJPVyyT4tnd+d5SrXaR0ZcAiOQB7Y4AJUwC2oghrA4Am8gQ/waTwb78aX8T2NLhnpzAH4A+PnF4Zeqy8=</latexit>

d? = 0
<latexit sha1_base64="eiqfr+h+r2dyTO7ws4fVJIB3v0M=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4KokPdCMU3bisYB+QhjKZ3LRDJzPDzEQooZ/hxoUibv0ad/6N0zYLbT1w4XDOvdx7TyQZ1cbzvp3Syura+kZ5s7K1vbO7V90/aGuRKQItIphQ3QhrYJRDy1DDoCsV4DRi0IlGd1O/8wRKU8EfzVhCmOIBpwkl2FgpiPt5T4KSkxuvX615dW8Gd5n4BamhAs1+9asXC5KlwA1hWOvA96QJc6wMJQwmlV6mQWIywgMILOU4BR3ms5Mn7olVYjcRyhY37kz9PZHjVOtxGtnOFJuhXvSm4n9ekJnkOswpl5kBTuaLkoy5RrjT/92YKiCGjS3BRFF7q0uGWGFibEoVG4K/+PIyaZ/V/fP65cNFrXFbxFFGR+gYnSIfXaEGukdN1EIECfSMXtGbY5wX5935mLeWnGLmEP2B8/kDJEaRKg==</latexit>
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Initial-state singularities: preliminary tests                    
There are two relevant scales for the two initial state jets reconstructed: 

If the scale is zero, the jet lies exactly on the z axis

• One measuring the maximum angular separation between two partons in a jet 

(Pij)? < ⇤c
<latexit sha1_base64="oaDhFOuNLbFoFy0/GlCMkorp2jg=">AAACDHicbVC7TsMwFHXKq5RXgZElokIqS5XwEAwMFSwMDEWiD6mJIsdxWlPbiWwHqYryASz8CgsDCLHyAWz8DU6bAVqOZOnonHPle48fUyKVZX0bpYXFpeWV8mplbX1jc6u6vdORUSIQbqOIRqLnQ4kp4bitiKK4FwsMmU9x1x9d5X73AQtJIn6nxjF2GRxwEhIElZa8aq3e8lJynx16ToxFfOHc6NkAeqnDoBoKlqIs0ymrYU1gzhO7IDVQoOVVv5wgQgnDXCEKpezbVqzcFApFEMVZxUkkjiEawQHua8ohw9JNJ8dk5oFWAjOMhH5cmRP190QKmZRj5utkvqKc9XLxP6+fqPDcTQmPE4U5mn4UJtRUkZk3YwZEYKToWBOIBNG7mmgIBURK91fRJdizJ8+TzlHDPm6c3p7UmpdFHWWwB/ZBHdjgDDTBNWiBNkDgETyDV/BmPBkvxrvxMY2WjGJmF/yB8fkDL8abvQ==</latexit>

The smaller this scale, the more collinear the partons are

The more collinear the partons, the more divergent the observable 

z
<latexit sha1_base64="hFON795rDUTTGYiH9EBI5hmvUkk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7uZmTXBDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqLSPJL3ZhyjH9KB5H3OqLFS7albLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A+uFjQU=</latexit>

P j
i

<latexit sha1_base64="ustGTavsJZ/mxaYUJcjcAXAN34Y=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRkf6LLoxmUF+4B2WjJppo1NMkOSUcrQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+QEMWfauO63s7S8srq2Xtgobm5t7+yW9vYbOkoUoXUS8Ui1AqwpZ5LWDTOctmJFsQg4bQajm8xvPlKlWSTvzTimvsADyUJGsLFSt9btCGyGSqQPkx7rlcpuxZ0CLRIvJ2XIUeuVvjr9iCSCSkM41rrtubHxU6wMI5xOip1E0xiTER7QtqUSC6r9dJp6go6t0kdhpOyTBk3V3xspFlqPRWAns4x63svE/7x2YsIrP2UyTgyVZHYoTDgyEcoqQH2mKDF8bAkmitmsiAyxwsTYooq2BG/+y4ukcVrxzioXd+fl6nVeRwEO4QhOwINLqMIt1KAOBBQ8wyu8OU/Oi/PufMxGl5x85wD+wPn8Aem2kso=</latexit>)

<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

< d?
<latexit sha1_base64="I39sAb6tmEsC/J81mH9K1RYxJZ0=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKez6QA8egl48RjAPTJYwO9tJhszOLjOzQljyF148KOLVv/Hm3zhJ9qDRgoaiqpvuriARXBvX/XIKS8srq2vF9dLG5tb2Tnl3r6njVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2i0jyW92acoB/RgeR9zqix0sNV2Mu6Capk0itX3Ko7A/lLvJxUIEe9V/7shjFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5tdPCFHVglJP1a2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3U9C/9jMskNSjZfFE/FcTEZPo+CblCZsTYEsoUt7cSNqSKMmNDKtkQvMWX/5LmSdU7rZ7fnVVq13kcRTiAQzgGDy6gBrdQhwYwkPAEL/DqaOfZeXPe560FJ5/Zh19wPr4Br0CQ7w==</latexit>

• One measuring the allowed phase space for the total momentum of the jet

(P j
i )? < d?

<latexit sha1_base64="LmI858Kac2YiLZoFb/fgN4DUa9w=">AAACCXicbZC7TsMwFIadcivlFmBksaiQylIlXAQDQwULY5HoRWpC5DhOa+pcZDtIVZSVhVdhYQAhVt6AjbfBSTNAyy9Z+vSfc+RzfjdmVEjD+NYqC4tLyyvV1dra+sbmlr690xVRwjHp4IhFvO8iQRgNSUdSyUg/5gQFLiM9d3yV13sPhAsahbdyEhM7QMOQ+hQjqSxHh422Q++sAMkRD9L77NCxYsLjC89JC8gcvW40jUJwHswS6qBU29G/LC/CSUBCiRkSYmAasbRTxCXFjGQ1KxEkRniMhmSgMEQBEXZaXJLBA+V40I+4eqGEhft7IkWBEJPAVZ35ymK2lpv/1QaJ9M/tlIZxIkmIpx/5CYMygnks0KOcYMkmChDmVO0K8QhxhKUKr6ZCMGdPnofuUdM8bp7enNRbl2UcVbAH9kEDmOAMtMA1aIMOwOARPINX8KY9aS/au/Yxba1o5cwu+CPt8wflYpp8</latexit>

If the two jets are exactly back-to-back. This is equivalent to the
parton’s model

p1 = (x1
p
s, 0, 0, x1

p
s), p2 = (x2

p
s, 0, 0,�x2

p
s)

<latexit sha1_base64="ubhJEMuAm2QGAQTkpzUm5Gr6K+M=">AAACPnicbVDNS8MwHE39nPOr6tFLcAgbzNFORS/C0IvHCe4DtlLSNNvC0rRLUnGU/WVe/Bu8efTiQRGvHs22HubmI4HHe+9H8ntexKhUlvVqLC2vrK6tZzaym1vbO7vm3n5dhrHApIZDFoqmhyRhlJOaooqRZiQICjxGGl7/Zuw3HoiQNOT3ahgRJ0BdTjsUI6Ul16xFrn2Vf3Rt2JYDoRI5KkJrcma1QhG2BzHyYeSWx+nyQvpkViy4Zs4qWRPARWKnJAdSVF3zpe2HOA4IV5ghKVu2FSknQUJRzMgo244liRDuoy5pacpRQKSTTNYfwWOt+LATCn25ghN1diJBgZTDwNPJAKmenPfG4n9eK1adSyehPIoV4Xj6UCdmUIVw3CX0qSBYsaEmCAuq/wpxDwmElW48q0uw51deJPVyyT4tnd+d5SrXaR0ZcAiOQB7Y4AJUwC2oghrA4Am8gQ/waTwb78aX8T2NLhnpzAH4A+PnF4Zeqy8=</latexit>

d? = 0
<latexit sha1_base64="eiqfr+h+r2dyTO7ws4fVJIB3v0M=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4KokPdCMU3bisYB+QhjKZ3LRDJzPDzEQooZ/hxoUibv0ad/6N0zYLbT1w4XDOvdx7TyQZ1cbzvp3Syura+kZ5s7K1vbO7V90/aGuRKQItIphQ3QhrYJRDy1DDoCsV4DRi0IlGd1O/8wRKU8EfzVhCmOIBpwkl2FgpiPt5T4KSkxuvX615dW8Gd5n4BamhAs1+9asXC5KlwA1hWOvA96QJc6wMJQwmlV6mQWIywgMILOU4BR3ms5Mn7olVYjcRyhY37kz9PZHjVOtxGtnOFJuhXvSm4n9ekJnkOswpl5kBTuaLkoy5RrjT/92YKiCGjS3BRFF7q0uGWGFibEoVG4K/+PIyaZ/V/fP65cNFrXFbxFFGR+gYnSIfXaEGukdN1EIECfSMXtGbY5wX5935mLeWnGLmEP2B8/kDJEaRKg==</latexit>

P j
i

<latexit sha1_base64="ustGTavsJZ/mxaYUJcjcAXAN34Y=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRkf6LLoxmUF+4B2WjJppo1NMkOSUcrQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+QEMWfauO63s7S8srq2Xtgobm5t7+yW9vYbOkoUoXUS8Ui1AqwpZ5LWDTOctmJFsQg4bQajm8xvPlKlWSTvzTimvsADyUJGsLFSt9btCGyGSqQPkx7rlcpuxZ0CLRIvJ2XIUeuVvjr9iCSCSkM41rrtubHxU6wMI5xOip1E0xiTER7QtqUSC6r9dJp6go6t0kdhpOyTBk3V3xspFlqPRWAns4x63svE/7x2YsIrP2UyTgyVZHYoTDgyEcoqQH2mKDF8bAkmitmsiAyxwsTYooq2BG/+y4ukcVrxzioXd+fl6nVeRwEO4QhOwINLqMIt1KAOBBQ8wyu8OU/Oi/PufMxGl5x85wD+wPn8Aem2kso=</latexit>

)

<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

< ⇤c
<latexit sha1_base64="RgwuCn2/eMDmDmx8D3G6F/jBSM4=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQ+0IWLohsXLirYBzQhTCbTdujMJMxMhBIC/oobF4q49Tvc+TdO2iy09cDA4dxzuWdOmDCqtON8WwuLS8srq5W16vrG5ta2vbPbVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3RTzziORisbiQY8T4nM0ELRPMdJGCuz9K+/OuCMUZB5Heih5hvM8sGtO3ZkAzhO3JDVQohnYX14U45QToTFDSvVcJ9F+hqSmmJG86qWKJAiP0ID0DBWIE+Vnk/g5PDJKBPuxNE9oOFF/b2SIKzXmoXEWEdXsrBD/m/VS3b/0MyqSVBOBp4f6KYM6hkUXMKKSYM3GhiAsqckK8RBJhLVprGpKcGe/PE/aJ3X3tH5+f1ZrXJd1VMABOATHwAUXoAFuQRO0AAYZeAav4M16sl6sd+tjal2wyp098AfW5w+nuJX0</latexit>
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There are two relevant scales for the two initial state jets reconstructed: 

If the scale is zero, the jet lies exactly on the z axis

• One measuring the maximum angular separation between two partons in a jet 

(Pij)? < ⇤c
<latexit sha1_base64="oaDhFOuNLbFoFy0/GlCMkorp2jg=">AAACDHicbVC7TsMwFHXKq5RXgZElokIqS5XwEAwMFSwMDEWiD6mJIsdxWlPbiWwHqYryASz8CgsDCLHyAWz8DU6bAVqOZOnonHPle48fUyKVZX0bpYXFpeWV8mplbX1jc6u6vdORUSIQbqOIRqLnQ4kp4bitiKK4FwsMmU9x1x9d5X73AQtJIn6nxjF2GRxwEhIElZa8aq3e8lJynx16ToxFfOHc6NkAeqnDoBoKlqIs0ymrYU1gzhO7IDVQoOVVv5wgQgnDXCEKpezbVqzcFApFEMVZxUkkjiEawQHua8ohw9JNJ8dk5oFWAjOMhH5cmRP190QKmZRj5utkvqKc9XLxP6+fqPDcTQmPE4U5mn4UJtRUkZk3YwZEYKToWBOIBNG7mmgIBURK91fRJdizJ8+TzlHDPm6c3p7UmpdFHWWwB/ZBHdjgDDTBNWiBNkDgETyDV/BmPBkvxrvxMY2WjGJmF/yB8fkDL8abvQ==</latexit>

The smaller this scale, the more collinear the partons are

The more collinear the partons, the more divergent the observable 

is the equivalent of the factorisation scale!⇤c
<latexit sha1_base64="9yFohXdK0AFDHqmtw9vzHcKboBg=">AAAB/XicbVC7TsMwFHV4lvIKj43FokJiqhIegrGChYGhSPQhNVHkOG5r1XYi20EqUcSvsDCAECv/wcbf4LQZoOVIlo7OPVf3+IQJo0o7zre1sLi0vLJaWauub2xubds7u20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wtF1Me88EKloLO71OCE+RwNB+xQjbaTA3vdujTlCQeZxpIeSZzjPA7vm1J0J4DxxS1IDJZqB/eVFMU45ERozpFTPdRLtZ0hqihnJq16qSILwCA1Iz1CBOFF+NkmfwyOjRLAfS/OEhhP190aGuFJjHhpnEVHNzgrxv1kv1f1LP6MiSTUReHqonzKoY1hUASMqCdZsbAjCkpqsEA+RRFibwqqmBHf2y/OkfVJ3T+vnd2e1xlVZRwUcgENwDFxwARrgBjRBC2DwCJ7BK3iznqwX6936mFoXrHJnD/yB9fkDIu+Vrg==</latexit>

⇡ log (⇤c)
<latexit sha1_base64="RVRCUh4FZ2vl3xHAq6r+gs1ZO5E=">AAACFnicbVC7SgNBFJ2NrxhfUUubwSDEwrDrAy2DNhYWEcwDskuYncwmQ2Z3lpm7YljyFTb+io2FIrZi5984m6TQxAMDh3PuYe49fiy4Btv+tnILi0vLK/nVwtr6xuZWcXunoWWiKKtTKaRq+UQzwSNWBw6CtWLFSOgL1vQHV5nfvGdKcxndwTBmXkh6EQ84JWCkTvHIJXGs5IMrZA+7ggVQxu6NyXdJxw0J9FWY0hF2Fe/14bBTLNkVeww8T5wpKaEpap3il9uVNAlZBFQQrduOHYOXEgWcCjYquIlmMaED0mNtQyMSMu2l47NG+MAoXRxIZV4EeKz+TqQk1HoY+mYy21TPepn4n9dOILjwUh7FCbCITj4KEoFB4qwj3OWKURBDQwhV3OyKaZ8oQsE0WTAlOLMnz5PGccU5qZzdnpaql9M68mgP7aMyctA5qqJrVEN1RNEjekav6M16sl6sd+tjMpqzppld9AfW5w9N1592</latexit>

z
<latexit sha1_base64="hFON795rDUTTGYiH9EBI5hmvUkk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7uZmTXBDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqLSPJL3ZhyjH9KB5H3OqLFS7albLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A+uFjQU=</latexit>

P j
i

<latexit sha1_base64="ustGTavsJZ/mxaYUJcjcAXAN34Y=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRkf6LLoxmUF+4B2WjJppo1NMkOSUcrQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+QEMWfauO63s7S8srq2Xtgobm5t7+yW9vYbOkoUoXUS8Ui1AqwpZ5LWDTOctmJFsQg4bQajm8xvPlKlWSTvzTimvsADyUJGsLFSt9btCGyGSqQPkx7rlcpuxZ0CLRIvJ2XIUeuVvjr9iCSCSkM41rrtubHxU6wMI5xOip1E0xiTER7QtqUSC6r9dJp6go6t0kdhpOyTBk3V3xspFlqPRWAns4x63svE/7x2YsIrP2UyTgyVZHYoTDgyEcoqQH2mKDF8bAkmitmsiAyxwsTYooq2BG/+y4ukcVrxzioXd+fl6nVeRwEO4QhOwINLqMIt1KAOBBQ8wyu8OU/Oi/PufMxGl5x85wD+wPn8Aem2kso=</latexit>)

<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

< d?
<latexit sha1_base64="I39sAb6tmEsC/J81mH9K1RYxJZ0=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKez6QA8egl48RjAPTJYwO9tJhszOLjOzQljyF148KOLVv/Hm3zhJ9qDRgoaiqpvuriARXBvX/XIKS8srq2vF9dLG5tb2Tnl3r6njVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2i0jyW92acoB/RgeR9zqix0sNV2Mu6Capk0itX3Ko7A/lLvJxUIEe9V/7shjFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5tdPCFHVglJP1a2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3U9C/9jMskNSjZfFE/FcTEZPo+CblCZsTYEsoUt7cSNqSKMmNDKtkQvMWX/5LmSdU7rZ7fnVVq13kcRTiAQzgGDy6gBrdQhwYwkPAEL/DqaOfZeXPe560FJ5/Zh19wPr4Br0CQ7w==</latexit>

• One measuring the allowed phase space for the total momentum of the jet

(P j
i )? < d?

<latexit sha1_base64="LmI858Kac2YiLZoFb/fgN4DUa9w=">AAACCXicbZC7TsMwFIadcivlFmBksaiQylIlXAQDQwULY5HoRWpC5DhOa+pcZDtIVZSVhVdhYQAhVt6AjbfBSTNAyy9Z+vSfc+RzfjdmVEjD+NYqC4tLyyvV1dra+sbmlr690xVRwjHp4IhFvO8iQRgNSUdSyUg/5gQFLiM9d3yV13sPhAsahbdyEhM7QMOQ+hQjqSxHh422Q++sAMkRD9L77NCxYsLjC89JC8gcvW40jUJwHswS6qBU29G/LC/CSUBCiRkSYmAasbRTxCXFjGQ1KxEkRniMhmSgMEQBEXZaXJLBA+V40I+4eqGEhft7IkWBEJPAVZ35ymK2lpv/1QaJ9M/tlIZxIkmIpx/5CYMygnks0KOcYMkmChDmVO0K8QhxhKUKr6ZCMGdPnofuUdM8bp7enNRbl2UcVbAH9kEDmOAMtMA1aIMOwOARPINX8KY9aS/au/Yxba1o5cwu+CPt8wflYpp8</latexit>

If the two jets are exactly back-to-back. This is equivalent to the
parton’s model

p1 = (x1
p
s, 0, 0, x1

p
s), p2 = (x2

p
s, 0, 0,�x2

p
s)

<latexit sha1_base64="ubhJEMuAm2QGAQTkpzUm5Gr6K+M=">AAACPnicbVDNS8MwHE39nPOr6tFLcAgbzNFORS/C0IvHCe4DtlLSNNvC0rRLUnGU/WVe/Bu8efTiQRGvHs22HubmI4HHe+9H8ntexKhUlvVqLC2vrK6tZzaym1vbO7vm3n5dhrHApIZDFoqmhyRhlJOaooqRZiQICjxGGl7/Zuw3HoiQNOT3ahgRJ0BdTjsUI6Ul16xFrn2Vf3Rt2JYDoRI5KkJrcma1QhG2BzHyYeSWx+nyQvpkViy4Zs4qWRPARWKnJAdSVF3zpe2HOA4IV5ghKVu2FSknQUJRzMgo244liRDuoy5pacpRQKSTTNYfwWOt+LATCn25ghN1diJBgZTDwNPJAKmenPfG4n9eK1adSyehPIoV4Xj6UCdmUIVw3CX0qSBYsaEmCAuq/wpxDwmElW48q0uw51deJPVyyT4tnd+d5SrXaR0ZcAiOQB7Y4AJUwC2oghrA4Am8gQ/waTwb78aX8T2NLhnpzAH4A+PnF4Zeqy8=</latexit>

d? = 0
<latexit sha1_base64="eiqfr+h+r2dyTO7ws4fVJIB3v0M=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4KokPdCMU3bisYB+QhjKZ3LRDJzPDzEQooZ/hxoUibv0ad/6N0zYLbT1w4XDOvdx7TyQZ1cbzvp3Syura+kZ5s7K1vbO7V90/aGuRKQItIphQ3QhrYJRDy1DDoCsV4DRi0IlGd1O/8wRKU8EfzVhCmOIBpwkl2FgpiPt5T4KSkxuvX615dW8Gd5n4BamhAs1+9asXC5KlwA1hWOvA96QJc6wMJQwmlV6mQWIywgMILOU4BR3ms5Mn7olVYjcRyhY37kz9PZHjVOtxGtnOFJuhXvSm4n9ekJnkOswpl5kBTuaLkoy5RrjT/92YKiCGjS3BRFF7q0uGWGFibEoVG4K/+PIyaZ/V/fP65cNFrXFbxFFGR+gYnSIfXaEGukdN1EIECfSMXtGbY5wX5935mLeWnGLmEP2B8/kDJEaRKg==</latexit>

P j
i

<latexit sha1_base64="ustGTavsJZ/mxaYUJcjcAXAN34Y=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRkf6LLoxmUF+4B2WjJppo1NMkOSUcrQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+QEMWfauO63s7S8srq2Xtgobm5t7+yW9vYbOkoUoXUS8Ui1AqwpZ5LWDTOctmJFsQg4bQajm8xvPlKlWSTvzTimvsADyUJGsLFSt9btCGyGSqQPkx7rlcpuxZ0CLRIvJ2XIUeuVvjr9iCSCSkM41rrtubHxU6wMI5xOip1E0xiTER7QtqUSC6r9dJp6go6t0kdhpOyTBk3V3xspFlqPRWAns4x63svE/7x2YsIrP2UyTgyVZHYoTDgyEcoqQH2mKDF8bAkmitmsiAyxwsTYooq2BG/+y4ukcVrxzioXd+fl6nVeRwEO4QhOwINLqMIt1KAOBBQ8wyu8OU/Oi/PufMxGl5x85wD+wPn8Aem2kso=</latexit>

)

<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

< ⇤c
<latexit sha1_base64="RgwuCn2/eMDmDmx8D3G6F/jBSM4=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQ+0IWLohsXLirYBzQhTCbTdujMJMxMhBIC/oobF4q49Tvc+TdO2iy09cDA4dxzuWdOmDCqtON8WwuLS8srq5W16vrG5ta2vbPbVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3RTzziORisbiQY8T4nM0ELRPMdJGCuz9K+/OuCMUZB5Heih5hvM8sGtO3ZkAzhO3JDVQohnYX14U45QToTFDSvVcJ9F+hqSmmJG86qWKJAiP0ID0DBWIE+Vnk/g5PDJKBPuxNE9oOFF/b2SIKzXmoXEWEdXsrBD/m/VS3b/0MyqSVBOBp4f6KYM6hkUXMKKSYM3GhiAsqckK8RBJhLVprGpKcGe/PE/aJ3X3tH5+f1ZrXJd1VMABOATHwAUXoAFuQRO0AAYZeAav4M16sl6sd+tjal2wyp098AfW5w+nuJX0</latexit>
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x1 =
(P j

1)
0 + (P j

1)
3

2
<latexit sha1_base64="eK00gPhNmCY2uQn4IXkis992H+Q=">AAACIHicbVDLSsNAFJ34rPUVdekmWISKUJJWqRuh6MZlBfuApg2T6aQdO5OEmYlYQj7Fjb/ixoUiutOvcdJmoW0PXDiccy/33uOGlAhpmt/a0vLK6tp6biO/ubW9s6vv7TdFEHGEGyigAW+7UGBKfNyQRFLcDjmGzKW45Y6uU7/1gLkggX8nxyHuMjjwiUcQlEpy9OqjY13aHocoLtYdqxfbDMohZ/F9kpz0zNMFYiWJy4mjF8ySOYExT6yMFECGuqN/2f0ARQz7ElEoRMcyQ9mNIZcEUZzk7UjgEKIRHOCOoj5kWHTjyYOJcayUvuEFXJUvjYn6dyKGTIgxc1VneqmY9VJxkdeJpHfRjYkfRhL7aLrIi6ghAyNNy+gTjpGkY0Ug4kTdaqAhVGlJlWlehWDNvjxPmuWSVSmd354ValdZHDlwCI5AEVigCmrgBtRBAyDwBF7AG3jXnrVX7UP7nLYuadnMAfgH7ecXWJajHQ==</latexit>

x2 =
(P j

2)
0 � (P j

2)
3

2
<latexit sha1_base64="A00KQcW76rleKfIK+BM6K34TxJY=">AAACIHicbVDLSsNAFJ34rPUVdekmWIS6sCSpUjdC0Y3LCvYBTRom00k7dvJgZiKWkE9x46+4caGI7vRrnLRZaNsDFw7n3Mu997gRJVzo+reytLyyurZe2Chubm3v7Kp7+y0exgzhJgppyDou5JiSADcFERR3Ioah71LcdkfXmd9+wIyTMLgT4wjbPhwExCMICik5au3RMS8tj0GUlBuO2UssH4oh85P7ND3p6acLxGqamKmjlvSKPoE2T4yclECOhqN+Wf0QxT4OBKKQ866hR8JOIBMEUZwWrZjjCKIRHOCupAH0MbeTyYOpdiyVvuaFTFYgtIn6dyKBPudj35Wd2aV81svERV43Ft6FnZAgigUO0HSRF1NNhFqWltYnDCNBx5JAxIi8VUNDKNMSMtOiDMGYfXmetMyKUa2c356V6ld5HAVwCI5AGRigBurgBjRAEyDwBF7AG3hXnpVX5UP5nLYuKfnMAfgH5ecXYMujIg==</latexit>

This allows us to define Bjorken variables

For a 2 to N diagram this reproduces the parton model

• Take the limit analytically and obtain exact back to back jets

P j
i = ((P j

i )
0, 0, 0, (P j

i )
3)

<latexit sha1_base64="dFfbx/wYYGXUqx5e+TIBO24X6oA=">AAACL3icbVDLSsNAFJ3UV62vqEs3wSK0ICWxim6EoiAuK9gHtGmYTCft2MkkzEyEEvJHbvyVbkQUcetfOGmz0LZnGDiccy/33uOGlAhpmu9abmV1bX0jv1nY2t7Z3dP3D5oiiDjCDRTQgLddKDAlDDckkRS3Q46h71Lccke3qd96xlyQgD3KcYhtHw4Y8QiCUkmOfld3YpL04q4P5ZD78VOSXJdKi2K5Z56mb6lVLTt60ayYUxiLxMpIEWSoO/qk2w9Q5GMmEYVCdCwzlHYMuSSI4qTQjQQOIRrBAe4oyqCPhR1P702ME6X0DS/g6jNpTNW/HTH0hRj7rqpM1xTzXiou8zqR9K7smLAwkpih2SAvooYMjDQ8o084RpKOFYGIE7WrgYaQQyRVxAUVgjV/8iJpnlWsauXi4bxYu8niyIMjcAxKwAKXoAbuQR00AAIvYAI+wKf2qr1pX9r3rDSnZT2H4B+0n18cC6mo</latexit>

d? ! 0
<latexit sha1_base64="YnFApUAlj78xRJWB09a/YHt8DF8=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWZ8oMuiG5cV7AM6w5BJM21oJglJRqlD8VfcuFDErf/hzr8xbWehrQcuHM65l3vviSWj2njet7OwuLS8slpaK69vbG5tuzu7TS0yhUkDCyZUO0aaMMpJw1DDSFsqgtKYkVY8uB77rXuiNBX8zgwlCVPU4zShGBkrRe5+NwokUTJQtNc3SCnxAL3IrXhVbwI4T/yCVECBeuR+BV2Bs5RwgxnSuuN70oQ5UoZiRkblINNEIjxAPdKxlKOU6DCfXD+CR1bpwkQoW9zAifp7Ikep1sM0tp0pMn09643F/7xOZpLLMKdcZoZwPF2UZAwaAcdRwC5VBBs2tARhRe2tEPeRQtjYwMo2BH/25XnSPKn6p9Xz27NK7aqIowQOwCE4Bj64ADVwA+qgATB4BM/gFbw5T86L8+58TFsXnGJmD/yB8/kDhseVRQ==</latexit>
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• Bin the distribution in the Bjorken variables

x1 =
(P j

1)
0 + (P j

1)
3

2
<latexit sha1_base64="eK00gPhNmCY2uQn4IXkis992H+Q=">AAACIHicbVDLSsNAFJ34rPUVdekmWISKUJJWqRuh6MZlBfuApg2T6aQdO5OEmYlYQj7Fjb/ixoUiutOvcdJmoW0PXDiccy/33uOGlAhpmt/a0vLK6tp6biO/ubW9s6vv7TdFEHGEGyigAW+7UGBKfNyQRFLcDjmGzKW45Y6uU7/1gLkggX8nxyHuMjjwiUcQlEpy9OqjY13aHocoLtYdqxfbDMohZ/F9kpz0zNMFYiWJy4mjF8ySOYExT6yMFECGuqN/2f0ARQz7ElEoRMcyQ9mNIZcEUZzk7UjgEKIRHOCOoj5kWHTjyYOJcayUvuEFXJUvjYn6dyKGTIgxc1VneqmY9VJxkdeJpHfRjYkfRhL7aLrIi6ghAyNNy+gTjpGkY0Ug4kTdaqAhVGlJlWlehWDNvjxPmuWSVSmd354ValdZHDlwCI5AEVigCmrgBtRBAyDwBF7AG3jXnrVX7UP7nLYuadnMAfgH7ecXWJajHQ==</latexit>

x2 =
(P j

2)
0 � (P j

2)
3

2
<latexit sha1_base64="A00KQcW76rleKfIK+BM6K34TxJY=">AAACIHicbVDLSsNAFJ34rPUVdekmWIS6sCSpUjdC0Y3LCvYBTRom00k7dvJgZiKWkE9x46+4caGI7vRrnLRZaNsDFw7n3Mu997gRJVzo+reytLyyurZe2Chubm3v7Kp7+y0exgzhJgppyDou5JiSADcFERR3Ioah71LcdkfXmd9+wIyTMLgT4wjbPhwExCMICik5au3RMS8tj0GUlBuO2UssH4oh85P7ND3p6acLxGqamKmjlvSKPoE2T4yclECOhqN+Wf0QxT4OBKKQ866hR8JOIBMEUZwWrZjjCKIRHOCupAH0MbeTyYOpdiyVvuaFTFYgtIn6dyKBPudj35Wd2aV81svERV43Ft6FnZAgigUO0HSRF1NNhFqWltYnDCNBx5JAxIi8VUNDKNMSMtOiDMGYfXmetMyKUa2c356V6ld5HAVwCI5AGRigBurgBjRAEyDwBF7AG3hXnpVX5UP5nLYuKfnMAfgH5ecXYMujIg==</latexit>

This allows us to define Bjorken variables

For a 2 to N diagram this reproduces the parton model

Fit PDFs!!
<latexit sha1_base64="LFSrhdM6ZR484FEpl64Z+/naxPw=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmAckS5idzCZDZneWmV4lLPkMLx4U8erXePNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNCrVjDeYkkq3A2q4FDFvoEDJ24nmNAokbwWj26nfeuTaCBU/4DjhfkQHsQgFo2ilTleLwRCp1uqpV664VXcGsky8nFQgR71X/ur2FUsjHiOT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqUxjbjxs9nJE3JilT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/1MxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCmVbAje4svLpHlW9c6rl/cXldpNHkcRjuAYTsGDK6jBHdShAQwUPMMrvDnovDjvzse8teDkM4fwB87nD8T/kZQ=</latexit>

(not in MS bar)

• Take the limit analytically and obtain exact back to back jets

P j
i = ((P j

i )
0, 0, 0, (P j

i )
3)

<latexit sha1_base64="dFfbx/wYYGXUqx5e+TIBO24X6oA=">AAACL3icbVDLSsNAFJ3UV62vqEs3wSK0ICWxim6EoiAuK9gHtGmYTCft2MkkzEyEEvJHbvyVbkQUcetfOGmz0LZnGDiccy/33uOGlAhpmu9abmV1bX0jv1nY2t7Z3dP3D5oiiDjCDRTQgLddKDAlDDckkRS3Q46h71Lccke3qd96xlyQgD3KcYhtHw4Y8QiCUkmOfld3YpL04q4P5ZD78VOSXJdKi2K5Z56mb6lVLTt60ayYUxiLxMpIEWSoO/qk2w9Q5GMmEYVCdCwzlHYMuSSI4qTQjQQOIRrBAe4oyqCPhR1P702ME6X0DS/g6jNpTNW/HTH0hRj7rqpM1xTzXiou8zqR9K7smLAwkpih2SAvooYMjDQ8o084RpKOFYGIE7WrgYaQQyRVxAUVgjV/8iJpnlWsauXi4bxYu8niyIMjcAxKwAKXoAbuQR00AAIvYAI+wKf2qr1pX9r3rDSnZT2H4B+0n18cC6mo</latexit>

d? ! 0
<latexit sha1_base64="YnFApUAlj78xRJWB09a/YHt8DF8=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWZ8oMuiG5cV7AM6w5BJM21oJglJRqlD8VfcuFDErf/hzr8xbWehrQcuHM65l3vviSWj2njet7OwuLS8slpaK69vbG5tuzu7TS0yhUkDCyZUO0aaMMpJw1DDSFsqgtKYkVY8uB77rXuiNBX8zgwlCVPU4zShGBkrRe5+NwokUTJQtNc3SCnxAL3IrXhVbwI4T/yCVECBeuR+BV2Bs5RwgxnSuuN70oQ5UoZiRkblINNEIjxAPdKxlKOU6DCfXD+CR1bpwkQoW9zAifp7Ikep1sM0tp0pMn09643F/7xOZpLLMKdcZoZwPF2UZAwaAcdRwC5VBBs2tARhRe2tEPeRQtjYwMo2BH/25XnSPKn6p9Xz27NK7aqIowQOwCE4Bj64ADVwA+qgATB4BM/gFbw5T86L8+58TFsXnGJmD/yB8/kDhseVRQ==</latexit>
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• Bin the distribution in the Bjorken variables

x1 =
(P j

1)
0 + (P j

1)
3

2
<latexit sha1_base64="eK00gPhNmCY2uQn4IXkis992H+Q=">AAACIHicbVDLSsNAFJ34rPUVdekmWISKUJJWqRuh6MZlBfuApg2T6aQdO5OEmYlYQj7Fjb/ixoUiutOvcdJmoW0PXDiccy/33uOGlAhpmt/a0vLK6tp6biO/ubW9s6vv7TdFEHGEGyigAW+7UGBKfNyQRFLcDjmGzKW45Y6uU7/1gLkggX8nxyHuMjjwiUcQlEpy9OqjY13aHocoLtYdqxfbDMohZ/F9kpz0zNMFYiWJy4mjF8ySOYExT6yMFECGuqN/2f0ARQz7ElEoRMcyQ9mNIZcEUZzk7UjgEKIRHOCOoj5kWHTjyYOJcayUvuEFXJUvjYn6dyKGTIgxc1VneqmY9VJxkdeJpHfRjYkfRhL7aLrIi6ghAyNNy+gTjpGkY0Ug4kTdaqAhVGlJlWlehWDNvjxPmuWSVSmd354ValdZHDlwCI5AEVigCmrgBtRBAyDwBF7AG3jXnrVX7UP7nLYuadnMAfgH7ecXWJajHQ==</latexit>

x2 =
(P j

2)
0 � (P j

2)
3

2
<latexit sha1_base64="A00KQcW76rleKfIK+BM6K34TxJY=">AAACIHicbVDLSsNAFJ34rPUVdekmWIS6sCSpUjdC0Y3LCvYBTRom00k7dvJgZiKWkE9x46+4caGI7vRrnLRZaNsDFw7n3Mu997gRJVzo+reytLyyurZe2Chubm3v7Kp7+y0exgzhJgppyDou5JiSADcFERR3Ioah71LcdkfXmd9+wIyTMLgT4wjbPhwExCMICik5au3RMS8tj0GUlBuO2UssH4oh85P7ND3p6acLxGqamKmjlvSKPoE2T4yclECOhqN+Wf0QxT4OBKKQ866hR8JOIBMEUZwWrZjjCKIRHOCupAH0MbeTyYOpdiyVvuaFTFYgtIn6dyKBPudj35Wd2aV81svERV43Ft6FnZAgigUO0HSRF1NNhFqWltYnDCNBx5JAxIi8VUNDKNMSMtOiDMGYfXmetMyKUa2c356V6ld5HAVwCI5AGRigBurgBjRAEyDwBF7AG3hXnpVX5UP5nLYuKfnMAfgH5ecXYMujIg==</latexit>

This allows us to define Bjorken variables

For a 2 to N diagram this reproduces the parton model

Fit PDFs!!
<latexit sha1_base64="LFSrhdM6ZR484FEpl64Z+/naxPw=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmAckS5idzCZDZneWmV4lLPkMLx4U8erXePNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNCrVjDeYkkq3A2q4FDFvoEDJ24nmNAokbwWj26nfeuTaCBU/4DjhfkQHsQgFo2ilTleLwRCp1uqpV664VXcGsky8nFQgR71X/ur2FUsjHiOT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqUxjbjxs9nJE3JilT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/1MxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCmVbAje4svLpHlW9c6rl/cXldpNHkcRjuAYTsGDK6jBHdShAQwUPMMrvDnovDjvzse8teDkM4fwB87nD8T/kZQ=</latexit>

(not in MS bar)

• Vary the factorisation scale ⇤c
<latexit sha1_base64="9yFohXdK0AFDHqmtw9vzHcKboBg=">AAAB/XicbVC7TsMwFHV4lvIKj43FokJiqhIegrGChYGhSPQhNVHkOG5r1XYi20EqUcSvsDCAECv/wcbf4LQZoOVIlo7OPVf3+IQJo0o7zre1sLi0vLJaWauub2xubds7u20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wtF1Me88EKloLO71OCE+RwNB+xQjbaTA3vdujTlCQeZxpIeSZzjPA7vm1J0J4DxxS1IDJZqB/eVFMU45ERozpFTPdRLtZ0hqihnJq16qSILwCA1Iz1CBOFF+NkmfwyOjRLAfS/OEhhP190aGuFJjHhpnEVHNzgrxv1kv1f1LP6MiSTUReHqonzKoY1hUASMqCdZsbAjCkpqsEA+RRFibwqqmBHf2y/OkfVJ3T+vnd2e1xlVZRwUcgENwDFxwARrgBjRBC2DwCJ7BK3iznqwX6936mFoXrHJnD/yB9fkDIu+Vrg==</latexit>

and interpolate the dependence on the 

factorisation scale Banfi, Salam, Zanderighi, 
arXiv:0407286 (2004) Numerical resummation?

• Take the limit analytically and obtain exact back to back jets

P j
i = ((P j

i )
0, 0, 0, (P j

i )
3)

<latexit sha1_base64="dFfbx/wYYGXUqx5e+TIBO24X6oA=">AAACL3icbVDLSsNAFJ3UV62vqEs3wSK0ICWxim6EoiAuK9gHtGmYTCft2MkkzEyEEvJHbvyVbkQUcetfOGmz0LZnGDiccy/33uOGlAhpmu9abmV1bX0jv1nY2t7Z3dP3D5oiiDjCDRTQgLddKDAlDDckkRS3Q46h71Lccke3qd96xlyQgD3KcYhtHw4Y8QiCUkmOfld3YpL04q4P5ZD78VOSXJdKi2K5Z56mb6lVLTt60ayYUxiLxMpIEWSoO/qk2w9Q5GMmEYVCdCwzlHYMuSSI4qTQjQQOIRrBAe4oyqCPhR1P702ME6X0DS/g6jNpTNW/HTH0hRj7rqpM1xTzXiou8zqR9K7smLAwkpih2SAvooYMjDQ8o084RpKOFYGIE7WrgYaQQyRVxAUVgjV/8iJpnlWsauXi4bxYu8niyIMjcAxKwAKXoAbuQR00AAIvYAI+wKf2qr1pX9r3rDSnZT2H4B+0n18cC6mo</latexit>

d? ! 0
<latexit sha1_base64="YnFApUAlj78xRJWB09a/YHt8DF8=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWZ8oMuiG5cV7AM6w5BJM21oJglJRqlD8VfcuFDErf/hzr8xbWehrQcuHM65l3vviSWj2njet7OwuLS8slpaK69vbG5tuzu7TS0yhUkDCyZUO0aaMMpJw1DDSFsqgtKYkVY8uB77rXuiNBX8zgwlCVPU4zShGBkrRe5+NwokUTJQtNc3SCnxAL3IrXhVbwI4T/yCVECBeuR+BV2Bs5RwgxnSuuN70oQ5UoZiRkblINNEIjxAPdKxlKOU6DCfXD+CR1bpwkQoW9zAifp7Ikep1sM0tp0pMn09643F/7xOZpLLMKdcZoZwPF2UZAwaAcdRwC5VBBs2tARhRe2tEPeRQtjYwMo2BH/25XnSPKn6p9Xz27NK7aqIowQOwCE4Bj64ADVwA+qgATB4BM/gFbw5T86L8+58TFsXnGJmD/yB8/kDhseVRQ==</latexit>

https://arxiv.org/abs/hep-ph/0407286
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�(HH ! X + n j)
<latexit sha1_base64="y6wBP60uf5dWvvUMBnEZmTHUoH8=">AAACEHicbVDJSgNBEO1xjXGLevTSGMSIEmZc0GPQS44RzAKZEHo6PZM2vQzdPUoY8gle/BUvHhTx6tGbf2NnOWjig4LHe1VU1QtiRrVx3W9nbn5hcWk5s5JdXVvf2Mxtbde0TBQmVSyZVI0AacKoIFVDDSONWBHEA0bqQe966NfvidJUilvTj0mLo0jQkGJkrNTOHfiaRhwVymVf0ahrkFLyATaOBPSPoc+R6Sqe3g0O27m8W3RHgLPEm5A8mKDSzn35HYkTToTBDGnd9NzYtFKkDMWMDLJ+okmMcA9FpGmpQJzoVjp6aAD3rdKBoVS2hIEj9fdEirjWfR7YzuGJetobiv95zcSEl62UijgxRODxojBh0Eg4TAd2qCLYsL4lCCtqb4W4ixTCxmaYtSF40y/PktpJ0Tstnt+c5UtXkzgyYBfsgQLwwAUogTKogCrA4BE8g1fw5jw5L8678zFunXMmMzvgD5zPH4/tnEs=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

We started with a very generic formalism for scattering

X

m
<latexit sha1_base64="NKmyIC7TYvGLCADLhU5WaYbDnOw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWMEs0AyhJ5OT9Kml6G7RwhD/sGLB0W8+j/e/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfqtJ6oNU/LBjhMaCjyQLGYEWyc1uyYVPdErV/yqPwNaJkFOKpCj3it/dfuKpIJKSzg2phP4iQ0zrC0jnE5K3dTQBJMRHtCOoxILasJsdu0EnTilj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfF1mDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gEouhGDx5WXSPKsG59XL+4tK7SaPowhHcAynEMAV1OAO6tAAAo/wDK/w5invxXv3PuatBS+fOYQ/8D5/ALcFjzo=</latexit>

Sum over number of 
initial state partons

Z "
mY

i=1

d3~pi

#

<latexit sha1_base64="7RIQMIjlTncY6BasNGo6XGaxItk=">AAACHnicbVDLSsNAFJ34rPVVdelmsAiuSuID3QhFNy4VrApNDJPJTTs4k4SZG6GEfIkbf8WNC0UEV/o3TmsXvg4MHM65lzn3RLkUBl33w5mYnJqema3N1ecXFpeWGyurFyYrNIcOz2SmryJmQIoUOihQwlWugalIwmV0czz0L29BG5Gl5zjIIVCsl4pEcIZWCht7vkiR+hIS7Pq5zuKwFIdeda18xbCvVRlX1zv+LfAyr0Lha9HrY0DDRtNtuSPQv8QbkyYZ4zRsvPlxxgsFKXLJjOl6bo5ByTQKLqGq+4WBnPEb1oOupSlTYIJydF5FN60S0yTT9tmwI/X7RsmUMQMV2clhaPPbG4r/ed0Ck4OgFGleIKT866OkkBQzOuyKxkIDRzmwhHEtbFbK+0wzjrbRui3B+33yX3Kx3fJ2Wntnu8320biOGlknG2SLeGSftMkJOSUdwskdeSBP5Nm5dx6dF+f1a3TCGe+skR9w3j8B0G2jig==</latexit>

Integration over initial 
state partons momenta

f(p1, ..., pm)
<latexit sha1_base64="JhfBmmZ+/w4To2+Qbc5R5U5BXIQ=">AAAB+HicbVDLSgMxFM34rPXRUZdugkWoUIYZH+iy6MZlBfuAdhgyaaYNTTIhyQi19EvcuFDErZ/izr8xbWehrQcuHM65l3vviSWj2vj+t7Oyura+sVnYKm7v7O6V3P2Dpk4zhUkDpyxV7RhpwqggDUMNI22pCOIxI614eDv1W49EaZqKBzOSJOSoL2hCMTJWitxSUpFRUPU8ryojfgojt+x7/gxwmQQ5KYMc9cj96vZSnHEiDGZI607gSxOOkTIUMzIpdjNNJMJD1CcdSwXiRIfj2eETeGKVHkxSZUsYOFN/T4wR13rEY9vJkRnoRW8q/ud1MpNch2MqZGaIwPNFScagSeE0BdijimDDRpYgrKi9FeIBUggbm1XRhhAsvrxMmmdecO5d3l+Uazd5HAVwBI5BBQTgCtTAHaiDBsAgA8/gFbw5T86L8+58zFtXnHzmEPyB8/kDzDWRPQ==</latexit>

Weight

dm�

dp1...dpm
(p1, ..., pm ! X + nj)

<latexit sha1_base64="ZqhOt/HmIkxF9QRWUURal9SGhnk="></latexit>

Cross-sections for m initial 
state partons
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d2�p

dx1dx2
(2 j ! X + n j,⇤c)

<latexit sha1_base64="pvo+ySKRGryPI6kpBwW0rGch/X0="></latexit>

Z
dx1dx2

<latexit sha1_base64="R1oAcgYRwpr8BLOlis7hW3cDZsA=">AAACCXicbVC7TsMwFHXKq5RXgJHFokJiqpICgrGChbFI9CG1UeQ4TmvVdiLbQVRRVxZ+hYUBhFj5Azb+BqfNQFuOZOn43Ht1zz1BwqjSjvNjlVZW19Y3ypuVre2d3T17/6Ct4lRi0sIxi2U3QIowKkhLU81IN5EE8YCRTjC6yeudByIVjcW9HifE42ggaEQx0kbybdinQsM+R3ooeRZOHn137lf37apTc6aAy8QtSBUUaPr2dz+MccqJ0JghpXquk2gvQ1JTzMik0k8VSRAeoQHpGSoQJ8rLppdM4IlRQhjF0jzja6r+ncgQV2rMA9OZm1SLtVz8r9ZLdXTlZVQkqSYCzxZFKYM6hnksMKSSYM3GhiAsqfEK8RBJhLUJr2JCcBdPXibtes09q13cnVcb10UcZXAEjsEpcMElaIBb0AQtgMETeAFv4N16tl6tD+tz1lqyiplDMAfr6xfSkZps</latexit>

f(x1,⇤c)
<latexit sha1_base64="giB1nuyNPK2XXpw/3nkUnU9d2Rc=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahgpTEB7osunHhooJ9QBPCZDpph84kYWYilpCNG3/FjQtF3PoP7vwbJ20WWj0wcDjnHube48eMSmVZX0Zpbn5hcam8XFlZXVvfMDe32jJKBCYtHLFIdH0kCaMhaSmqGOnGgiDuM9LxR5e537kjQtIovFXjmLgcDUIaUIyUljxzN6jde/YhdK51po+81OFIDQVPcZYdeGbVqlsTwL/ELkgVFGh65qfTj3DCSagwQ1L2bCtWboqEopiRrOIkksQIj9CA9DQNESfSTSdXZHBfK30YREK/UMGJ+jORIi7lmPt6Mt9Rznq5+J/XS1Rw7qY0jBNFQjz9KEgYVBHMK4F9KghWbKwJwoLqXSEeIoGw0sVVdAn27Ml/Sfuobh/XT29Oqo2Loo4y2AF7oAZscAYa4Ao0QQtg8ACewAt4NR6NZ+PNeJ+Olowisw1+wfj4BpvMmAk=</latexit>

f(x2,⇤c)
<latexit sha1_base64="2beqJPx8ppSI3ezbzi1cd7Q82yQ=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahgpSkKrosunHhooJ9QBPCZDJph04ezEzEErJx46+4caGIW//BnX/jpM1CWw8MHM65h7n3uDGjQhrGt1ZaWFxaXimvVtbWNza39O2djogSjkkbRyziPRcJwmhI2pJKRnoxJyhwGem6o6vc794TLmgU3slxTOwADULqU4ykkhx93689OI1jaN2ojIec1AqQHPIgxVl25OhVo25MAOeJWZAqKNBy9C/Li3ASkFBihoTom0Ys7RRxSTEjWcVKBIkRHqEB6SsaooAIO51ckcFDpXjQj7h6oYQT9XciRYEQ48BVk/mOYtbLxf+8fiL9CzulYZxIEuLpR37CoIxgXgn0KCdYsrEiCHOqdoV4iDjCUhVXUSWYsyfPk06jbp7Uz25Pq83Loo4y2AMHoAZMcA6a4Bq0QBtg8AiewSt40560F+1d+5iOlrQiswv+QPv8AZ1nmAo=</latexit>

�(HH ! X + n j)
<latexit sha1_base64="y6wBP60uf5dWvvUMBnEZmTHUoH8=">AAACEHicbVDJSgNBEO1xjXGLevTSGMSIEmZc0GPQS44RzAKZEHo6PZM2vQzdPUoY8gle/BUvHhTx6tGbf2NnOWjig4LHe1VU1QtiRrVx3W9nbn5hcWk5s5JdXVvf2Mxtbde0TBQmVSyZVI0AacKoIFVDDSONWBHEA0bqQe966NfvidJUilvTj0mLo0jQkGJkrNTOHfiaRhwVymVf0ahrkFLyATaOBPSPoc+R6Sqe3g0O27m8W3RHgLPEm5A8mKDSzn35HYkTToTBDGnd9NzYtFKkDMWMDLJ+okmMcA9FpGmpQJzoVjp6aAD3rdKBoVS2hIEj9fdEirjWfR7YzuGJetobiv95zcSEl62UijgxRODxojBh0Eg4TAd2qCLYsL4lCCtqb4W4ixTCxmaYtSF40y/PktpJ0Tstnt+c5UtXkzgyYBfsgQLwwAUogTKogCrA4BE8g1fw5jw5L8678zFunXMmMzvgD5zPH4/tnEs=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

And we “forced” the initial-state observable to reproduce the usual factorised structure:

But we did not need to start from this factorised ansatz!

�(HH ! X + n j)
<latexit sha1_base64="y6wBP60uf5dWvvUMBnEZmTHUoH8=">AAACEHicbVDJSgNBEO1xjXGLevTSGMSIEmZc0GPQS44RzAKZEHo6PZM2vQzdPUoY8gle/BUvHhTx6tGbf2NnOWjig4LHe1VU1QtiRrVx3W9nbn5hcWk5s5JdXVvf2Mxtbde0TBQmVSyZVI0AacKoIFVDDSONWBHEA0bqQe966NfvidJUilvTj0mLo0jQkGJkrNTOHfiaRhwVymVf0ahrkFLyATaOBPSPoc+R6Sqe3g0O27m8W3RHgLPEm5A8mKDSzn35HYkTToTBDGnd9NzYtFKkDMWMDLJ+okmMcA9FpGmpQJzoVjp6aAD3rdKBoVS2hIEj9fdEirjWfR7YzuGJetobiv95zcSEl62UijgxRODxojBh0Eg4TAd2qCLYsL4lCCtqb4W4ixTCxmaYtSF40y/PktpJ0Tstnt+c5UtXkzgyYBfsgQLwwAUogTKogCrA4BE8g1fw5jw5L8678zFunXMmMzvgD5zPH4/tnEs=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

We started with a very generic formalism for scattering

X

m
<latexit sha1_base64="NKmyIC7TYvGLCADLhU5WaYbDnOw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWMEs0AyhJ5OT9Kml6G7RwhD/sGLB0W8+j/e/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfqtJ6oNU/LBjhMaCjyQLGYEWyc1uyYVPdErV/yqPwNaJkFOKpCj3it/dfuKpIJKSzg2phP4iQ0zrC0jnE5K3dTQBJMRHtCOoxILasJsdu0EnTilj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfF1mDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gEouhGDx5WXSPKsG59XL+4tK7SaPowhHcAynEMAV1OAO6tAAAo/wDK/w5invxXv3PuatBS+fOYQ/8D5/ALcFjzo=</latexit>

Sum over number of 
initial state partons

Z "
mY

i=1

d3~pi

#

<latexit sha1_base64="7RIQMIjlTncY6BasNGo6XGaxItk=">AAACHnicbVDLSsNAFJ34rPVVdelmsAiuSuID3QhFNy4VrApNDJPJTTs4k4SZG6GEfIkbf8WNC0UEV/o3TmsXvg4MHM65lzn3RLkUBl33w5mYnJqema3N1ecXFpeWGyurFyYrNIcOz2SmryJmQIoUOihQwlWugalIwmV0czz0L29BG5Gl5zjIIVCsl4pEcIZWCht7vkiR+hIS7Pq5zuKwFIdeda18xbCvVRlX1zv+LfAyr0Lha9HrY0DDRtNtuSPQv8QbkyYZ4zRsvPlxxgsFKXLJjOl6bo5ByTQKLqGq+4WBnPEb1oOupSlTYIJydF5FN60S0yTT9tmwI/X7RsmUMQMV2clhaPPbG4r/ed0Ck4OgFGleIKT866OkkBQzOuyKxkIDRzmwhHEtbFbK+0wzjrbRui3B+33yX3Kx3fJ2Wntnu8320biOGlknG2SLeGSftMkJOSUdwskdeSBP5Nm5dx6dF+f1a3TCGe+skR9w3j8B0G2jig==</latexit>

Integration over initial 
state partons momenta

f(p1, ..., pm)
<latexit sha1_base64="JhfBmmZ+/w4To2+Qbc5R5U5BXIQ=">AAAB+HicbVDLSgMxFM34rPXRUZdugkWoUIYZH+iy6MZlBfuAdhgyaaYNTTIhyQi19EvcuFDErZ/izr8xbWehrQcuHM65l3vviSWj2vj+t7Oyura+sVnYKm7v7O6V3P2Dpk4zhUkDpyxV7RhpwqggDUMNI22pCOIxI614eDv1W49EaZqKBzOSJOSoL2hCMTJWitxSUpFRUPU8ryojfgojt+x7/gxwmQQ5KYMc9cj96vZSnHEiDGZI607gSxOOkTIUMzIpdjNNJMJD1CcdSwXiRIfj2eETeGKVHkxSZUsYOFN/T4wR13rEY9vJkRnoRW8q/ud1MpNch2MqZGaIwPNFScagSeE0BdijimDDRpYgrKi9FeIBUggbm1XRhhAsvrxMmmdecO5d3l+Uazd5HAVwBI5BBQTgCtTAHaiDBsAgA8/gFbw5T86L8+58zFtXnHzmEPyB8/kDzDWRPQ==</latexit>

Weight

dm�

dp1...dpm
(p1, ..., pm ! X + nj)

<latexit sha1_base64="ZqhOt/HmIkxF9QRWUURal9SGhnk="></latexit>

Cross-sections for m initial 
state partons
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p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p� k
<latexit sha1_base64="MOw0D1mY76qinlDv1lVm87AmlEg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZ9oMegF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpITkddktlt+JOQRaJl5My5Kh1S1+dXszSCKVhgmrd9tzE+BlVhjOB42In1ZhQNqR9bFsqaYTaz6anjsmxVXokjJUtachU/T2R0UjrURTYzoiagZ73JuJ/Xjs14bWfcZmkBiWbLQpTQUxMJn+THlfIjBhZQpni9lbCBlRRZmw6RRuCN//yImmcVbzzyuX9Rbl6k8dRgEM4ghPw4AqqcAc1qAODPjzDK7w5wnlx3p2PWeuSk88cwB84nz8Nso2n</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit>

Always included!  
This is the usual contribution.



+

Included only when two initial-state 
quarks with collinearity < 

<latexit sha1_base64="hWmfg21peP3DQ3sbL7L4UAS2tGs=">AAAB8HicbVDLSgMxFL3js9ZXVXDjJlgEV2VGEF2WunHhogX7kHYomUymDU0yQ5IRytCvcONCEbeCf+EXuHPjt5g+Ftp6IHA451xy7wkSzrRx3S9naXlldW09t5Hf3Nre2S3s7Td0nCpC6yTmsWoFWFPOJK0bZjhtJYpiEXDaDAZXY795T5Vmsbw1w4T6AvckixjBxkp3nRsbDXGXdAtFt+ROgBaJNyPF8mHtm71XPqrdwmcnjEkqqDSEY63bnpsYP8PKMMLpKN9JNU0wGeAebVsqsaDazyYLj9CJVUIUxco+adBE/T2RYaH1UAQ2KbDp63lvLP7ntVMTXfoZk0lqqCTTj6KUIxOj8fUoZIoSw4eWYKKY3RWRPlaYGNtR3pbgzZ+8SBpnJe+85NZsGxWYIgdHcAyn4MEFlOEaqlAHAgIe4AmeHeU8Oi/O6zS65MxmDuAPnLcfYTGT1A==</latexit>

⇤c
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p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p� k
<latexit sha1_base64="MOw0D1mY76qinlDv1lVm87AmlEg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZ9oMegF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpITkddktlt+JOQRaJl5My5Kh1S1+dXszSCKVhgmrd9tzE+BlVhjOB42In1ZhQNqR9bFsqaYTaz6anjsmxVXokjJUtachU/T2R0UjrURTYzoiagZ73JuJ/Xjs14bWfcZmkBiWbLQpTQUxMJn+THlfIjBhZQpni9lbCBlRRZmw6RRuCN//yImmcVbzzyuX9Rbl6k8dRgEM4ghPw4AqqcAc1qAODPjzDK7w5wnlx3p2PWeuSk88cwB84nz8Nso2n</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit>

Always included!  
This is the usual contribution.



+

Included only when two initial-state 
quarks with collinearity < 

<latexit sha1_base64="hWmfg21peP3DQ3sbL7L4UAS2tGs=">AAAB8HicbVDLSgMxFL3js9ZXVXDjJlgEV2VGEF2WunHhogX7kHYomUymDU0yQ5IRytCvcONCEbeCf+EXuHPjt5g+Ftp6IHA451xy7wkSzrRx3S9naXlldW09t5Hf3Nre2S3s7Td0nCpC6yTmsWoFWFPOJK0bZjhtJYpiEXDaDAZXY795T5Vmsbw1w4T6AvckixjBxkp3nRsbDXGXdAtFt+ROgBaJNyPF8mHtm71XPqrdwmcnjEkqqDSEY63bnpsYP8PKMMLpKN9JNU0wGeAebVsqsaDazyYLj9CJVUIUxco+adBE/T2RYaH1UAQ2KbDp63lvLP7ntVMTXfoZk0lqqCTTj6KUIxOj8fUoZIoSw4eWYKKY3RWRPlaYGNtR3pbgzZ+8SBpnJe+85NZsGxWYIgdHcAyn4MEFlOEaqlAHAgIe4AmeHeU8Oi/O6zS65MxmDuAPnLcfYTGT1A==</latexit>

⇤c
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k? [GeV]
<latexit sha1_base64="OThAhuB5TQ5yz1N/Iyvi0gOZowY=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISH+iy6EKXFewDkhAm09t26OTBzEQoobjxV9y4UMStX+HOv3HSZqGtBy4czrmXe+8JEs6ksqxvo7SwuLS8Ul6trK1vbG6Z2zstGaeCQpPGPBadgEjgLIKmYopDJxFAwoBDOxhe5377AYRkcXSvRgl4IelHrMcoUVryzb2h7yYgEuweY8cNiRqIMLuB1tjzzapVsybA88QuSBUVaPjml9uNaRpCpCgnUjq2lSgvI0IxymFccVMJCaFD0gdH04iEIL1s8sIYH2qli3ux0BUpPFF/T2QklHIUBrozP1LOern4n+ekqnfpZSxKUgURnS7qpRyrGOd54C4TQBUfaUKoYPpWTAdEEKp0ahUdgj378jxpndTs09r53Vm1flXEUUb76AAdIRtdoDq6RQ3URBQ9omf0it6MJ+PFeDc+pq0lo5jZRX9gfP4Aj2iW6A==</latexit>

⇤c = 0
<latexit sha1_base64="Xw2iQn0eIXisnPi5DaYMBcj8epM=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkriA90IRTcuXFSwD2hCmEwm7dCZSZiZCCVm4a+4caGIW3/DnX/jpM1CWw8MHM49l3vmBAklUtn2t1FZWFxaXqmu1tbWNza3zO2djoxTgXAbxTQWvQBKTAnHbUUUxb1EYMgCirvB6LqYdx+wkCTm92qcYI/BAScRQVBpyTf33FttDqGfuQyqoWAZyvNL2zfrdsOewJonTknqoETLN7/cMEYpw1whCqXsO3aivAwKRRDFec1NJU4gGsEB7mvKIcPSyyb5c+tQK6EVxUI/rqyJ+nsjg0zKMQu0swgpZ2eF+N+sn6rowssIT1KFOZoeilJqqdgqyrBCIjBSdKwJRILorBYaQgGR0pXVdAnO7JfnSee44Zw0zu5O682rso4q2AcH4Ag44Bw0wQ1ogTZA4BE8g1fwZjwZL8a78TG1VoxyZxf8gfH5AyMrli8=</latexit>
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dk?
<latexit sha1_base64="P41xETxCqKVfLIbgZkw8ZOsJt4w=">AAACG3icbVDLSsNAFJ34rPUVdelmsAiuSlIVXRbduKxgH9CEMJlO2qEzyTAzEUrIf7jxV9y4UMSV4MK/cdJmUVsPDBzOOZe594SCUaUd58daWV1b39isbFW3d3b39u2Dw45KUolJGycskb0QKcJoTNqaakZ6QhLEQ0a64fi28LuPRCqaxA96IojP0TCmEcVIGymwG+PAE0QK6EUS4czjSI8kzwa5p+iQo3xOKZN5YNecujMFXCZuSWqgRCuwv7xBglNOYo0ZUqrvOkL7GZKaYkbyqpcqIhAeoyHpGxojTpSfTW/L4alRBjBKpHmxhlN1fiJDXKkJD02y2FQteoX4n9dPdXTtZzQWqSYxnn0UpQzqBBZFwQGVBGs2MQRhSc2uEI+QKUmbOqumBHfx5GXSadTd8/rl/UWteVPWUQHH4AScARdcgSa4Ay3QBhg8gRfwBt6tZ+vV+rA+Z9EVq5w5An9gff8CFhCjVw==</latexit>

(~MG)

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p� k
<latexit sha1_base64="MOw0D1mY76qinlDv1lVm87AmlEg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZ9oMegF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpITkddktlt+JOQRaJl5My5Kh1S1+dXszSCKVhgmrd9tzE+BlVhjOB42In1ZhQNqR9bFsqaYTaz6anjsmxVXokjJUtachU/T2R0UjrURTYzoiagZ73JuJ/Xjs14bWfcZmkBiWbLQpTQUxMJn+THlfIjBhZQpni9lbCBlRRZmw6RRuCN//yImmcVbzzyuX9Rbl6k8dRgEM4ghPw4AqqcAc1qAODPjzDK7w5wnlx3p2PWeuSk88cwB84nz8Nso2n</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit>

Always included!  
This is the usual contribution.



+

Included only when two initial-state 
quarks with collinearity < 

<latexit sha1_base64="hWmfg21peP3DQ3sbL7L4UAS2tGs=">AAAB8HicbVDLSgMxFL3js9ZXVXDjJlgEV2VGEF2WunHhogX7kHYomUymDU0yQ5IRytCvcONCEbeCf+EXuHPjt5g+Ftp6IHA451xy7wkSzrRx3S9naXlldW09t5Hf3Nre2S3s7Td0nCpC6yTmsWoFWFPOJK0bZjhtJYpiEXDaDAZXY795T5Vmsbw1w4T6AvckixjBxkp3nRsbDXGXdAtFt+ROgBaJNyPF8mHtm71XPqrdwmcnjEkqqDSEY63bnpsYP8PKMMLpKN9JNU0wGeAebVsqsaDazyYLj9CJVUIUxco+adBE/T2RYaH1UAQ2KbDp63lvLP7ntVMTXfoZk0lqqCTTj6KUIxOj8fUoZIoSw4eWYKKY3RWRPlaYGNtR3pbgzZ+8SBpnJe+85NZsGxWYIgdHcAyn4MEFlOEaqlAHAgIe4AmeHeU8Oi/O6zS65MxmDuAPnLcfYTGT1A==</latexit>

⇤c

Valentin Hirschi, CERN Local Unitarity - Universität Freiburg seminar 87

Initial-state singularities: preliminary tests                    
Numerical example result for this finite sum of two interference diagrams:

k? [GeV]
<latexit sha1_base64="OThAhuB5TQ5yz1N/Iyvi0gOZowY=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISH+iy6EKXFewDkhAm09t26OTBzEQoobjxV9y4UMStX+HOv3HSZqGtBy4czrmXe+8JEs6ksqxvo7SwuLS8Ul6trK1vbG6Z2zstGaeCQpPGPBadgEjgLIKmYopDJxFAwoBDOxhe5377AYRkcXSvRgl4IelHrMcoUVryzb2h7yYgEuweY8cNiRqIMLuB1tjzzapVsybA88QuSBUVaPjml9uNaRpCpCgnUjq2lSgvI0IxymFccVMJCaFD0gdH04iEIL1s8sIYH2qli3ux0BUpPFF/T2QklHIUBrozP1LOern4n+ekqnfpZSxKUgURnS7qpRyrGOd54C4TQBUfaUKoYPpWTAdEEKp0ahUdgj378jxpndTs09r53Vm1flXEUUb76AAdIRtdoDq6RQ3URBQ9omf0it6MJ+PFeDc+pq0lo5jZRX9gfP4Aj2iW6A==</latexit>

⇤c = 0
<latexit sha1_base64="Xw2iQn0eIXisnPi5DaYMBcj8epM=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkriA90IRTcuXFSwD2hCmEwm7dCZSZiZCCVm4a+4caGIW3/DnX/jpM1CWw8MHM49l3vmBAklUtn2t1FZWFxaXqmu1tbWNza3zO2djoxTgXAbxTQWvQBKTAnHbUUUxb1EYMgCirvB6LqYdx+wkCTm92qcYI/BAScRQVBpyTf33FttDqGfuQyqoWAZyvNL2zfrdsOewJonTknqoETLN7/cMEYpw1whCqXsO3aivAwKRRDFec1NJU4gGsEB7mvKIcPSyyb5c+tQK6EVxUI/rqyJ+nsjg0zKMQu0swgpZ2eF+N+sn6rowssIT1KFOZoeilJqqdgqyrBCIjBSdKwJRILorBYaQgGR0pXVdAnO7JfnSee44Zw0zu5O682rso4q2AcH4Ag44Bw0wQ1ogTZA4BE8g1fwZjwZL8a78TG1VoxyZxf8gfH5AyMrli8=</latexit>
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dk?
<latexit sha1_base64="P41xETxCqKVfLIbgZkw8ZOsJt4w=">AAACG3icbVDLSsNAFJ34rPUVdelmsAiuSlIVXRbduKxgH9CEMJlO2qEzyTAzEUrIf7jxV9y4UMSV4MK/cdJmUVsPDBzOOZe594SCUaUd58daWV1b39isbFW3d3b39u2Dw45KUolJGycskb0QKcJoTNqaakZ6QhLEQ0a64fi28LuPRCqaxA96IojP0TCmEcVIGymwG+PAE0QK6EUS4czjSI8kzwa5p+iQo3xOKZN5YNecujMFXCZuSWqgRCuwv7xBglNOYo0ZUqrvOkL7GZKaYkbyqpcqIhAeoyHpGxojTpSfTW/L4alRBjBKpHmxhlN1fiJDXKkJD02y2FQteoX4n9dPdXTtZzQWqSYxnn0UpQzqBBZFwQGVBGs2MQRhSc2uEI+QKUmbOqumBHfx5GXSadTd8/rl/UWteVPWUQHH4AScARdcgSa4Ay3QBhg8gRfwBt6tZ+vV+rA+Z9EVq5w5An9gff8CFhCjVw==</latexit>

(~MG)

⇤c ⇡ 20GeV
<latexit sha1_base64="Qf5c2mdYMFbh9GNHyW4QSfsUiqQ=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwUUpSFV0WXejCRQX7gCaEyWTSDp08mJmIJeQn3Pgrblwo4lZw5984aSNo64GBwznnMvceN2ZUSMP40koLi0vLK+XVytr6xuaWvr3TEVHCMWnjiEW85yJBGA1JW1LJSC/mBAUuI113dJH73TvCBY3CWzmOiR2gQUh9ipFUkqPXrGsV9pBjBUgOeZDizEJxzKN72DCgVYM/+iXpZI5eNerGBHCemAWpggItR/+0vAgnAQklZkiIvmnE0k4RlxQzklWsRJAY4REakL6iIQqIsNPJVRk8UIoH/YirF0o4UX9PpCgQYhy4KpnvKGa9XPzP6yfSP7NTGsaJJCGefuQnDMoI5hVBj3KCJRsrgjCnaleIh4gjLFWRFVWCOXvyPOk06uZR/eTmuNo8L+oogz2wDw6BCU5BE1yBFmgDDB7AE3gBr9qj9qy9ae/TaEkrZnbBH2gf3xhOnsU=</latexit>

20GeV
<latexit sha1_base64="7jrgOKyvWGVCZ1GIbuUzvM743gg=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgQspMVXRZdKHLCvYBnaFk0kwbmmSGJCOWYX7FjQtF3Poj7vwbM+0stPVA4HDOvdyTE8SMKu0431ZpZXVtfaO8Wdna3tnds/erHRUlEpM2jlgkewFShFFB2ppqRnqxJIgHjHSDyU3udx+JVDQSD3oaE5+jkaAhxUgbaWBXGw70TqHHkR5Lnt6STjawa07dmQEuE7cgNVCgNbC/vGGEE06Exgwp1XedWPspkppiRrKKlygSIzxBI9I3VCBOlJ/Osmfw2ChDGEbSPKHhTP29kSKu1JQHZjLPqBa9XPzP6yc6vPJTKuJEE4Hnh8KEQR3BvAg4pJJgzaaGICypyQrxGEmEtamrYkpwF7+8TDqNuntWv7g/rzWvizrK4BAcgRPggkvQBHegBdoAgyfwDF7Bm5VZL9a79TEfLVnFzgH4A+vzB3D2k28=</latexit>

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p� k
<latexit sha1_base64="MOw0D1mY76qinlDv1lVm87AmlEg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZ9oMegF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpITkddktlt+JOQRaJl5My5Kh1S1+dXszSCKVhgmrd9tzE+BlVhjOB42In1ZhQNqR9bFsqaYTaz6anjsmxVXokjJUtachU/T2R0UjrURTYzoiagZ73JuJ/Xjs14bWfcZmkBiWbLQpTQUxMJn+THlfIjBhZQpni9lbCBlRRZmw6RRuCN//yImmcVbzzyuX9Rbl6k8dRgEM4ghPw4AqqcAc1qAODPjzDK7w5wnlx3p2PWeuSk88cwB84nz8Nso2n</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit>

Always included!  
This is the usual contribution.



+

Included only when two initial-state 
quarks with collinearity < 

<latexit sha1_base64="hWmfg21peP3DQ3sbL7L4UAS2tGs=">AAAB8HicbVDLSgMxFL3js9ZXVXDjJlgEV2VGEF2WunHhogX7kHYomUymDU0yQ5IRytCvcONCEbeCf+EXuHPjt5g+Ftp6IHA451xy7wkSzrRx3S9naXlldW09t5Hf3Nre2S3s7Td0nCpC6yTmsWoFWFPOJK0bZjhtJYpiEXDaDAZXY795T5Vmsbw1w4T6AvckixjBxkp3nRsbDXGXdAtFt+ROgBaJNyPF8mHtm71XPqrdwmcnjEkqqDSEY63bnpsYP8PKMMLpKN9JNU0wGeAebVsqsaDazyYLj9CJVUIUxco+adBE/T2RYaH1UAQ2KbDp63lvLP7ntVMTXfoZk0lqqCTTj6KUIxOj8fUoZIoSw4eWYKKY3RWRPlaYGNtR3pbgzZ+8SBpnJe+85NZsGxWYIgdHcAyn4MEFlOEaqlAHAgIe4AmeHeU8Oi/O6zS65MxmDuAPnLcfYTGT1A==</latexit>

⇤c

Valentin Hirschi, CERN Local Unitarity - Universität Freiburg seminar 87

Initial-state singularities: preliminary tests                    
Numerical example result for this finite sum of two interference diagrams:

k? [GeV]
<latexit sha1_base64="OThAhuB5TQ5yz1N/Iyvi0gOZowY=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISH+iy6EKXFewDkhAm09t26OTBzEQoobjxV9y4UMStX+HOv3HSZqGtBy4czrmXe+8JEs6ksqxvo7SwuLS8Ul6trK1vbG6Z2zstGaeCQpPGPBadgEjgLIKmYopDJxFAwoBDOxhe5377AYRkcXSvRgl4IelHrMcoUVryzb2h7yYgEuweY8cNiRqIMLuB1tjzzapVsybA88QuSBUVaPjml9uNaRpCpCgnUjq2lSgvI0IxymFccVMJCaFD0gdH04iEIL1s8sIYH2qli3ux0BUpPFF/T2QklHIUBrozP1LOern4n+ekqnfpZSxKUgURnS7qpRyrGOd54C4TQBUfaUKoYPpWTAdEEKp0ahUdgj378jxpndTs09r53Vm1flXEUUb76AAdIRtdoDq6RQ3URBQ9omf0it6MJ+PFeDc+pq0lo5jZRX9gfP4Aj2iW6A==</latexit>

⇤c = 0
<latexit sha1_base64="Xw2iQn0eIXisnPi5DaYMBcj8epM=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkriA90IRTcuXFSwD2hCmEwm7dCZSZiZCCVm4a+4caGIW3/DnX/jpM1CWw8MHM49l3vmBAklUtn2t1FZWFxaXqmu1tbWNza3zO2djoxTgXAbxTQWvQBKTAnHbUUUxb1EYMgCirvB6LqYdx+wkCTm92qcYI/BAScRQVBpyTf33FttDqGfuQyqoWAZyvNL2zfrdsOewJonTknqoETLN7/cMEYpw1whCqXsO3aivAwKRRDFec1NJU4gGsEB7mvKIcPSyyb5c+tQK6EVxUI/rqyJ+nsjg0zKMQu0swgpZ2eF+N+sn6rowssIT1KFOZoeilJqqdgqyrBCIjBSdKwJRILorBYaQgGR0pXVdAnO7JfnSee44Zw0zu5O682rso4q2AcH4Ag44Bw0wQ1ogTZA4BE8g1fwZjwZL8a78TG1VoxyZxf8gfH5AyMrli8=</latexit>
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dk?
<latexit sha1_base64="P41xETxCqKVfLIbgZkw8ZOsJt4w=">AAACG3icbVDLSsNAFJ34rPUVdelmsAiuSlIVXRbduKxgH9CEMJlO2qEzyTAzEUrIf7jxV9y4UMSV4MK/cdJmUVsPDBzOOZe594SCUaUd58daWV1b39isbFW3d3b39u2Dw45KUolJGycskb0QKcJoTNqaakZ6QhLEQ0a64fi28LuPRCqaxA96IojP0TCmEcVIGymwG+PAE0QK6EUS4czjSI8kzwa5p+iQo3xOKZN5YNecujMFXCZuSWqgRCuwv7xBglNOYo0ZUqrvOkL7GZKaYkbyqpcqIhAeoyHpGxojTpSfTW/L4alRBjBKpHmxhlN1fiJDXKkJD02y2FQteoX4n9dPdXTtZzQWqSYxnn0UpQzqBBZFwQGVBGs2MQRhSc2uEI+QKUmbOqumBHfx5GXSadTd8/rl/UWteVPWUQHH4AScARdcgSa4Ay3QBhg8gRfwBt6tZ+vV+rA+Z9EVq5w5An9gff8CFhCjVw==</latexit>

(~MG)

⇤c ⇡ 20GeV
<latexit sha1_base64="Qf5c2mdYMFbh9GNHyW4QSfsUiqQ=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwUUpSFV0WXejCRQX7gCaEyWTSDp08mJmIJeQn3Pgrblwo4lZw5984aSNo64GBwznnMvceN2ZUSMP40koLi0vLK+XVytr6xuaWvr3TEVHCMWnjiEW85yJBGA1JW1LJSC/mBAUuI113dJH73TvCBY3CWzmOiR2gQUh9ipFUkqPXrGsV9pBjBUgOeZDizEJxzKN72DCgVYM/+iXpZI5eNerGBHCemAWpggItR/+0vAgnAQklZkiIvmnE0k4RlxQzklWsRJAY4REakL6iIQqIsNPJVRk8UIoH/YirF0o4UX9PpCgQYhy4KpnvKGa9XPzP6yfSP7NTGsaJJCGefuQnDMoI5hVBj3KCJRsrgjCnaleIh4gjLFWRFVWCOXvyPOk06uZR/eTmuNo8L+oogz2wDw6BCU5BE1yBFmgDDB7AE3gBr9qj9qy9ae/TaEkrZnbBH2gf3xhOnsU=</latexit>

20GeV
<latexit sha1_base64="7jrgOKyvWGVCZ1GIbuUzvM743gg=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgQspMVXRZdKHLCvYBnaFk0kwbmmSGJCOWYX7FjQtF3Poj7vwbM+0stPVA4HDOvdyTE8SMKu0431ZpZXVtfaO8Wdna3tnds/erHRUlEpM2jlgkewFShFFB2ppqRnqxJIgHjHSDyU3udx+JVDQSD3oaE5+jkaAhxUgbaWBXGw70TqHHkR5Lnt6STjawa07dmQEuE7cgNVCgNbC/vGGEE06Exgwp1XedWPspkppiRrKKlygSIzxBI9I3VCBOlJ/Osmfw2ChDGEbSPKHhTP29kSKu1JQHZjLPqBa9XPzP6yc6vPJTKuJEE4Hnh8KEQR3BvAg4pJJgzaaGICypyQrxGEmEtamrYkpwF7+8TDqNuntWv7g/rzWvizrK4BAcgRPggkvQBHegBdoAgyfwDF7Bm5VZL9a79TEfLVnFzgH4A+vzB3D2k28=</latexit>

50GeV
<latexit sha1_base64="rStvSSRXKHmB2zYWv1LYyKLpBCo=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgQsqMWnRZdKHLCvYBnaFk0kwbmmSGJCOWYX7FjQtF3Poj7vwbM+0stPVA4HDOvdyTE8SMKu0431ZpZXVtfaO8Wdna3tnds/erHRUlEpM2jlgkewFShFFB2ppqRnqxJIgHjHSDyU3udx+JVDQSD3oaE5+jkaAhxUgbaWBXGw70TqHHkR5Lnt6STjawa07dmQEuE7cgNVCgNbC/vGGEE06Exgwp1XedWPspkppiRrKKlygSIzxBI9I3VCBOlJ/Osmfw2ChDGEbSPKHhTP29kSKu1JQHZjLPqBa9XPzP6yc6vPJTKuJEE4Hnh8KEQR3BvAg4pJJgzaaGICypyQrxGEmEtamrYkpwF7+8TDpndfe83ri/qDWvizrK4BAcgRPggkvQBHegBdoAgyfwDF7Bm5VZL9a79TEfLVnFzgH4A+vzB3W1k3I=</latexit>

⇤c ⇡ 50GeV
<latexit sha1_base64="zyECHhNxLVg29NBWtozBys2Kcj0=">AAACF3icbVDLSsNAFJ34rPUVdelmsAguJCRq0WXRhS5cVLAPaEKYTCbt0MmDmYlYQv7Cjb/ixoUibnXn3zhpI2jrgYHDOecy9x4vYVRI0/zS5uYXFpeWKyvV1bX1jU19a7st4pRj0sIxi3nXQ4IwGpGWpJKRbsIJCj1GOt7wovA7d4QLGke3cpQQJ0T9iAYUI6kkVzfsaxX2kZvZIZIDHmY4z22UJDy+h3UT2ofwx7gk7dzVa6ZhjgFniVWSGijRdPVP249xGpJIYoaE6FlmIp0McUkxI3nVTgVJEB6iPukpGqGQCCcb35XDfaX4MIi5epGEY/X3RIZCIUahp5LFjmLaK8T/vF4qgzMno1GSShLhyUdByqCMYVES9CknWLKRIghzqnaFeIA4wlJVWVUlWNMnz5L2kWEdG/Wbk1rjvKyjAnbBHjgAFjgFDXAFmqAFMHgAT+AFvGqP2rP2pr1PonNaObMD/kD7+AYIcJ/U</latexit>

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p� k
<latexit sha1_base64="MOw0D1mY76qinlDv1lVm87AmlEg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZ9oMegF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpITkddktlt+JOQRaJl5My5Kh1S1+dXszSCKVhgmrd9tzE+BlVhjOB42In1ZhQNqR9bFsqaYTaz6anjsmxVXokjJUtachU/T2R0UjrURTYzoiagZ73JuJ/Xjs14bWfcZmkBiWbLQpTQUxMJn+THlfIjBhZQpni9lbCBlRRZmw6RRuCN//yImmcVbzzyuX9Rbl6k8dRgEM4ghPw4AqqcAc1qAODPjzDK7w5wnlx3p2PWeuSk88cwB84nz8Nso2n</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit>

Always included!  
This is the usual contribution.



+

Included only when two initial-state 
quarks with collinearity < 

<latexit sha1_base64="hWmfg21peP3DQ3sbL7L4UAS2tGs=">AAAB8HicbVDLSgMxFL3js9ZXVXDjJlgEV2VGEF2WunHhogX7kHYomUymDU0yQ5IRytCvcONCEbeCf+EXuHPjt5g+Ftp6IHA451xy7wkSzrRx3S9naXlldW09t5Hf3Nre2S3s7Td0nCpC6yTmsWoFWFPOJK0bZjhtJYpiEXDaDAZXY795T5Vmsbw1w4T6AvckixjBxkp3nRsbDXGXdAtFt+ROgBaJNyPF8mHtm71XPqrdwmcnjEkqqDSEY63bnpsYP8PKMMLpKN9JNU0wGeAebVsqsaDazyYLj9CJVUIUxco+adBE/T2RYaH1UAQ2KbDp63lvLP7ntVMTXfoZk0lqqCTTj6KUIxOj8fUoZIoSw4eWYKKY3RWRPlaYGNtR3pbgzZ+8SBpnJe+85NZsGxWYIgdHcAyn4MEFlOEaqlAHAgIe4AmeHeU8Oi/O6zS65MxmDuAPnLcfYTGT1A==</latexit>

⇤c
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Initial-state singularities: preliminary tests                    
Numerical example result for this finite sum of two interference diagrams:

k? [GeV]
<latexit sha1_base64="OThAhuB5TQ5yz1N/Iyvi0gOZowY=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISH+iy6EKXFewDkhAm09t26OTBzEQoobjxV9y4UMStX+HOv3HSZqGtBy4czrmXe+8JEs6ksqxvo7SwuLS8Ul6trK1vbG6Z2zstGaeCQpPGPBadgEjgLIKmYopDJxFAwoBDOxhe5377AYRkcXSvRgl4IelHrMcoUVryzb2h7yYgEuweY8cNiRqIMLuB1tjzzapVsybA88QuSBUVaPjml9uNaRpCpCgnUjq2lSgvI0IxymFccVMJCaFD0gdH04iEIL1s8sIYH2qli3ux0BUpPFF/T2QklHIUBrozP1LOern4n+ekqnfpZSxKUgURnS7qpRyrGOd54C4TQBUfaUKoYPpWTAdEEKp0ahUdgj378jxpndTs09r53Vm1flXEUUb76AAdIRtdoDq6RQ3URBQ9omf0it6MJ+PFeDc+pq0lo5jZRX9gfP4Aj2iW6A==</latexit>

⇤c = 0
<latexit sha1_base64="Xw2iQn0eIXisnPi5DaYMBcj8epM=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkriA90IRTcuXFSwD2hCmEwm7dCZSZiZCCVm4a+4caGIW3/DnX/jpM1CWw8MHM49l3vmBAklUtn2t1FZWFxaXqmu1tbWNza3zO2djoxTgXAbxTQWvQBKTAnHbUUUxb1EYMgCirvB6LqYdx+wkCTm92qcYI/BAScRQVBpyTf33FttDqGfuQyqoWAZyvNL2zfrdsOewJonTknqoETLN7/cMEYpw1whCqXsO3aivAwKRRDFec1NJU4gGsEB7mvKIcPSyyb5c+tQK6EVxUI/rqyJ+nsjg0zKMQu0swgpZ2eF+N+sn6rowssIT1KFOZoeilJqqdgqyrBCIjBSdKwJRILorBYaQgGR0pXVdAnO7JfnSee44Zw0zu5O682rso4q2AcH4Ag44Bw0wQ1ogTZA4BE8g1fwZjwZL8a78TG1VoxyZxf8gfH5AyMrli8=</latexit>

20 40 60 80 100
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d�

dk?
<latexit sha1_base64="P41xETxCqKVfLIbgZkw8ZOsJt4w=">AAACG3icbVDLSsNAFJ34rPUVdelmsAiuSlIVXRbduKxgH9CEMJlO2qEzyTAzEUrIf7jxV9y4UMSV4MK/cdJmUVsPDBzOOZe594SCUaUd58daWV1b39isbFW3d3b39u2Dw45KUolJGycskb0QKcJoTNqaakZ6QhLEQ0a64fi28LuPRCqaxA96IojP0TCmEcVIGymwG+PAE0QK6EUS4czjSI8kzwa5p+iQo3xOKZN5YNecujMFXCZuSWqgRCuwv7xBglNOYo0ZUqrvOkL7GZKaYkbyqpcqIhAeoyHpGxojTpSfTW/L4alRBjBKpHmxhlN1fiJDXKkJD02y2FQteoX4n9dPdXTtZzQWqSYxnn0UpQzqBBZFwQGVBGs2MQRhSc2uEI+QKUmbOqumBHfx5GXSadTd8/rl/UWteVPWUQHH4AScARdcgSa4Ay3QBhg8gRfwBt6tZ+vV+rA+Z9EVq5w5An9gff8CFhCjVw==</latexit>

(~MG)

⇤c ⇡ 20GeV
<latexit sha1_base64="Qf5c2mdYMFbh9GNHyW4QSfsUiqQ=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwUUpSFV0WXejCRQX7gCaEyWTSDp08mJmIJeQn3Pgrblwo4lZw5984aSNo64GBwznnMvceN2ZUSMP40koLi0vLK+XVytr6xuaWvr3TEVHCMWnjiEW85yJBGA1JW1LJSC/mBAUuI113dJH73TvCBY3CWzmOiR2gQUh9ipFUkqPXrGsV9pBjBUgOeZDizEJxzKN72DCgVYM/+iXpZI5eNerGBHCemAWpggItR/+0vAgnAQklZkiIvmnE0k4RlxQzklWsRJAY4REakL6iIQqIsNPJVRk8UIoH/YirF0o4UX9PpCgQYhy4KpnvKGa9XPzP6yfSP7NTGsaJJCGefuQnDMoI5hVBj3KCJRsrgjCnaleIh4gjLFWRFVWCOXvyPOk06uZR/eTmuNo8L+oogz2wDw6BCU5BE1yBFmgDDB7AE3gBr9qj9qy9ae/TaEkrZnbBH2gf3xhOnsU=</latexit>

20GeV
<latexit sha1_base64="7jrgOKyvWGVCZ1GIbuUzvM743gg=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgQspMVXRZdKHLCvYBnaFk0kwbmmSGJCOWYX7FjQtF3Poj7vwbM+0stPVA4HDOvdyTE8SMKu0431ZpZXVtfaO8Wdna3tnds/erHRUlEpM2jlgkewFShFFB2ppqRnqxJIgHjHSDyU3udx+JVDQSD3oaE5+jkaAhxUgbaWBXGw70TqHHkR5Lnt6STjawa07dmQEuE7cgNVCgNbC/vGGEE06Exgwp1XedWPspkppiRrKKlygSIzxBI9I3VCBOlJ/Osmfw2ChDGEbSPKHhTP29kSKu1JQHZjLPqBa9XPzP6yc6vPJTKuJEE4Hnh8KEQR3BvAg4pJJgzaaGICypyQrxGEmEtamrYkpwF7+8TDqNuntWv7g/rzWvizrK4BAcgRPggkvQBHegBdoAgyfwDF7Bm5VZL9a79TEfLVnFzgH4A+vzB3D2k28=</latexit>

50GeV
<latexit sha1_base64="rStvSSRXKHmB2zYWv1LYyKLpBCo=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgQsqMWnRZdKHLCvYBnaFk0kwbmmSGJCOWYX7FjQtF3Poj7vwbM+0stPVA4HDOvdyTE8SMKu0431ZpZXVtfaO8Wdna3tnds/erHRUlEpM2jlgkewFShFFB2ppqRnqxJIgHjHSDyU3udx+JVDQSD3oaE5+jkaAhxUgbaWBXGw70TqHHkR5Lnt6STjawa07dmQEuE7cgNVCgNbC/vGGEE06Exgwp1XedWPspkppiRrKKlygSIzxBI9I3VCBOlJ/Osmfw2ChDGEbSPKHhTP29kSKu1JQHZjLPqBa9XPzP6yc6vPJTKuJEE4Hnh8KEQR3BvAg4pJJgzaaGICypyQrxGEmEtamrYkpwF7+8TDpndfe83ri/qDWvizrK4BAcgRPggkvQBHegBdoAgyfwDF7Bm5VZL9a79TEfLVnFzgH4A+vzB3W1k3I=</latexit>

⇤c ⇡ 50GeV
<latexit sha1_base64="zyECHhNxLVg29NBWtozBys2Kcj0=">AAACF3icbVDLSsNAFJ34rPUVdelmsAguJCRq0WXRhS5cVLAPaEKYTCbt0MmDmYlYQv7Cjb/ixoUibnXn3zhpI2jrgYHDOecy9x4vYVRI0/zS5uYXFpeWKyvV1bX1jU19a7st4pRj0sIxi3nXQ4IwGpGWpJKRbsIJCj1GOt7wovA7d4QLGke3cpQQJ0T9iAYUI6kkVzfsaxX2kZvZIZIDHmY4z22UJDy+h3UT2ofwx7gk7dzVa6ZhjgFniVWSGijRdPVP249xGpJIYoaE6FlmIp0McUkxI3nVTgVJEB6iPukpGqGQCCcb35XDfaX4MIi5epGEY/X3RIZCIUahp5LFjmLaK8T/vF4qgzMno1GSShLhyUdByqCMYVES9CknWLKRIghzqnaFeIA4wlJVWVUlWNMnz5L2kWEdG/Wbk1rjvKyjAnbBHjgAFjgFDXAFmqAFMHgAT+AFvGqP2rP2pr1PonNaObMD/kD7+AYIcJ/U</latexit>

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

p� k
<latexit sha1_base64="MOw0D1mY76qinlDv1lVm87AmlEg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZ9oMegF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpITkddktlt+JOQRaJl5My5Kh1S1+dXszSCKVhgmrd9tzE+BlVhjOB42In1ZhQNqR9bFsqaYTaz6anjsmxVXokjJUtachU/T2R0UjrURTYzoiagZ73JuJ/Xjs14bWfcZmkBiWbLQpTQUxMJn+THlfIjBhZQpni9lbCBlRRZmw6RRuCN//yImmcVbzzyuX9Rbl6k8dRgEM4ghPw4AqqcAc1qAODPjzDK7w5wnlx3p2PWeuSk88cwB84nz8Nso2n</latexit>

k
<latexit sha1_base64="PkWFS1OBnRHO/QBHXvUk1E9uDfM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUH/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGNn3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8i8pV/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8f1MmM9g==</latexit>

Always included!  
This is the usual contribution.

Note that :          for ⇤c > 50GeV
<latexit sha1_base64="eHbocFyMgI4xsCp8ED9yL+Q+y7g=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0V0ISVRi66k6EIXLirYBzQhTCaTdujkwcxEKCGf4MZfceNCEbcu3fk3TtoI2npg4HDOucy9x40ZFdIwvrTS3PzC4lJ5ubKyura+oW9utUWUcExaOGIR77pIEEZD0pJUMtKNOUGBy0jHHV7mfueecEGj8E6OYmIHqB9Sn2IkleTo+9aNCnvISa0AyQEPUpxl53UDWofwR7ki7czRq0bNGAPOErMgVVCg6eiflhfhJCChxAwJ0TONWNop4pJiRrKKlQgSIzxEfdJTNEQBEXY6PiiDe0rxoB9x9UIJx+rviRQFQowCVyXzHcW0l4v/eb1E+md2SsM4kSTEk4/8hEEZwbwd6FFOsGQjRRDmVO0K8QBxhKXqsKJKMKdPniXto5p5XKvfnlQbF0UdZbADdsEBMMEpaIBr0AQtgMEDeAIv4FV71J61N+19Ei1pxcw2+APt4xs7YZy2</latexit>

the distribution does not change anymore
because highest separation of two partons  

in a jet is of order of Z mass
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Initial-state singularities: scale dependence
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Initial-state singularities: scale dependence
Consider now the inclusive integral

I(⇤c) =

Z 100

0
dk?

d�

dk?
(⇤c)

<latexit sha1_base64="r4IRqfEIk10k6euiVhhtAkMdy7E="></latexit>

as a function of the “factorisation scale”
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Initial-state singularities: scale dependence
Consider now the inclusive integral

I(⇤c) =

Z 100

0
dk?

d�

dk?
(⇤c)

<latexit sha1_base64="r4IRqfEIk10k6euiVhhtAkMdy7E="></latexit>

as a function of the “factorisation scale”

⇤c [GeV]
<latexit sha1_base64="2XdWVwdR8BKc+8B1hgY2xuyA49U=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISXxgS6LLnThooJ9QBLCZDJph04ezEyEEvIDbvwVNy4UcevenX/jpI2grQcGzpxzL/fe4yWMCmkYX1plbn5hcam6XFtZXVvf0De3OiJOOSZtHLOY9zwkCKMRaUsqGeklnKDQY6TrDS8Lv3tPuKBxdCdHCXFC1I9oQDGSSnL1PftGFfvItUMkBzzMcA7tQ2j9fK9IJ3dcvW40jDHgLDFLUgclWq7+afsxTkMSScyQEJZpJNLJEJcUM5LX7FSQBOEh6hNL0QiFRDjZ+Joc7ivFh0HM1YskHKu/OzIUCjEKPVVZLCmmvUL8z7NSGZw7GY2SVJIITwYFKYMyhkU00KecYMlGiiDMqdoV4gHiCEsVYE2FYE6fPEs6Rw3zuHF6e1JvXpRxVMEO2AUHwARnoAmuQQu0AQYP4Am8gFftUXvW3rT3SWlFK3u2wR9oH99KXpu1</latexit>

I(⇤c)
<latexit sha1_base64="a5OiL7Dwpj6HxFsckc/aebPGtiU=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBItQN2XGB7osulFwUcE+oDMMmUymDU0yQ5IRylDwV9y4UMSt3+HOvzFtZ6GtBwKHc8/lnpwwZVRpx/m2FhaXlldWS2vl9Y3NrW17Z7elkkxi0sQJS2QnRIowKkhTU81IJ5UE8ZCRdji4Hs/bj0QqmogHPUyJz1FP0JhipI0U2Pu3Ve/O2CMUeBzpvuQ5Hh0HdsWpORPAeeIWpAIKNAL7y4sSnHEiNGZIqa7rpNrPkdQUMzIqe5kiKcID1CNdQwXiRPn5JP4IHhklgnEizRMaTtTfGzniSg15aJzjiGp2Nhb/m3UzHV/6ORVpponA00NxxqBO4LgLGFFJsGZDQxCW1GSFuI8kwto0VjYluLNfnietk5p7Wju/P6vUr4o6SuAAHIIqcMEFqIMb0ABNgEEOnsEreLOerBfr3fqYWhesYmcP/IH1+QO5+JVa</latexit>

LU
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45.5295� 3.96580 log[⇤c]� 0.175760 log[⇤c]
2

<latexit sha1_base64="W/i04uAtqL553kacAKftF8mtmbA="></latexit>
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Applications



<latexit sha1_base64="p6x0ZSsujGugwlP7oMETTzyigbk=">AAACHXicbVDJSgNBEO2JW4xb1KOXwSB4CjMS0YsQ9OJBNIJZIBNDT6cmadKz0F0jhmF+xIu/4sWDIh68iH9jZ0E08UHDq/eqqK7nRoIrtKwvIzM3v7C4lF3OrayurW/kN7dqKowlgyoLRSgbLlUgeABV5CigEUmgviug7vbPhn79DqTiYXCDgwhaPu0G3OOMopba+ZLTAYH0NnEQ7jG5vLhK0xPHk5QljuJdXzsj7acaFu18wSpaI5izxJ6QApmg0s5/OJ2QxT4EyARVqmlbEbYSKpEzAWnOiRVElPVpF5qaBtQH1UpG16XmnlY6phdK/QI0R+rviYT6Sg18V3f6FHtq2huK/3nNGL3jVsKDKEYI2HiRFwsTQ3MYldnhEhiKgSaUSa7/arIe1dGgDjSnQ7CnT54ltYOifVi0rkuF8ukkjizZIbtkn9jkiJTJOamQKmHkgTyRF/JqPBrPxpvxPm7NGJOZbfIHxuc33ryjpA==</latexit>

�NLO =
�NLO

�LO

9090

Example II : NLO AFB for

First result in LU with
     and EW-boson 

<latexit sha1_base64="BESz8dNgcS2nmG5OxDxMIDoOnSw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolY9Fj04rGC/YA2lsl20y7dTeLuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqyho0FrFqB6iZ4BFrGG4EayeKoQwEawWjm6nfemJK8zi6N+OE+RIHEQ85RWOldneAUuJDtVcquxV3BrJMvJyUIUe9V/rq9mOaShYZKlDrjucmxs9QGU4FmxS7qWYJ0hEOWMfSCCXTfja7d0JOrdInYaxsRYbM1N8TGUqtxzKwnRLNUC96U/E/r5Oa8MrPeJSkhkV0vihMBTExmT5P+lwxasTYEqSK21sJHaJCamxERRuCt/jyMmmeV7xqxb27KNeu8zgKcAwncAYeXEINbqEODaAg4Ble4c15dF6cd+dj3rri5DNH8AfO5w+2Eo/A</latexit>

�5

Contour deformation
well-behaved in this case 

<latexit sha1_base64="hfU4RXbXyAA1MMR5O8ojaAvdEno=">AAACA3icbVDJSgNBEO1xjXGLetNLYxA8hRmJKIgQ9KDHCGaBTAg9nUrSpGexu0YMw4AXf8WLB0W8+hPe/Bs7y0ETHxQ83quiqp4XSaHRtr+tufmFxaXlzEp2dW19YzO3tV3VYaw4VHgoQ1X3mAYpAqigQAn1SAHzPQk1r3859Gv3oLQIg1scRND0WTcQHcEZGqmV23X1ncJEp/ScFm3bPXMRHjC5gmrayuXtgj0CnSXOhOTJBOVW7stthzz2IUAumdYNx46wmTCFgktIs26sIWK8z7rQMDRgPuhmMvohpQdGadNOqEwFSEfq74mE+VoPfM90+gx7etobiv95jRg7p81EBFGMEPDxok4sKYZ0GAhtCwUc5cAQxpUwt1LeY4pxNLFlTQjO9MuzpHpUcI4L9k0xX7qYxJEhe2SfHBKHnJASuSZlUiGcPJJn8krerCfrxXq3Psatc9ZkZof8gfX5A+AHlwc=</latexit>p
s = 400 GeV

<latexit sha1_base64="nGX82zQqKpE7O4AOvczCw8II/js=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokoehGKXjxWsB/QhLDZbtulu5u4OymU0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmxangBjzv21lZXVvf2Cxtlbd3dvf23YPDpkkyTVmDJiLR7ZgYJrhiDeAgWDvVjMhYsFY8vJv6rRHThifqEcYpCyXpK97jlICVItcNZBZpfIMD86QhN5PIrXhVbwa8TPyCVFCBeuR+Bd2EZpIpoIIY0/G9FMKcaOBUsEk5yAxLCR2SPutYqohkJsxnl0/wqVW6uJdoWwrwTP09kRNpzFjGtlMSGJhFbyr+53Uy6F2HOVdpBkzR+aJeJjAkeBoD7nLNKIixJYRqbm/FdEA0oWDDKtsQ/MWXl0nzvOpfVr2Hi0rttoijhI7RCTpDPrpCNXSP6qiBKBqhZ/SK3pzceXHenY9564pTzByhP3A+fwBDV5Ns</latexit>

µr =
p
s

<latexit sha1_base64="dQIIl4Qw2jjBZsw5fl/33CfIwr8="></latexit>

↵MS
s (MZ = 91.188) = 0.118

<latexit sha1_base64="CvLi5Il9+pmsMfWwv/aw6GGbIlc=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRIf1I1QdOPOivYBbQyT6aQdOpmEmRuxhPgrblwo4tYPceffOG2z0OqBC4dz7uXee/yYMwW2/WUUFhaXlleKq6W19Y3NLXN7p6WiRBLaJBGPZMfHinImaBMYcNqJJcWhz2nbH11M/PY9lYpF4hbGMXVDPBAsYASDljyzHHpwl/aAPkB6dZNlZ07tyDMrdtWewvpLnJxUUI6GZ372+hFJQiqAcKxU17FjcFMsgRFOs1IvUTTGZIQHtKupwCFVbjo9PrP2tdK3gkjqEmBN1Z8TKQ6VGoe+7gwxDNW8NxH/87oJBKduykScABVktihIuAWRNUnC6jNJCfCxJphIpm+1yBBLTEDnVdIhOPMv/yWtw6pzUrWvjyv18zyOItpFe+gAOaiG6ugSNVATETRGT+gFvRqPxrPxZrzPWgtGPlNGv2B8fANkYJSW</latexit>

mOS

t = 173

<latexit sha1_base64="nGKiaH7FDN0EGi8gEShjTEtwhJ4="></latexit>

e+e� ! �?/Z ! tt̄

Credits to ETHZ student
Max Hofer

PRELIMINARY
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Numerical results

<latexit sha1_base64="9W13AfnBKtOygZm9mOeS6D9oFDM=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclEUWXRTfurGAf0MRwM522QycPZiZCCdn4K25cKOLWz3Dn3zhps9DWAxcO59zLvff4MWdSWda3UVpaXlldK69XNja3tnfM3b22jBJBaItEPBJdHyTlLKQtxRSn3VhQCHxOO/74Ovc7j1RIFoX3ahJTN4BhyAaMgNKSZx44AagRAZ7eZjUHeDwCTz5YJ55ZterWFHiR2AWpogJNz/xy+hFJAhoqwkHKnm3Fyk1BKEY4zSpOImkMZAxD2tM0hIBKN50+kOFjrfTxIBK6QoWn6u+JFAIpJ4GvO/Nz5byXi/95vUQNLt2UhXGiaEhmiwYJxyrCeRq4zwQlik80ASKYvhWTEQggSmdW0SHY8y8vkvZp3T6vW3dn1cZVEUcZHaIjVEM2ukANdIOaqIUIytAzekVvxpPxYrwbH7PWklHM7KM/MD5/ADYlliU=</latexit>

O(↵0
s)

<latexit sha1_base64="5gSRDX7YEXIl4j/LeJKSlG1umpY=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclEUWXRTfurGAf0MRwM522QycPZiZCCdn4K25cKOLWz3Dn3zhps9DWAxcO59zLvff4MWdSWda3UVpaXlldK69XNja3tnfM3b22jBJBaItEPBJdHyTlLKQtxRSn3VhQCHxOO/74Ovc7j1RIFoX3ahJTN4BhyAaMgNKSZx44AagRAZ7eZjUHeDwCTz7YJ55ZterWFHiR2AWpogJNz/xy+hFJAhoqwkHKnm3Fyk1BKEY4zSpOImkMZAxD2tM0hIBKN50+kOFjrfTxIBK6QoWn6u+JFAIpJ4GvO/Nz5byXi/95vUQNLt2UhXGiaEhmiwYJxyrCeRq4zwQlik80ASKYvhWTEQggSmdW0SHY8y8vkvZp3T6vW3dn1cZVEUcZHaIjVEM2ukANdIOaqIUIytAzekVvxpPxYrwbH7PWklHM7KM/MD5/ADeqliY=</latexit>

O(↵1
s)

<latexit sha1_base64="Oi5O39BwFuthkU+bcmgKHnNIVC0=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAYhNuEuKFoGbeyMYD4gF4+5zV6yZG/v2N0TwpHCxr9iY6GIrT/Czn/jJrlCEx8MPN6bYWaeH3OmtG1/W7mV1bX1jfxmYWt7Z3evuH/QUlEiCW2SiEey44OinAna1Exz2oklhdDntO2PrqZ++4FKxSJxp8cx7YUwECxgBLSRvGLJDUEPCfD0ZlJxgcdD8NR9DQsvOPGKZbtqz4CXiZORMsrQ8Ipfbj8iSUiFJhyU6jp2rHspSM0Ip5OCmygaAxnBgHYNFRBS1UtnT0zwsVH6OIikKaHxTP09kUKo1Dj0Tef0ZLXoTcX/vG6ig4teykScaCrIfFGQcKwjPE0E95mkRPOxIUAkM7diMgQJRJvcCiYEZ/HlZdKqVZ2zqn17Wq5fZnHkUQkdoQpy0Dmqo2vUQE1E0CN6Rq/ozXqyXqx362PemrOymUP0B9bnD/Rzl6I=</latexit>

O(↵2
snf )

<latexit sha1_base64="F4JVQJ5KU7g6vf32Z7gwq5wlFD8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkRdFl0Y07K9gHNDHcTCft0MmDmYlQQjf+ihsXirj1M9z5N07aLLT1wIXDOfdy7z1+wplUlvVtLC2vrK6tlzbKm1vbO7vm3n5bxqkgtEViHouuD5JyFtGWYorTbiIohD6nHX90nfudRyoki6N7NU6oG8IgYgEjoLTkmYdOCGpIgGe3k6oDPBmCJx/qp55ZsWrWFHiR2AWpoAJNz/xy+jFJQxopwkHKnm0lys1AKEY4nZSdVNIEyAgGtKdpBCGVbjZ9YIJPtNLHQSx0RQpP1d8TGYRSjkNfd+bnynkvF//zeqkKLt2MRUmqaERmi4KUYxXjPA3cZ4ISxceaABFM34rJEAQQpTMr6xDs+ZcXSbtes89r1t1ZpXFVxFFCR+gYVZGNLlAD3aAmaiGCJugZvaI348l4Md6Nj1nrklHMHKA/MD5/ADkvlic=</latexit>

O(↵2
s)

<latexit sha1_base64="AW3GvKMuhjuKH13/uz5TaACaAME="></latexit>

�MS

�?!X(p2, µ2

r = p2) � KXnf

⇣↵s

4⇡

⌘2

�(LO)

�?!X(p2)

Analytic benchmarks :
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Numerical results

<latexit sha1_base64="9W13AfnBKtOygZm9mOeS6D9oFDM=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclEUWXRTfurGAf0MRwM522QycPZiZCCdn4K25cKOLWz3Dn3zhps9DWAxcO59zLvff4MWdSWda3UVpaXlldK69XNja3tnfM3b22jBJBaItEPBJdHyTlLKQtxRSn3VhQCHxOO/74Ovc7j1RIFoX3ahJTN4BhyAaMgNKSZx44AagRAZ7eZjUHeDwCTz5YJ55ZterWFHiR2AWpogJNz/xy+hFJAhoqwkHKnm3Fyk1BKEY4zSpOImkMZAxD2tM0hIBKN50+kOFjrfTxIBK6QoWn6u+JFAIpJ4GvO/Nz5byXi/95vUQNLt2UhXGiaEhmiwYJxyrCeRq4zwQlik80ASKYvhWTEQggSmdW0SHY8y8vkvZp3T6vW3dn1cZVEUcZHaIjVEM2ukANdIOaqIUIytAzekVvxpPxYrwbH7PWklHM7KM/MD5/ADYlliU=</latexit>

O(↵0
s)

<latexit sha1_base64="5gSRDX7YEXIl4j/LeJKSlG1umpY=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclEUWXRTfurGAf0MRwM522QycPZiZCCdn4K25cKOLWz3Dn3zhps9DWAxcO59zLvff4MWdSWda3UVpaXlldK69XNja3tnfM3b22jBJBaItEPBJdHyTlLKQtxRSn3VhQCHxOO/74Ovc7j1RIFoX3ahJTN4BhyAaMgNKSZx44AagRAZ7eZjUHeDwCTz7YJ55ZterWFHiR2AWpogJNz/xy+hFJAhoqwkHKnm3Fyk1BKEY4zSpOImkMZAxD2tM0hIBKN50+kOFjrfTxIBK6QoWn6u+JFAIpJ4GvO/Nz5byXi/95vUQNLt2UhXGiaEhmiwYJxyrCeRq4zwQlik80ASKYvhWTEQggSmdW0SHY8y8vkvZp3T6vW3dn1cZVEUcZHaIjVEM2ukANdIOaqIUIytAzekVvxpPxYrwbH7PWklHM7KM/MD5/ADeqliY=</latexit>

O(↵1
s)

<latexit sha1_base64="Oi5O39BwFuthkU+bcmgKHnNIVC0=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAYhNuEuKFoGbeyMYD4gF4+5zV6yZG/v2N0TwpHCxr9iY6GIrT/Czn/jJrlCEx8MPN6bYWaeH3OmtG1/W7mV1bX1jfxmYWt7Z3evuH/QUlEiCW2SiEey44OinAna1Exz2oklhdDntO2PrqZ++4FKxSJxp8cx7YUwECxgBLSRvGLJDUEPCfD0ZlJxgcdD8NR9DQsvOPGKZbtqz4CXiZORMsrQ8Ipfbj8iSUiFJhyU6jp2rHspSM0Ip5OCmygaAxnBgHYNFRBS1UtnT0zwsVH6OIikKaHxTP09kUKo1Dj0Tef0ZLXoTcX/vG6ig4teykScaCrIfFGQcKwjPE0E95mkRPOxIUAkM7diMgQJRJvcCiYEZ/HlZdKqVZ2zqn17Wq5fZnHkUQkdoQpy0Dmqo2vUQE1E0CN6Rq/ozXqyXqx362PemrOymUP0B9bnD/Rzl6I=</latexit>

O(↵2
snf )

<latexit sha1_base64="F4JVQJ5KU7g6vf32Z7gwq5wlFD8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkRdFl0Y07K9gHNDHcTCft0MmDmYlQQjf+ihsXirj1M9z5N07aLLT1wIXDOfdy7z1+wplUlvVtLC2vrK6tlzbKm1vbO7vm3n5bxqkgtEViHouuD5JyFtGWYorTbiIohD6nHX90nfudRyoki6N7NU6oG8IgYgEjoLTkmYdOCGpIgGe3k6oDPBmCJx/qp55ZsWrWFHiR2AWpoAJNz/xy+jFJQxopwkHKnm0lys1AKEY4nZSdVNIEyAgGtKdpBCGVbjZ9YIJPtNLHQSx0RQpP1d8TGYRSjkNfd+bnynkvF//zeqkKLt2MRUmqaERmi4KUYxXjPA3cZ4ISxceaABFM34rJEAQQpTMr6xDs+ZcXSbtes89r1t1ZpXFVxFFCR+gYVZGNLlAD3aAmaiGCJugZvaI348l4Md6Nj1nrklHMHKA/MD5/ADkvlic=</latexit>

O(↵2
s)

<latexit sha1_base64="AW3GvKMuhjuKH13/uz5TaACaAME="></latexit>

�MS

�?!X(p2, µ2

r = p2) � KXnf

⇣↵s

4⇡

⌘2

�(LO)

�?!X(p2)

Analytic benchmarks :

<latexit sha1_base64="8QmDVFX00IwYv2ZPKKnCHi0UnpE=">AAACBXicbZC7TsMwFIYdrqXcAowwWFRITFWCQDBWsDAWiV6kJlQnrpO6tZPIdkBV1YWFV2FhACFW3oGNt8FtM0DLL1n69J9zdHz+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3rpJMElojCU9kMwBFOYtpTTPNaTOVFETAaSPoX43rjXsqFUviWz1IqS8gilnICGhjte0DLwIh4M5TGiT2JIu6BmTygHu417ZLTtmZCM+Dm0MJ5aq27S+vk5BM0FgTDkq1XCfV/hCkZoTTUdHLFE2B9CGiLYMxCKr84eSKET4yTgeHiTQv1nji/p4YglBqIALTKUB31WxtbP5Xa2U6vPCHLE4zTWMyXRRmHOsEjyPBHSYp0XxgAIhk5q+YdEEC0Sa4ognBnT15HuonZfes7NycliqXeRwFtI8O0TFy0TmqoGtURTVE0CN6Rq/ozXqyXqx362PaumDlM3voj6zPH1MomHM=</latexit>

�? ! jj
<latexit sha1_base64="W/DJpr1ob7q5laEGRIIz36KmTtA=">AAACEnicbVDLSgNBEJyN7/iKevQyGAQ9JOz6QC+CKIjgRcFoILsss5PeZOLsg5leIS75Bi/+ihcPinj15M2/cRJzUGNBQ1HVTXdXkEqh0bY/rcLY+MTk1PRMcXZufmGxtLR8pZNMcajxRCaqHjANUsRQQ4ES6qkCFgUSroOb475/fQtKiyS+xG4KXsRasQgFZ2gkv7R55uedTu+gcuyfUFdCiA3qOLRC96l7B8j8beoq0Wqj55fKdtUegI4SZ0jKZIhzv/ThNhOeRRAjl0zrhmOn6OVMoeASekU305AyfsNa0DA0ZhFoLx+81KPrRmnSMFGmYqQD9edEziKtu1FgOiOGbf3X64v/eY0Mw30vF3GaIcT8e1GYSYoJ7edDm0IBR9k1hHElzK2Ut5liHE2KRROC8/flUXK1VXV2q/bFTvnwaBjHNFkla2SDOGSPHJJTck5qhJN78kieyYv1YD1Zr9bbd2vBGs6skF+w3r8AcEGbcw==</latexit>

Kjj = �CF [11� 8⇣3]

 [ e.g. Herzog, Ruijl, Ueda, Vermaseren, Vogt : 1707.01044 ]
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Numerical results

<latexit sha1_base64="9W13AfnBKtOygZm9mOeS6D9oFDM=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclEUWXRTfurGAf0MRwM522QycPZiZCCdn4K25cKOLWz3Dn3zhps9DWAxcO59zLvff4MWdSWda3UVpaXlldK69XNja3tnfM3b22jBJBaItEPBJdHyTlLKQtxRSn3VhQCHxOO/74Ovc7j1RIFoX3ahJTN4BhyAaMgNKSZx44AagRAZ7eZjUHeDwCTz5YJ55ZterWFHiR2AWpogJNz/xy+hFJAhoqwkHKnm3Fyk1BKEY4zSpOImkMZAxD2tM0hIBKN50+kOFjrfTxIBK6QoWn6u+JFAIpJ4GvO/Nz5byXi/95vUQNLt2UhXGiaEhmiwYJxyrCeRq4zwQlik80ASKYvhWTEQggSmdW0SHY8y8vkvZp3T6vW3dn1cZVEUcZHaIjVEM2ukANdIOaqIUIytAzekVvxpPxYrwbH7PWklHM7KM/MD5/ADYlliU=</latexit>

O(↵0
s)

<latexit sha1_base64="5gSRDX7YEXIl4j/LeJKSlG1umpY=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclEUWXRTfurGAf0MRwM522QycPZiZCCdn4K25cKOLWz3Dn3zhps9DWAxcO59zLvff4MWdSWda3UVpaXlldK69XNja3tnfM3b22jBJBaItEPBJdHyTlLKQtxRSn3VhQCHxOO/74Ovc7j1RIFoX3ahJTN4BhyAaMgNKSZx44AagRAZ7eZjUHeDwCTz7YJ55ZterWFHiR2AWpogJNz/xy+hFJAhoqwkHKnm3Fyk1BKEY4zSpOImkMZAxD2tM0hIBKN50+kOFjrfTxIBK6QoWn6u+JFAIpJ4GvO/Nz5byXi/95vUQNLt2UhXGiaEhmiwYJxyrCeRq4zwQlik80ASKYvhWTEQggSmdW0SHY8y8vkvZp3T6vW3dn1cZVEUcZHaIjVEM2ukANdIOaqIUIytAzekVvxpPxYrwbH7PWklHM7KM/MD5/ADeqliY=</latexit>

O(↵1
s)

<latexit sha1_base64="Oi5O39BwFuthkU+bcmgKHnNIVC0=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAYhNuEuKFoGbeyMYD4gF4+5zV6yZG/v2N0TwpHCxr9iY6GIrT/Czn/jJrlCEx8MPN6bYWaeH3OmtG1/W7mV1bX1jfxmYWt7Z3evuH/QUlEiCW2SiEey44OinAna1Exz2oklhdDntO2PrqZ++4FKxSJxp8cx7YUwECxgBLSRvGLJDUEPCfD0ZlJxgcdD8NR9DQsvOPGKZbtqz4CXiZORMsrQ8Ipfbj8iSUiFJhyU6jp2rHspSM0Ip5OCmygaAxnBgHYNFRBS1UtnT0zwsVH6OIikKaHxTP09kUKo1Dj0Tef0ZLXoTcX/vG6ig4teykScaCrIfFGQcKwjPE0E95mkRPOxIUAkM7diMgQJRJvcCiYEZ/HlZdKqVZ2zqn17Wq5fZnHkUQkdoQpy0Dmqo2vUQE1E0CN6Rq/ozXqyXqx362PemrOymUP0B9bnD/Rzl6I=</latexit>

O(↵2
snf )

<latexit sha1_base64="F4JVQJ5KU7g6vf32Z7gwq5wlFD8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkRdFl0Y07K9gHNDHcTCft0MmDmYlQQjf+ihsXirj1M9z5N07aLLT1wIXDOfdy7z1+wplUlvVtLC2vrK6tlzbKm1vbO7vm3n5bxqkgtEViHouuD5JyFtGWYorTbiIohD6nHX90nfudRyoki6N7NU6oG8IgYgEjoLTkmYdOCGpIgGe3k6oDPBmCJx/qp55ZsWrWFHiR2AWpoAJNz/xy+jFJQxopwkHKnm0lys1AKEY4nZSdVNIEyAgGtKdpBCGVbjZ9YIJPtNLHQSx0RQpP1d8TGYRSjkNfd+bnynkvF//zeqkKLt2MRUmqaERmi4KUYxXjPA3cZ4ISxceaABFM34rJEAQQpTMr6xDs+ZcXSbtes89r1t1ZpXFVxFFCR+gYVZGNLlAD3aAmaiGCJugZvaI348l4Md6Nj1nrklHMHKA/MD5/ADkvlic=</latexit>

O(↵2
s)

<latexit sha1_base64="AW3GvKMuhjuKH13/uz5TaACaAME="></latexit>

�MS

�?!X(p2, µ2

r = p2) � KXnf

⇣↵s

4⇡

⌘2

�(LO)

�?!X(p2)

Analytic benchmarks :

<latexit sha1_base64="8QmDVFX00IwYv2ZPKKnCHi0UnpE=">AAACBXicbZC7TsMwFIYdrqXcAowwWFRITFWCQDBWsDAWiV6kJlQnrpO6tZPIdkBV1YWFV2FhACFW3oGNt8FtM0DLL1n69J9zdHz+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3rpJMElojCU9kMwBFOYtpTTPNaTOVFETAaSPoX43rjXsqFUviWz1IqS8gilnICGhjte0DLwIh4M5TGiT2JIu6BmTygHu417ZLTtmZCM+Dm0MJ5aq27S+vk5BM0FgTDkq1XCfV/hCkZoTTUdHLFE2B9CGiLYMxCKr84eSKET4yTgeHiTQv1nji/p4YglBqIALTKUB31WxtbP5Xa2U6vPCHLE4zTWMyXRRmHOsEjyPBHSYp0XxgAIhk5q+YdEEC0Sa4ognBnT15HuonZfes7NycliqXeRwFtI8O0TFy0TmqoGtURTVE0CN6Rq/ozXqyXqx362PaumDlM3voj6zPH1MomHM=</latexit>

�? ! jj
<latexit sha1_base64="W/DJpr1ob7q5laEGRIIz36KmTtA=">AAACEnicbVDLSgNBEJyN7/iKevQyGAQ9JOz6QC+CKIjgRcFoILsss5PeZOLsg5leIS75Bi/+ihcPinj15M2/cRJzUGNBQ1HVTXdXkEqh0bY/rcLY+MTk1PRMcXZufmGxtLR8pZNMcajxRCaqHjANUsRQQ4ES6qkCFgUSroOb475/fQtKiyS+xG4KXsRasQgFZ2gkv7R55uedTu+gcuyfUFdCiA3qOLRC96l7B8j8beoq0Wqj55fKdtUegI4SZ0jKZIhzv/ThNhOeRRAjl0zrhmOn6OVMoeASekU305AyfsNa0DA0ZhFoLx+81KPrRmnSMFGmYqQD9edEziKtu1FgOiOGbf3X64v/eY0Mw30vF3GaIcT8e1GYSYoJ7edDm0IBR9k1hHElzK2Ut5liHE2KRROC8/flUXK1VXV2q/bFTvnwaBjHNFkla2SDOGSPHJJTck5qhJN78kieyYv1YD1Zr9bbd2vBGs6skF+w3r8AcEGbcw==</latexit>

Kjj = �CF [11� 8⇣3]

 [ e.g. Herzog, Ruijl, Ueda, Vermaseren, Vogt : 1707.01044 ]

<latexit sha1_base64="4I6YUMy8HqlYA2OXy9I8Q9Lmb1s=">AAACC3icbZC7SgNBFIZnvcZ4W7W0GRIEq7AripZBG8sI5gLZGM5OJsmQmd1l5qwSlvQ2voqNhSK2voCdb+PkUmjiDwMf/zmHM+cPEykMet63s7S8srq2ntvIb25t7+y6e/s1E6ea8SqLZawbIRguRcSrKFDyRqI5qFDyeji4Gtfr91wbEUe3OEx4S0EvEl3BAK3VdgtBD5SCu8AgaBpo0etb0PEDRRqEoDMctd2iV/Imoovgz6BIZqq03a+gE7NU8QiZBGOavpdgKwONgkk+ygep4QmwAfR402IEiptWNrllRI+s06HdWNsXIZ24vycyUMYMVWg7FWDfzNfG5n+1Zordi1YmoiRFHrHpom4qKcZ0HAztCM0ZyqEFYFrYv1LWBw0MbXx5G4I/f/Ii1E5K/lnJuzktli9nceTIISmQY+KTc1Im16RCqoSRR/JMXsmb8+S8OO/Ox7R1yZnNHJA/cj5/AG8Nm0w=</latexit>

�? ! tt̄

[ Chetykrin, Kuehn, Steinhauser, arxiv : 9606230 ]

<latexit sha1_base64="yxXv4F+GJWFHFZSjV5QVkLIOJm8=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiil6EohfBSwX7AW0Im+2mXbrZhN2JUEN+iRcPinj1p3jz37htc9DWBwOP92aYmRckgmtwnG+rtLK6tr5R3qxsbe/sVu29/baOU0VZi8YiVt2AaCa4ZC3gIFg3UYxEgWCdYHwz9TuPTGkeyweYJMyLyFDykFMCRvLt6p2fAe4HRGWQ5/jKt2tO3ZkBLxO3IDVUoOnbX/1BTNOISaCCaN1znQS8jCjgVLC80k81SwgdkyHrGSpJxLSXzQ7P8bFRBjiMlSkJeKb+nshIpPUkCkxnRGCkF72p+J/XSyG89DIukxSYpPNFYSowxHiaAh5wxSiIiSGEKm5uxXREFKFgsqqYENzFl5dJ+7Tunted+7Na47qIo4wO0RE6QS66QA10i5qohShK0TN6RW/Wk/VivVsf89aSVcwcoD+wPn8ARMeS1Q==</latexit>

Ktt̄ =

…


