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THE DAWN OF QCD: FROM PARTONS TO JETS
1

Jets unveiled the partonic nature of QCD, playing an important role in the confirmation of QCD as the 
theory of strong interactions!

2-jet event 3-jet event

Wu, Zobernig `79
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Sterman, Weinberg `77

Sterman-Weinberg jets played a crucial role in formulating  
the first IRC definition to study energy flow, or jets
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“Energy flow becomes the focus of computability”

JETS AND ENERGY FLOW
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Energy Flow Operators
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Basham, Brown, Ellis, Love, `78-79
Sveshnikov, Tkachov, `95

Korchemsky, Sterman, `01
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JETS AT COLLIDERS
• The effort to achieve precise predictions of jet cross sections has driven important theoretical 

developments in Quantum Field Theory

• Field of jet physics (energy flow) have always been intricately connected to the success of the 
collider physics program!

9-jet at the LHC

Impressive agreements with data!
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EXCITING COLLIDER PHYSICS ERA
4

LHC, 2008 - Present
RHIC, 2000 - Present

EIC, 2030s-

• Jets at colliders give us the means to probe field theory in data!

How can we harness jets to continue making breakthroughs in collider frontier?

sPHENIX: 2024-Run 3 running!



Kyle Lee /27

JET SUBSTRUCTURE: STUDYING ENERGY FLOW WITHIN JETS

5

• Relative to inclusive jet cross-section, or one-point energy correlation, jet substructure 
gives us opportunity to study multi-point correlations of energy within jets

Primordial fluctuationsW
hat cosmic history gave rise to primordial fluctuations?
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hat cosmic history gave rise to primordial fluctuations?
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• Modern detectors with spectacular angular resolution gives us an unprecedented opportunity 
to peer into the energy flow within jets
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<latexit sha1_base64="rr3nzJVhds8uFefnaifF8DrTdDE=">AAACOnicbVDLSsNAFJ34rPXV6kZwEyyCq5JIUZdFNy4r2Ae0pUwmt+3QyYOZG2kJ8Wvc6hf4I27diVs/wEmahW09MHA493HuHCcUXKFlfRhr6xubW9uFneLu3v7BYal81FJBJBk0WSAC2XGoAsF9aCJHAZ1QAvUcAW1ncpfW208gFQ/8R5yF0PfoyOdDzihqaVA66SFMMdsTS3CTuOdQGUdJMihVrKqVwVwldk4qJEdjUDaKPTdgkQc+MkGV6tpWiP2YSuRMQFLsRQpCyiZ0BF1NfeqB6seZdWKea8U1h4HUz0czU/9OxNRTauY5utOjOFbLtVT8tzadGyxorkpNFjXHW7oQhzf9mPthhOCz+YHDSJgYmGmOpsslMBQzTSiTXP/RZGMqKUOddlGnZy9ntUpal1X7qlp7qFXqt3mOBXJKzsgFsck1qZN70iBNwsgzeSGv5M14Nz6NL+N73rpm5DPHZAHGzy+Eea69</latexit>

ū

<latexit sha1_base64="UcPycUpqPVPLXdTLNKARxXdiufY="></latexit>

d̄
<latexit sha1_base64="y48BPsPdfUwuL8e1xV6WBcecumg="></latexit>

d

<latexit sha1_base64="KptFR92BWtqaottDBf1RT5UGzgU="></latexit>

⇡+

<latexit sha1_base64="n+zitejHyyKnUk+AMkgU//UM67c="></latexit>

⇡�

Nuclear tomography study
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SCALING BEHAVIOR IN QFT
6

• Critical phenomena give us access to universal scaling behavior as Euclidean operators are brought 
together

<latexit sha1_base64="4ljoBjdvD6sGhyoHV8theuqKQmk="></latexit>

O(x)O(0) =
X

x�iciOi

Wilson `70

Euclidean Operator Product Expansion

• QFTs display universal scaling behaviors when operators approach one another

• Why is the study of jet substructure of interest in QFT?
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Light-ray Operator Product Expansion

UNIVERSAL LORENTZIAN SCALING WITHIN JETS

<latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=) Profound field theory predictions within jets!

<latexit sha1_base64="BOVr4Ak+rFOvRzZrU5YJ3mWU/Ug="></latexit>

E(~n) =
Z 1

0
dt lim

r!1
r2niT0i(t, r~n)

<latexit sha1_base64="Rn0WhyrUeuHwpyjLZBJixlUmmGI=">AAACIXicbVDLSgMxFM34rPU1PnZugkWomzIjRV0WRXBZwT6gM5RMmmlDk8yQZMQ69F8EV/on7sSd+B+uzbSzsK0HAodz7uWenCBmVGnH+bKWlldW19YLG8XNre2dXXtvv6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLzO/NYDkYpG4l6PYuJz1Bc0pBhpI3XtQ48jPcCIpTfjsjdAOhXj065dcirOBHCRuDkpgRz1rv3j9SKccCI0ZkipjuvE2k+R1BQzMi56iSIxwkPUJx1DBeJE+ekk/RieGKUHw0iaJzScqH83UsSVGvHATGZZ1byXif96j9MDM1rA59Lo8NJPqYgTTQSehgkTBnUEs7pgj0qCNRsZgrCk5j8QD5BEWJtSi6Yod76WRdI8q7jnlepdtVS7yisrgCNwDMrABRegBm5BHTQABk/gGbyCN+vFerc+rM/p6JKV7xyAGVjfv4SopGs=</latexit>

E(n̂)
<latexit sha1_base64="bhm7SkpGgZa8bWiLz/xwdnK2Mls=">AAACE3icbVDLSgMxFL3js9ZX1aWbYBF0U2akqMuiG5cV7APaoWTStA3NZIbkjliG/oTgSv/Enbj1A/wR16btLGzrgcDhnHu5JyeIpTDout/Oyura+sZmbiu/vbO7t184OKybKNGM11gkI90MqOFSKF5DgZI3Y81pGEjeCIa3E7/xyLURkXrAUcz9kPaV6AlG0UrN9oBiqsbnnULRLblTkGXiZaQIGaqdwk+7G7Ek5AqZpMa0PDdGP6UaBZN8nG8nhseUDWmftyxVNOTGT6d5x+TUKl3Si7R9CslU/buR0tCYURjYyZDiwCx6E/Ff72l2YE4LwoU02Lv2U6HiBLliszC9RBKMyKQg0hWaM5QjSyjTwv6HsAHVlKGtMW+L8hZrWSb1i5J3WSrfl4uVm6yyHBzDCZyBB1dQgTuoQg0YSHiGV3hzXpx358P5nI2uONnOEczB+foFadSfJw==</latexit>

n̂)

<latexit sha1_base64="6XxWEUvYmCa3j4Rxs3XWTTS7Sh0="></latexit>

E(n̂)|Xi =
X

a

Ea�
(2) (⌦~pa � ⌦n̂) |Xi

• Jet substructure describes the limit where energy flow operators are brought 
together, thus probing the OPE limit of Lorentzian operators

Hofman, Maldacena `08

Primordial fluctuationsW
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10
1
0
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10
5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
3
2
s?

<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="vecReR01/ad1nZqVbio6Vz4ghtI="></latexit>

E(~n1)

<latexit sha1_base64="m2GzO6gsXZ6tKUyB9t/unIWYnMU="></latexit>

E(~n2)

<latexit sha1_base64="zw38n7Possu9neeFiU7lOYDevTk=">AAACOXicbVDLTsJAFJ3iC+sLdOHCTSMxcUVaQ9Ql0Y1LTOSRUEKm0wtMmD4yc2sgTb/GrX6BX+LSnXHrDzgFFgKeZJKTcx/nzvFiwRXa9odR2Njc2t4p7pp7+weHR6XycUtFiWTQZJGIZMejCgQPoYkcBXRiCTTwBLS98X1ebz+DVDwKn3AaQy+gw5APOKOopX7p1EWY4GxPKsHPUhdHgDTrlyp21Z7BWifOglTIAo1+2TBdP2JJACEyQZXqOnaMvZRK5ExAZrqJgpiyMR1CV9OQBqB66cw5sy604luDSOoXojVT/06kNFBqGni6M6A4Uqu1XPy3NpkbLGm+yk2WNS9YuRAHt72Uh3GCELL5gYNEWBhZeYyWzyUwFFNNKJNc/9FiIyopQx22qdNzVrNaJ62rqnNdrT3WKvW7RY5FckbOySVxyA2pkwfSIE3CSEZeyCt5M96NT+PL+J63FozFzAlZgvHzC2Hnric=</latexit>

✓

<latexit sha1_base64="AdgBdfKpbkoNWNymuV+9Qn6IQNc="></latexit>

E (n̂1) E (n̂2) ⇠
X

✓�(3)�2
Oi (n̂1)

CAN THIS UNIVERSAL SCALING OF THE FIELD THEORY BE OBSERVED IN JETS???
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UNIVERSAL SCALING BEHAVIOR IN JETS!
• In QCD, we developed the proper framework to observe the universal scaling behavior within jets!

Primordial fluctuations

W
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10 10
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10 5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
32

s?
<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

Primordial fluctuations

W
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10 10
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10 5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
32

s?
<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

Light-ray OPE

0.02 0.05 0.10 0.20 0.50
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

<latexit sha1_base64="qiaTJOJPCr06vsaCcMucpn+X4Ck="></latexit>

✓

pT pTR⇤QCD

<latexit sha1_base64="WZFzXpTYYP8OqBrPoYnDGCGCA28="></latexit>

d�
pp!jet(EE)X

dpT d⌘d✓
=

X

a,b,c

fa/A ⌦ fb/B ⌦H
c
ab ⌦ GEEC

c (✓)
<latexit sha1_base64="vuYMcO2MKeVqPWHtvTieIt3nOy4="></latexit>

pT ✓

<latexit sha1_base64="pOpMoAZ5wq6iP0dLtcUMGqYjjMQ="></latexit>

h |O[3](~n)| i
<latexit sha1_base64="W1VPXVbyFPX7Pz/AnaPiHjFjthI="></latexit>

h |E (~n1) E (~n2)| i

QCD factorization:

proto-data

Komiske, Moult, Thaler, Zhu `22
KL, Meçaj, Moult `22

8
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SCALING FROM 15 GEV TO 2 TEV IN DATA!

• Universal scaling of QCD operators revealed in data from ALICE, CMS, and STAR, from 15 GeV to 1784 GeV!

1−10 1 10 210
R [GeV/c]Δ 〉 

T, jet
 p〈

0.2

0.4

0.6

0.8

1
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1.4

Sc
al

ed
 E

EC

 < 20 GeV/c
T

 = 200 GeV, 15 < Full Jet psSTAR Preliminary: 

 < 30 GeV/c
T

 = 200 GeV 20 < Full Jet psSTAR Preliminary: 

 < 50 GeV/c
T

 = 200 GeV 30 < Full Jet psSTAR Preliminary: 

 < 40 GeV/c
T

 = 5.02 TeV, 20 < Charged Jet psALICE Preliminary: 

 < 60 GeV/c
T

 = 5.02 TeV, 40 < Charged Jet psALICE Preliminary: 

 < 80 GeV/c
T

 = 5.02 TeV, 60 < Charged Jet psALICE Preliminary: 

 < 40 GeV/c
T

 = 13 TeV, 20 < Charged Jet psALICE Preliminary: 

 < 60 GeV/c
T

 = 13 TeV, 40 < Charged Jet psALICE Preliminary: 

 < 80 GeV/c
T

 = 13 TeV, 60 < Charged Jet psALICE Preliminary: 

 < 220 GeV/c
T

 = 13 TeV, 97 < Full Jet psCMS Preliminary: 

 < 330 GeV/c
T

 = 13 TeV, 220 < Full Jet psCMS Preliminary: 

 < 468 GeV/c
T

 = 13 TeV, 330 < Full Jet psCMS Preliminary: 

 < 638 GeV/c
T

 = 13 TeV, 468 < Full Jet psCMS Preliminary: 

 < 846 GeV/c
T

 = 13 TeV, 638 < Full Jet psCMS Preliminary: 

 < 1101 GeV/c
T

 = 13 TeV, 846 < Full Jet psCMS Preliminary: 

 < 1410 GeV/c
T

 = 13 TeV, 1101 < Full Jet psCMS Preliminary: 

 < 1784 GeV/c
T

 = 13 TeV, 1410 < Full Jet psCMS Preliminary: 
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T
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T

 = 5.02 TeV, 20 < Charged Jet psALICE Preliminary: 

 < 60 GeV/c
T

 = 5.02 TeV, 40 < Charged Jet psALICE Preliminary: 

 < 40 GeV/c
T

 = 13 TeV, 20 < Charged Jet psALICE Preliminary: 

 < 60 GeV/c
T

 = 13 TeV, 40 < Charged Jet psALICE Preliminary: 

 < 80 GeV/c
T

 = 13 TeV, 60 < Charged Jet psALICE Preliminary: 

 < 220 GeV/c
T

 = 13 TeV, 97 < Full Jet psCMS Preliminary: 

 < 330 GeV/c
T

 = 13 TeV, 220 < Full Jet psCMS Preliminary: 

 < 468 GeV/c
T

 = 13 TeV, 330 < Full Jet psCMS Preliminary: 

 < 638 GeV/c
T

 = 13 TeV, 468 < Full Jet psCMS Preliminary: 

 < 846 GeV/c
T

 = 13 TeV, 638 < Full Jet psCMS Preliminary: 

 < 1101 GeV/c
T

 = 13 TeV, 846 < Full Jet psCMS Preliminary: 

 < 1410 GeV/c
T

 = 13 TeV, 1101 < Full Jet psCMS Preliminary: 

 < 1784 GeV/c
T

 = 13 TeV, 1410 < Full Jet psCMS Preliminary: 

<latexit sha1_base64="gDED5wPjPc2w/nqcyf1Qc6x8bg8=">AAACInicbVDLSgMxFE3qq46vVpdugkVwVWZE1GXRjcsq9gHtUDKZTBuaZIYkI5ahf+BWv8CvcSeuBD/GTDsL23ogcDjnXu7JCRLOtHHdb1haW9/Y3CpvOzu7e/sHlephW8epIrRFYh6rboA15UzSlmGG026iKBYBp51gfJv7nSeqNIvlo5kk1Bd4KFnECDZWeuhPB5WaW3dnQKvEK0gNFGgOqtDphzFJBZWGcKx1z3MT42dYGUY4nTr9VNMEkzEe0p6lEguq/WwWdYpOrRKiKFb2SYNm6t+NDAutJyKwkwKbkV72cvFf73l+YEELdX5kUQvEUkITXfsZk0lqqCTzgFHKkYlR3hcKmaLE8IklmChm/4jICCtMjG3Vse15y12tkvZ53busX9xf1Bo3RY9lcAxOwBnwwBVogDvQBC1AQARewCt4g+/wA37Cr/loCRY7R2AB8OcXvGSkIA==</latexit>

}
<latexit sha1_base64="gDED5wPjPc2w/nqcyf1Qc6x8bg8=">AAACInicbVDLSgMxFE3qq46vVpdugkVwVWZE1GXRjcsq9gHtUDKZTBuaZIYkI5ahf+BWv8CvcSeuBD/GTDsL23ogcDjnXu7JCRLOtHHdb1haW9/Y3CpvOzu7e/sHlephW8epIrRFYh6rboA15UzSlmGG026iKBYBp51gfJv7nSeqNIvlo5kk1Bd4KFnECDZWeuhPB5WaW3dnQKvEK0gNFGgOqtDphzFJBZWGcKx1z3MT42dYGUY4nTr9VNMEkzEe0p6lEguq/WwWdYpOrRKiKFb2SYNm6t+NDAutJyKwkwKbkV72cvFf73l+YEELdX5kUQvEUkITXfsZk0lqqCTzgFHKkYlR3hcKmaLE8IklmChm/4jICCtMjG3Vse15y12tkvZ53busX9xf1Bo3RY9lcAxOwBnwwBVogDvQBC1AQARewCt4g+/wA37Cr/loCRY7R2AB8OcXvGSkIA==</latexit>

}
<latexit sha1_base64="gDED5wPjPc2w/nqcyf1Qc6x8bg8=">AAACInicbVDLSgMxFE3qq46vVpdugkVwVWZE1GXRjcsq9gHtUDKZTBuaZIYkI5ahf+BWv8CvcSeuBD/GTDsL23ogcDjnXu7JCRLOtHHdb1haW9/Y3CpvOzu7e/sHlephW8epIrRFYh6rboA15UzSlmGG026iKBYBp51gfJv7nSeqNIvlo5kk1Bd4KFnECDZWeuhPB5WaW3dnQKvEK0gNFGgOqtDphzFJBZWGcKx1z3MT42dYGUY4nTr9VNMEkzEe0p6lEguq/WwWdYpOrRKiKFb2SYNm6t+NDAutJyKwkwKbkV72cvFf73l+YEELdX5kUQvEUkITXfsZk0lqqCTzgFHKkYlR3hcKmaLE8IklmChm/4jICCtMjG3Vse15y12tkvZ53busX9xf1Bo3RY9lcAxOwBnwwBVogDvQBC1AQARewCt4g+/wA37Cr/loCRY7R2AB8OcXvGSkIA==</latexit>

}

<latexit sha1_base64="3886/0uEbdg5gb1Loy5B+cTai/E=">AAACTHicbZBLS8NAEMc39V1fVY9eFosggiURX8eqBz36ahVsKZvtxC7uJmF3Ii0h38FP41U/gXe/hzcR3LY52OrAwJ/fzDAzfz+WwqDrfjiFicmp6ZnZueL8wuLScmlltW6iRHOo8UhG+s5nBqQIoYYCJdzFGpjyJdz6j6f9+u0TaCOi8AZ7MTQVewhFIDhDi1ql7QZCF9Prm+MrGuhI0czbHyK6Q7N9N9dnUM9apbJbcQdB/wovF2WSx0VrxSk22hFPFITIJTPm3nNjbKZMo+ASsmIjMRAz/sge4N7KkCkwzXTwVEY3LWnTINI2Q6QD+nsiZcqYnvJtp2LYMeO1Pvy31h0uGGFt018yynw1diEGR81UhHGCEPLhgUEiKUa07yxtCw0cZc8KxrWwP1LeYZpxtP4XrXveuFd/RX234h1U9i73ytWT3MdZsk42yBbxyCGpknNyQWqEk2fyQl7Jm/PufDpfzvewteDkM2tkJArTP5FCstw=</latexit>

STAR from 15 - 50 GeV

<latexit sha1_base64="KlVVob2ENnYFwKBMcduDTC43UFA="></latexit>

ALICE from 20 - 80 GeV

<latexit sha1_base64="nW14Lxd9zoyaxInPh7BfQ8dDOfg="></latexit>

CMS from 97 - 1784 GeV

9

<latexit sha1_base64="AdgBdfKpbkoNWNymuV+9Qn6IQNc="></latexit>

E (n̂1) E (n̂2) ⇠
X

✓�(3)�2
Oi (n̂1)

classicalquantum

<latexit sha1_base64="uynxH3Y7IIsqLQrUzzJ1kJq8b58=">AAACPHicbVDLSgNBEJz1GeMr0ZteBoMQL2FXgnoMevEkEcwDsiH0zs4mQ2Z2h5lZMYSAX+NVv8D/8O5NvHp28jiYxIKGoqqb7q5AcqaN6344K6tr6xubma3s9s7u3n4uf1DXSaoIrZGEJ6oZgKacxbRmmOG0KRUFEXDaCPo3Y7/xSJVmSfxgBpK2BXRjFjECxkqd3JHfBSGgeHeGfakSaRLsA5c96OhOruCW3AnwMvFmpIBmqHbyTtYPE5IKGhvCQeuW50rTHoIyjHA6yvqpphJIH7q0ZWkMgur2cPLECJ9aJcRRomzFBk/UvxNDEFoPRGA7BZieXvTG4r/e03TBnBbq8ZJ5LRALF5roqj1ksUwNjcn0wCjl2EY0ThKHTFFi+MASIIrZHzHpgQJibN5Zm563mNUyqZ+XvItS+b5cqFzPcsygY3SCishDl6iCblEV1RBBz+gFvaI35935dL6c72nrijObOURzcH5+AR5Vrdo=</latexit>

�(N) / ↵s
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Primordial fluctuations

W
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10 10
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10 5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
32

s?
<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="sRgx5rlGhP1kfgsblWG+Xo9dn14="></latexit>

h |E (~n1) · · · E (~nN )| i

Primordial fluctuations

W
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10 10
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10 5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
32

s?
<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="0foBIzZt1t5mFJ2DMVaZg0T31dE="></latexit>

h |O[J](~n)| iLight-ray OPE

THE SPECTRUM OF A JET
• The light-ray OPE can be iteratively applied to N-point correlators, predicting their anomalous 

scaling behavior with N

proto-data
<latexit sha1_base64="N142x1XyBgs+mdur2+noq7UlalU="></latexit>

hE1E2 · · · EN i
hE1E2i

⇠
⌦
O

[N+1]
↵

⌦
O[3]

↵ ⇠ ✓�(N+1)��(3)
L

<latexit sha1_base64="GRBGq/TIrsc5zjDDP1RrzeDddI8=">AAACKHicbVDLSsNAFJ3UV42vVpduBovgqiQi6rLoxoWLCvYBbSiTyaQdOpOEmRuxhP6EW/0Cv8addOuXOGmzsK0HBg7n3Ms9c/xEcA2OM7NKG5tb2zvlXXtv/+DwqFI9bus4VZS1aCxi1fWJZoJHrAUcBOsmihHpC9bxx/e533lhSvM4eoZJwjxJhhEPOSVgpG4fRgzI4HFQqTl1Zw68TtyC1FCB5qBq2f0gpqlkEVBBtO65TgJeRhRwKtjU7qeaJYSOyZD1DI2IZNrL5oGn+NwoAQ5jZV4EeK7+3ciI1HoifTMpCYz0qpeL/3qviwNLWqDzI8uaL1cSQnjrZTxKUmARXQQMU4EhxnlrOOCKURATQwhV3PwR0xFRhILp1jbtuatdrZP2Zd29rl89XdUad0WPZXSKztAFctENaqAH1EQtRJFAb+gdfVif1pf1bc0WoyWr2DlBS7B+fgGWtKag</latexit>

✓L

Chen, Moult, Zhang, Zhu `20
KL, Meçaj, Moult `22

Chen, Gao, Li, Xu, Zhang, Zhu `23

10

classicalquantum

<latexit sha1_base64="SmEPfxb6J7UOQt+LRQG21Mju8Uc="></latexit>

E1 · · · EN ⇠ ✓�(N+1)�2
O

[N+1]
i

<latexit sha1_base64="uynxH3Y7IIsqLQrUzzJ1kJq8b58=">AAACPHicbVDLSgNBEJz1GeMr0ZteBoMQL2FXgnoMevEkEcwDsiH0zs4mQ2Z2h5lZMYSAX+NVv8D/8O5NvHp28jiYxIKGoqqb7q5AcqaN6344K6tr6xubma3s9s7u3n4uf1DXSaoIrZGEJ6oZgKacxbRmmOG0KRUFEXDaCPo3Y7/xSJVmSfxgBpK2BXRjFjECxkqd3JHfBSGgeHeGfakSaRLsA5c96OhOruCW3AnwMvFmpIBmqHbyTtYPE5IKGhvCQeuW50rTHoIyjHA6yvqpphJIH7q0ZWkMgur2cPLECJ9aJcRRomzFBk/UvxNDEFoPRGA7BZieXvTG4r/e03TBnBbq8ZJ5LRALF5roqj1ksUwNjcn0wCjl2EY0ThKHTFFi+MASIIrZHzHpgQJibN5Zm563mNUyqZ+XvItS+b5cqFzPcsygY3SCishDl6iCblEV1RBBz+gFvaI35935dL6c72nrijObOURzcH5+AR5Vrdo=</latexit>

�(N) / ↵s
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STRONG COUPLING DETERMINATION
• How strong is the Strong Force? In comparison, EM coupling: 

<latexit sha1_base64="AsxUhIqOHCmyQdSJREwVS4kF1So="></latexit>

↵e = 0.0072973525693(11)

Energy Correlators in Jet

Quarks are never free, and thus it is very hard to measure their coupling

<latexit sha1_base64="jR6kpclxJYgi1jAgrE/uJV0zDe4=">AAACJHicbVDLSgMxFE181vHV6tJNsBRclRkp6rLoxmUF+4B2KJlMpg1NMkOSEcvQX3CrX+DXuBMXbvwWM+0sbOuBwOGce7knJ0g408Z1v+HG5tb2zm5pz9k/ODw6LldOOjpOFaFtEvNY9QKsKWeStg0znPYSRbEIOO0Gk7vc7z5RpVksH800ob7AI8kiRrDJpcaghoblqlt350DrxCtIFRRoDSvQGYQxSQWVhnCsdd9zE+NnWBlGOJ05g1TTBJMJHtG+pRILqv1sHnaGalYJURQr+6RBc/XvRoaF1lMR2EmBzVivern4r/e8OLCkhTo/sqwFYiWhiW78jMkkNVSSRcAo5cjEKG8MhUxRYvjUEkwUs39EZIwVJsb26tj2vNWu1knnsu5d1RsPjWrztuixBM7AObgAHrgGTXAPWqANCBiDF/AK3uA7/ICf8GsxugGLnVOwBPjzCwDcpDA=</latexit>

4%
<latexit sha1_base64="SN0GKzE0QOHfWd9cPxBv15d/TUE=">AAACNHicbVDLSsNAFJ3UV62vti7dBIvgqiRS1GXRjcsK9gFtKJPpbTt0MgkzN9IQ+itu9Qv8F8GduPUbnLZZ2NYDA4dz7uWeOX4kuEbH+bByW9s7u3v5/cLB4dHxSbFUbukwVgyaLBSh6vhUg+ASmshRQCdSQANfQNuf3M/99jMozUP5hEkEXkBHkg85o2ikfrHcQ5hiGksGCimXmMz6xYpTdRawN4mbkQrJ0OiXrEJvELI4AIlMUK27rhOhl1KFnAmYFXqxhoiyCR1B11BJA9Beugg/sy+MMrCHoTJPor1Q/26kNNA6CXwzGVAc63VvLv7rTZcHVrSBnh9Z1fxgLSEOb72UyyhGkGwZcBgLG0N73qA94AoYisQQyhQ3f7TZmCrK0PRcMO25611tktZV1b2u1h5rlfpd1mOenJFzcklcckPq5IE0SJMwMiUv5JW8We/Wp/VlfS9Hc1a2c0pWYP38Aunfq+c=</latexit>

uncertainty

CMS collaboration carried out most precise determination  
of the strong coupling constant for jet substructure

<latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=)

CMS Collaboration `23

11
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<latexit sha1_base64="jR6kpclxJYgi1jAgrE/uJV0zDe4=">AAACJHicbVDLSgMxFE181vHV6tJNsBRclRkp6rLoxmUF+4B2KJlMpg1NMkOSEcvQX3CrX+DXuBMXbvwWM+0sbOuBwOGce7knJ0g408Z1v+HG5tb2zm5pz9k/ODw6LldOOjpOFaFtEvNY9QKsKWeStg0znPYSRbEIOO0Gk7vc7z5RpVksH800ob7AI8kiRrDJpcaghoblqlt350DrxCtIFRRoDSvQGYQxSQWVhnCsdd9zE+NnWBlGOJ05g1TTBJMJHtG+pRILqv1sHnaGalYJURQr+6RBc/XvRoaF1lMR2EmBzVivern4r/e8OLCkhTo/sqwFYiWhiW78jMkkNVSSRcAo5cjEKG8MhUxRYvjUEkwUs39EZIwVJsb26tj2vNWu1knnsu5d1RsPjWrztuixBM7AObgAHrgGTXAPWqANCBiDF/AK3uA7/ICf8GsxugGLnVOwBPjzCwDcpDA=</latexit>

4%
<latexit sha1_base64="SN0GKzE0QOHfWd9cPxBv15d/TUE=">AAACNHicbVDLSsNAFJ3UV62vti7dBIvgqiRS1GXRjcsK9gFtKJPpbTt0MgkzN9IQ+itu9Qv8F8GduPUbnLZZ2NYDA4dz7uWeOX4kuEbH+bByW9s7u3v5/cLB4dHxSbFUbukwVgyaLBSh6vhUg+ASmshRQCdSQANfQNuf3M/99jMozUP5hEkEXkBHkg85o2ikfrHcQ5hiGksGCimXmMz6xYpTdRawN4mbkQrJ0OiXrEJvELI4AIlMUK27rhOhl1KFnAmYFXqxhoiyCR1B11BJA9Beugg/sy+MMrCHoTJPor1Q/26kNNA6CXwzGVAc63VvLv7rTZcHVrSBnh9Z1fxgLSEOb72UyyhGkGwZcBgLG0N73qA94AoYisQQyhQ3f7TZmCrK0PRcMO25611tktZV1b2u1h5rlfpd1mOenJFzcklcckPq5IE0SJMwMiUv5JW8We/Wp/VlfS9Hc1a2c0pWYP38Aunfq+c=</latexit>

uncertainty

CMS collaboration carried out most precise determination  
of the strong coupling constant for jet substructure

<latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=)

CMS Collaboration `23

Quarks are never free and thus it is very hard to measure their coupling!

ROAD TO IMPROVED PRECISION

Energy Correlators in Jet

<latexit sha1_base64="jR6kpclxJYgi1jAgrE/uJV0zDe4=">AAACJHicbVDLSgMxFE181vHV6tJNsBRclRkp6rLoxmUF+4B2KJlMpg1NMkOSEcvQX3CrX+DXuBMXbvwWM+0sbOuBwOGce7knJ0g408Z1v+HG5tb2zm5pz9k/ODw6LldOOjpOFaFtEvNY9QKsKWeStg0znPYSRbEIOO0Gk7vc7z5RpVksH800ob7AI8kiRrDJpcaghoblqlt350DrxCtIFRRoDSvQGYQxSQWVhnCsdd9zE+NnWBlGOJ05g1TTBJMJHtG+pRILqv1sHnaGalYJURQr+6RBc/XvRoaF1lMR2EmBzVivern4r/e8OLCkhTo/sqwFYiWhiW78jMkkNVSSRcAo5cjEKG8MhUxRYvjUEkwUs39EZIwVJsb26tj2vNWu1knnsu5d1RsPjWrztuixBM7AObgAHrgGTXAPWqANCBiDF/AK3uA7/ICf8GsxugGLnVOwBPjzCwDcpDA=</latexit>

4%
<latexit sha1_base64="SN0GKzE0QOHfWd9cPxBv15d/TUE=">AAACNHicbVDLSsNAFJ3UV62vti7dBIvgqiRS1GXRjcsK9gFtKJPpbTt0MgkzN9IQ+itu9Qv8F8GduPUbnLZZ2NYDA4dz7uWeOX4kuEbH+bByW9s7u3v5/cLB4dHxSbFUbukwVgyaLBSh6vhUg+ASmshRQCdSQANfQNuf3M/99jMozUP5hEkEXkBHkg85o2ikfrHcQ5hiGksGCimXmMz6xYpTdRawN4mbkQrJ0OiXrEJvELI4AIlMUK27rhOhl1KFnAmYFXqxhoiyCR1B11BJA9Beugg/sy+MMrCHoTJPor1Q/26kNNA6CXwzGVAc63VvLv7rTZcHVrSBnh9Z1fxgLSEOb72UyyhGkGwZcBgLG0N73qA94AoYisQQyhQ3f7TZmCrK0PRcMO25611tktZV1b2u1h5rlfpd1mOenJFzcklcckPq5IE0SJMwMiUv5JW8We/Wp/VlfS9Hc1a2c0pWYP38Aunfq+c=</latexit>

uncertainty
<latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=)

1.Measurements on Tracks 

2.Power corrections 

3.Improved perturbative accuracy

Road to precision
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<latexit sha1_base64="jR6kpclxJYgi1jAgrE/uJV0zDe4=">AAACJHicbVDLSgMxFE181vHV6tJNsBRclRkp6rLoxmUF+4B2KJlMpg1NMkOSEcvQX3CrX+DXuBMXbvwWM+0sbOuBwOGce7knJ0g408Z1v+HG5tb2zm5pz9k/ODw6LldOOjpOFaFtEvNY9QKsKWeStg0znPYSRbEIOO0Gk7vc7z5RpVksH800ob7AI8kiRrDJpcaghoblqlt350DrxCtIFRRoDSvQGYQxSQWVhnCsdd9zE+NnWBlGOJ05g1TTBJMJHtG+pRILqv1sHnaGalYJURQr+6RBc/XvRoaF1lMR2EmBzVivern4r/e8OLCkhTo/sqwFYiWhiW78jMkkNVSSRcAo5cjEKG8MhUxRYvjUEkwUs39EZIwVJsb26tj2vNWu1knnsu5d1RsPjWrztuixBM7AObgAHrgGTXAPWqANCBiDF/AK3uA7/ICf8GsxugGLnVOwBPjzCwDcpDA=</latexit>

4%
<latexit sha1_base64="SN0GKzE0QOHfWd9cPxBv15d/TUE=">AAACNHicbVDLSsNAFJ3UV62vti7dBIvgqiRS1GXRjcsK9gFtKJPpbTt0MgkzN9IQ+itu9Qv8F8GduPUbnLZZ2NYDA4dz7uWeOX4kuEbH+bByW9s7u3v5/cLB4dHxSbFUbukwVgyaLBSh6vhUg+ASmshRQCdSQANfQNuf3M/99jMozUP5hEkEXkBHkg85o2ikfrHcQ5hiGksGCimXmMz6xYpTdRawN4mbkQrJ0OiXrEJvELI4AIlMUK27rhOhl1KFnAmYFXqxhoiyCR1B11BJA9Beugg/sy+MMrCHoTJPor1Q/26kNNA6CXwzGVAc63VvLv7rTZcHVrSBnh9Z1fxgLSEOb72UyyhGkGwZcBgLG0N73qA94AoYisQQyhQ3f7TZmCrK0PRcMO25611tktZV1b2u1h5rlfpd1mOenJFzcklcckPq5IE0SJMwMiUv5JW8We/Wp/VlfS9Hc1a2c0pWYP38Aunfq+c=</latexit>

uncertainty

CMS collaboration carried out most precise determination  
of the strong coupling constant for jet substructure

<latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=)

CMS Collaboration `23

Quarks are never free and thus it is very hard to measure their coupling!

ROAD TO IMPROVED PRECISION

Energy Correlators in Jet

<latexit sha1_base64="jR6kpclxJYgi1jAgrE/uJV0zDe4=">AAACJHicbVDLSgMxFE181vHV6tJNsBRclRkp6rLoxmUF+4B2KJlMpg1NMkOSEcvQX3CrX+DXuBMXbvwWM+0sbOuBwOGce7knJ0g408Z1v+HG5tb2zm5pz9k/ODw6LldOOjpOFaFtEvNY9QKsKWeStg0znPYSRbEIOO0Gk7vc7z5RpVksH800ob7AI8kiRrDJpcaghoblqlt350DrxCtIFRRoDSvQGYQxSQWVhnCsdd9zE+NnWBlGOJ05g1TTBJMJHtG+pRILqv1sHnaGalYJURQr+6RBc/XvRoaF1lMR2EmBzVivern4r/e8OLCkhTo/sqwFYiWhiW78jMkkNVSSRcAo5cjEKG8MhUxRYvjUEkwUs39EZIwVJsb26tj2vNWu1knnsu5d1RsPjWrztuixBM7AObgAHrgGTXAPWqANCBiDF/AK3uA7/ICf8GsxugGLnVOwBPjzCwDcpDA=</latexit>

4%
<latexit sha1_base64="SN0GKzE0QOHfWd9cPxBv15d/TUE=">AAACNHicbVDLSsNAFJ3UV62vti7dBIvgqiRS1GXRjcsK9gFtKJPpbTt0MgkzN9IQ+itu9Qv8F8GduPUbnLZZ2NYDA4dz7uWeOX4kuEbH+bByW9s7u3v5/cLB4dHxSbFUbukwVgyaLBSh6vhUg+ASmshRQCdSQANfQNuf3M/99jMozUP5hEkEXkBHkg85o2ikfrHcQ5hiGksGCimXmMz6xYpTdRawN4mbkQrJ0OiXrEJvELI4AIlMUK27rhOhl1KFnAmYFXqxhoiyCR1B11BJA9Beugg/sy+MMrCHoTJPor1Q/26kNNA6CXwzGVAc63VvLv7rTZcHVrSBnh9Z1fxgLSEOb72UyyhGkGwZcBgLG0N73qA94AoYisQQyhQ3f7TZmCrK0PRcMO25611tktZV1b2u1h5rlfpd1mOenJFzcklcckPq5IE0SJMwMiUv5JW8We/Wp/VlfS9Hc1a2c0pWYP38Aunfq+c=</latexit>

uncertainty
<latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=)

1.Measurements on Tracks 

2.Power corrections 

3.Improved perturbative accuracy

Road to precision
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MEASURING TRACKS
• Measuring tracks provides much more precise experimental results

• Depend on quantum numbers of final state hadrons other than energy
<latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=) not computable purely from perturbation theory

We need QCD factorization

All particles Tracks

13

EIC will have state-of-the-art tracking systems!
EIC detector
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TRACK INSIDE JETS
14

Requires separation of parts that are perturbative from universal non-perturbative functions

• Non-perturbative Track functions describe the total energy fraction of charged hadrons from a 
fragmenting quark or a gluon state

QCD factorization:

0.0 0.2 0.4 0.6 0.8 1.0
0

1

2

3

4

<latexit sha1_base64="qiL0SbnLsc0zry2Kv81HYBRhTgA=">AAACKnicbVDLSsNAFJ3UV42vVpdugkVwVRIRdVl046JIBfvANpTJZNIOnUzCzI20hP6FW/0Cv8ZdceuHOGmzsK0HBg7n3Ms9c7yYMwW2PTMKG5tb2zvFXXNv/+DwqFQ+bqkokYQ2ScQj2fGwopwJ2gQGnHZiSXHocdr2RveZ336lUrFIPMMkpm6IB4IFjGDQ0ksP6BjSx3p92i9V7Ko9h7VOnJxUUI5Gv2yYPT8iSUgFEI6V6jp2DG6KJTDC6dTsJYrGmIzwgHY1FTikyk3nkafWuVZ8K4ikfgKsufp3I8WhUpPQ05MhhqFa9TLxX2+8OLCk+So7sqx54UpCCG7dlIk4ASrIImCQcAsiK+vN8pmkBPhEE0wk03+0yBBLTEC3a+r2nNWu1knrsupcV6+eriq1u7zHIjpFZ+gCOegG1dADaqAmIkigN/SOPoxP48uYGd+L0YKR75ygJRg/v3Ecp5Y=</latexit>

NLL

<latexit sha1_base64="WbbVXnJkJpGhN4U7uP0uPrJ3pDY="></latexit>p
s = 13 TeV, 550 > pT > 500 GeV, R = 0.6, |⌘| < 2.1
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<latexit sha1_base64="bSWwRKbAsJ5U+F5OAdNa8SEGq/E="></latexit>p
s = 140GeV, 25 > Q > 15GeV, R = 0.8, 0.8 > z > 0.3, 0.7 > y > 0.2

<latexit sha1_base64="JLPgmDEFGLhgrfT6Esv3rEiYdcg=">AAACK3icbVDLSsNAFJ3UV42vVpdugkVwVRIRdVkVocsq9gFtKJPJpB06yYSZG2kJ/Qy3+gV+jSvFrf/hpM3Cth4YOJxzL/fM8WLOFNj2p1FYW9/Y3Cpumzu7e/sHpfJhS4lEEtokggvZ8bCinEW0CQw47cSS4tDjtO2N7jK//UylYiJ6gklM3RAPIhYwgkFL3R7QMaT1+8ebab9Usav2DNYqcXJSQTka/bJh9nxBkpBGQDhWquvYMbgplsAIp1OzlygaYzLCA9rVNMIhVW46yzy1TrXiW4GQ+kVgzdS/GykOlZqEnp4MMQzVspeJ/3rj+YEFzVfZkUXNC5cSQnDtpiyKE6ARmQcMEm6BsLLiLJ9JSoBPNMFEMv1HiwyxxAR0vaZuz1nuapW0zqvOZfXi4aJSu817LKJjdILOkIOuUA3VUQM1EUECvaBX9Ga8Gx/Gl/E9Hy0Y+c4RWoDx8wv+v6fa</latexit>

HERA

<latexit sha1_base64="GNg1wZ516bMS91H1QB8MH6c/tAw=">AAACKnicbVDLSsNAFJ3UV42vVpdugkVwVRIRdVksgu4q2Ae2oUwmk3boZBJmbqQl9C/c6hf4Ne6KWz/ESZuFbT0wcDjnXu6Z48WcKbDtmVHY2Nza3inumnv7B4dHpfJxS0WJJLRJIh7JjocV5UzQJjDgtBNLikOP07Y3qmd++5VKxSLxDJOYuiEeCBYwgkFLLz2gY0jvH+vTfqliV+05rHXi5KSCcjT6ZcPs+RFJQiqAcKxU17FjcFMsgRFOp2YvUTTGZIQHtKupwCFVbjqPPLXOteJbQST1E2DN1b8bKQ6VmoSengwxDNWql4n/euPFgSXNV9mRZc0LVxJCcOumTMQJUEEWAYOEWxBZWW+WzyQlwCeaYCKZ/qNFhlhiArpdU7fnrHa1TlqXVee6evV0Vand5T0W0Sk6QxfIQTeohh5QAzURQQK9oXf0YXwaX8bM+F6MFox85wQtwfj5BUxxp4E=</latexit>

EIC

<latexit sha1_base64="3tnGAY9IcZte7ilw6m6yTRSVacs=">AAACLnicbVDLSgMxFM3UV62vVpdugkVwVWakqMtiERSKVLAPaGvJZDJtaOZBckdahv6HW/0Cv0ZwIW79DDPtLGzrgcDhnHu5J8cOBVdgmp9GZm19Y3Mru53b2d3bP8gXDpsqiCRlDRqIQLZtopjgPmsAB8HaoWTEswVr2aNq4reemVQ88B9hErKeRwY+dzkloKWnLrAxxDd3VXxfq037+aJZMmfAq8RKSRGlqPcLRq7rBDTymA9UEKU6lhlCLyYSOBVsmutGioWEjsiAdTT1icdUL57FnuJTrTjYDaR+PuCZ+ncjJp5SE8/Wkx6BoVr2EvFfbzw/sKA5KjmyqNneUkJwr3ox98MImE/nAd1IYAhw0h12uGQUxEQTQiXXf8R0SCShoBvO6fas5a5WSfO8ZF2Uyg/lYuU67TGLjtEJOkMWukQVdIvqqIEokugFvaI34934ML6M7/loxkh3jtACjJ9fuMeorw==</latexit>

EIC NLL

<latexit sha1_base64="2qSko/vmKKD7gq+ixGEaaB6bsss=">AAACMXicbVDLTgIxFO3gC8cHoEs3jcTEFZkxRl2ixoQFMWjkkcCEdEqBhs4j7R0DmfAlbvUL/Bp2xq0/YQdmIeBJmpycc2/u6XFDwRVY1szIbGxube9kd829/YPDXL5w1FBBJCmr00AEsuUSxQT3WR04CNYKJSOeK1jTHd0nfvOVScUD/wUmIXM8MvB5n1MCWurmcx1gY4grD8+3+LFanXbzRatkzYHXiZ2SIkpR6xYMs9MLaOQxH6ggSrVtKwQnJhI4FWxqdiLFQkJHZMDamvrEY8qJ58mn+EwrPdwPpH4+4Ln6dyMmnlITz9WTHoGhWvUS8V9vvDiwpPVUcmRZc72VhNC/cWLuhxEwny4C9iOBIcBJfbjHJaMgJpoQKrn+I6ZDIgkFXbKp27NXu1onjYuSfVW6fLoslu/SHrPoBJ2ic2Sja1RGFVRDdURRhN7QO/owPo2Z8WV8L0YzRrpzjJZg/PwC6wSpOQ==</latexit>

HERA NLL
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0
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<latexit sha1_base64="kjxgs53srJK4fN3eVOiWArR190Y="></latexit>

Track Energy Fraction Inside Jets in DIS<latexit sha1_base64="NVuib/u/gZjgXjRsR5NvOHkjt/w="></latexit>

Track Energy Fraction Inside Jets at the LHC

<latexit sha1_base64="fHVb4fVH05lv4Yj+5HtzSUSzYy0="></latexit>p
s = 320GeV, 60 > Q > 40GeV, R = 0.8, 0.8 > z > 0.3, 0.7 > y > 0.2
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0
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0
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4

<latexit sha1_base64="iifLLVpDD61PIiPGMz2hxGWRct4=">AAACUHicbZHNSgMxEMdn6/f6VfXoJVgET8uuiHoUBRFPClYFW0o2nWowm12SWbEsfQufxqs+gTffxJtm2yq2OhDy5zcTZuafOFPSUhi+e5WJyanpmdk5f35hcWm5urJ6adPcCKyLVKXmOuYWldRYJ0kKrzODPIkVXsX3R2X+6gGNlam+oG6GzYTfatmRgpNDrWrQIHyk4sJwcc9OkdhxrkWZsuzBBmzAf1ivVa2FQdgP9ldEQ1GDYZy1Vjy/0U5FnqAmobi1N1GYUbPghqRQ2PMbucXMNeG3eOOk5gnaZtFfrMc2HWmzTmrc0cT69PeLgifWdpPYVSac7ux4roT/5h4HDUZY25ZNRlmcjE1Inf1mIXWWE2oxGLCTK0YpK91lbWlQkOo6wYWRbkcm7rgzkdwf+M69aNyrv+JyO4h2g53zndrB4dDHWViHDdiCCPbgAE7gDOog4Ame4QVevTfvw/useIPS7xvWYCQq/heo8bSB</latexit>

Track Jet Functions vs. Track Functions <latexit sha1_base64="LT2hqRt0pcBQbaqWErUADsYf8as="></latexit>

Quark and Gluon Track Jet Functions

<latexit sha1_base64="VFmXInPwZAYzkifOUOqMCdMViBY=">AAACN3icbVBLS0JBGJ1rL7OXFq3aDEnQIuTekGoptYmIUsgHqMjc8VMH5z6Y+W4oF39M2/oF/ZRW7aJt/6DxsUjtwMDhnO/jO3PcUAqNtv1hJVZW19Y3kpupre2d3b10Zr+ig0hxKPNABqrmMg1S+FBGgRJqoQLmuRKqbv9m7FefQWkR+E84DKHpsa4vOoIzNFIrfdhAGGBcipjq0zvAM/pw/zhqpbN2zp6ALhNnRrJkhmIrY6Ua7YBHHvjIJdO67tghNmOmUHAJo1Qj0hAy3mddqBvqMw90M57kH9ETo7RpJ1Dm+Ugn6t+NmHlaDz3XTHoMe3rRG4v/eoPpgTmtrcdH5jXXW0iInatmLPwwQvD5NGAnkhQDOi6RtoUCjnJoCONKmD9S3mOKcTRVp0x7zmJXy6RynnMucvlSPlu4nvWYJEfkmJwSh1ySArklRVImnMTkhbySN+vd+rS+rO/paMKa7RyQOVg/vwUnq8s=</latexit>

Quark Jet, NLO
<latexit sha1_base64="gGJFcoKpPbKtjLwGlayO0HxaxqE=">AAACN3icbVDLSgMxFM3Ud321iis3wSK4kDIjoi6LLhQRH2BbwQ4lk962wUxmSO6IZejHuNUv8FNcuRO3/oFpOwtbPRA4nHMv9+QEsRQGXffdyU1Nz8zOzS/kF5eWV1YLxbWaiRLNocojGem7gBmQQkEVBUq4izWwMJBQDx5OBn79EbQRkbrFXgx+yDpKtAVnaKVmYaOB8ITpqUwiRc8Bd+nlxVW/WSi5ZXcI+pd4GSmRDNfNopNvtCKehKCQS2bMvefG6KdMo+AS+vlGYiBm/IF14N5SxUIwfjrM36fbVmnRdqTtU0iH6u+NlIXG9MLAToYMu2bSG4j/ek+jA2NaywyOjGtBOJEQ20d+KlScICg+CthOJMWIDkqkLaGBo+xZwrgW9o+Ud5lmHG3VedueN9nVX1LbK3sH5f2b/VLlOOtxnmySLbJDPHJIKuSMXJMq4SQlz+SFvDpvzofz6XyNRnNOtrNOxuB8/wAG0KvM</latexit>

Gluon Jet, NLO

<latexit sha1_base64="PQPNm4vWthLANnBgkYpkiEoBDak=">AAACNnicbVDLSgMxFM3Ud3216s5NsAgupMyIqEvRhSKCClYL7VAy6a0NzWSG5I60Dv0Xt/oF/oobd+LWTzBtZ2GrBwKHc+7lnpwglsKg6747uanpmdm5+YX84tLyymqhuHZnokRzqPBIRroaMANSKKigQAnVWAMLAwn3Qed04N8/gjYiUrfYi8EP2YMSLcEZWqlR2KgjdDE9k0mk6AXgLr286jcKJbfsDkH/Ei8jJZLhulF08vVmxJMQFHLJjKl5box+yjQKLqGfrycGYsY77AFqlioWgvHTYfw+3bZKk7YibZ9COlR/b6QsNKYXBnYyZNg2k95A/Nfrjg6MaU0zODKuBeFEQmwd+alQcYKg+ChgK5EUIzrokDaFBo6yZwnjWtg/Ut5mmnG0Tedte95kV3/J3V7ZOyjv3+yXjk+yHufJJtkiO8Qjh+SYnJNrUiGcPJFn8kJenTfnw/l0vkajOSfbWSdjcL5/AFKvq3Q=</latexit>

Gluon Jet, LO

<latexit sha1_base64="o686lyUT2skYkdMEykuNHn1NMl0=">AAACNnicbVBLS0JBGJ1rL7OXVrs2QxK0CLk3pFpKbSKCFPIBKjJ3/NTBuQ9mvhvaxf/Stn5Bf6VNu2jbT2h8LFI7MHA45/v4zhw3lEKjbX9YiZXVtfWN5GZqa3tndy+d2a/oIFIcyjyQgaq5TIMUPpRRoIRaqIB5roSq278Z+9UnUFoE/iMOQ2h6rOuLjuAMjdRKHzYQBhiXIqb69A7wjN4/jFrprJ2zJ6DLxJmRLJmh2MpYqUY74JEHPnLJtK47dojNmCkUXMIo1Yg0hIz3WRfqhvrMA92MJ/FH9MQobdoJlHk+0on6dyNmntZDzzWTHsOeXvTG4r/eYHpgTmvr8ZF5zfUWEmLnqhkLP4wQfD4N2IkkxYCOO6RtoYCjHBrCuBLmj5T3mGIcTdMp056z2NUyqZznnItcvpTPFq5nPSbJETkmp8Qhl6RAbkmRlAknz+SFvJI36936tL6s7+lowprtHJA5WD+/UQercw==</latexit>

Quark Jet, LO

<latexit sha1_base64="iTctbwYXMq+HFzyd7pLc6wdhARE=">AAACOXicbVDLTgIxFO3gC/EFunDhppGYuDBkxhB1SXTjwigkvBIgpFMKNHQ6k/aOgUz4Grf6BX6JS3fGrT9gB2Yh4EmanJxzb++9xw0E12DbH1ZqbX1jcyu9ndnZ3ds/yOYO69oPFWU16gtfNV2imeCS1YCDYM1AMeK5gjXc0V3sN56Z0tyXVZgErOORgeR9TgkYqZs9bgMbQ1QJiRrhqiJ0dIEfH56m3WzeLtgz4FXiJCSPEpS7OSvT7vk09JgEKojWLccOoBMRBZwKNs20Q80C8z8ZsJahknhMd6LZBVN8ZpQe7vvKPAl4pv7tiIin9cRzTaVHYKiXvVj81xvPByxoPR0PWdRcb2lD6N90Ii6DEJik8wX7ocDg4zhG3OOKURATQwhV3NyI6ZCY/MCEnTHpOctZrZL6ZcG5KhQrxXzpNskxjU7QKTpHDrpGJXSPyqiGKJqiF/SK3qx369P6sr7npSkr6TlCC7B+fgHOSKyx</latexit>

Quark Track, NLO
<latexit sha1_base64="IvrCx8DoWWwnwvP62MF+dkn3ZKk=">AAACOXicbVDLTgIxFO3gC/EFunDhppGYuDBkxhB1SXShC6OY8EqAkE4p0NDpTNo7BjLha9zqF/glLt0Zt/6AHZiFgCdpcnLOvb33HjcQXINtf1ipldW19Y30ZmZre2d3L5vbr2k/VJRVqS981XCJZoJLVgUOgjUCxYjnClZ3hzexX39mSnNfVmAcsLZH+pL3OCVgpE72sAVsBNGtCH2JK4rQ4Rl+uH+cdLJ5u2BPgZeJk5A8SlDu5KxMq+vT0GMSqCBaNx07gHZEFHAq2CTTCjULzP+kz5qGSuIx3Y6mF0zwiVG6uOcr8yTgqfq3IyKe1mPPNZUegYFe9GLxX280GzCndXU8ZF5zvYUNoXfVjrgMQmCSzhbshQKDj+MYcZcrRkGMDSFUcXMjpgNi8gMTdsak5yxmtUxq5wXnolB8KuZL10mOaXSEjtEpctAlKqE7VEZVRNEEvaBX9Ga9W5/Wl/U9K01ZSc8BmoP18wvP86yy</latexit>

Gluon Track, NLO

<latexit sha1_base64="VFmXInPwZAYzkifOUOqMCdMViBY=">AAACN3icbVBLS0JBGJ1rL7OXFq3aDEnQIuTekGoptYmIUsgHqMjc8VMH5z6Y+W4oF39M2/oF/ZRW7aJt/6DxsUjtwMDhnO/jO3PcUAqNtv1hJVZW19Y3kpupre2d3b10Zr+ig0hxKPNABqrmMg1S+FBGgRJqoQLmuRKqbv9m7FefQWkR+E84DKHpsa4vOoIzNFIrfdhAGGBcipjq0zvAM/pw/zhqpbN2zp6ALhNnRrJkhmIrY6Ua7YBHHvjIJdO67tghNmOmUHAJo1Qj0hAy3mddqBvqMw90M57kH9ETo7RpJ1Dm+Ugn6t+NmHlaDz3XTHoMe3rRG4v/eoPpgTmtrcdH5jXXW0iInatmLPwwQvD5NGAnkhQDOi6RtoUCjnJoCONKmD9S3mOKcTRVp0x7zmJXy6RynnMucvlSPlu4nvWYJEfkmJwSh1ySArklRVImnMTkhbySN+vd+rS+rO/paMKa7RyQOVg/vwUnq8s=</latexit>

Quark Jet, NLO
<latexit sha1_base64="gGJFcoKpPbKtjLwGlayO0HxaxqE=">AAACN3icbVDLSgMxFM3Ud321iis3wSK4kDIjoi6LLhQRH2BbwQ4lk962wUxmSO6IZejHuNUv8FNcuRO3/oFpOwtbPRA4nHMv9+QEsRQGXffdyU1Nz8zOzS/kF5eWV1YLxbWaiRLNocojGem7gBmQQkEVBUq4izWwMJBQDx5OBn79EbQRkbrFXgx+yDpKtAVnaKVmYaOB8ITpqUwiRc8Bd+nlxVW/WSi5ZXcI+pd4GSmRDNfNopNvtCKehKCQS2bMvefG6KdMo+AS+vlGYiBm/IF14N5SxUIwfjrM36fbVmnRdqTtU0iH6u+NlIXG9MLAToYMu2bSG4j/ek+jA2NaywyOjGtBOJEQ20d+KlScICg+CthOJMWIDkqkLaGBo+xZwrgW9o+Ud5lmHG3VedueN9nVX1LbK3sH5f2b/VLlOOtxnmySLbJDPHJIKuSMXJMq4SQlz+SFvDpvzofz6XyNRnNOtrNOxuB8/wAG0KvM</latexit>

Gluon Jet, NLO

<latexit sha1_base64="JTkwqwviCYCHdXIrGtgKeIvCs1U="></latexit>
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d
x
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k

<latexit sha1_base64="JTkwqwviCYCHdXIrGtgKeIvCs1U="></latexit>
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d
x
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k

Chang, Procura, Thaler, Waalewijn `13
Jaarsma, Li, Moult, Waalewijn, Zhu et al `21, 22

KL, Moult `23
KL, Moult, Ringer, Waalewijn `23
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ENERGY CORRELATORS ON TRACK

• Track function formalism provides the essential matching between partonic and hadronic detectors

<latexit sha1_base64="fsiNG4V1APRrvzYzR8BBWZvWTJQ="></latexit>

hER (~n1) ER (~n2) · · · ER (~nk)i

=
X

i1,i2,···ik

Ti1(1) · · ·Tik(1) hEi1 (~n1) Ei2 (~n2) · · · Eik (~nk)i

+ contact terms moments of T

<latexit sha1_base64="fsiNG4V1APRrvzYzR8BBWZvWTJQ="></latexit>

hER (~n1) ER (~n2) · · · ER (~nk)i

=
X

i1,i2,···ik

Ti1(1) · · ·Tik(1) hEi1 (~n1) Ei2 (~n2) · · · Eik (~nk)i

+ contact terms moments of T

<latexit sha1_base64="Jeql/2e2Iel0GuYwzAnCnDtC9EA=">AAACN3icbVDLSgMxFM34rPXVKq7cBIsgCGVGirosunFZwT6gLSWT3tZgkhmSO9Iy9GPc6hf4Ka7ciVv/wPSxsK0HAodz7uWenDCWwqLvf3grq2vrG5uZrez2zu7efi5/ULNRYjhUeSQj0wiZBSk0VFGghEZsgKlQQj18uh379WcwVkT6AYcxtBXra9ETnKGTOrmj8xbCAFMeaWQcKYJRdtTJFfyiPwFdJsGMFMgMlU7ey7a6EU8UaOSSWdsM/BjbKTMouIRRtpVYiBl/Yn1oOqqZAttOJ/lH9NQpXdqLjHsa6UT9u5EyZe1QhW5SMXy0i95Y/NcbTA/MaV07PjKvhWohIfau26nQcYKg+TRgL5EUIzoukXaFAY5y6AjjRrg/Uv7IjCvQVZ117QWLXS2T2kUxuCyW7kuF8s2sxww5JifkjATkipTJHamQKuEkJS/klbx5796n9+V9T0dXvNnOIZmD9/MLlhKssQ==</latexit>

+contact terms

Only involves NP numbers, not functions• Only depends on the “moments” of track functions
<latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=)

Chang, Procura, Thaler, Waalewijn `13
Jaarsma, Li, Moult, Waalewijn, Zhu et al `21, 22,23

KL, Moult `23
KL, Moult, Ringer, Waalewijn `23
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Predictions for tracks in Energy Correlators

KL, Li, Moult, Waalewijn `In Progress

Reanalysis of  ALEPH data on tracks 

Bossi, Chen, Chen, Lee `24
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IV. Medium Dynamics
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UNRAVELING HEAVY FLAVOR DYNAMICS
• Heavy quark dynamics are important for understanding medium, hadronization, Higgs, BSM 

searches, flavor tagging, gluon structure, etc.

<latexit sha1_base64="lLPhwnCsQkeN68BomXueZw1wGoY=">AAACNHicbVDLSsNAFJ3UV42vti7dBIvgqiQi6rLopssK9gFtKJPJbTt08mDmRlpCfsWtfoH/IrgTt36D0zYL23pg4HDu49w5Xiy4Qtv+MApb2zu7e8V98+Dw6PikVK60VZRIBi0WiUh2PapA8BBayFFAN5ZAA09Ax5s8zOudZ5CKR+ETzmJwAzoK+ZAziloalCp9hCku9qQS/CxtZINS1a7ZC1ibxMlJleRoDsqG2fcjlgQQIhNUqZ5jx+imVCJnAjKznyiIKZvQEfQ0DWkAyk0Xppl1oRXfGkZSvxCthfp3IqWBUrPA050BxbFar83Ff2vTpcGK5qu5yarmBWsX4vDOTXkYJwghWx44TISFkTVP0PK5BIZipgllkus/WmxMJWWoczZ1es56VpukfVVzbmrXj9fV+n2eY5GckXNySRxyS+qkQZqkRRiZkhfySt6Md+PT+DK+l60FI585JSswfn4BuM6ryw==</latexit>

H
<latexit sha1_base64="GYZNkXOf8Y/GY+mO9l6UDshD40U="></latexit>

b
<latexit sha1_base64="Xrkx5r81x3I/MLICJYHssNyjcuM="></latexit>

b̄

<latexit sha1_base64="1MynLKr++Gwt3gm4SdSxQWNR+f4="></latexit>

Q

<latexit sha1_base64="WmxA8DZUiJTHrQeJCtZ0MQkCNgU="></latexit>

Q̄

• Heavy quark introduces new mass scale            
<latexit sha1_base64="pF99WVUqcYMu+kah7GjvYIBbxy4="></latexit>mQ

• Jet substructure allows us to precisely probe the dynamics from this new heavy quark scale

Run 3 and sPHENIX will give us a lot more access to heavy quarks with precise data!

16
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• Energy correlators allow the hadronization process to be directly imaged inside high energy 
jets: transition from interacting quarks and gluons to free hadrons is clearly visible!

Free hadrons

<latexit sha1_base64="wb/i+f8kOrkmHhMlwyUEsg+ux2U="></latexit>

d�

d✓2
= const

<latexit sha1_base64="ChliF9z7XyBOqY3MS4CTjAShhF8="></latexit>

d�

d✓
= const⇥ 2✓

Kyle Lee

ALI-PREL-539525

ALI-PREL-539525

22/32

Primordial fluctuations

W
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10 1
0
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10 5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
3
2
s?

<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>
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universal anomalous 
scaling region

Fr
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<latexit sha1_base64="ciyVokcB24s0+614IwipyFnlgnQ="></latexit>�

QUARK GLUON SCALING AND HADRONIZATIONQUARK GLUON SCALING AND HADRONIZATION

17

EEC gives angular scale
<latexit sha1_base64="X6klVkvHu1ri0QxtGhsaFq6kaCY=">AAACOXicbVDLSsNAFJ34rPXV6sKFm8EiuCqJFHVZdOOyQl/QhDCZTNuxM0mYuRFLyNe41S/wS1y6E7f+gNPHwrYeuHA4517uvSdIBNdg2x/W2vrG5tZ2Yae4u7d/cFgqH7V1nCrKWjQWseoGRDPBI9YCDoJ1E8WIDATrBKO7id95YkrzOGrCOGGeJIOI9zklYCS/dOLK1NVc4sRvYheGDIif8cfcL1Xsqj0FXiXOnFTQHA2/bBXdMKapZBFQQbTuOXYCXkYUcCpYXnRTzRJCR2TAeoZGRDLtZdMPcnxulBD3Y2UqAjxV/05kRGo9loHplASGetmbiP96z7MFC1qoJ0sWtUAuXQj9Gy/jUZICi+jswH4qMMR4EiMOuWIUxNgQQhU3P2I6JIpQMGEXTXrOclarpH1Zda6qtYdapX47z7GATtEZukAOukZ1dI8aqIUoytELekVv1rv1aX1Z37PWNWs+c4wWYP38AqDGrSw=</latexit>

µ ⇠ pT ✓ij

Interacting quarks and gluons

<latexit sha1_base64="GRBGq/TIrsc5zjDDP1RrzeDddI8=">AAACKHicbVDLSsNAFJ3UV42vVpduBovgqiQi6rLoxoWLCvYBbSiTyaQdOpOEmRuxhP6EW/0Cv8addOuXOGmzsK0HBg7n3Ms9c/xEcA2OM7NKG5tb2zvlXXtv/+DwqFI9bus4VZS1aCxi1fWJZoJHrAUcBOsmihHpC9bxx/e533lhSvM4eoZJwjxJhhEPOSVgpG4fRgzI4HFQqTl1Zw68TtyC1FCB5qBq2f0gpqlkEVBBtO65TgJeRhRwKtjU7qeaJYSOyZD1DI2IZNrL5oGn+NwoAQ5jZV4EeK7+3ciI1HoifTMpCYz0qpeL/3qviwNLWqDzI8uaL1cSQnjrZTxKUmARXQQMU4EhxnlrOOCKURATQwhV3PwR0xFRhILp1jbtuatdrZP2Zd29rl89XdUad0WPZXSKztAFctENaqAH1EQtRJFAb+gdfVif1pf1bc0WoyWr2DlBS7B+fgGWtKag</latexit>

✓L

<latexit sha1_base64="AdgBdfKpbkoNWNymuV+9Qn6IQNc="></latexit>

E (n̂1) E (n̂2) ⇠
X

✓�(3)�2
Oi (n̂1)

KL, Meçaj, Moult `22
Komiske, Moult, Thaler, Zhu `22

ALICE `23
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t <latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>
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1
0
yr
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5
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<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>
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�
3
2
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<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>
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<latexit sha1_base64="R2Ix21GgAs4F6Eq48dDUOkPHDmg="></latexit>

Light Jet

Charm Jet

Beauty Jet

<latexit sha1_base64="DRijCi2bi6xsuQynTO/z2pbBofI="></latexit>

AK5 Jets, |⌘| < 1.9

pT = 500-550 GeV

<latexit sha1_base64="DRijCi2bi6xsuQynTO/z2pbBofI="></latexit>

AK5 Jets, |⌘| < 1.9

pT = 500-550 GeV

<latexit sha1_base64="R2Ix21GgAs4F6Eq48dDUOkPHDmg="></latexit>
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<latexit sha1_base64="SNTDglG+HVgDATVxs4oATY/ld6o="></latexit>

✓
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<latexit sha1_base64="DRijCi2bi6xsuQynTO/z2pbBofI="></latexit>

AK5 Jets, |⌘| < 1.9

pT = 500-550 GeV

<latexit sha1_base64="SNTDglG+HVgDATVxs4oATY/ld6o="></latexit>

✓

IDENTIFYING THE INTRINSIC HEAVY QUARK SCALE

• Ratio of the two-point correlators clearly shows the dead-cone region around 

<latexit sha1_base64="KNr2Rj4Zb+vzKmnU+D47/YTWNfI="></latexit>

virtuality ⇠ pT ✓+mQ

• Two-point correlators capture the effects of intrinsic mass, displaying earlier formation of 
heavy bound states due to their mass

<latexit sha1_base64="q15MLp+qMF+qfMBwW5xph6hPO9Q=">AAACP3icbVBNS8NAEN34WetXq0cRFovgqSQi6lEUwWMLVgsmhM12Yhd3k7A7EUvoyV/jVX+BP8Nf4E28enP7cbCtDwYe780wMy/KpDDouh/O3PzC4tJyaaW8ura+sVmpbt2YNNccWjyVqW5HzIAUCbRQoIR2poGpSMJt9HAx8G8fQRuRJtfYyyBQ7D4RseAMrRRWdn3sAjLqSzDGCEX9WDNeqLDZLy77YaXm1t0h6CzxxqRGxmiEVafsd1KeK0iQS2bMnedmGBRMo+AS+mU/N5Ax/sDu4c7ShCkwQTH8o0/3rdKhcaptJUiH6t+JgiljeiqynYph10x7A/Ff72m0YELrmMGSSS1SUxdifBoUIslyhISPDoxzSTGlgzBpR2jgKHuWMK6F/ZHyLrMBoo28bNPzprOaJTeHde+4ftQ8qp2dj3MskR2yRw6IR07IGbkiDdIinDyTF/JK3px359P5cr5HrXPOeGabTMD5+QUGGK/e</latexit>

✓ . mQ

E

Craft, KL, Meçaj, Moult `22
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<latexit sha1_base64="NlW4wpw3JG0S+XeVMUKGEwyNNZ0="></latexit>

Ratio of Three-Point Massive Correlators
<latexit sha1_base64="RWrzKKukdAqRTMlS74FFc/frPH0="></latexit>

hE1E2EM i
hE1E2EM=0i

<latexit sha1_base64="rHN7iOAdUTMzmyARDorbj0OPrA8="></latexit>

E1

<latexit sha1_base64="Mw4aZqsbr2O1eQjV3DsGm0H8GwQ="></latexit>

E2
<latexit sha1_base64="o8dTuss3P7nAYyOOVMOPMFXaOk0="></latexit>

EM

<latexit sha1_base64="mMPTckll5xnbCbojCIceekiBSEE="></latexit>

⇠M12

<latexit sha1_base64="S0Aw+D2tVr4LosrGcPJGTVAi5sA="></latexit>

⇠21M<latexit sha1_base64="wYleVSoolC2FUJoyDZcmEaES5PY="></latexit>

�2M1

<latexit sha1_base64="grxm7ArJCbCNGzetBldMgH8bv5c="></latexit>

�M12

<latexit sha1_base64="5+C3XYSGD2PxsZYOfV+J1MUIyNA="></latexit>

�21M

<latexit sha1_base64="quTCLnrfSD0DXgY4wWkQRJybT8o="></latexit>

1.0
<latexit sha1_base64="jV7/O3r0yV1eRWe1xazJisxo1u0="></latexit>

0.8

<latexit sha1_base64="UuJlPnMaM5K3UyS7VJsdlnQZBow="></latexit>

0.6

<latexit sha1_base64="ocXb1e7ebUU394cSVmCOvObcL8o="></latexit>

0.4
<latexit sha1_base64="BW7CCWxF9WES+e0go7xT8D/C+r4="></latexit>

0.2

<latexit sha1_base64="a8o5IsoL49Fmm4T9tsARx8DzllY="></latexit>

0

• Achieve analytic calculation using our                 
splitting functions

<latexit sha1_base64="RD9bl/xapaNuzq3r0c+B6B6U1w0="></latexit>

1 ! 3

PROBING THE DYNAMICS OF THE DEAD-CONE
• Application:  three-point correlations probe the non-trivial dynamics of the dead-cone

Craft, Gonzalez, KL, Meçaj, Moult `In Progress
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<latexit sha1_base64="NlW4wpw3JG0S+XeVMUKGEwyNNZ0="></latexit>
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<latexit sha1_base64="RD9bl/xapaNuzq3r0c+B6B6U1w0="></latexit>

1 ! 3
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<latexit sha1_base64="NlW4wpw3JG0S+XeVMUKGEwyNNZ0="></latexit>

Ratio of Three-Point Massive Correlators
<latexit sha1_base64="RWrzKKukdAqRTMlS74FFc/frPH0="></latexit>
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splitting functions

<latexit sha1_base64="RD9bl/xapaNuzq3r0c+B6B6U1w0="></latexit>

1 ! 3

• Application:  three-point correlations probe the non-trivial dynamics of the dead-cone

PROBING THE DYNAMICS OF THE DEAD-CONE
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RESOLVING THE FEMTOSCALE IN JETS

<latexit sha1_base64="lPMsw2qdIhwLTy6N2lhnI1j5u6E=">AAACF3icbVDLSgMxFM3UV62vqks3wSK4KjNSH8uiIC4r2FroDCWTpm1okhmSO9Iy9DcEV/on7sStS3/EtWk7C9t6IHA4517uyQljwQ247reTW1ldW9/Ibxa2tnd294r7Bw0TJZqyOo1EpJshMUxwxerAQbBmrBmRoWCP4eBm4j8+MW14pB5gFLNAkp7iXU4JWMn3gQ0hveU9fD5uF0tu2Z0CLxMvIyWUodYu/vidiCaSKaCCGNPy3BiClGjgVLBxwU8MiwkdkB5rWaqIZCZIp5nH+MQqHdyNtH0K8FT9u5ESacxIhnZSEuibRW8i/usNZwfmtFAupIHuVZByFSfAFJ2F6SYCQ4QnJeEO14yCGFlCqOb2P5j2iSYUbJUFW5S3WMsyaZyVvYty5b5Sql5nleXRETpGp8hDl6iK7lAN1RFFMXpGr+jNeXHenQ/nczaac7KdQzQH5+sXTdWgqw==</latexit>

Fig 5

<latexit sha1_base64="AfY78Zxz7b881R6FTW9BLE8FsqI="></latexit>

e+A, 10⇥ 100 GeV, 4⇥ 108 events

1.0 < ⌘ < 3.5, 20 < pT < 30 GeV

<latexit sha1_base64="AfY78Zxz7b881R6FTW9BLE8FsqI="></latexit>

e+A, 10⇥ 100 GeV, 4⇥ 108 events

1.0 < ⌘ < 3.5, 20 < pT < 30 GeV

<latexit sha1_base64="ZW94k0U76fQSitxgYUI+Q+7ESMU=">AAACGXicbVC7TgJBFJ3FF+ILtbTZSEysyK4hakm0ECwMJvJIYCWzwwUmzD4yc9dANvyHiZX+iZ2xtfJHrB1gCwFPMsnJOffmnjluKLhCy/o2Uiura+sb6c3M1vbO7l52/6CmgkgyqLJABLLhUgWC+1BFjgIaoQTquQLq7uB64tefQCoe+A84CsHxaM/nXc4oaumxhTDEGErl2/LdzbidzVl5awpzmdgJyZEElXb2p9UJWOSBj0xQpZq2FaITU4mcCRhnWpGCkLIB7UFTU596oJx4mnpsnmilY3YDqZ+P5lT9uxFTT6mR5+pJj2JfLXoT8V9vODswp7neQhrsXjox98MIwWezMN1ImBiYk5rMDpfAUIw0oUxy/R+T9amkDHWZGV2UvVjLMqmd5e3zfOG+kCteJZWlyRE5JqfEJhekSEqkQqqEEUmeySt5M16Md+PD+JyNpoxk55DMwfj6BcnsoXI=</latexit>

eHIJING

<latexit sha1_base64="J5lbC1YZQ+Z0TPiEW2uEPAkGb9E="></latexit>

hEnEni Nuclear Size Dependence

<latexit sha1_base64="m71POmi/EB9diVDjKABJ/UWx3FM=">AAACF3icbVDLSgMxFL1TX7W+qi7dBIvgQoYZqY9NoehGcFPBPqAdSibNtKGZzJBkxFLqZwiu9E/ciVuX/ohr03YWtvVA4HDOvdyT48ecKe0431ZmaXlldS27ntvY3Nreye/u1VSUSEKrJOKRbPhYUc4ErWqmOW3EkuLQ57Tu96/Hfv2BSsUica8HMfVC3BUsYARrI7UEKiHHPjt5ui0V2/mCYzsToEXipqQAKSrt/E+rE5EkpEITjpVquk6svSGWmhFOR7lWomiMSR93adNQgUOqvOEk8wgdGaWDgkiaJzSaqH83hjhUahD6ZjLEuqfmvbH4r/c4PTCj+eFcGh1cekMm4kRTQaZhgoQjHaFxSajDJCWaDwzBRDLzH0R6WGKiTZU5U5Q7X8siqZ3a7rldvCsWyldpZVk4gEM4BhcuoAw3UIEqEIjhGV7hzXqx3q0P63M6mrHSnX2YgfX1C5Gunws=</latexit>

n = 0.5, K = 4
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<latexit sha1_base64="Bh3drwcpLUNdyLOmpXzN72dNxgI="></latexit>

Peak Value ⇡ 0.0173A0.261

<latexit sha1_base64="AfY78Zxz7b881R6FTW9BLE8FsqI="></latexit>

e+A, 10⇥ 100 GeV, 4⇥ 108 events

1.0 < ⌘ < 3.5, 20 < pT < 30 GeV

<latexit sha1_base64="AfY78Zxz7b881R6FTW9BLE8FsqI="></latexit>

e+A, 10⇥ 100 GeV, 4⇥ 108 events

1.0 < ⌘ < 3.5, 20 < pT < 30 GeV

<latexit sha1_base64="ZW94k0U76fQSitxgYUI+Q+7ESMU=">AAACGXicbVC7TgJBFJ3FF+ILtbTZSEysyK4hakm0ECwMJvJIYCWzwwUmzD4yc9dANvyHiZX+iZ2xtfJHrB1gCwFPMsnJOffmnjluKLhCy/o2Uiura+sb6c3M1vbO7l52/6CmgkgyqLJABLLhUgWC+1BFjgIaoQTquQLq7uB64tefQCoe+A84CsHxaM/nXc4oaumxhTDEGErl2/LdzbidzVl5awpzmdgJyZEElXb2p9UJWOSBj0xQpZq2FaITU4mcCRhnWpGCkLIB7UFTU596oJx4mnpsnmilY3YDqZ+P5lT9uxFTT6mR5+pJj2JfLXoT8V9vODswp7neQhrsXjox98MIwWezMN1ImBiYk5rMDpfAUIw0oUxy/R+T9amkDHWZGV2UvVjLMqmd5e3zfOG+kCteJZWlyRE5JqfEJhekSEqkQqqEEUmeySt5M16Md+PD+JyNpoxk55DMwfj6BcnsoXI=</latexit>

eHIJING

<latexit sha1_base64="m71POmi/EB9diVDjKABJ/UWx3FM=">AAACF3icbVDLSgMxFL1TX7W+qi7dBIvgQoYZqY9NoehGcFPBPqAdSibNtKGZzJBkxFLqZwiu9E/ciVuX/ohr03YWtvVA4HDOvdyT48ecKe0431ZmaXlldS27ntvY3Nreye/u1VSUSEKrJOKRbPhYUc4ErWqmOW3EkuLQ57Tu96/Hfv2BSsUica8HMfVC3BUsYARrI7UEKiHHPjt5ui0V2/mCYzsToEXipqQAKSrt/E+rE5EkpEITjpVquk6svSGWmhFOR7lWomiMSR93adNQgUOqvOEk8wgdGaWDgkiaJzSaqH83hjhUahD6ZjLEuqfmvbH4r/c4PTCj+eFcGh1cekMm4kRTQaZhgoQjHaFxSajDJCWaDwzBRDLzH0R6WGKiTZU5U5Q7X8siqZ3a7rldvCsWyldpZVk4gEM4BhcuoAw3UIEqEIjhGV7hzXqx3q0P63M6mrHSnX2YgfX1C5Gunws=</latexit>

n = 0.5, K = 4
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Devereaux, Fan, Ke, KL, Moult `23

20

<latexit sha1_base64="mTUaxQcCy+RsdXmIhK+Wz56KJww="></latexit>

✓nucl ⇠
1p
pTL

⇠ 1
p
pTA1/6

• Femtoscale nuclear size dependence can be resolved within jets using 
two-point correlations
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WHAT IS A DETECTOR?

<latexit sha1_base64="nIhdtWDm/2FgdlD8tGKpCv6+ts4=">AAACS3icbVDLSgMxFM1Uq7W+Wl26CRZBN2VGiroRiiK4rMU+oFOGTJppg0lmSDJiGeYb/Bq3+gV+gN/hTlyYabvowwsXDufcyz33+BGjStv2l5VbW89vbBa2its7u3v7pfJBW4WxxKSFQxbKro8UYVSQlqaakW4kCeI+Ix3/6TbTO89EKhqKRz2OSJ+joaABxUgbyiuduRzpEUYsuUu95rWrYu4l1KUCNlM4r1GvVLGr9qTgKnBmoAJm1fDKVtEdhDjmRGjMkFI9x450P0FSU8xIWnRjRSKEn9CQ9AwUiBPVTyY/pfDEMAMYhNK00HDCzm8kiCs15r6ZzFyqZS0j/9VepgcWuIHKjixyPl9yqIOrfkJFFGsi8NRgEDOoQ5gFCwdUEqzZ2ACEJTU/QjxCEmFt4i+a9JzlrFZB+7zqXFRrD7VK/WaWYwEcgWNwChxwCergHjRAC2DwCt7AO/iwPq1v68f6nY7mrNnOIVioXP4PMKSz0Q==</latexit>

ER =
X

i2R

Ei
• Interesting measurements of energy flow can be made on a restricted set of hadronic states, R, for 

example, charged hadrons (tracks)

<latexit sha1_base64="UZZ54nt6oK0gtTu7E2tM62vbQMI=">AAACP3icbVDJSgNBEO2JW4xbokcRGoPgxTAjQT0GvXiMYBZIQujpqUma9Cx010jCkJNf41W/wM/wC7yJV292loNJfNDweK+qq+q5sRQabfvDyqytb2xuZbdzO7t7+wf5wmFdR4niUOORjFTTZRqkCKGGAiU0YwUscCU03MHdxG88gdIiCh9xFEMnYL1Q+IIzNFI3f9JGGGLaACkvPPDNLx71AIFjpPS4my/aJXsKukqcOSmSOardgpVrexFPAgiRS6Z1y7Fj7KRMoeASxrl2oiFmfMB60DI0ZAHoTjq9Y0zPjOJRP1LmhUin6t+OlAVajwLXVAYM+3rZm4j/esPZgAXN05Mhi5obLG2I/k0nFWGcIIR8tqCfSIoRnYRJPaFMUnJkCONKmBsp7zPFOJrIcyY9ZzmrVVK/LDlXpfJDuVi5neeYJcfklJwTh1yTCrknVVIjnDyTF/JK3qx369P6sr5npRlr3nNEFmD9/AJ2AbAc</latexit>

Well-defined detectors

<latexit sha1_base64="rG+saEgFRN8O5YfI5VXIr6+ZoHM=">AAACOHicbVDJSgNBEO1xjeOWKHjx0hgET2FGgnqMevEYwSyQhNDTqUma9Cx014SEMT/jVb/AP/HmTbz6BXaWg0l8UPB4r4qqel4shUbH+bDW1jc2t7YzO/bu3v7BYTZ3VNVRojhUeCQjVfeYBilCqKBACfVYAQs8CTWvfz/xawNQWkThE45iaAWsGwpfcIZGamdPmghDTG+lpJGnQQ2YmdTjdjbvFJwp6Cpx5yRP5ii3c5bd7EQ8CSBELpnWDdeJsZUyhYJLGNvNREPMeJ91oWFoyALQrXT6wJieG6VD/UiZCpFO1b8TKQu0HgWe6QwY9vSyNxH/9YazBQtaR0+WLGpesHQh+jetVIRxghDy2YF+IilGdJIi7QgFHOXIEMaVMD9S3mOKcTRZ2yY9dzmrVVK9LLhXheJjMV+6m+eYIafkjFwQl1yTEnkgZVIhnDyTF/JK3qx369P6sr5nrWvWfOaYLMD6+QWGPq0q</latexit>

All observables

<latexit sha1_base64="DZfMtpK8QXIdphPKWxP8EhgGAaU=">AAACMXicbVDLTgJBEJzFF+ID0KOXicTEE9k1Rj0SuegNjTwSIGR26IUJs4/M9BrIhi/xql/g13AzXv0JB9iDgJVMUqnqTteUG0mh0bZnVmZre2d3L7ufOzg8Os4XiicNHcaKQ52HMlQtl2mQIoA6CpTQihQw35XQdEfVud98BaVFGLzgJIKuzwaB8ARnaKReId9BGGPy+Fylmnkw7RVKdtlegG4SJyUlkqLWK1q5Tj/ksQ8Bcsm0bjt2hN2EKRRcwjTXiTVEjI/YANqGBswH3U0Wyaf0wih96oXKvADpQv27kTBf64nvmkmf4VCve3PxX2+8PLCi9fX8yKrm+msJ0bvrJiKIYoSALwN6saQY0nl9tC8UcJQTQxhXwvyR8iFTjKMpOWfac9a72iSNq7JzU75+ui5V7tMes+SMnJNL4pBbUiEPpEbqhJOYvJF38mF9WjPry/pejmasdOeUrMD6+QW7JKmw</latexit>

IRC safe
<latexit sha1_base64="TdKeniFvj32lDKv73v/MaO0ZRO0=">AAACP3icbVDLSsNAFJ3UV62vVpciBIvgqiRS1GVRBJcV7AOaUCbT23bo5MHMjbSErPwat/oFfoZf4E7cunPSdmFbLwwczrmPM8eLBFdoWR9Gbm19Y3Mrv13Y2d3bPyiWDpsqjCWDBgtFKNseVSB4AA3kKKAdSaC+J6DljW4zvfUEUvEweMRJBK5PBwHvc0ZRU93iiYMwxumexBMxpInjUxwyKpK7NO0Wy1bFmpa5Cuw5KJN51bslo+D0Qhb7ECATVKmObUXoJlQiZwLSghMriCgb0QF0NAyoD8pNpvdT80wzPbMfSv0CNKfs34mE+kpNfE93ZibVspaR/2rj2YEFrqeyI4uc5y85xP61m/AgihECNjPYj4WJoZmFafa4BIZiogFlkus/mmxIJWWoIy/o9OzlrFZB86JiX1aqD9Vy7WaeY54ck1NyTmxyRWrkntRJgzDyTF7IK3kz3o1P48v4nrXmjPnMEVko4+cXvGmw0Q==</latexit>

E
<latexit sha1_base64="rX5DiL753OywpvOR+mYchxz1rCc=">AAACQ3icbVDLSsNAFJ3Ud31VXbqJFsFVSaSoy6IILhWsLTSlTKa37dCZJMzcSEvI2q9xq1/gR/gN7sSt4CTtwrYeGDic+zpz/EhwjY7zYRWWlldW19Y3iptb2zu7pb39Rx3GikGdhSJUTZ9qEDyAOnIU0IwUUOkLaPjD66zeeAKleRg84DiCtqT9gPc4o2ikTunIQxhhvifxRQxp4kmKA0ZFcpN2vEimnVLZqTg57EXiTkmZTHHX2bOKXjdksYQAmaBat1wnwnZCFXImIC16sYaIsiHtQ8vQgErQ7ST3kNonRunavVCZF6Cdq38nEiq1HkvfdGZG9XwtE/+tjSYHZrSuzo7Mar6cc4i9y3bCgyhGCNjEYC8WNoZ2Fqjd5QoYirEhlClu/mizAVWUoYm9aNJz57NaJI9nFfe8Ur2vlmtX0xzXySE5JqfEJRekRm7JHakTRp7JC3klb9a79Wl9Wd+T1oI1nTkgM7B+fgFKzrKR</latexit>

E±
<latexit sha1_base64="cMciKq780Qo3yfGLzUnRPdtRObs=">AAACQXicbVDLSsNAFJ34rPXV6tKFwSK4KokUdVkUwWUL9gFNKJPpbTt08mDmRlpCln6NW/0Cv8JPcCdu3Thpu7CtBwYO577OHC8SXKFlfRhr6xubW9u5nfzu3v7BYaF41FRhLBk0WChC2faoAsEDaCBHAe1IAvU9AS1vdJfVW08gFQ+DR5xE4Pp0EPA+ZxS11C2cOghjnO5JPBFDmjg+xSGjIrlPu/W0WyhZZWsKc5XYc1Iic9S6RSPv9EIW+xAgE1Spjm1F6CZUImcC0rwTK4goG9EBdDQNqA/KTaYOUvNcKz2zH0r9AjSn6t+JhPpKTXxPd2Y21XItE/+tjWcHFrSeyo4sap6/5BD7N27CgyhGCNjMYD8WJoZmFqfZ4xIYiokmlEmu/2iyIZWUoQ49r9Ozl7NaJc3Lsn1VrtQrpertPMccOSFn5ILY5JpUyQOpkQZh5Jm8kFfyZrwbn8aX8T1rXTPmM8dkAcbPL1IMsZU=</latexit>

EQ
<latexit sha1_base64="P5yzH6kwZH8yoh6CWdsbbsmF7Mw=">AAACQXicbVDLTsJAFJ36RHyBLl3YSExckdYQdUk0Ji4xkUcCSKbDBSZMp83MrYE0Xfo1bvUL/Ao/wZ1x68YpsBDwJJOcnPs6c7xQcI2O82GtrK6tb2xmtrLbO7t7+7n8QU0HkWJQZYEIVMOjGgSXUEWOAhqhAup7Aure8Cat159AaR7IBxyH0PZpX/IeZxSN1MkdtxBGONkTeyKCJG75FAeMivg2eZRJJ1dwis4E9jJxZ6RAZqh08la21Q1Y5INEJqjWTdcJsR1ThZwJSLKtSENI2ZD2oWmopD7odjxxkNinRunavUCZJ9GeqH8nYuprPfY905na1Iu1VPy3NpoemNO6Oj0yr3n+gkPsXbVjLsMIQbKpwV4kbAzsNE67yxUwFGNDKFPc/NFmA6ooQxN61qTnLma1TGrnRfeiWLovFcrXsxwz5IickDPikktSJnekQqqEkWfyQl7Jm/VufVpf1ve0dcWazRySOVg/v4LTsbE=</latexit>

En

• Provides a sharp link between underlying field theory and observables

• What constitutes a well-defined field theory definition for a detector?

KL, Moult `23

Caron-Huot, Kologlu, Kravchuk, Meltzer, Simmons-Duffin`22

21
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WHAT IS A DETECTOR?

<latexit sha1_base64="nIhdtWDm/2FgdlD8tGKpCv6+ts4=">AAACS3icbVDLSgMxFM1Uq7W+Wl26CRZBN2VGiroRiiK4rMU+oFOGTJppg0lmSDJiGeYb/Bq3+gV+gN/hTlyYabvowwsXDufcyz33+BGjStv2l5VbW89vbBa2its7u3v7pfJBW4WxxKSFQxbKro8UYVSQlqaakW4kCeI+Ix3/6TbTO89EKhqKRz2OSJ+joaABxUgbyiuduRzpEUYsuUu95rWrYu4l1KUCNlM4r1GvVLGr9qTgKnBmoAJm1fDKVtEdhDjmRGjMkFI9x450P0FSU8xIWnRjRSKEn9CQ9AwUiBPVTyY/pfDEMAMYhNK00HDCzm8kiCs15r6ZzFyqZS0j/9VepgcWuIHKjixyPl9yqIOrfkJFFGsi8NRgEDOoQ5gFCwdUEqzZ2ACEJTU/QjxCEmFt4i+a9JzlrFZB+7zqXFRrD7VK/WaWYwEcgWNwChxwCergHjRAC2DwCt7AO/iwPq1v68f6nY7mrNnOIVioXP4PMKSz0Q==</latexit>

ER =
X

i2R

Ei
• Interesting measurements of energy flow can be made on a restricted set of hadronic states, R, for 

example, charged hadrons (tracks)

<latexit sha1_base64="UZZ54nt6oK0gtTu7E2tM62vbQMI=">AAACP3icbVDJSgNBEO2JW4xbokcRGoPgxTAjQT0GvXiMYBZIQujpqUma9Cx010jCkJNf41W/wM/wC7yJV292loNJfNDweK+qq+q5sRQabfvDyqytb2xuZbdzO7t7+wf5wmFdR4niUOORjFTTZRqkCKGGAiU0YwUscCU03MHdxG88gdIiCh9xFEMnYL1Q+IIzNFI3f9JGGGLaACkvPPDNLx71AIFjpPS4my/aJXsKukqcOSmSOardgpVrexFPAgiRS6Z1y7Fj7KRMoeASxrl2oiFmfMB60DI0ZAHoTjq9Y0zPjOJRP1LmhUin6t+OlAVajwLXVAYM+3rZm4j/esPZgAXN05Mhi5obLG2I/k0nFWGcIIR8tqCfSIoRnYRJPaFMUnJkCONKmBsp7zPFOJrIcyY9ZzmrVVK/LDlXpfJDuVi5neeYJcfklJwTh1yTCrknVVIjnDyTF/JK3qx369P6sr5npRlr3nNEFmD9/AJ2AbAc</latexit>

Well-defined detectors

<latexit sha1_base64="rG+saEgFRN8O5YfI5VXIr6+ZoHM=">AAACOHicbVDJSgNBEO1xjeOWKHjx0hgET2FGgnqMevEYwSyQhNDTqUma9Cx014SEMT/jVb/AP/HmTbz6BXaWg0l8UPB4r4qqel4shUbH+bDW1jc2t7YzO/bu3v7BYTZ3VNVRojhUeCQjVfeYBilCqKBACfVYAQs8CTWvfz/xawNQWkThE45iaAWsGwpfcIZGamdPmghDTG+lpJGnQQ2YmdTjdjbvFJwp6Cpx5yRP5ii3c5bd7EQ8CSBELpnWDdeJsZUyhYJLGNvNREPMeJ91oWFoyALQrXT6wJieG6VD/UiZCpFO1b8TKQu0HgWe6QwY9vSyNxH/9YazBQtaR0+WLGpesHQh+jetVIRxghDy2YF+IilGdJIi7QgFHOXIEMaVMD9S3mOKcTRZ2yY9dzmrVVK9LLhXheJjMV+6m+eYIafkjFwQl1yTEnkgZVIhnDyTF/JK3qx369P6sr5nrWvWfOaYLMD6+QWGPq0q</latexit>

All observables

<latexit sha1_base64="DZfMtpK8QXIdphPKWxP8EhgGAaU=">AAACMXicbVDLTgJBEJzFF+ID0KOXicTEE9k1Rj0SuegNjTwSIGR26IUJs4/M9BrIhi/xql/g13AzXv0JB9iDgJVMUqnqTteUG0mh0bZnVmZre2d3L7ufOzg8Os4XiicNHcaKQ52HMlQtl2mQIoA6CpTQihQw35XQdEfVud98BaVFGLzgJIKuzwaB8ARnaKReId9BGGPy+Fylmnkw7RVKdtlegG4SJyUlkqLWK1q5Tj/ksQ8Bcsm0bjt2hN2EKRRcwjTXiTVEjI/YANqGBswH3U0Wyaf0wih96oXKvADpQv27kTBf64nvmkmf4VCve3PxX2+8PLCi9fX8yKrm+msJ0bvrJiKIYoSALwN6saQY0nl9tC8UcJQTQxhXwvyR8iFTjKMpOWfac9a72iSNq7JzU75+ui5V7tMes+SMnJNL4pBbUiEPpEbqhJOYvJF38mF9WjPry/pejmasdOeUrMD6+QW7JKmw</latexit>

IRC safe
<latexit sha1_base64="TdKeniFvj32lDKv73v/MaO0ZRO0=">AAACP3icbVDLSsNAFJ3UV62vVpciBIvgqiRS1GVRBJcV7AOaUCbT23bo5MHMjbSErPwat/oFfoZf4E7cunPSdmFbLwwczrmPM8eLBFdoWR9Gbm19Y3Mrv13Y2d3bPyiWDpsqjCWDBgtFKNseVSB4AA3kKKAdSaC+J6DljW4zvfUEUvEweMRJBK5PBwHvc0ZRU93iiYMwxumexBMxpInjUxwyKpK7NO0Wy1bFmpa5Cuw5KJN51bslo+D0Qhb7ECATVKmObUXoJlQiZwLSghMriCgb0QF0NAyoD8pNpvdT80wzPbMfSv0CNKfs34mE+kpNfE93ZibVspaR/2rj2YEFrqeyI4uc5y85xP61m/AgihECNjPYj4WJoZmFafa4BIZiogFlkus/mmxIJWWoIy/o9OzlrFZB86JiX1aqD9Vy7WaeY54ck1NyTmxyRWrkntRJgzDyTF7IK3kz3o1P48v4nrXmjPnMEVko4+cXvGmw0Q==</latexit>

E
<latexit sha1_base64="rX5DiL753OywpvOR+mYchxz1rCc=">AAACQ3icbVDLSsNAFJ3Ud31VXbqJFsFVSaSoy6IILhWsLTSlTKa37dCZJMzcSEvI2q9xq1/gR/gN7sSt4CTtwrYeGDic+zpz/EhwjY7zYRWWlldW19Y3iptb2zu7pb39Rx3GikGdhSJUTZ9qEDyAOnIU0IwUUOkLaPjD66zeeAKleRg84DiCtqT9gPc4o2ikTunIQxhhvifxRQxp4kmKA0ZFcpN2vEimnVLZqTg57EXiTkmZTHHX2bOKXjdksYQAmaBat1wnwnZCFXImIC16sYaIsiHtQ8vQgErQ7ST3kNonRunavVCZF6Cdq38nEiq1HkvfdGZG9XwtE/+tjSYHZrSuzo7Mar6cc4i9y3bCgyhGCNjEYC8WNoZ2Fqjd5QoYirEhlClu/mizAVWUoYm9aNJz57NaJI9nFfe8Ur2vlmtX0xzXySE5JqfEJRekRm7JHakTRp7JC3klb9a79Wl9Wd+T1oI1nTkgM7B+fgFKzrKR</latexit>

E±
<latexit sha1_base64="cMciKq780Qo3yfGLzUnRPdtRObs=">AAACQXicbVDLSsNAFJ34rPXV6tKFwSK4KokUdVkUwWUL9gFNKJPpbTt08mDmRlpCln6NW/0Cv8JPcCdu3Thpu7CtBwYO577OHC8SXKFlfRhr6xubW9u5nfzu3v7BYaF41FRhLBk0WChC2faoAsEDaCBHAe1IAvU9AS1vdJfVW08gFQ+DR5xE4Pp0EPA+ZxS11C2cOghjnO5JPBFDmjg+xSGjIrlPu/W0WyhZZWsKc5XYc1Iic9S6RSPv9EIW+xAgE1Spjm1F6CZUImcC0rwTK4goG9EBdDQNqA/KTaYOUvNcKz2zH0r9AjSn6t+JhPpKTXxPd2Y21XItE/+tjWcHFrSeyo4sap6/5BD7N27CgyhGCNjMYD8WJoZmFqfZ4xIYiokmlEmu/2iyIZWUoQ49r9Ozl7NaJc3Lsn1VrtQrpertPMccOSFn5ILY5JpUyQOpkQZh5Jm8kFfyZrwbn8aX8T1rXTPmM8dkAcbPL1IMsZU=</latexit>

EQ
<latexit sha1_base64="P5yzH6kwZH8yoh6CWdsbbsmF7Mw=">AAACQXicbVDLTsJAFJ36RHyBLl3YSExckdYQdUk0Ji4xkUcCSKbDBSZMp83MrYE0Xfo1bvUL/Ao/wZ1x68YpsBDwJJOcnPs6c7xQcI2O82GtrK6tb2xmtrLbO7t7+7n8QU0HkWJQZYEIVMOjGgSXUEWOAhqhAup7Aure8Cat159AaR7IBxyH0PZpX/IeZxSN1MkdtxBGONkTeyKCJG75FAeMivg2eZRJJ1dwis4E9jJxZ6RAZqh08la21Q1Y5INEJqjWTdcJsR1ThZwJSLKtSENI2ZD2oWmopD7odjxxkNinRunavUCZJ9GeqH8nYuprPfY905na1Iu1VPy3NpoemNO6Oj0yr3n+gkPsXbVjLsMIQbKpwV4kbAzsNE67yxUwFGNDKFPc/NFmA6ooQxN61qTnLma1TGrnRfeiWLovFcrXsxwz5IickDPikktSJnekQqqEkWfyQl7Jm/VufVpf1ve0dcWazRySOVg/v4LTsbE=</latexit>

En

• Provides a sharp link between underlying field theory and observables

• What constitutes a well-defined field theory definition for a detector?
Caron-Huot, Kologlu, Kravchuk, Meltzer, Simmons-Duffin`22

Primordial fluctuations

W
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10 10
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10 5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
32

s?
<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

Primordial fluctuations

W
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10
1
0
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10
5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
3
2
s?

<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+
<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�

<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+
<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�

<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+
<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�

<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�
<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+

<latexit sha1_base64="bYKlJrVQEtWMJp8h6mEYsISpg4Y=">AAACJXicbVDNSgMxGEzqX13/Wj16CRZBEMquFPVY9OKxgtsW2rVks9k2NJtdkqxYlj6DV30Cn8abCJ58FbPtHmzrQGCY+T6+yfgJZ0rb9jcsra1vbG6Vt62d3b39g0r1sK3iVBLqkpjHsutjRTkT1NVMc9pNJMWRz2nHH9/mfueJSsVi8aAnCfUiPBQsZARrI7n9hD2eDyo1u27PgFaJU5AaKNAaVKHVD2KSRlRowrFSPcdOtJdhqRnhdGr1U0UTTMZ4SHuGChxR5WWztFN0apQAhbE0T2g0U/9uZDhSahL5ZjLCeqSWvVz813ueH1jQApUfWdT8aCmhDq+9jIkk1VSQecAw5UjHKK8MBUxSovnEEEwkM39EZIQlJtoUa5n2nOWuVkn7ou5c1hv3jVrzpuixDI7BCTgDDrgCTXAHWsAFBDDwAl7BG3yHH/ATfs1HS7DYOQILgD+/vYqlIw==</latexit>

⇡+ <latexit sha1_base64="Je507u6uH49FdOOg0Fz3x6qlUp8=">AAACJXicbVDNSgMxGEzqX13/Wj16CRbBi2VXinosevFYwW0L7Vqy2Wwbms0uSVYsS5/Bqz6BT+NNBE++itl2D7Z1IDDMfB/fZPyEM6Vt+xuW1tY3NrfK29bO7t7+QaV62FZxKgl1Scxj2fWxopwJ6mqmOe0mkuLI57Tjj29zv/NEpWKxeNCThHoRHgoWMoK1kdx+wh7PB5WaXbdnQKvEKUgNFGgNqtDqBzFJIyo04VipnmMn2suw1IxwOrX6qaIJJmM8pD1DBY6o8rJZ2ik6NUqAwliaJzSaqX83MhwpNYl8MxlhPVLLXi7+6z3PDyxogcqPLGp+tJRQh9dexkSSairIPGCYcqRjlFeGAiYp0XxiCCaSmT8iMsISE22KtUx7znJXq6R9UXcu6437Rq15U/RYBsfgBJwBB1yBJrgDLeACAhh4Aa/gDb7DD/gJv+ajJVjsHIEFwJ9fwQSlJQ==</latexit>

⇡�

<latexit sha1_base64="bYKlJrVQEtWMJp8h6mEYsISpg4Y=">AAACJXicbVDNSgMxGEzqX13/Wj16CRZBEMquFPVY9OKxgtsW2rVks9k2NJtdkqxYlj6DV30Cn8abCJ58FbPtHmzrQGCY+T6+yfgJZ0rb9jcsra1vbG6Vt62d3b39g0r1sK3iVBLqkpjHsutjRTkT1NVMc9pNJMWRz2nHH9/mfueJSsVi8aAnCfUiPBQsZARrI7n9hD2eDyo1u27PgFaJU5AaKNAaVKHVD2KSRlRowrFSPcdOtJdhqRnhdGr1U0UTTMZ4SHuGChxR5WWztFN0apQAhbE0T2g0U/9uZDhSahL5ZjLCeqSWvVz813ueH1jQApUfWdT8aCmhDq+9jIkk1VSQecAw5UjHKK8MBUxSovnEEEwkM39EZIQlJtoUa5n2nOWuVkn7ou5c1hv3jVrzpuixDI7BCTgDDrgCTXAHWsAFBDDwAl7BG3yHH/ATfs1HS7DYOQILgD+/vYqlIw==</latexit>

⇡+
<latexit sha1_base64="Je507u6uH49FdOOg0Fz3x6qlUp8=">AAACJXicbVDNSgMxGEzqX13/Wj16CRbBi2VXinosevFYwW0L7Vqy2Wwbms0uSVYsS5/Bqz6BT+NNBE++itl2D7Z1IDDMfB/fZPyEM6Vt+xuW1tY3NrfK29bO7t7+QaV62FZxKgl1Scxj2fWxopwJ6mqmOe0mkuLI57Tjj29zv/NEpWKxeNCThHoRHgoWMoK1kdx+wh7PB5WaXbdnQKvEKUgNFGgNqtDqBzFJIyo04VipnmMn2suw1IxwOrX6qaIJJmM8pD1DBY6o8rJZ2ik6NUqAwliaJzSaqX83MhwpNYl8MxlhPVLLXi7+6z3PDyxogcqPLGp+tJRQh9dexkSSairIPGCYcqRjlFeGAiYp0XxiCCaSmT8iMsISE22KtUx7znJXq6R9UXcu6437Rq15U/RYBsfgBJwBB1yBJrgDLeACAhh4Aa/gDb7DD/gJv+ajJVjsHIEFwJ9fwQSlJQ==</latexit>

⇡�

<latexit sha1_base64="k09VHOZNHi7rKuRLOPEobCMjHps=">AAACJXicbVDNSgMxGEzqX61/rR69BIvgqeyKqMeiF48V3LbQriWbzbahSXZJsmJZ+gxe9Ql8Gm8iePJVzLZ7sK0DgWHm+/gmEyScaeM437C0tr6xuVXeruzs7u0fVGuHbR2nilCPxDxW3QBrypmknmGG026iKBYBp51gfJv7nSeqNIvlg5kk1Bd4KFnECDZW8voJe3QG1brTcGZAq8QtSB0UaA1qsNIPY5IKKg3hWOue6yTGz7AyjHA6rfRTTRNMxnhIe5ZKLKj2s1naKTq1SoiiWNknDZqpfzcyLLSeiMBOCmxGetnLxX+95/mBBS3U+ZFFLRBLCU107WdMJqmhkswDRilHJkZ5ZShkihLDJ5Zgopj9IyIjrDAxttiKbc9d7mqVtM8b7mXj4v6i3rwpeiyDY3ACzoALrkAT3IEW8AABDLyAV/AG3+EH/IRf89ESLHaOwALgzy/GO6Uo</latexit>

⇡0

<latexit sha1_base64="k09VHOZNHi7rKuRLOPEobCMjHps=">AAACJXicbVDNSgMxGEzqX61/rR69BIvgqeyKqMeiF48V3LbQriWbzbahSXZJsmJZ+gxe9Ql8Gm8iePJVzLZ7sK0DgWHm+/gmEyScaeM437C0tr6xuVXeruzs7u0fVGuHbR2nilCPxDxW3QBrypmknmGG026iKBYBp51gfJv7nSeqNIvlg5kk1Bd4KFnECDZW8voJe3QG1brTcGZAq8QtSB0UaA1qsNIPY5IKKg3hWOue6yTGz7AyjHA6rfRTTRNMxnhIe5ZKLKj2s1naKTq1SoiiWNknDZqpfzcyLLSeiMBOCmxGetnLxX+95/mBBS3U+ZFFLRBLCU107WdMJqmhkswDRilHJkZ5ZShkihLDJ5Zgopj9IyIjrDAxttiKbc9d7mqVtM8b7mXj4v6i3rwpeiyDY3ACzoALrkAT3IEW8AABDLyAV/AG3+EH/IRf89ESLHaOwALgzy/GO6Uo</latexit>

⇡0
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<latexit sha1_base64="GebhbndOaYG7gYgyiM/LVrVmkVU="></latexit>

hE+E+i+ hE�E�i
hEtrEtri

<latexit sha1_base64="YEtdDZ6c5qUw6o5RjUSirpt5F0w="></latexit>
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<latexit sha1_base64="HEcZu+c9mrq5IxZps37y5+L+ImA=">AAACMnicbVDJSgNBFOyJWxy3RI9eGoPgKcxIUC9C0IvHCNkgGUJP5yVp0rPQ/SYkDPkTr/oF/ozexKsfYWc5mMSChqLqPV51+bEUGh3nw8psbe/s7mX37YPDo+OTXP60rqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7wceY3RqC0iMIqTmLwAtYPRU9whkbq5HJxp3rvthHGmNIq1KedXMEpOnPQTeIuSYEsUenkLbvdjXgSQIhcMq1brhOjlzKFgkuY2u1EQ8z4kPWhZWjIAtBeOo8+pZdG6dJepMwLkc7VvxspC7SeBL6ZDBgO9Lo3E//1xosDK1pXz46san6wlhB7d14qwjhBCPkiYC+RFCM66492hQKOcmII40qYP1I+YIpxNC3bpj13vatNUr8uujfF0nOpUH5Y9pgl5+SCXBGX3JIyeSIVUiOcjMgLeSVv1rv1aX1Z34vRjLXcOSMrsH5+AR+zqd0=</latexit>

pT = 1 TeV
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<latexit sha1_base64="5ZZgaiHAJa6h5W3iXeHuAoeUtQ8=">AAACNHicbVDLSsNAFJ3UV62vti7dBIvgxpJIUZdFN+Kqgn1AG8pkctsOnTyYuZGW0F9xq1/gvwjuxK3f4KTNwrYeGDiccy/3zHEjwRVa1oeR29jc2t7J7xb29g8Oj4qlckuFsWTQZKEIZcelCgQPoIkcBXQiCdR3BbTd8V3qt59BKh4GTziNwPHpMOADzihqqV8s9xAmmDSji9Q1HwBn/WLFqlpzmOvEzkiFZGj0S0ah54Us9iFAJqhSXduK0EmoRM4EzAq9WEFE2ZgOoatpQH1QTjIPPzPPtOKZg1DqF6A5V/9uJNRXauq7etKnOFKrXir+600WB5Y0T6VHljXXX0mIgxsn4UEUIwRsEXAQCxNDc96RxyUwFFNNKJNc/9FkIyopQ91zQbdnr3a1TlqXVfuqWnusVeq3WY95ckJOyTmxyTWpk3vSIE3CyIS8kFfyZrwbn8aX8b0YzRnZzjFZgvHzC5mNqyg=</latexit>

Up-type Jet

<latexit sha1_base64="tyDcRCq7lYw1PfLhV5hoG/XPxR4=">AAACNXicbVDLSsNAFJ3UV62v1i7dDBbBVUlE1GXRjYsiFewD2lAmk0k7dPJg5kYaQr/FrX6B3+LCnbj1F5y0WdjWAwOHc+7lnjlOJLgC0/wwChubW9s7xd3S3v7B4VG5ctxRYSwpa9NQhLLnEMUED1gbOAjWiyQjviNY15ncZX73mUnFw+AJkojZPhkF3OOUgJaG5eoA2BTSh2YTE0pjSWgyG5ZrZt2cA68TKyc1lKM1rBilgRvS2GcBUEGU6ltmBHZKJHAq2Kw0iBWLCJ2QEetrGhCfKTudp5/hM6242AulfgHgufp3IyW+Uonv6EmfwFitepn4rzddHFjSXJUdWdYcfyUheDd2yoMoBhbQRUAvFhhCnFWIXS4ZBZFoQqjk+o+YjomuDnTRJd2etdrVOulc1K2r+uXjZa1xm/dYRCfoFJ0jC12jBrpHLdRGFCXoBb2iN+Pd+DS+jO/FaMHId6poCcbPL1/Oq4w=</latexit>

NLL accuracy

<latexit sha1_base64="GebhbndOaYG7gYgyiM/LVrVmkVU="></latexit>

hE+E+i+ hE�E�i
hEtrEtri

<latexit sha1_base64="YEtdDZ6c5qUw6o5RjUSirpt5F0w="></latexit>

hE+E�i
hEtrEtri
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<latexit sha1_base64="HEcZu+c9mrq5IxZps37y5+L+ImA=">AAACMnicbVDJSgNBFOyJWxy3RI9eGoPgKcxIUC9C0IvHCNkgGUJP5yVp0rPQ/SYkDPkTr/oF/ozexKsfYWc5mMSChqLqPV51+bEUGh3nw8psbe/s7mX37YPDo+OTXP60rqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7wceY3RqC0iMIqTmLwAtYPRU9whkbq5HJxp3rvthHGmNIq1KedXMEpOnPQTeIuSYEsUenkLbvdjXgSQIhcMq1brhOjlzKFgkuY2u1EQ8z4kPWhZWjIAtBeOo8+pZdG6dJepMwLkc7VvxspC7SeBL6ZDBgO9Lo3E//1xosDK1pXz46san6wlhB7d14qwjhBCPkiYC+RFCM66492hQKOcmII40qYP1I+YIpxNC3bpj13vatNUr8uujfF0nOpUH5Y9pgl5+SCXBGX3JIyeSIVUiOcjMgLeSVv1rv1aX1Z34vRjLXcOSMrsH5+AR+zqd0=</latexit>

pT = 1 TeV

<latexit sha1_base64="5ZZgaiHAJa6h5W3iXeHuAoeUtQ8=">AAACNHicbVDLSsNAFJ3UV62vti7dBIvgxpJIUZdFN+Kqgn1AG8pkctsOnTyYuZGW0F9xq1/gvwjuxK3f4KTNwrYeGDiccy/3zHEjwRVa1oeR29jc2t7J7xb29g8Oj4qlckuFsWTQZKEIZcelCgQPoIkcBXQiCdR3BbTd8V3qt59BKh4GTziNwPHpMOADzihqqV8s9xAmmDSji9Q1HwBn/WLFqlpzmOvEzkiFZGj0S0ah54Us9iFAJqhSXduK0EmoRM4EzAq9WEFE2ZgOoatpQH1QTjIPPzPPtOKZg1DqF6A5V/9uJNRXauq7etKnOFKrXir+600WB5Y0T6VHljXXX0mIgxsn4UEUIwRsEXAQCxNDc96RxyUwFFNNKJNc/9FkIyopQ91zQbdnr3a1TlqXVfuqWnusVeq3WY95ckJOyTmxyTWpk3vSIE3CyIS8kFfyZrwbn8aX8b0YzRnZzjFZgvHzC5mNqyg=</latexit>

Up-type Jet

<latexit sha1_base64="tyDcRCq7lYw1PfLhV5hoG/XPxR4=">AAACNXicbVDLSsNAFJ3UV62v1i7dDBbBVUlE1GXRjYsiFewD2lAmk0k7dPJg5kYaQr/FrX6B3+LCnbj1F5y0WdjWAwOHc+7lnjlOJLgC0/wwChubW9s7xd3S3v7B4VG5ctxRYSwpa9NQhLLnEMUED1gbOAjWiyQjviNY15ncZX73mUnFw+AJkojZPhkF3OOUgJaG5eoA2BTSh2YTE0pjSWgyG5ZrZt2cA68TKyc1lKM1rBilgRvS2GcBUEGU6ltmBHZKJHAq2Kw0iBWLCJ2QEetrGhCfKTudp5/hM6242AulfgHgufp3IyW+Uonv6EmfwFitepn4rzddHFjSXJUdWdYcfyUheDd2yoMoBhbQRUAvFhhCnFWIXS4ZBZFoQqjk+o+YjomuDnTRJd2etdrVOulc1K2r+uXjZa1xm/dYRCfoFJ0jC12jBrpHLdRGFCXoBb2iN+Pd+DS+jO/FaMHId6poCcbPL1/Oq4w=</latexit>

NLL accuracy
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<latexit sha1_base64="LgDzJm6Xw7QTGmSZV+rM2vCNqGM=">AAACJnicbVDLSsNAFJ3UV42vVpduBovgqiQi6rLoxmUF+4A2lMlk0o6dTMLMjVhC/8GtfoFf407EnZ/ipM3Cth4YOJxzL/fM8RPBNTjOt1VaW9/Y3Cpv2zu7e/sHlephW8epoqxFYxGrrk80E1yyFnAQrJsoRiJfsI4/vs39zhNTmsfyASYJ8yIylDzklICR2n0YMSCDSs2pOzPgVeIWpIYKNAdVy+4HMU0jJoEKonXPdRLwMqKAU8Gmdj/VLCF0TIasZ6gkEdNeNos7xadGCXAYK/Mk4Jn6dyMjkdaTyDeTEYGRXvZy8V/veX5gQQt0fmRR86OlhBBeexmXSQpM0nnAMBUYYpx3hgOuGAUxMYRQxc0fMR0RRSiYZm3Tnrvc1Sppn9fdy/rF/UWtcVP0WEbH6ASdIRddoQa6Q03UQhQ9ohf0it6sd+vD+rS+5qMlq9g5Qguwfn4BHdOl4Q==</latexit>

✓
<latexit sha1_base64="LgDzJm6Xw7QTGmSZV+rM2vCNqGM=">AAACJnicbVDLSsNAFJ3UV42vVpduBovgqiQi6rLoxmUF+4A2lMlk0o6dTMLMjVhC/8GtfoFf407EnZ/ipM3Cth4YOJxzL/fM8RPBNTjOt1VaW9/Y3Cpv2zu7e/sHlephW8epoqxFYxGrrk80E1yyFnAQrJsoRiJfsI4/vs39zhNTmsfyASYJ8yIylDzklICR2n0YMSCDSs2pOzPgVeIWpIYKNAdVy+4HMU0jJoEKonXPdRLwMqKAU8Gmdj/VLCF0TIasZ6gkEdNeNos7xadGCXAYK/Mk4Jn6dyMjkdaTyDeTEYGRXvZy8V/veX5gQQt0fmRR86OlhBBeexmXSQpM0nnAMBUYYpx3hgOuGAUxMYRQxc0fMR0RRSiYZm3Tnrvc1Sppn9fdy/rF/UWtcVP0WEbH6ASdIRddoQa6Q03UQhQ9ohf0it6sd+vD+rS+5qMlq9g5Qguwfn4BHdOl4Q==</latexit>

✓

<latexit sha1_base64="fXPfXRQBiE81rTeCN8GbbmUG1YE=">AAACRnicbVDLSgNBEOyN7/iKevQyGAUvhl0J6lHMxWMEo4IJYXa2Ewdnd5aZXjUs+QG/xqt+gb/gT3gTr04eBxMtaCiquunuClMlLfn+h1eYmZ2bX1hcKi6vrK6tlzY2r6zOjMCG0Eqbm5BbVDLBBklSeJMa5HGo8Dq8rw386wc0VurkknoptmLeTWRHCk5Oapd2m4RPlF8+6oO6lgmx2h03XYxYTRuDipM2tt8ulf2KPwT7S4IxKcMY9faGV2xGWmQxJiQUt/Y28FNq5dyQFAr7xWZmMeXinnfx1tGEx2hb+fCdPttzSsQ62rhyFw3V3xM5j63txaHrjDnd2WlvIP7rPY0WTGiRHSyZ1MJ46kLqnLRymaQZYSJGB3YyxUizQaYskgYFqZ4jXBjpfmTCxcgFueSLLr1gOqu/5OqwEhxVqhfV8unZOMdF2IYd2IcAjuEUzqEODRDwDC/wCm/eu/fpfXnfo9aCN57ZggkU4AcN9bHV</latexit>

Two-Point Charged Correlators <latexit sha1_base64="fXPfXRQBiE81rTeCN8GbbmUG1YE=">AAACRnicbVDLSgNBEOyN7/iKevQyGAUvhl0J6lHMxWMEo4IJYXa2Ewdnd5aZXjUs+QG/xqt+gb/gT3gTr04eBxMtaCiquunuClMlLfn+h1eYmZ2bX1hcKi6vrK6tlzY2r6zOjMCG0Eqbm5BbVDLBBklSeJMa5HGo8Dq8rw386wc0VurkknoptmLeTWRHCk5Oapd2m4RPlF8+6oO6lgmx2h03XYxYTRuDipM2tt8ulf2KPwT7S4IxKcMY9faGV2xGWmQxJiQUt/Y28FNq5dyQFAr7xWZmMeXinnfx1tGEx2hb+fCdPttzSsQ62rhyFw3V3xM5j63txaHrjDnd2WlvIP7rPY0WTGiRHSyZ1MJ46kLqnLRymaQZYSJGB3YyxUizQaYskgYFqZ4jXBjpfmTCxcgFueSLLr1gOqu/5OqwEhxVqhfV8unZOMdF2IYd2IcAjuEUzqEODRDwDC/wCm/eu/fpfXnfo9aCN57ZggkU4AcN9bHV</latexit>

Two-Point Charged Correlators

CORRELATION BETWEEN CHARGED HADRONS

• Unlike-signed charged correlators are correlated more as the angle becomes smaller!

• The correlation between unlike-signed hadron pair is expected to grow in string-like hadronization

<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+
<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�

<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+
<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�

<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+
<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�

<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�
<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+

<latexit sha1_base64="bYKlJrVQEtWMJp8h6mEYsISpg4Y=">AAACJXicbVDNSgMxGEzqX13/Wj16CRZBEMquFPVY9OKxgtsW2rVks9k2NJtdkqxYlj6DV30Cn8abCJ58FbPtHmzrQGCY+T6+yfgJZ0rb9jcsra1vbG6Vt62d3b39g0r1sK3iVBLqkpjHsutjRTkT1NVMc9pNJMWRz2nHH9/mfueJSsVi8aAnCfUiPBQsZARrI7n9hD2eDyo1u27PgFaJU5AaKNAaVKHVD2KSRlRowrFSPcdOtJdhqRnhdGr1U0UTTMZ4SHuGChxR5WWztFN0apQAhbE0T2g0U/9uZDhSahL5ZjLCeqSWvVz813ueH1jQApUfWdT8aCmhDq+9jIkk1VSQecAw5UjHKK8MBUxSovnEEEwkM39EZIQlJtoUa5n2nOWuVkn7ou5c1hv3jVrzpuixDI7BCTgDDrgCTXAHWsAFBDDwAl7BG3yHH/ATfs1HS7DYOQILgD+/vYqlIw==</latexit>

⇡+ <latexit sha1_base64="Je507u6uH49FdOOg0Fz3x6qlUp8=">AAACJXicbVDNSgMxGEzqX13/Wj16CRbBi2VXinosevFYwW0L7Vqy2Wwbms0uSVYsS5/Bqz6BT+NNBE++itl2D7Z1IDDMfB/fZPyEM6Vt+xuW1tY3NrfK29bO7t7+QaV62FZxKgl1Scxj2fWxopwJ6mqmOe0mkuLI57Tjj29zv/NEpWKxeNCThHoRHgoWMoK1kdx+wh7PB5WaXbdnQKvEKUgNFGgNqtDqBzFJIyo04VipnmMn2suw1IxwOrX6qaIJJmM8pD1DBY6o8rJZ2ik6NUqAwliaJzSaqX83MhwpNYl8MxlhPVLLXi7+6z3PDyxogcqPLGp+tJRQh9dexkSSairIPGCYcqRjlFeGAiYp0XxiCCaSmT8iMsISE22KtUx7znJXq6R9UXcu6437Rq15U/RYBsfgBJwBB1yBJrgDLeACAhh4Aa/gDb7DD/gJv+ajJVjsHIEFwJ9fwQSlJQ==</latexit>

⇡�

<latexit sha1_base64="bYKlJrVQEtWMJp8h6mEYsISpg4Y=">AAACJXicbVDNSgMxGEzqX13/Wj16CRZBEMquFPVY9OKxgtsW2rVks9k2NJtdkqxYlj6DV30Cn8abCJ58FbPtHmzrQGCY+T6+yfgJZ0rb9jcsra1vbG6Vt62d3b39g0r1sK3iVBLqkpjHsutjRTkT1NVMc9pNJMWRz2nHH9/mfueJSsVi8aAnCfUiPBQsZARrI7n9hD2eDyo1u27PgFaJU5AaKNAaVKHVD2KSRlRowrFSPcdOtJdhqRnhdGr1U0UTTMZ4SHuGChxR5WWztFN0apQAhbE0T2g0U/9uZDhSahL5ZjLCeqSWvVz813ueH1jQApUfWdT8aCmhDq+9jIkk1VSQecAw5UjHKK8MBUxSovnEEEwkM39EZIQlJtoUa5n2nOWuVkn7ou5c1hv3jVrzpuixDI7BCTgDDrgCTXAHWsAFBDDwAl7BG3yHH/ATfs1HS7DYOQILgD+/vYqlIw==</latexit>

⇡+
<latexit sha1_base64="Je507u6uH49FdOOg0Fz3x6qlUp8=">AAACJXicbVDNSgMxGEzqX13/Wj16CRbBi2VXinosevFYwW0L7Vqy2Wwbms0uSVYsS5/Bqz6BT+NNBE++itl2D7Z1IDDMfB/fZPyEM6Vt+xuW1tY3NrfK29bO7t7+QaV62FZxKgl1Scxj2fWxopwJ6mqmOe0mkuLI57Tjj29zv/NEpWKxeNCThHoRHgoWMoK1kdx+wh7PB5WaXbdnQKvEKUgNFGgNqtDqBzFJIyo04VipnmMn2suw1IxwOrX6qaIJJmM8pD1DBY6o8rJZ2ik6NUqAwliaJzSaqX83MhwpNYl8MxlhPVLLXi7+6z3PDyxogcqPLGp+tJRQh9dexkSSairIPGCYcqRjlFeGAiYp0XxiCCaSmT8iMsISE22KtUx7znJXq6R9UXcu6437Rq15U/RYBsfgBJwBB1yBJrgDLeACAhh4Aa/gDb7DD/gJv+ajJVjsHIEFwJ9fwQSlJQ==</latexit>

⇡�

<latexit sha1_base64="k09VHOZNHi7rKuRLOPEobCMjHps=">AAACJXicbVDNSgMxGEzqX61/rR69BIvgqeyKqMeiF48V3LbQriWbzbahSXZJsmJZ+gxe9Ql8Gm8iePJVzLZ7sK0DgWHm+/gmEyScaeM437C0tr6xuVXeruzs7u0fVGuHbR2nilCPxDxW3QBrypmknmGG026iKBYBp51gfJv7nSeqNIvlg5kk1Bd4KFnECDZW8voJe3QG1brTcGZAq8QtSB0UaA1qsNIPY5IKKg3hWOue6yTGz7AyjHA6rfRTTRNMxnhIe5ZKLKj2s1naKTq1SoiiWNknDZqpfzcyLLSeiMBOCmxGetnLxX+95/mBBS3U+ZFFLRBLCU107WdMJqmhkswDRilHJkZ5ZShkihLDJ5Zgopj9IyIjrDAxttiKbc9d7mqVtM8b7mXj4v6i3rwpeiyDY3ACzoALrkAT3IEW8AABDLyAV/AG3+EH/IRf89ESLHaOwALgzy/GO6Uo</latexit>

⇡0

<latexit sha1_base64="k09VHOZNHi7rKuRLOPEobCMjHps=">AAACJXicbVDNSgMxGEzqX61/rR69BIvgqeyKqMeiF48V3LbQriWbzbahSXZJsmJZ+gxe9Ql8Gm8iePJVzLZ7sK0DgWHm+/gmEyScaeM437C0tr6xuVXeruzs7u0fVGuHbR2nilCPxDxW3QBrypmknmGG026iKBYBp51gfJv7nSeqNIvlg5kk1Bd4KFnECDZW8voJe3QG1brTcGZAq8QtSB0UaA1qsNIPY5IKKg3hWOue6yTGz7AyjHA6rfRTTRNMxnhIe5ZKLKj2s1naKTq1SoiiWNknDZqpfzcyLLSeiMBOCmxGetnLxX+95/mBBS3U+ZFFLRBLCU107WdMJqmhkswDRilHJkZ5ZShkihLDJ5Zgopj9IyIjrDAxttiKbc9d7mqVtM8b7mXj4v6i3rwpeiyDY3ACzoALrkAT3IEW8AABDLyAV/AG3+EH/IRf89ESLHaOwALgzy/GO6Uo</latexit>

⇡0

<latexit sha1_base64="LgDzJm6Xw7QTGmSZV+rM2vCNqGM=">AAACJnicbVDLSsNAFJ3UV42vVpduBovgqiQi6rLoxmUF+4A2lMlk0o6dTMLMjVhC/8GtfoFf407EnZ/ipM3Cth4YOJxzL/fM8RPBNTjOt1VaW9/Y3Cpv2zu7e/sHlephW8epoqxFYxGrrk80E1yyFnAQrJsoRiJfsI4/vs39zhNTmsfyASYJ8yIylDzklICR2n0YMSCDSs2pOzPgVeIWpIYKNAdVy+4HMU0jJoEKonXPdRLwMqKAU8Gmdj/VLCF0TIasZ6gkEdNeNos7xadGCXAYK/Mk4Jn6dyMjkdaTyDeTEYGRXvZy8V/veX5gQQt0fmRR86OlhBBeexmXSQpM0nnAMBUYYpx3hgOuGAUxMYRQxc0fMR0RRSiYZm3Tnrvc1Sppn9fdy/rF/UWtcVP0WEbH6ASdIRddoQa6Q03UQhQ9ohf0it6sd+vD+rS+5qMlq9g5Qguwfn4BHdOl4Q==</latexit>

✓

<latexit sha1_base64="GebhbndOaYG7gYgyiM/LVrVmkVU="></latexit>

hE+E+i+ hE�E�i
hEtrEtri

<latexit sha1_base64="YEtdDZ6c5qUw6o5RjUSirpt5F0w="></latexit>

hE+E�i
hEtrEtri

<latexit sha1_base64="YEtdDZ6c5qUw6o5RjUSirpt5F0w="></latexit>

hE+E�i
hEtrEtri

<latexit sha1_base64="fXPfXRQBiE81rTeCN8GbbmUG1YE=">AAACRnicbVDLSgNBEOyN7/iKevQyGAUvhl0J6lHMxWMEo4IJYXa2Ewdnd5aZXjUs+QG/xqt+gb/gT3gTr04eBxMtaCiquunuClMlLfn+h1eYmZ2bX1hcKi6vrK6tlzY2r6zOjMCG0Eqbm5BbVDLBBklSeJMa5HGo8Dq8rw386wc0VurkknoptmLeTWRHCk5Oapd2m4RPlF8+6oO6lgmx2h03XYxYTRuDipM2tt8ulf2KPwT7S4IxKcMY9faGV2xGWmQxJiQUt/Y28FNq5dyQFAr7xWZmMeXinnfx1tGEx2hb+fCdPttzSsQ62rhyFw3V3xM5j63txaHrjDnd2WlvIP7rPY0WTGiRHSyZ1MJ46kLqnLRymaQZYSJGB3YyxUizQaYskgYFqZ4jXBjpfmTCxcgFueSLLr1gOqu/5OqwEhxVqhfV8unZOMdF2IYd2IcAjuEUzqEODRDwDC/wCm/eu/fpfXnfo9aCN57ZggkU4AcN9bHV</latexit>

Two-Point Charged Correlators

<latexit sha1_base64="EQNA2eKjiif5tKUfhcF8DMT3H9o=">AAACLXicbVDLSsNAFJ3UV62vVpdugkVwVRIp6rLoxmUF+4A2lMlk0g6dmcSZG2kJ/Q63+gV+jQtB3PobTtosbOuBgcM593LPHD/mTIPjfFqFjc2t7Z3ibmlv/+DwqFw5busoUYS2SMQj1fWxppxJ2gIGnHZjRbHwOe3447vM7zxTpVkkH2EaU0/goWQhIxiM5PWBTiDVoJgczgblqlNz5rDXiZuTKsrRHFSsUj+ISCKoBMKx1j3XicFLsQJGOJ2V+ommMSZjPKQ9QyUWVHvpPPXMPjdKYIeRMk+CPVf/bqRYaD0VvpkUGEZ61cvEf73J4sCSFujsyLLmi5WEEN54KZNxAlSSRcAw4TZEdladHTBFCfCpIZgoZv5okxFWmIApuGTac1e7Wifty5p7Vas/1KuN27zHIjpFZ+gCuegaNdA9aqIWIugJvaBX9Ga9Wx/Wl/W9GC1Y+c4JWoL18wvgy6ll</latexit>

string

<latexit sha1_base64="pKQtchqqxZ8bTjtb3ZomU1Mtw6s=">AAACNHicbVDLTsJAFJ3iC+sLcOmmkZi4Iq0h6pLoxiUm8kiAkOn0AhNm2mbm1kAafsWtfoH/YuLOuPUbHAoLAU8yycm5j3Pn+LHgGl33w8ptbe/s7uX37YPDo+OTQrHU1FGiGDRYJCLV9qkGwUNoIEcB7VgBlb6Alj++n9dbz6A0j8InnMbQk3QY8gFnFI3UL5S6CBPM9qQKglmazPqFsltxMzibxFuSMlmi3i9adjeIWCIhRCao1h3PjbGXUoWcCZjZ3URDTNmYDqFjaEgl6F6amc6cC6MEziBS5oXoZOrfiZRKrafSN52S4kiv1+biv7XJwmBFC/TcZFXz5dqFOLjtpTyME4SQLQ4cJMLByJkn6ARcAUMxNYQyxc0fHTaiijI0OdsmPW89q03SvKp415XqY7Vcu1vmmCdn5JxcEo/ckBp5IHXSIIxMyAt5JW/Wu/VpfVnfi9actZw5JSuwfn4BB0Or+A==</latexit>u

<latexit sha1_base64="rr3nzJVhds8uFefnaifF8DrTdDE=">AAACOnicbVDLSsNAFJ34rPXV6kZwEyyCq5JIUZdFNy4r2Ae0pUwmt+3QyYOZG2kJ8Wvc6hf4I27diVs/wEmahW09MHA493HuHCcUXKFlfRhr6xubW9uFneLu3v7BYal81FJBJBk0WSAC2XGoAsF9aCJHAZ1QAvUcAW1ncpfW208gFQ/8R5yF0PfoyOdDzihqaVA66SFMMdsTS3CTuOdQGUdJMihVrKqVwVwldk4qJEdjUDaKPTdgkQc+MkGV6tpWiP2YSuRMQFLsRQpCyiZ0BF1NfeqB6seZdWKea8U1h4HUz0czU/9OxNRTauY5utOjOFbLtVT8tzadGyxorkpNFjXHW7oQhzf9mPthhOCz+YHDSJgYmGmOpsslMBQzTSiTXP/RZGMqKUOddlGnZy9ntUpal1X7qlp7qFXqt3mOBXJKzsgFsck1qZN70iBNwsgzeSGv5M14Nz6NL+N73rpm5DPHZAHGzy+Eea69</latexit>

ū

<latexit sha1_base64="UcPycUpqPVPLXdTLNKARxXdiufY="></latexit>

d̄
<latexit sha1_base64="y48BPsPdfUwuL8e1xV6WBcecumg="></latexit>

d

<latexit sha1_base64="KptFR92BWtqaottDBf1RT5UGzgU="></latexit>

⇡+

<latexit sha1_base64="n+zitejHyyKnUk+AMkgU//UM67c="></latexit>

⇡�

<latexit sha1_base64="rn/No9bCLimlPOMkzrbPcZgsINY="></latexit>

hE+E�i, hE+E+i, hE�E�i, hEK+E⇡�i, hEK+E⇡+i, · · ·

0.001 0.005 0.010 0.050 0.100 0.500

0.2

0.4

0.6

0.8

1.0

1.2

<latexit sha1_base64="xPMoIDxKb40Eav+3H6iKandr2dg=">AAACMnicbVDLSgMxFM3U9/ia6tJNsAiuyoyIuhFFF4qrClaFtpRMequhmcyQ3JGWoX/iTvQL/Ac/QXQnbv0I08fCth4IHM65l3tywkQKg77/4eSmpmdm5+YX3MWl5ZVVL792beJUcyjzWMb6NmQGpFBQRoESbhMNLAol3ISt055/8wDaiFhdYSeBWsTulGgKztBKdc+rIrQxO5NprOgFYLfuFfyi3wedJMGQFI7e3MPk6d0t1fOOW23EPI1AIZfMmErgJ1jLmEbBJXTdamogYbzF7qBiqWIRmFrWj96lW1Zp0Gas7VNI++rfjYxFxnSi0E5GDO/NuNcT//XagwMjWsP0joxqYTSWEJsHtUyoJEVQfBCwmUqKMe31RxtCA0fZsYRxLewfKb9nmnG0Lbu2vWC8q0lyvVMM9oq7l0Hh+IQMME82yCbZJgHZJ8fknJRImXDyQB7JM3lxXp1P58v5HozmnOHOOhmB8/MLK2qtow==</latexit>

Gluon Jet
<latexit sha1_base64="LYlxpwbOiNIDymFTzDbKjb4nDF0=">AAACNnicbVC7SgNBFJ2N7/hK1E6RwSBYhV0RtRGCFloqmCgkIczO3k2GzD6YuSvGJaX/YatfkF+xsRMLGz/B2cTCRA8MHM65l3vmuLEUGm371cpNTc/Mzs0v5BeXlldWC8W1mo4SxaHKIxmpW5dpkCKEKgqUcBsrYIEr4cbtnmX+zR0oLaLwGnsxNAPWDoUvOEMjtQobceuanlDHthsI95jSc6j1W4WSXbaHoH+J80NKla3B1efj9uCyVbTyDS/iSQAhcsm0rjt2jM2UKRRcQj/fSDTEjHdZG+qGhiwA3UyH8ft01yge9SNlXoh0qP7eSFmgdS9wzWTAsKMnvUz817sfHRjTPJ0dGdfcYCIh+sfNVIRxghDyUUA/kRQjmnVIPaGAo+wZwrgS5o+Ud5hiHE3TedOeM9nVX1LbLzuH5YMrp1Q5JSPMk02yQ/aIQ45IhVyQS1IlnDyQJ/JMXqyB9Wa9Wx+j0Zz1s7NOxmB9fQOAvK5A</latexit>

pT = 100 GeV

<latexit sha1_base64="Siur6Xodc8fPY8siBy5ZcCv3mHw="></latexit>

confinement transition region
<latexit sha1_base64="L0uIhx8WLlaPflvjs5aLMV0Ps14=">AAACPnicbZDJSgNBEIZ74hbjluhRD41B8BRmJKjHoBePEcwCyRB6eipJk56F7pqQMOTi03jVJ/A1fAFv4tWjneVgEgsafr6/i6r6vVgKjbb9YWU2Nre2d7K7ub39g8OjfOG4rqNEcajxSEaq6TENUoRQQ4ESmrECFngSGt7gfuo3hqC0iMInHMfgBqwXiq7gDA3q5M/aCCPTl8agMFGewUOgCnrGnXTyRbtkz4quC2chimRR1U7ByrX9iCcBhMgl07rl2DG6KVMouIRJrp1oiBkfsB60jAxZANpNZ2dM6IUhPu1GyrwQ6Yz+7UhZoPU48MzPgGFfr3pT+K83mg9YYr6eDllmXrCyIXZv3VSEcYIQ8vmC3URSjOg0S+oLBRzl2AjGlTA3Ut5ninE0iedMes5qVuuiflVyrkvlx3KxcrfIMUtOyTm5JA65IRXyQKqkRjh5Ji/klbxZ79an9WV9z79mrEXPCVkq6+cXiUWwMw==</latexit>

perturbative region
<latexit sha1_base64="Siur6Xodc8fPY8siBy5ZcCv3mHw="></latexit>

confinement transition region
<latexit sha1_base64="L0uIhx8WLlaPflvjs5aLMV0Ps14=">AAACPnicbZDJSgNBEIZ74hbjluhRD41B8BRmJKjHoBePEcwCyRB6eipJk56F7pqQMOTi03jVJ/A1fAFv4tWjneVgEgsafr6/i6r6vVgKjbb9YWU2Nre2d7K7ub39g8OjfOG4rqNEcajxSEaq6TENUoRQQ4ESmrECFngSGt7gfuo3hqC0iMInHMfgBqwXiq7gDA3q5M/aCCPTl8agMFGewUOgCnrGnXTyRbtkz4quC2chimRR1U7ByrX9iCcBhMgl07rl2DG6KVMouIRJrp1oiBkfsB60jAxZANpNZ2dM6IUhPu1GyrwQ6Yz+7UhZoPU48MzPgGFfr3pT+K83mg9YYr6eDllmXrCyIXZv3VSEcYIQ8vmC3URSjOg0S+oLBRzl2AjGlTA3Ut5ninE0iedMes5qVuuiflVyrkvlx3KxcrfIMUtOyTm5JA65IRXyQKqkRjh5Ji/klbxZ79an9WV9z79mrEXPCVkq6+cXiUWwMw==</latexit>

perturbative region

KL, Moult `23

23
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Clustering model
(Herwig)

DISCRIMINATING HADRONIZATION 
MECHANISMS

Lund string model 
(Pythia)

• Two-point charged correlators already nontrivially probe the two 
hadronization mechanisms by eye, and pave the path to go even beyond!

<latexit sha1_base64="jtxSzZLfk31uugBCZAeUxfy+bfI="></latexit>

Two-Point Kaon-Pion Correlators

<latexit sha1_base64="r6tgYQQPzRiOz+EG221XCsOMXF8="></latexit>

hEK+E⇡�i
hEK+E⇡�i+ hEK+E⇡+i

<latexit sha1_base64="ZOI+xi3wcv8OywguMb8RbZf768U="></latexit>

hEK+E⇡+i
hEK+E⇡�i+ hEK+E⇡+i

<latexit sha1_base64="rUFWIdPAgW8w0uidbO1U7RMxlOI="></latexit>

Herwig

<latexit sha1_base64="RAvaE1zKor5WksbZJe6mz9LKWMo="></latexit>

Pythia

<latexit sha1_base64="rUFWIdPAgW8w0uidbO1U7RMxlOI="></latexit>

Herwig

<latexit sha1_base64="RAvaE1zKor5WksbZJe6mz9LKWMo="></latexit>

Pythia

<latexit sha1_base64="4Bo8T9FoyKQlAUHBnZloU7DT0DU="></latexit>

pT � 600 GeV

0.001 0.005 0.010 0.050 0.100 0.500 1
0.3

0.4

0.5

0.6

0.7

<latexit sha1_base64="ns25WudzjRgxA2SUiN/VYEZtbSI="></latexit>

⇡�K+ Clustering

<latexit sha1_base64="mH5hf3yMpcOcR8Ohymcyjsl1w0o="></latexit>

⇡�K+ Lund string

KL, Moult, Song, Sterman `In Progress

24

See also Chien, Deshpande, Mondal, Sterman



II. Precision QCD

V. Hadronization

VI. Nuclear Structure

Overview

III. Heavy Flavor Physics

IV. Medium Dynamics

I. Universal Scaling
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• Recent proposal to measure the target remnants can probe nuclear structure directly!

NUCLEON ENERGY CORRELATORS
25

Probes TMD structure

Collinear PDFs and Fracture Functions

NP hadronization

Liu, Zhu `24
Can, Li, Mi `23

Liu, Zhu `22
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• Deviation from collinear factorization showing sensitivity to the saturation scale !Qs

NUCLEON ENERGY CORRELATORS
26

Liu, Liu, Pan, Yuan, Zhu `23
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• One can further measure azimuthal angle dependence of the momentum imbalance of jets in 
order to study spin correlations

−0.5

0

0.5

1

1.5

0.0001 0.001 0.01 0.1 0.3

√
s = 105 GeV

Q = 21 GeV

0.1 < y < 0.85

EIC kinematics

A
S D
I
S
(%

)

τ

S = {π+,π−}
S = {π+}
S = {π−}

Perturbative Unc.

Model Unc.

MOMENTUM IMBALANCE OF ENERGY FLOW

Kang, KL, Shao, Zhao `23

EIC can measure this collins effect!

27
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RHIC

LHC

EIC
Primordial fluctuationsW

hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10
1
0
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10
5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
3
2
s?

<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="vecReR01/ad1nZqVbio6Vz4ghtI="></latexit>

E(~n1)

<latexit sha1_base64="m2GzO6gsXZ6tKUyB9t/unIWYnMU="></latexit>

E(~n2)

Primordial fluctuationsW
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10
1
0
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10
5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
3
2
s?

<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="vecReR01/ad1nZqVbio6Vz4ghtI="></latexit>

E(~n1)
<latexit sha1_base64="m2GzO6gsXZ6tKUyB9t/unIWYnMU="></latexit>

E(~n2)

<latexit sha1_base64="Twn7hVdtSqdzLyy4jg0HaCLoSQY="></latexit>

E(~n3)

Conformal Colliders meet Jets in 
Particle Colliders!

Jets provide sharp link between  
underlying field theory and real world!
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RHIC

LHC

EIC
Primordial fluctuationsW

hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10
1
0
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10
5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
3
2
s?

<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="vecReR01/ad1nZqVbio6Vz4ghtI="></latexit>

E(~n1)

<latexit sha1_base64="m2GzO6gsXZ6tKUyB9t/unIWYnMU="></latexit>

E(~n2)

Primordial fluctuationsW
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10
1
0
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10
5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
3
2
s?

<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="vecReR01/ad1nZqVbio6Vz4ghtI="></latexit>

E(~n1)
<latexit sha1_base64="m2GzO6gsXZ6tKUyB9t/unIWYnMU="></latexit>

E(~n2)

<latexit sha1_base64="Twn7hVdtSqdzLyy4jg0HaCLoSQY="></latexit>

E(~n3)

Conformal Colliders meet Jets in 
Particle Colliders!

Jets provide sharp link between  
underlying field theory and real world!

Jets form a universal language,  

uniting studies across all colliders.  

They create a bridge between  

the underlying field theory  

and the real world!



Backup slides
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ENERGY CORRELATORS ON TRACK
1. Measurements on Tracks
2. Power corrections
3. Improved perturbative accuracy

18

Reanalysis of  ALEPH data on tracks 

EEC on track for  allows one to study event-wide correlations very precisely!e+e−

Jaarsma, Li, Moult, Waalewijn, Zhu `In Progress
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POWER CORRECTIONS
1. Measurements on Tracks
2. Power corrections
3. Improved perturbative accuracy

KL, Pathak, Stewart, Sun `24

<latexit sha1_base64="3/VWH+cVOp8x8h2IuPjZ8XqR8ag="></latexit>

1

�

d�[N ]

dxL
=

1

�

d�̂[N ]

dxL
+

N

2N
⌦̄1q

Q (xL (1� xL))
3/2

Universal Power Corrections

<latexit sha1_base64="AQiCGc8xyniiNYTX1M1VP7Rou3A=">AAACRXicbVDLSgNBEJyN7/iMHr0MBiGihF2R6DHoxUPwhYlCEsLspJMMzuwuM72SsOQD/Bqv+gV+gx/hTbzq5HEw0YKBmqpuurv8SAqDrvvupGZm5+YXFpfSyyura+sbmc2KCWPNocxDGep7nxmQIoAyCpRwH2lgypdw5z+cDfy7R9BGhMEt9iKoK9YOREtwhlZqbGRrCF1Mbg7oRanU3x/9SpeWXSpos9xNw92zVW7eHYL+Jd6YZMkYV42Mk641Qx4rCJBLZkzVcyOsJ0yj4BL66VpsIGL8gbWhamnAFJh6MrymT3et0qStUNsXIB2qvzsSpozpKd9WKoYdM+0NxH+97mjAhNY0gyGTmq+mNsTWST0RQRQjBHy0YCuWFEM6iJQ2hQaOsmcJ41rYGynvMM042uDTNj1vOqu/pHKY9wr5wvVRtng6znGRbJMdkiMeOSZFck6uSJlw8kSeyQt5dd6cD+fT+RqVppxxzxaZgPP9A3posOI=</latexit>

R, NLL + LO+ ⌦(R0)
<latexit sha1_base64="AQiCGc8xyniiNYTX1M1VP7Rou3A=">AAACRXicbVDLSgNBEJyN7/iMHr0MBiGihF2R6DHoxUPwhYlCEsLspJMMzuwuM72SsOQD/Bqv+gV+gx/hTbzq5HEw0YKBmqpuurv8SAqDrvvupGZm5+YXFpfSyyura+sbmc2KCWPNocxDGep7nxmQIoAyCpRwH2lgypdw5z+cDfy7R9BGhMEt9iKoK9YOREtwhlZqbGRrCF1Mbg7oRanU3x/9SpeWXSpos9xNw92zVW7eHYL+Jd6YZMkYV42Mk641Qx4rCJBLZkzVcyOsJ0yj4BL66VpsIGL8gbWhamnAFJh6MrymT3et0qStUNsXIB2qvzsSpozpKd9WKoYdM+0NxH+97mjAhNY0gyGTmq+mNsTWST0RQRQjBHy0YCuWFEM6iJQ2hQaOsmcJ41rYGynvMM042uDTNj1vOqu/pHKY9wr5wvVRtng6znGRbJMdkiMeOSZFck6uSJlw8kSeyQt5dd6cD+fT+RqVppxxzxaZgPP9A3posOI=</latexit>

R, NLL + LO+ ⌦(R0)

<latexit sha1_base64="+GVZ/NvdL6SmxJVKROdujPOaDZY=">AAACNXicbVDNSsNAGNzUvxr/Wnv0EixCvYSkaPUiFL14rGBbsQ1hs9m0S3eTsLsRQ+izeNUn8Fk8eBOvvoKbNgfbOrAwzHwf3+x4MSVCWtaHVlpb39jcKm/rO7t7+weV6mFPRAlHuIsiGvEHDwpMSYi7kkiKH2KOIfMo7nuTm9zvP2EuSBTeyzTGDoOjkAQEQakkt1IbQhqPoSsazH08vbJMu3nuVuqWac1grBK7IHVQoONWNX3oRyhhOJSIQiEGthVLJ4NcEkTxVB8mAscQTeAIDxQNIcPCyWbpp8aJUnwjiLh6oTRm6t+NDDIhUuapSQblWCx7ufiv9zw/sKD5Ij+yqHlsKaEMLp2MhHEicYjmAYOEGjIy8goNn3CMJE0VgYgT9UcDjSGHSKqiddWevdzVKuk1Tbtltu7O6u3roscyOALHoAFscAHa4BZ0QBcgkIIX8AretHftU/vSvuejJa3YqYEFaD+/q1uqAg==</latexit>

↵s(mZ) = 0.125
<latexit sha1_base64="etCnjIkNvFl9XMkvnUSubR4EPW4=">AAACNXicbVDLSsNAFJ3UV42v1i7dBItQNyERrW6EohuXFewD2xAmk0k7dCYJMxMxhH6LW/0Cv8WFO3HrLzhps7CtBwYO59zLPXO8mBIhLetDK62tb2xulbf1nd29/YNK9bArooQj3EERjXjfgwJTEuKOJJLifswxZB7FPW9ym/u9J8wFicIHmcbYYXAUkoAgKJXkVmpDSOMxdEWDuY+n15Zp2xdupW6Z1gzGKrELUgcF2m5V04d+hBKGQ4koFGJgW7F0MsglQRRP9WEicAzRBI7wQNEQMiycbJZ+apwoxTeCiKsXSmOm/t3IIBMiZZ6aZFCOxbKXi/96z/MDC5ov8iOLmseWEsrgyslIGCcSh2geMEioISMjr9DwCcdI0lQRiDhRfzTQGHKIpCpaV+3Zy12tku6ZaTfN5v15vXVT9FgGR+AYNIANLkEL3IE26AAEUvACXsGb9q59al/a93y0pBU7NbAA7ecXqZ2qAQ==</latexit>

↵s(mZ) = 0.115
<latexit sha1_base64="sYz3ZJ2oMBeqEHRfbZnTHKh6EwM=">AAACNXicbVDLSsNAFJ3UV42v1i7dBItQNyERrW6EohuXFewD2xAmk0k7dCYJMxMxhH6LW/0Cv8WFO3HrLzhps7CtBwYO59zLPXO8mBIhLetDK62tb2xulbf1nd29/YNK9bArooQj3EERjXjfgwJTEuKOJJLifswxZB7FPW9ym/u9J8wFicIHmcbYYXAUkoAgKJXkVmpDSOMxdEWDuY+n15ZpWxdupW6Z1gzGKrELUgcF2m5V04d+hBKGQ4koFGJgW7F0MsglQRRP9WEicAzRBI7wQNEQMiycbJZ+apwoxTeCiKsXSmOm/t3IIBMiZZ6aZFCOxbKXi/96z/MDC5ov8iOLmseWEsrgyslIGCcSh2geMEioISMjr9DwCcdI0lQRiDhRfzTQGHKIpCpaV+3Zy12tku6ZaTfN5v15vXVT9FgGR+AYNIANLkEL3IE26AAEUvACXsGb9q59al/a93y0pBU7NbAA7ecXp9+qAA==</latexit>

↵s(mZ) = 0.105

<latexit sha1_base64="72DOo0niVJEBGs8OK03TDiqyKko=">AAACLXicbVDJSgNBFOyJW4xbokcvg0GIlzAjEj0GPegxAbNAMoSenjdJk57F7jeSMOQ7vOoX+DUeBPHqb9hZDiaxoKGoeo9XXW4suELL+jQyG5tb2zvZ3dze/sHhUb5w3FRRIhk0WCQi2XapAsFDaCBHAe1YAg1cAS13eDf1W88gFY/CRxzH4AS0H3KfM4pacuqlLsII03toTi56+aJVtmYw14m9IEWyQK1XMHJdL2JJACEyQZXq2FaMTkolciZgkusmCmLKhrQPHU1DGoBy0lnqiXmuFc/0I6lfiOZM/buR0kCpceDqyYDiQK16U/FfbzQ/sKR5anpkWXODlYTo3zgpD+MEIWTzgH4iTIzMaXWmxyUwFGNNKJNc/9FkAyopQ11wTrdnr3a1TpqXZbtSrtSvitXbRY9ZckrOSInY5JpUyQOpkQZh5Im8kFfyZrwbH8aX8T0fzRiLnROyBOPnFzV9qHQ=</latexit>

Q(GeV)

<latexit sha1_base64="WIO8AOSpQRYsBZfhtVZ0yHkeIrY=">AAACOnicbVDLSgNBEJz1bXwlehG8DAbBU9xViR7FEPAY0UTBhDA76dUhszvLTK8kLPFrvOoX+CNevYlXP8DZJAcTLWgoqrrp7vJjKQy67rszMzs3v7C4tJxbWV1b38gXNhtGJZpDnSup9K3PDEgRQR0FSriNNbDQl3DjdyuZf/MI2ggVXWM/hlbI7iMRCM7QSu38dhOhh+mVVDFQFdC4elQ5qFYrg3a+6JbcIehf4o1JkYxRaxecXLOjeBJChFwyY+48N8ZWyjQKLmGQayYGYsa77B7uLI1YCKaVDl8Y0D2rdGigtK0I6VD9PZGy0Jh+6NvOkOGDmfYy8V+vN1owoXVMtmRS88OpCzE4baUiihOEiI8ODBJJUdEsR9oRGjjKviWMa2F/pPyBacbRpp2z6XnTWf0ljcOSVy6VL4+LZ+fjHJfIDtkl+8QjJ+SMXJAaqRNOnsgzeSGvzpvz4Xw6X6PWGWc8s0Um4Hz/AOBirK4=</latexit> S
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<latexit sha1_base64="Pi7ZsuXSV68ijUAfPqhJVcxIPqc=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsLWz0QOJxzL/fkBAln2rjuFyxtbG5t75R3nb39g8OjSvW4q+NUEdohMY9VP8CaciZpxzDDaT9RFIuA014wvcv93iNVmsXywcwS6gs8lixiBBsrtd1RpebW3QXQX+IVpAYKtEZV6AzDmKSCSkM41nrguYnxM6wMI5zOnWGqaYLJFI/pwFKJBdV+tkg6R+dWCVEUK/ukQQv190aGhdYzEdhJgc1Er3u5+K/3tDywooU6P7KqBWItoYlu/IzJJDVUkmXAKOXIxCivC4VMUWL4zBJMFLN/RGSCFSbGlurY9rz1rv6S7mXda9Qb7ata87bosQxOwRm4AB64Bk1wD1qgAwig4Bm8gFf4Bt/hB/xcjpZgsXMCVgC/fwBxu6Nv</latexit>

0
<latexit sha1_base64="zEwPLln906OEe+Ba9OTG0wJuIqI=">AAACI3icbVDLTgIxFG3xhfgCXbppJCauyIxRdEl04xKjPBKYkE6nAw1tZ9J2jGTCJ7jVL/Br3Bk3LvwXOzALAU/S5OSce3NPjx9zpo3jfMPC2vrG5lZxu7Szu7d/UK4ctnWUKEJbJOKR6vpYU84kbRlmOO3GimLhc9rxx7eZ33miSrNIPppJTD2Bh5KFjGBjpYdLxxmUq07NmQGtEjcnVZCjOajAUj+ISCKoNIRjrXuuExsvxcowwum01E80jTEZ4yHtWSqxoNpLZ1mn6NQqAQojZZ80aKb+3Uix0HoifDspsBnpZS8T//We5wcWtEBnRxY1XywlNOG1lzIZJ4ZKMg8YJhyZCGWFoYApSgyfWIKJYvaPiIywwsTYWku2PXe5q1XSPq+59Vr9/qLauMl7LIJjcALOgAuuQAPcgSZoAQKG4AW8gjf4Dj/gJ/yajxZgvnMEFgB/fgFsMaPo</latexit>

500
<latexit sha1_base64="o929K1zVXhdABFs4F4VlVC4FBHE=">AAACJHicbVDLSgMxFE3qq46vVpdugkVwVTIi1WXRjcsK9gHtUDKZTBuayQxJRixDf8GtfoFf405cuPFbzLSzsK0HAodz7uWeHD8RXBuMv2FpY3Nre6e86+ztHxweVarHHR2nirI2jUWsej7RTHDJ2oYbwXqJYiTyBev6k7vc7z4xpXksH800YV5ERpKHnBKTSy7GeFip4TqeA60TtyA1UKA1rEJnEMQ0jZg0VBCt+y5OjJcRZTgVbOYMUs0SQidkxPqWShIx7WXzsDN0bpUAhbGyTxo0V/9uZCTSehr5djIiZqxXvVz813teHFjSAp0fWdb8aCWhCW+8jMskNUzSRcAwFcjEKG8MBVwxasTUEkIVt39EdEwUocb26tj23NWu1knnsu426o2Hq1rztuixDE7BGbgALrgGTXAPWqANKBiDF/AK3uA7/ICf8GsxWoLFzglYAvz5Bd5XpB4=</latexit>

1000
<latexit sha1_base64="FQerMsquIg0rNhHVZ3hfZZx1Mgw=">AAACJHicbVDLSgMxFE3qq46vVpdugkVwVWZEq8uiG5cV7APaoWQymTY0yQxJRixDf8GtfoFf405cuPFbzLSzsNUDgcM593JPTpBwpo3rfsHS2vrG5lZ529nZ3ds/qFQPOzpOFaFtEvNY9QKsKWeStg0znPYSRbEIOO0Gk9vc7z5SpVksH8w0ob7AI8kiRrDJJe/SdYeVmlt350B/iVeQGijQGlahMwhjkgoqDeFY677nJsbPsDKMcDpzBqmmCSYTPKJ9SyUWVPvZPOwMnVolRFGs7JMGzdXfGxkWWk9FYCcFNmO96uXiv97T4sCSFur8yLIWiJWEJrr2MyaT1FBJFgGjlCMTo7wxFDJFieFTSzBRzP4RkTFWmBjbq2Pb81a7+ks653WvUW/cX9SaN0WPZXAMTsAZ8MAVaII70AJtQMAYPIMX8Arf4Dv8gJ+L0RIsdo7AEuD3D+cSpCM=</latexit>

1500
<latexit sha1_base64="qK3dcnNNMEvyi58bgGX1X8Yb2FA=">AAACJHicbVDLSgMxFE181vHV6tJNsAiuSqZIdVl047KCfUA7lEwm04ZmMkOSEcvQX3CrX+DXuBMXbvwWM+0sbOuBwOGce7knx08E1wbjb7ixubW9s1vac/YPDo+Oy5WTjo5TRVmbxiJWPZ9oJrhkbcONYL1EMRL5gnX9yV3ud5+Y0jyWj2aaMC8iI8lDTonJpTrGeFiu4hqeA60TtyBVUKA1rEBnEMQ0jZg0VBCt+y5OjJcRZTgVbOYMUs0SQidkxPqWShIx7WXzsDN0YZUAhbGyTxo0V/9uZCTSehr5djIiZqxXvVz813teHFjSAp0fWdb8aCWhCW+8jMskNUzSRcAwFcjEKG8MBVwxasTUEkIVt39EdEwUocb26tj23NWu1kmnXnMbtcbDVbV5W/RYAmfgHFwCF1yDJrgHLdAGFIzBC3gFb/AdfsBP+LUY3YDFzilYAvz5BeAXpB8=</latexit>

2000

<latexit sha1_base64="WB4z/DXD1Uax7OQVo5NtQ0la5is=">AAACI3icbVC7TsMwFLXLq4RXCyOLRYXEFCUVKowVLIxF0IfURpXjOK1VO4lsB1FF/QRW+AK+hg2xMPAvOG0G2nIkS0fn3Kt7fPyEM6Ud5xuWNja3tnfKu9be/sHhUaV63FFxKgltk5jHsudjRTmLaFszzWkvkRQLn9OuP7nN/e4TlYrF0aOeJtQTeBSxkBGsjfTg2PVhpebYzhxonbgFqYECrWEVWoMgJqmgkSYcK9V3nUR7GZaaEU5n1iBVNMFkgke0b2iEBVVeNs86Q+dGCVAYS/Mijebq340MC6WmwjeTAuuxWvVy8V/veXFgSQtUfmRZ88VKQh1eexmLklTTiCwChilHOkZ5YShgkhLNp4ZgIpn5IyJjLDHRplbLtOeudrVOOnXbbdiN+8ta86bosQxOwRm4AC64Ak1wB1qgDQgYgRfwCt7gO/yAn/BrMVqCxc4JWAL8+QVjdKPj</latexit>

0.2

<latexit sha1_base64="cupTaqvMMBWjW6iyQGmibupHGEU=">AAACI3icbVC7TsMwFLXLq4RXCyNLRIXEFCWACmMFC2MR9CG1UeU4TmvVdiLbQVRRP4EVvoCvYUMsDPwLTpuBthzJ0tE59+oenyBhVGnX/YaltfWNza3ytrWzu7d/UKketlWcSkxaOGax7AZIEUYFaWmqGekmkiAeMNIJxre533kiUtFYPOpJQnyOhoJGFCNtpAfXuRhUaq7jzmCvEq8gNVCgOahCqx/GOOVEaMyQUj3PTbSfIakpZmRq9VNFEoTHaEh6hgrEifKzWdapfWqU0I5iaZ7Q9kz9u5EhrtSEB2aSIz1Sy14u/us9zw8saKHKjyxqAV9KqKNrP6MiSTUReB4wSpmtYzsvzA6pJFiziSEIS2r+aOMRkghrU6tl2vOWu1ol7XPHqzv1+8ta46bosQyOwQk4Ax64Ag1wB5qgBTAYghfwCt7gO/yAn/BrPlqCxc4RWAD8+QVlMaPk</latexit>

0.3

<latexit sha1_base64="+EkKRWbT3B7s9tDnrPZuCkz9ZZw=">AAACI3icbVC7TsMwFLXLq4RXCyOLRYXEFCWoKowVLIxF0IfURpXjOK1VO4lsB1FF/QRW+AK+hg2xMPAvOG0G2nIkS0fn3Kt7fPyEM6Ud5xuWNja3tnfKu9be/sHhUaV63FFxKgltk5jHsudjRTmLaFszzWkvkRQLn9OuP7nN/e4TlYrF0aOeJtQTeBSxkBGsjfTg2PVhpebYzhxonbgFqYECrWEVWoMgJqmgkSYcK9V3nUR7GZaaEU5n1iBVNMFkgke0b2iEBVVeNs86Q+dGCVAYS/Mijebq340MC6WmwjeTAuuxWvVy8V/veXFgSQtUfmRZ88VKQh1eexmLklTTiCwChilHOkZ5YShgkhLNp4ZgIpn5IyJjLDHRplbLtOeudrVOOpe227Ab9/Va86bosQxOwRm4AC64Ak1wB1qgDQgYgRfwCt7gO/yAn/BrMVqCxc4JWAL8+QVm7qPl</latexit>

0.4

<latexit sha1_base64="Ih8At/2tLqvnMO9ZPrViqjY0ESk=">AAACI3icbVC7TsMwFLXLq4RXCyNLRIXEFCUICmMFC2MR9CG1UeU4TmvVdiLbQVRRP4EVvoCvYUMsDPwLTpuBthzJ0tE59+oenyBhVGnX/YaltfWNza3ytrWzu7d/UKketlWcSkxaOGax7AZIEUYFaWmqGekmkiAeMNIJxre533kiUtFYPOpJQnyOhoJGFCNtpAfXuRxUaq7jzmCvEq8gNVCgOahCqx/GOOVEaMyQUj3PTbSfIakpZmRq9VNFEoTHaEh6hgrEifKzWdapfWqU0I5iaZ7Q9kz9u5EhrtSEB2aSIz1Sy14u/us9zw8saKHKjyxqAV9KqKNrP6MiSTUReB4wSpmtYzsvzA6pJFiziSEIS2r+aOMRkghrU6tl2vOWu1ol7XPHqzv1+4ta46bosQyOwQk4Ax64Ag1wB5qgBTAYghfwCt7gO/yAn/BrPlqCxc4RWAD8+QVoq6Pm</latexit>

0.5

<latexit sha1_base64="Be8q+qJK2SFymdfP2SwHktnY1dg=">AAACI3icbVDLSgMxFE3qq46vVpdugkVwNcyIVJdFNy4r2ge0Q8lkMm1okhmSjFhKP8GtfoFf407cuPBfzLSzsNUDgcM593JPTphypo3nfcHS2vrG5lZ529nZ3ds/qFQP2zrJFKEtkvBEdUOsKWeStgwznHZTRbEIOe2E45vc7zxSpVkiH8wkpYHAQ8liRrCx0r3n1geVmud6c6C/xC9IDRRoDqrQ6UcJyQSVhnCsdc/3UhNMsTKMcDpz+pmmKSZjPKQ9SyUWVAfTedYZOrVKhOJE2ScNmqu/N6ZYaD0RoZ0U2Iz0qpeL/3pPiwNLWqTzI8taKFYSmvgqmDKZZoZKsggYZxyZBOWFoYgpSgyfWIKJYvaPiIywwsTYWh3bnr/a1V/SPnf9ulu/u6g1rosey+AYnIAz4INL0AC3oAlagIAheAYv4BW+wXf4AT8XoyVY7ByBJcDvH2poo+c=</latexit>

0.6

<latexit sha1_base64="ANrgXaCxhHkRORiFc0wY5RTZvR0=">AAACI3icbVC7TsMwFLXLq4RXCyOLRYXEFCUVKowVLIxF0IfURpXjOK1VO4lsB1FF/QRW+AK+hg2xMPAvOG0G2nIkS0fn3Kt7fPyEM6Ud5xuWNja3tnfKu9be/sHhUaV63FFxKgltk5jHsudjRTmLaFszzWkvkRQLn9OuP7nN/e4TlYrF0aOeJtQTeBSxkBGsjfTg2vVhpebYzhxonbgFqYECrWEVWoMgJqmgkSYcK9V3nUR7GZaaEU5n1iBVNMFkgke0b2iEBVVeNs86Q+dGCVAYS/Mijebq340MC6WmwjeTAuuxWvVy8V/veXFgSQtUfmRZ88VKQh1eexmLklTTiCwChilHOkZ5YShgkhLNp4ZgIpn5IyJjLDHRplbLtOeudrVOOnXbbdiN+8ta86bosQxOwRm4AC64Ak1wB1qgDQgYgRfwCt7gO/yAn/BrMVqCxc4JWAL8+QVlM6Pk</latexit>

1.2
<latexit sha1_base64="3uA5JlJkCicwobDlk4IpfITAzMs=">AAACI3icbVDLSgMxFE3qq46vVpdugkVwNcyIVJdFNy4r2ge0Q8lkMm1okhmSjFhKP8GtfoFf407cuPBfzLSzsNUDgcM593JPTphypo3nfcHS2vrG5lZ529nZ3ds/qFQP2zrJFKEtkvBEdUOsKWeStgwznHZTRbEIOe2E45vc7zxSpVkiH8wkpYHAQ8liRrCx0r3v+oNKzXO9OdBf4hekBgo0B1Xo9KOEZIJKQzjWuud7qQmmWBlGOJ05/UzTFJMxHtKepRILqoPpPOsMnVolQnGi7JMGzdXfG1MstJ6I0E4KbEZ61cvFf72nxYElLdL5kWUtFCsJTXwVTJlMM0MlWQSMM45MgvLCUMQUJYZPLMFEMftHREZYYWJsrY5tz1/t6i9pn7t+3a3fXdQa10WPZXAMTsAZ8MElaIBb0AQtQMAQPIMX8Arf4Dv8gJ+L0RIsdo7AEuD3D2N2o+M=</latexit>

1.1
<latexit sha1_base64="sLKaL536+CtlCpsMMiyOHP4OC2U=">AAACI3icbVDLSgMxFE3qq46vVpdugkVwNcyIVJdFNy4r2ge0Q8lkMm1okhmSjFhKP8GtfoFf407cuPBfzLSzsNUDgcM593JPTphypo3nfcHS2vrG5lZ529nZ3ds/qFQP2zrJFKEtkvBEdUOsKWeStgwznHZTRbEIOe2E45vc7zxSpVkiH8wkpYHAQ8liRrCx0r3veoNKzXO9OdBf4hekBgo0B1Xo9KOEZIJKQzjWuud7qQmmWBlGOJ05/UzTFJMxHtKepRILqoPpPOsMnVolQnGi7JMGzdXfG1MstJ6I0E4KbEZ61cvFf72nxYElLdL5kWUtFCsJTXwVTJlMM0MlWQSMM45MgvLCUMQUJYZPLMFEMftHREZYYWJsrY5tz1/t6i9pn7t+3a3fXdQa10WPZXAMTsAZ8MElaIBb0AQtQMAQPIMX8Arf4Dv8gJ+L0RIsdo7AEuD3D2G5o+I=</latexit>

1.0
<latexit sha1_base64="5ixem1fWrjnuE0G+O43JmO/84nQ=">AAACI3icbVC7TsMwFLXLq4RXCyNLRIXEFCUIFdgqWBiLoA+pjSrHcVqrthPZDqKK+gms8AV8DRtiYeBfcNoMtOVIlo7OuVf3+AQJo0q77jcsra1vbG6Vt62d3b39g0r1sK3iVGLSwjGLZTdAijAqSEtTzUg3kQTxgJFOML7N/c4TkYrG4lFPEuJzNBQ0ohhpIz24zvWgUnMddwZ7lXgFqYECzUEVWv0wxiknQmOGlOp5bqL9DElNMSNTq58qkiA8RkPSM1QgTpSfzbJO7VOjhHYUS/OEtmfq340McaUmPDCTHOmRWvZy8V/veX5gQQtVfmRRC/hSQh1d+RkVSaqJwPOAUcpsHdt5YXZIJcGaTQxBWFLzRxuPkERYm1ot05633NUqaZ87Xt2p31/UGjdFj2VwDE7AGfDAJWiAO9AELYDBELyAV/AG3+EH/IRf89ESLHaOwALgzy9vn6Pq</latexit>

0.9
<latexit sha1_base64="bvcXl3n0Pqz66IFmtWIPhg8Bfdo=">AAACI3icbVC7TsMwFHXKq4RXCyOLRYXEFCUIlY4VLIxF0IfURpXjOK1V24lsB1FF/QRW+AK+hg2xMPAvOG0G2nIkS0fn3Kt7fIKEUaVd99sqbWxube+Ud+29/YPDo0r1uKPiVGLSxjGLZS9AijAqSFtTzUgvkQTxgJFuMLnN/e4TkYrG4lFPE+JzNBI0ohhpIz24TmNYqbmOOwdcJ15BaqBAa1i17EEY45QToTFDSvU9N9F+hqSmmJGZPUgVSRCeoBHpGyoQJ8rP5lln8NwoIYxiaZ7QcK7+3cgQV2rKAzPJkR6rVS8X//WeFweWtFDlR5a1gK8k1FHDz6hIUk0EXgSMUgZ1DPPCYEglwZpNDUFYUvNHiMdIIqxNrbZpz1vtap10Lh2v7tTvr2rNm6LHMjgFZ+ACeOAaNMEdaIE2wGAEXsAreLPerQ/r0/pajJasYucELMH6+QVt4qPp</latexit>

0.8

<latexit sha1_base64="2lHwROS04BmYh1gtB/ExRuSCFDQ=">AAACNnicbVDLTsJAFJ36RHyBunPTSExckdYYdEl04xITeSSUkOlwgQkzbTNza8Cm/+JWv8BfcePOuPUTHKALAU8yyck59+aeOX4kuEbH+bDW1jc2t7ZzO/ndvf2Dw0LxqKHDWDGos1CEquVTDYIHUEeOAlqRAip9AU1/dDf1m0+gNA+DR5xE0JF0EPA+ZxSN1C2ceAhjTDyQ0TCpTXDIaZp2CyWn7MxgrxI3IyWSodYtWnmvF7JYQoBMUK3brhNhJ6EKOROQ5r1YQ0TZiA6gbWhAJehOMouf2udG6dn9UJkXoD1T/24kVGo9kb6ZlBSHetmbiv964/mBBa2np0cWNV8uJcT+TSfhQRQjBGwesB8LG0N72qHd4woYiokhlClu/mizIVWUoWk6b9pzl7taJY3LslspVx6uStXbrMccOSVn5IK45JpUyT2pkTph5Jm8kFfyZr1bn9aX9T0fXbOynWOyAOvnF4INrLQ=</latexit>

Pythia
<latexit sha1_base64="/AOr5OUA8+L5bdaKqpkiVPmg3UE=">AAACNnicbVDLTsJAFJ36RHyBunPTSExckdYYdEl0wxITeSRAyHS4wISZtpm5VbDhX9zqF/grbtwZt36CU+hCwJNMcnLOvblnjhcKrtFxPqy19Y3Nre3MTnZ3b//gMJc/qusgUgxqLBCBanpUg+A+1JCjgGaogEpPQMMb3SV+4xGU5oH/gJMQOpIOfN7njKKRurmTNsIY4zbIcBhXQD3xwXTazRWcojODvUrclBRIimo3b2XbvYBFEnxkgmrdcp0QOzFVyJmAabYdaQgpG9EBtAz1qQTdiWfxp/a5UXp2P1Dm+WjP1L8bMZVaT6RnJiXFoV72EvFfbzw/sKD1dHJkUfPkUkLs33Ri7ocRgs/mAfuRsDGwkw7tHlfAUEwMoUxx80ebDamiDE3TWdOeu9zVKqlfFt1SsXR/VSjfpj1myCk5IxfEJdekTCqkSmqEkWfyQl7Jm/VufVpf1vd8dM1Kd47JAqyfX3H2rKs=</latexit>

Herwig

<latexit sha1_base64="S+1p41zr+D5FlJOXd6a9ZiPAM7w="></latexit>
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<latexit sha1_base64="kB/w1opbjAYy6MSBa8V5bVkt1iI="></latexit>

E(n̂1)

<latexit sha1_base64="URj7EFNIiNr13bx75N7eDct6Ips="></latexit>

E(n̂2)

<latexit sha1_base64="I6/V1qOkvQzG/1VrfLFhvQ8ZJq8=">AAACJ3icbVDLSsNAFJ3UV42vVpduBosgiCURqS6LblxWsA9o0zKZ3LRDJw9mJmIJ/Qi3+gV+jTvRpX/ipM3Cth4YOJxzL/fMcWPOpLKsb6Owtr6xuVXcNnd29/YPSuXDlowSQaFJIx6JjkskcBZCUzHFoRMLIIHLoe2O7zK//QRCsih8VJMYnIAMQ+YzSpSW2tA/h/4FHpQqVtWaAa8SOycVlKMxKBtmz4toEkCoKCdSdm0rVk 5KhGKUw9TsJRJiQsdkCF1NQxKAdNJZ3ik+1YqH/UjoFyo8U/9upCSQchK4ejIgaiSXvUz813ueH1jQPJkdWdTcYCmh8m+clIVxoiCk84B+wrGKcFYa9pgAqvhEE0IF03/EdEQEoUpXa+r27OWuVknrsmrXqrWHq0r9Nu+xiI7RCTpDNrpGdXSPGqiJKBqjF/SK3ox348P4NL7mowUj3zlCCzB+fgF60aV5</latexit>

e+e�in the collinear limit exhibits same  
universal behavior as hadron jets

At Q=1000, 10% impact of  power correction

<latexit sha1_base64="AQiCGc8xyniiNYTX1M1VP7Rou3A=">AAACRXicbVDLSgNBEJyN7/iMHr0MBiGihF2R6DHoxUPwhYlCEsLspJMMzuwuM72SsOQD/Bqv+gV+gx/hTbzq5HEw0YKBmqpuurv8SAqDrvvupGZm5+YXFpfSyyura+sbmc2KCWPNocxDGep7nxmQIoAyCpRwH2lgypdw5z+cDfy7R9BGhMEt9iKoK9YOREtwhlZqbGRrCF1Mbg7oRanU3x/9SpeWXSpos9xNw92zVW7eHYL+Jd6YZMkYV42Mk641Qx4rCJBLZkzVcyOsJ0yj4BL66VpsIGL8gbWhamnAFJh6MrymT3et0qStUNsXIB2qvzsSpozpKd9WKoYdM+0NxH+97mjAhNY0gyGTmq+mNsTWST0RQRQjBHy0YCuWFEM6iJQ2hQaOsmcJ41rYGynvMM042uDTNj1vOqu/pHKY9wr5wvVRtng6znGRbJMdkiMeOSZFck6uSJlw8kSeyQt5dd6cD+fT+RqVppxxzxaZgPP9A3posOI=</latexit>

R, NLL + LO+ ⌦(R0)
<latexit sha1_base64="4fAmQscge4yHNEi9tQL3y/MwjCA=">AAACOXicbVDLSgMxFM34rOOr1YULN8EiCEqZEakui25cFK1iH9CWkknTNjTzILkjLcN8jVv9Ar/EpTtx6w+YaWdhWw8ETs65l3vvcQLBFVjWh7G0vLK6tp7ZMDe3tnd2s7m9mvJDSVmV+sKXDYcoJrjHqsBBsEYgGXEdwerO8Cbx689MKu57TzAOWNslfY/3OCWgpU72oAVsBNHjGb4rl+PT6a98H3eyeatgTYAXiZ2SPEpR6eQMs9X1aegyD6ggSjVtK4B2RCRwKlhstkLFAkKHpM+amnrEZaodTS6I8bFWurjnS/08wBP1b0dEXKXGrqMrXQIDNe8l4r/eaDpgRuuqZMis5rhzG0Lvqh1xLwiBeXS6YC8UGHycxIi7XDIKYqwJoZLrGzEdEEko6LBNnZ49n9UiqZ0X7GKh+HCRL12nOWbQITpCJ8hGl6iEblEFVRFFMXpBr+jNeDc+jS/je1q6ZKQ9+2gGxs8v7N2syA==</latexit>

R, NLL + LO

<latexit sha1_base64="lbprY8afGVz7hgOuv/z4CXlrknA=">AAACLnicbVDLSgMxFM34rPXV6tJNsAiCtcyIVDdC0Y3LFuwD+yKT3rahycyQZMQy9D/c6hf4NYILcetnmGlnYVsPBA7n3Ms9OW7AmdK2/WmtrK6tb2ymttLbO7t7+5nsQU35oaRQpT73ZcMlCjjzoKqZ5tAIJBDhcqi7o7vYrz+BVMz3HvQ4gLYgA4/1GSXaSB3onEHnPN/KV25E97GbydkFewq8TJyE5FCCcjdrpVs9n4YCPE05Uarp2IFuR0RqRjlM0q1QQUDoiAygaahHBKh2NI09wSdG6eG+L83zNJ6qfzciIpQaC9dMCqKHatGLxX+959mBOa2n4iPzmisWEur+dTtiXhBq8OgsYD/kWPs47g73mASq+dgQQiUzf8R0SCSh2jScNu05i10tk9pFwSkWipXLXOk26TGFjtAxOkUOukIldI/KqIookugFvaI36936sL6s79noipXsHKI5WD+/iwuoBw==</latexit>

e+e�, Q = mZ

<latexit sha1_base64="+k5vcYTn9uU2ra7J/iWfPQhK4do=">AAACOHicbVBNS8NAEN34WetXVfDiJVgEvZREpHoUvXjwUMFqwZYw2Wzs0t1N2J2IJfbPeNVf4D/x5k28+gvctD3Y6oOBx3szzMwLU8ENet67MzM7N7+wWFoqL6+srq1XNjZvTJJpypo0EYluhWCY4Io1kaNgrVQzkKFgt2HvvPBvH5g2PFHX2E9ZR8K94jGngFYKKttt7DKE4HK/rWWuIeKgzOAgqFS9mjeE+5f4Y1IlYzSCDafcjhKaSaaQCjDmzvdS7OSgkVPBBuV2ZlgKtAf37M5SBZKZTj58YODuWSVy40TbUugO1d8TOUhj+jK0nRKwa6a9QvzXexwtmNAiUyyZ1EI5dSHGJ52cqzRDpujowDgTLiZukaIbcc0oir4lQDW3P7q0Cxoo2qzLNj1/Oqu/5Oaw5tdr9auj6unZOMcS2SG7ZJ/45JickgvSIE1CyRN5Ji/k1XlzPpxP52vUOuOMZ7bIBJzvH9EVrMU=</latexit>

✓L(radians)

<latexit sha1_base64="2lHwROS04BmYh1gtB/ExRuSCFDQ=">AAACNnicbVDLTsJAFJ36RHyBunPTSExckdYYdEl04xITeSSUkOlwgQkzbTNza8Cm/+JWv8BfcePOuPUTHKALAU8yyck59+aeOX4kuEbH+bDW1jc2t7ZzO/ndvf2Dw0LxqKHDWDGos1CEquVTDYIHUEeOAlqRAip9AU1/dDf1m0+gNA+DR5xE0JF0EPA+ZxSN1C2ceAhjTDyQ0TCpTXDIaZp2CyWn7MxgrxI3IyWSodYtWnmvF7JYQoBMUK3brhNhJ6EKOROQ5r1YQ0TZiA6gbWhAJehOMouf2udG6dn9UJkXoD1T/24kVGo9kb6ZlBSHetmbiv964/mBBa2np0cWNV8uJcT+TSfhQRQjBGwesB8LG0N72qHd4woYiokhlClu/mizIVWUoWk6b9pzl7taJY3LslspVx6uStXbrMccOSVn5IK45JpUyT2pkTph5Jm8kFfyZr1bn9aX9T0fXbOynWOyAOvnF4INrLQ=</latexit>

Pythia
<latexit sha1_base64="/AOr5OUA8+L5bdaKqpkiVPmg3UE=">AAACNnicbVDLTsJAFJ36RHyBunPTSExckdYYdEl0wxITeSRAyHS4wISZtpm5VbDhX9zqF/grbtwZt36CU+hCwJNMcnLOvblnjhcKrtFxPqy19Y3Nre3MTnZ3b//gMJc/qusgUgxqLBCBanpUg+A+1JCjgGaogEpPQMMb3SV+4xGU5oH/gJMQOpIOfN7njKKRurmTNsIY4zbIcBhXQD3xwXTazRWcojODvUrclBRIimo3b2XbvYBFEnxkgmrdcp0QOzFVyJmAabYdaQgpG9EBtAz1qQTdiWfxp/a5UXp2P1Dm+WjP1L8bMZVaT6RnJiXFoV72EvFfbzw/sKD1dHJkUfPkUkLs33Ri7ocRgs/mAfuRsDGwkw7tHlfAUEwMoUxx80ebDamiDE3TWdOeu9zVKqlfFt1SsXR/VSjfpj1myCk5IxfEJdekTCqkSmqEkWfyQl7Jm/VufVpf1vd8dM1Kd47JAqyfX3H2rKs=</latexit>

Herwig
<latexit sha1_base64="QrH+5UfaiVm3f/rDnb55c7xgqR8=">AAACM3icbVDLTsJAFJ3iC+sLdOmmkZjghrRqUHaoGxcmYiKPBBoynQ4wYfrIzK1CGj7FrX6BH2PcGbf+g1PoQsCTTHJyzr25Z44TcibBND+0zMrq2vpGdlPf2t7Z3cvl9xsyiAShdRLwQLQcLClnPq0DA05boaDYczhtOsObxG8+USFZ4D/COKS2h/s+6zGCQUndXL4DdATxfe3qrmhVKmcnk26uYJbMKYxlYqWkgFLUunlN77gBiTzqA+FYyrZlhmDHWAAjnE70TiRpiMkQ92lbUR97VNrxNPvEOFaKa/QCoZ4PxlT9uxFjT8qx56hJD8NALnqJ+K83mh2Y01yZHJnXHG8hIfQu7Zj5YQTUJ7OAvYgbEBhJgYbLBCXAx4pgIpj6o0EGWGACqmZdtWctdrVMGqclq1wqP5wXqtdpj1l0iI5QEVnoAlXRLaqhOiLoGb2gV/SmvWuf2pf2PRvNaOnOAZqD9vMLjj2pfA==</latexit>

OPAL(1993)

<latexit sha1_base64="6DVc8fw2NqlTDUvGaBDGl1UUi4c="></latexit>

2N
1

�

d�[N ]

d✓L

<latexit sha1_base64="XRYa/KXh1FTBQjpIxiDyfL/TzDI=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZUqsuiG5ct2Ae0Q8lkMm1okhmSjFhKv8CtfoFf407ciT9jpp2FbT0QOJxzL/fkBAln2rjuNyxsbG5t7xR3nb39g8OjUvm4reNUEdoiMY9VN8CaciZpyzDDaTdRFIuA004wvs/8zhNVmsXy0UwS6gs8lCxiBBsrNa8GpYpbdedA68TLSQXkaAzK0OmHMUkFlYZwrHXPcxPjT7EyjHA6c/qppgkmYzykPUslFlT703nSGTq3SoiiWNknDZqrfzemWGg9EYGdFNiM9KqXif96z4sDS1qosyPLWiBWEpro1p8ymaSGSrIIGKUcmRhldaGQKUoMn1iCiWL2j4iMsMLE2FId25632tU6aV9WvVq11ryu1O/yHovgFJyBC+CBG1AHD6ABWoAACl7AK3iD7/ADfsKvxWgB5jsnYAnw5xd28qNy</latexit>

3

<latexit sha1_base64="46apvGdOrpmE0tNtDjm/A5UOBB0=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsLWz0QOJxzL/fkBAln2rjuFyxtbG5t75R3nb39g8OjSvW4q+NUEdohMY9VP8CaciZpxzDDaT9RFIuA014wvcv93iNVmsXywcwS6gs8lixiBBsrtb1RpebW3QXQX+IVpAYKtEZV6AzDmKSCSkM41nrguYnxM6wMI5zOnWGqaYLJFI/pwFKJBdV+tkg6R+dWCVEUK/ukQQv190aGhdYzEdhJgc1Er3u5+K/3tDywooU6P7KqBWItoYlu/IzJJDVUkmXAKOXIxCivC4VMUWL4zBJMFLN/RGSCFSbGlurY9rz1rv6S7mXda9Qb7ata87bosQxOwRm4AB64Bk1wD1qgAwig4Bm8gFf4Bt/hB/xcjpZgsXMCVgC/fwBzeKNw</latexit>

1

<latexit sha1_base64="oz8lyYpamctkRBYr3s1Fcg8Paik=">AAACIXicbVDLSgMxFE3qq9ZXq0s3wSK4KjNFqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsL23ogcDjnXu7J8WPOtHGcb1jY2t7Z3Svulw4Oj45PypXTro4SRWiHRDxSfR9rypmkHcMMp/1YUSx8Tnv+9D7ze09UaRbJRzOLqSfwWLKQEWys1K6PylWn5iyANombkyrI0RpVYGkYRCQRVBrCsdYD14mNl2JlGOF0XhommsaYTPGYDiyVWFDtpYukc3RplQCFkbJPGrRQ/26kWGg9E76dFNhM9LqXif96z8sDK1qgsyOrmi/WEprw1kuZjBNDJVkGDBOOTISyulDAFCWGzyzBRDH7R0QmWGFibKkl25673tUm6dZrbqPWaF9Xm3d5j0VwDi7AFXDBDWiCB9ACHUAABS/gFbzBd/gBP+HXcrQA850zsAL48wt1NaNx</latexit>

2

<latexit sha1_base64="oldeFIRjF2AJu9VuuuRh9IOr6LA=">AAACHXicbVDLTgIxFL2DLxxf4NZNIzFxRWaMQZdENy4xkUcCE9LpdKCh7UzajpEQvsCtfoFf484tf2MHZiHgSZqcnHNv7ukJU8608byFU9rZ3ds/KB+6R8cnp2cVt9rRSaYIbZOEJ6oXYk05k7RtmOG0lyqKRchpN5w85n73lSrNEvlipikNBB5JFjOCjZWeb4eVmlf3lkDbxC9IDQq0hlXHHUQJyQSVhnCsdd/3UhPMsDKMcDp3B5mmKSYTPKJ9SyUWVAezZdI5urJKhOJE2ScNWqp/N2ZYaD0VoZ0U2Iz1ppeL/3pvqwNrWqTzI+taKDYSmvg+mDGZZoZKsgoYZxyZBOV1oYgpSgyfWoKJYvaPiIyxwsTYUl3bnr/Z1Tbp3NT9Rr1Raz4ULZbhAi7hGny4gyY8QQvaQIDCO3zAp/PlfDs/q8GSU2ycwxqcxS+tW6IQ</latexit>

4

<latexit sha1_base64="Pi7ZsuXSV68ijUAfPqhJVcxIPqc=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsLWz0QOJxzL/fkBAln2rjuFyxtbG5t75R3nb39g8OjSvW4q+NUEdohMY9VP8CaciZpxzDDaT9RFIuA014wvcv93iNVmsXywcwS6gs8lixiBBsrtd1RpebW3QXQX+IVpAYKtEZV6AzDmKSCSkM41nrguYnxM6wMI5zOnWGqaYLJFI/pwFKJBdV+tkg6R+dWCVEUK/ukQQv190aGhdYzEdhJgc1Er3u5+K/3tDywooU6P7KqBWItoYlu/IzJJDVUkmXAKOXIxCivC4VMUWL4zBJMFLN/RGSCFSbGlurY9rz1rv6S7mXda9Qb7ata87bosQxOwRm4AB64Bk1wD1qgAwig4Bm8gFf4Bt/hB/xcjpZgsXMCVgC/fwBxu6Nv</latexit>

0

<latexit sha1_base64="XRYa/KXh1FTBQjpIxiDyfL/TzDI=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZUqsuiG5ct2Ae0Q8lkMm1okhmSjFhKv8CtfoFf407ciT9jpp2FbT0QOJxzL/fkBAln2rjuNyxsbG5t7xR3nb39g8OjUvm4reNUEdoiMY9VN8CaciZpyzDDaTdRFIuA004wvs/8zhNVmsXy0UwS6gs8lCxiBBsrNa8GpYpbdedA68TLSQXkaAzK0OmHMUkFlYZwrHXPcxPjT7EyjHA6c/qppgkmYzykPUslFlT703nSGTq3SoiiWNknDZqrfzemWGg9EYGdFNiM9KqXif96z4sDS1qosyPLWiBWEpro1p8ymaSGSrIIGKUcmRhldaGQKUoMn1iCiWL2j4iMsMLE2FId25632tU6aV9WvVq11ryu1O/yHovgFJyBC+CBG1AHD6ABWoAACl7AK3iD7/ADfsKvxWgB5jsnYAnw5xd28qNy</latexit>

3

<latexit sha1_base64="46apvGdOrpmE0tNtDjm/A5UOBB0=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsLWz0QOJxzL/fkBAln2rjuFyxtbG5t75R3nb39g8OjSvW4q+NUEdohMY9VP8CaciZpxzDDaT9RFIuA014wvcv93iNVmsXywcwS6gs8lixiBBsrtb1RpebW3QXQX+IVpAYKtEZV6AzDmKSCSkM41nrguYnxM6wMI5zOnWGqaYLJFI/pwFKJBdV+tkg6R+dWCVEUK/ukQQv190aGhdYzEdhJgc1Er3u5+K/3tDywooU6P7KqBWItoYlu/IzJJDVUkmXAKOXIxCivC4VMUWL4zBJMFLN/RGSCFSbGlurY9rz1rv6S7mXda9Qb7ata87bosQxOwRm4AB64Bk1wD1qgAwig4Bm8gFf4Bt/hB/xcjpZgsXMCVgC/fwBzeKNw</latexit>

1

<latexit sha1_base64="oz8lyYpamctkRBYr3s1Fcg8Paik=">AAACIXicbVDLSgMxFE3qq9ZXq0s3wSK4KjNFqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsL23ogcDjnXu7J8WPOtHGcb1jY2t7Z3Svulw4Oj45PypXTro4SRWiHRDxSfR9rypmkHcMMp/1YUSx8Tnv+9D7ze09UaRbJRzOLqSfwWLKQEWys1K6PylWn5iyANombkyrI0RpVYGkYRCQRVBrCsdYD14mNl2JlGOF0XhommsaYTPGYDiyVWFDtpYukc3RplQCFkbJPGrRQ/26kWGg9E76dFNhM9LqXif96z8sDK1qgsyOrmi/WEprw1kuZjBNDJVkGDBOOTISyulDAFCWGzyzBRDH7R0QmWGFibKkl25673tUm6dZrbqPWaF9Xm3d5j0VwDi7AFXDBDWiCB9ACHUAABS/gFbzBd/gBP+HXcrQA850zsAL48wt1NaNx</latexit>

2

<latexit sha1_base64="oldeFIRjF2AJu9VuuuRh9IOr6LA=">AAACHXicbVDLTgIxFL2DLxxf4NZNIzFxRWaMQZdENy4xkUcCE9LpdKCh7UzajpEQvsCtfoFf484tf2MHZiHgSZqcnHNv7ukJU8608byFU9rZ3ds/KB+6R8cnp2cVt9rRSaYIbZOEJ6oXYk05k7RtmOG0lyqKRchpN5w85n73lSrNEvlipikNBB5JFjOCjZWeb4eVmlf3lkDbxC9IDQq0hlXHHUQJyQSVhnCsdd/3UhPMsDKMcDp3B5mmKSYTPKJ9SyUWVAezZdI5urJKhOJE2ScNWqp/N2ZYaD0VoZ0U2Iz1ppeL/3pvqwNrWqTzI+taKDYSmvg+mDGZZoZKsgoYZxyZBOV1oYgpSgyfWoKJYvaPiIyxwsTYUl3bnr/Z1Tbp3NT9Rr1Raz4ULZbhAi7hGny4gyY8QQvaQIDCO3zAp/PlfDs/q8GSU2ycwxqcxS+tW6IQ</latexit>

4

<latexit sha1_base64="Pi7ZsuXSV68ijUAfPqhJVcxIPqc=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsLWz0QOJxzL/fkBAln2rjuFyxtbG5t75R3nb39g8OjSvW4q+NUEdohMY9VP8CaciZpxzDDaT9RFIuA014wvcv93iNVmsXywcwS6gs8lixiBBsrtd1RpebW3QXQX+IVpAYKtEZV6AzDmKSCSkM41nrguYnxM6wMI5zOnWGqaYLJFI/pwFKJBdV+tkg6R+dWCVEUK/ukQQv190aGhdYzEdhJgc1Er3u5+K/3tDywooU6P7KqBWItoYlu/IzJJDVUkmXAKOXIxCivC4VMUWL4zBJMFLN/RGSCFSbGlurY9rz1rv6S7mXda9Qb7ata87bosQxOwRm4AB64Bk1wD1qgAwig4Bm8gFf4Bt/hB/xcjpZgsXMCVgC/fwBxu6Nv</latexit>

0

<latexit sha1_base64="XRYa/KXh1FTBQjpIxiDyfL/TzDI=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZUqsuiG5ct2Ae0Q8lkMm1okhmSjFhKv8CtfoFf407ciT9jpp2FbT0QOJxzL/fkBAln2rjuNyxsbG5t7xR3nb39g8OjUvm4reNUEdoiMY9VN8CaciZpyzDDaTdRFIuA004wvs/8zhNVmsXy0UwS6gs8lCxiBBsrNa8GpYpbdedA68TLSQXkaAzK0OmHMUkFlYZwrHXPcxPjT7EyjHA6c/qppgkmYzykPUslFlT703nSGTq3SoiiWNknDZqrfzemWGg9EYGdFNiM9KqXif96z4sDS1qosyPLWiBWEpro1p8ymaSGSrIIGKUcmRhldaGQKUoMn1iCiWL2j4iMsMLE2FId25632tU6aV9WvVq11ryu1O/yHovgFJyBC+CBG1AHD6ABWoAACl7AK3iD7/ADfsKvxWgB5jsnYAnw5xd28qNy</latexit>

3

<latexit sha1_base64="46apvGdOrpmE0tNtDjm/A5UOBB0=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsLWz0QOJxzL/fkBAln2rjuFyxtbG5t75R3nb39g8OjSvW4q+NUEdohMY9VP8CaciZpxzDDaT9RFIuA014wvcv93iNVmsXywcwS6gs8lixiBBsrtb1RpebW3QXQX+IVpAYKtEZV6AzDmKSCSkM41nrguYnxM6wMI5zOnWGqaYLJFI/pwFKJBdV+tkg6R+dWCVEUK/ukQQv190aGhdYzEdhJgc1Er3u5+K/3tDywooU6P7KqBWItoYlu/IzJJDVUkmXAKOXIxCivC4VMUWL4zBJMFLN/RGSCFSbGlurY9rz1rv6S7mXda9Qb7ata87bosQxOwRm4AB64Bk1wD1qgAwig4Bm8gFf4Bt/hB/xcjpZgsXMCVgC/fwBzeKNw</latexit>

1

<latexit sha1_base64="oz8lyYpamctkRBYr3s1Fcg8Paik=">AAACIXicbVDLSgMxFE3qq9ZXq0s3wSK4KjNFqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsL23ogcDjnXu7J8WPOtHGcb1jY2t7Z3Svulw4Oj45PypXTro4SRWiHRDxSfR9rypmkHcMMp/1YUSx8Tnv+9D7ze09UaRbJRzOLqSfwWLKQEWys1K6PylWn5iyANombkyrI0RpVYGkYRCQRVBrCsdYD14mNl2JlGOF0XhommsaYTPGYDiyVWFDtpYukc3RplQCFkbJPGrRQ/26kWGg9E76dFNhM9LqXif96z8sDK1qgsyOrmi/WEprw1kuZjBNDJVkGDBOOTISyulDAFCWGzyzBRDH7R0QmWGFibKkl25673tUm6dZrbqPWaF9Xm3d5j0VwDi7AFXDBDWiCB9ACHUAABS/gFbzBd/gBP+HXcrQA850zsAL48wt1NaNx</latexit>

2

<latexit sha1_base64="oldeFIRjF2AJu9VuuuRh9IOr6LA=">AAACHXicbVDLTgIxFL2DLxxf4NZNIzFxRWaMQZdENy4xkUcCE9LpdKCh7UzajpEQvsCtfoFf484tf2MHZiHgSZqcnHNv7ukJU8608byFU9rZ3ds/KB+6R8cnp2cVt9rRSaYIbZOEJ6oXYk05k7RtmOG0lyqKRchpN5w85n73lSrNEvlipikNBB5JFjOCjZWeb4eVmlf3lkDbxC9IDQq0hlXHHUQJyQSVhnCsdd/3UhPMsDKMcDp3B5mmKSYTPKJ9SyUWVAezZdI5urJKhOJE2ScNWqp/N2ZYaD0VoZ0U2Iz1ppeL/3pvqwNrWqTzI+taKDYSmvg+mDGZZoZKsgoYZxyZBOV1oYgpSgyfWoKJYvaPiIyxwsTYUl3bnr/Z1Tbp3NT9Rr1Raz4ULZbhAi7hGny4gyY8QQvaQIDCO3zAp/PlfDs/q8GSU2ycwxqcxS+tW6IQ</latexit>

4

<latexit sha1_base64="Pi7ZsuXSV68ijUAfPqhJVcxIPqc=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsLWz0QOJxzL/fkBAln2rjuFyxtbG5t75R3nb39g8OjSvW4q+NUEdohMY9VP8CaciZpxzDDaT9RFIuA014wvcv93iNVmsXywcwS6gs8lixiBBsrtd1RpebW3QXQX+IVpAYKtEZV6AzDmKSCSkM41nrguYnxM6wMI5zOnWGqaYLJFI/pwFKJBdV+tkg6R+dWCVEUK/ukQQv190aGhdYzEdhJgc1Er3u5+K/3tDywooU6P7KqBWItoYlu/IzJJDVUkmXAKOXIxCivC4VMUWL4zBJMFLN/RGSCFSbGlurY9rz1rv6S7mXda9Qb7ata87bosQxOwRm4AB64Bk1wD1qgAwig4Bm8gFf4Bt/hB/xcjpZgsXMCVgC/fwBxu6Nv</latexit>

0

<latexit sha1_base64="XRYa/KXh1FTBQjpIxiDyfL/TzDI=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZUqsuiG5ct2Ae0Q8lkMm1okhmSjFhKv8CtfoFf407ciT9jpp2FbT0QOJxzL/fkBAln2rjuNyxsbG5t7xR3nb39g8OjUvm4reNUEdoiMY9VN8CaciZpyzDDaTdRFIuA004wvs/8zhNVmsXy0UwS6gs8lCxiBBsrNa8GpYpbdedA68TLSQXkaAzK0OmHMUkFlYZwrHXPcxPjT7EyjHA6c/qppgkmYzykPUslFlT703nSGTq3SoiiWNknDZqrfzemWGg9EYGdFNiM9KqXif96z4sDS1qosyPLWiBWEpro1p8ymaSGSrIIGKUcmRhldaGQKUoMn1iCiWL2j4iMsMLE2FId25632tU6aV9WvVq11ryu1O/yHovgFJyBC+CBG1AHD6ABWoAACl7AK3iD7/ADfsKvxWgB5jsnYAnw5xd28qNy</latexit>

3

<latexit sha1_base64="46apvGdOrpmE0tNtDjm/A5UOBB0=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsLWz0QOJxzL/fkBAln2rjuFyxtbG5t75R3nb39g8OjSvW4q+NUEdohMY9VP8CaciZpxzDDaT9RFIuA014wvcv93iNVmsXywcwS6gs8lixiBBsrtb1RpebW3QXQX+IVpAYKtEZV6AzDmKSCSkM41nrguYnxM6wMI5zOnWGqaYLJFI/pwFKJBdV+tkg6R+dWCVEUK/ukQQv190aGhdYzEdhJgc1Er3u5+K/3tDywooU6P7KqBWItoYlu/IzJJDVUkmXAKOXIxCivC4VMUWL4zBJMFLN/RGSCFSbGlurY9rz1rv6S7mXda9Qb7ata87bosQxOwRm4AB64Bk1wD1qgAwig4Bm8gFf4Bt/hB/xcjpZgsXMCVgC/fwBzeKNw</latexit>

1

<latexit sha1_base64="oz8lyYpamctkRBYr3s1Fcg8Paik=">AAACIXicbVDLSgMxFE3qq9ZXq0s3wSK4KjNFqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsL23ogcDjnXu7J8WPOtHGcb1jY2t7Z3Svulw4Oj45PypXTro4SRWiHRDxSfR9rypmkHcMMp/1YUSx8Tnv+9D7ze09UaRbJRzOLqSfwWLKQEWys1K6PylWn5iyANombkyrI0RpVYGkYRCQRVBrCsdYD14mNl2JlGOF0XhommsaYTPGYDiyVWFDtpYukc3RplQCFkbJPGrRQ/26kWGg9E76dFNhM9LqXif96z8sDK1qgsyOrmi/WEprw1kuZjBNDJVkGDBOOTISyulDAFCWGzyzBRDH7R0QmWGFibKkl25673tUm6dZrbqPWaF9Xm3d5j0VwDi7AFXDBDWiCB9ACHUAABS/gFbzBd/gBP+HXcrQA850zsAL48wt1NaNx</latexit>

2

<latexit sha1_base64="oldeFIRjF2AJu9VuuuRh9IOr6LA=">AAACHXicbVDLTgIxFL2DLxxf4NZNIzFxRWaMQZdENy4xkUcCE9LpdKCh7UzajpEQvsCtfoFf484tf2MHZiHgSZqcnHNv7ukJU8608byFU9rZ3ds/KB+6R8cnp2cVt9rRSaYIbZOEJ6oXYk05k7RtmOG0lyqKRchpN5w85n73lSrNEvlipikNBB5JFjOCjZWeb4eVmlf3lkDbxC9IDQq0hlXHHUQJyQSVhnCsdd/3UhPMsDKMcDp3B5mmKSYTPKJ9SyUWVAezZdI5urJKhOJE2ScNWqp/N2ZYaD0VoZ0U2Iz1ppeL/3pvqwNrWqTzI+taKDYSmvg+mDGZZoZKsgoYZxyZBOV1oYgpSgyfWoKJYvaPiIyxwsTYUl3bnr/Z1Tbp3NT9Rr1Raz4ULZbhAi7hGny4gyY8QQvaQIDCO3zAp/PlfDs/q8GSU2ycwxqcxS+tW6IQ</latexit>

4

<latexit sha1_base64="Pi7ZsuXSV68ijUAfPqhJVcxIPqc=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsLWz0QOJxzL/fkBAln2rjuFyxtbG5t75R3nb39g8OjSvW4q+NUEdohMY9VP8CaciZpxzDDaT9RFIuA014wvcv93iNVmsXywcwS6gs8lixiBBsrtd1RpebW3QXQX+IVpAYKtEZV6AzDmKSCSkM41nrguYnxM6wMI5zOnWGqaYLJFI/pwFKJBdV+tkg6R+dWCVEUK/ukQQv190aGhdYzEdhJgc1Er3u5+K/3tDywooU6P7KqBWItoYlu/IzJJDVUkmXAKOXIxCivC4VMUWL4zBJMFLN/RGSCFSbGlurY9rz1rv6S7mXda9Qb7ata87bosQxOwRm4AB64Bk1wD1qgAwig4Bm8gFf4Bt/hB/xcjpZgsXMCVgC/fwBxu6Nv</latexit>

0

<latexit sha1_base64="sLKaL536+CtlCpsMMiyOHP4OC2U=">AAACI3icbVDLSgMxFE3qq46vVpdugkVwNcyIVJdFNy4r2ge0Q8lkMm1okhmSjFhKP8GtfoFf407cuPBfzLSzsNUDgcM593JPTphypo3nfcHS2vrG5lZ529nZ3ds/qFQP2zrJFKEtkvBEdUOsKWeStgwznHZTRbEIOe2E45vc7zxSpVkiH8wkpYHAQ8liRrCx0r3veoNKzXO9OdBf4hekBgo0B1Xo9KOEZIJKQzjWuud7qQmmWBlGOJ05/UzTFJMxHtKepRILqoPpPOsMnVolQnGi7JMGzdXfG1MstJ6I0E4KbEZ61cvFf72nxYElLdL5kWUtFCsJTXwVTJlMM0MlWQSMM45MgvLCUMQUJYZPLMFEMftHREZYYWJsrY5tz1/t6i9pn7t+3a3fXdQa10WPZXAMTsAZ8MElaIBb0AQtQMAQPIMX8Arf4Dv8gJ+L0RIsdo7AEuD3D2G5o+I=</latexit>

1.0
<latexit sha1_base64="bvcXl3n0Pqz66IFmtWIPhg8Bfdo=">AAACI3icbVC7TsMwFHXKq4RXCyOLRYXEFCUIlY4VLIxF0IfURpXjOK1V24lsB1FF/QRW+AK+hg2xMPAvOG0G2nIkS0fn3Kt7fIKEUaVd99sqbWxube+Ud+29/YPDo0r1uKPiVGLSxjGLZS9AijAqSFtTzUgvkQTxgJFuMLnN/e4TkYrG4lFPE+JzNBI0ohhpIz24TmNYqbmOOwdcJ15BaqBAa1i17EEY45QToTFDSvU9N9F+hqSmmJGZPUgVSRCeoBHpGyoQJ8rP5lln8NwoIYxiaZ7QcK7+3cgQV2rKAzPJkR6rVS8X//WeFweWtFDlR5a1gK8k1FHDz6hIUk0EXgSMUgZ1DPPCYEglwZpNDUFYUvNHiMdIIqxNrbZpz1vtap10Lh2v7tTvr2rNm6LHMjgFZ+ACeOAaNMEdaIE2wGAEXsAreLPerQ/r0/pajJasYucELMH6+QVt4qPp</latexit>

0.8
<latexit sha1_base64="Be8q+qJK2SFymdfP2SwHktnY1dg=">AAACI3icbVDLSgMxFE3qq46vVpdugkVwNcyIVJdFNy4r2ge0Q8lkMm1okhmSjFhKP8GtfoFf407cuPBfzLSzsNUDgcM593JPTphypo3nfcHS2vrG5lZ529nZ3ds/qFQP2zrJFKEtkvBEdUOsKWeStgwznHZTRbEIOe2E45vc7zxSpVkiH8wkpYHAQ8liRrCx0r3n1geVmud6c6C/xC9IDRRoDqrQ6UcJyQSVhnCsdc/3UhNMsTKMcDpz+pmmKSZjPKQ9SyUWVAfTedYZOrVKhOJE2ScNmqu/N6ZYaD0RoZ0U2Iz0qpeL/3pPiwNLWqTzI8taKFYSmvgqmDKZZoZKsggYZxyZBOWFoYgpSgyfWIKJYvaPiIywwsTYWh3bnr/a1V/SPnf9ulu/u6g1rosey+AYnIAz4INL0AC3oAlagIAheAYv4BW+wXf4AT8XoyVY7ByBJcDvH2poo+c=</latexit>

0.6
<latexit sha1_base64="+EkKRWbT3B7s9tDnrPZuCkz9ZZw=">AAACI3icbVC7TsMwFLXLq4RXCyOLRYXEFCWoKowVLIxF0IfURpXjOK1VO4lsB1FF/QRW+AK+hg2xMPAvOG0G2nIkS0fn3Kt7fPyEM6Ud5xuWNja3tnfKu9be/sHhUaV63FFxKgltk5jHsudjRTmLaFszzWkvkRQLn9OuP7nN/e4TlYrF0aOeJtQTeBSxkBGsjfTg2PVhpebYzhxonbgFqYECrWEVWoMgJqmgkSYcK9V3nUR7GZaaEU5n1iBVNMFkgke0b2iEBVVeNs86Q+dGCVAYS/Mijebq340MC6WmwjeTAuuxWvVy8V/veXFgSQtUfmRZ88VKQh1eexmLklTTiCwChilHOkZ5YShgkhLNp4ZgIpn5IyJjLDHRplbLtOeudrVOOpe227Ab9/Va86bosQxOwRm4AC64Ak1wB1qgDQgYgRfwCt7gO/yAn/BrMVqCxc4JWAL8+QVm7qPl</latexit>

0.4
<latexit sha1_base64="WB4z/DXD1Uax7OQVo5NtQ0la5is=">AAACI3icbVC7TsMwFLXLq4RXCyOLRYXEFCUVKowVLIxF0IfURpXjOK1VO4lsB1FF/QRW+AK+hg2xMPAvOG0G2nIkS0fn3Kt7fPyEM6Ud5xuWNja3tnfKu9be/sHhUaV63FFxKgltk5jHsudjRTmLaFszzWkvkRQLn9OuP7nN/e4TlYrF0aOeJtQTeBSxkBGsjfTg2PVhpebYzhxonbgFqYECrWEVWoMgJqmgkSYcK9V3nUR7GZaaEU5n1iBVNMFkgke0b2iEBVVeNs86Q+dGCVAYS/Mijebq340MC6WmwjeTAuuxWvVy8V/veXFgSQtUfmRZ88VKQh1eexmLklTTiCwChilHOkZ5YShgkhLNp4ZgIpn5IyJjLDHRplbLtOeudrVOOnXbbdiN+8ta86bosQxOwRm4AC64Ak1wB1qgDQgYgRfwCt7gO/yAn/BrMVqCxc4JWAL8+QVjdKPj</latexit>

0.2
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<latexit sha1_base64="fJIJjVaXrWSLAOTsmA0Zjt7hNMk=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWakqMuqG5ct2Ae0Q8lkMm1okhmSjFhKv8CtfoFf407ciT9jpp2FbT0QOJxzL/fkBAln2rjuNyxsbG5t7xR3nb39g8OjUvm4reNUEdoiMY9VN8CaciZpyzDDaTdRFIuA004wvs/8zhNVmsXy0UwS6gs8lCxiBBsrNW8HpYpbdedA68TLSQXkaAzK0OmHMUkFlYZwrHXPcxPjT7EyjHA6c/qppgkmYzykPUslFlT703nSGTq3SoiiWNknDZqrfzemWGg9EYGdFNiM9KqXif96z4sDS1qosyPLWiBWEproxp8ymaSGSrIIGKUcmRhldaGQKUoMn1iCiWL2j4iMsMLE2FId25632tU6aV9WvatqrVmr1O/yHovgFJyBC+CBa1AHD6ABWoAACl7AK3iD7/ADfsKvxWgB5jsnYAnw5xeOpKN+</latexit>

A
<latexit sha1_base64="r9qZC2ewZZSE6IvGyX0AMncbFiU=">AAACIXicbVDLSgMxFE3qq9ZXq0s3wSK4KjNS1GWpG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsL23ogcDjnXu7J8WPOtHGcb1jY2t7Z3Svulw4Oj45PypXTro4SRWiHRDxSfR9rypmkHcMMp/1YUSx8Tnv+9D7ze09UaRbJRzOLqSfwWLKQEWys1G6OylWn5iyANombkyrI0RpVYGkYRCQRVBrCsdYD14mNl2JlGOF0XhommsaYTPGYDiyVWFDtpYukc3RplQCFkbJPGrRQ/26kWGg9E76dFNhM9LqXif96z8sDK1qgsyOrmi/WEprwzkuZjBNDJVkGDBOOTISyulDAFCWGzyzBRDH7R0QmWGFibKkl25673tUm6V7X3JtavV2vNpp5j0VwDi7AFXDBLWiAB9ACHUAABS/gFbzBd/gBP+HXcrQA850zsAL48wuQYaN/</latexit>

B
<latexit sha1_base64="t5WlMjX1ksjNjmUVuxWe4ZP0XP0=">AAACIXicbVDLSgMxFE3qq9ZXq0s3wSK4KjNS1GWxG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsL23ogcDjnXu7J8WPOtHGcb1jY2t7Z3Svulw4Oj45PypXTro4SRWiHRDxSfR9rypmkHcMMp/1YUSx8Tnv+tJn5vSeqNIvko5nF1BN4LFnICDZWajdH5apTcxZAm8TNSRXkaI0qsDQMIpIIKg3hWOuB68TGS7EyjHA6Lw0TTWNMpnhMB5ZKLKj20kXSObq0SoDCSNknDVqofzdSLLSeCd9OCmwmet3LxH+95+WBFS3Q2ZFVzRdrCU1456VMxomhkiwDhglHJkJZXShgihLDZ5Zgopj9IyITrDAxttSSbc9d72qTdK9r7k2t3q5XG/d5j0VwDi7AFXDBLWiAB9ACHUAABS/gFbzBd/gBP+HXcrQA850zsAL48wuSHqOA</latexit>

C

<latexit sha1_base64="REWiqo1vci0dwnLsOESVAkMCpK8=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZE1GXRjcsW7APaoWQymTY0yQxJRixDv8CtfoFf407ciT9jpp2FbT0QOJxzL/fkBAln2rjuNyxtbG5t75R3nb39g8OjSvW4o+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wuc/97hNVmsXy0UwT6gs8kixiBBsrtdiwUnPr7hxonXgFqYECzWEVOoMwJqmg0hCOte57bmL8DCvDCKczZ5BqmmAywSPat1RiQbWfzZPO0LlVQhTFyj5p0Fz9u5FhofVUBHZSYDPWq14u/us9Lw4saaHOjyxrgVhJaKJbP2MySQ2VZBEwSjkyMcrrQiFTlBg+tQQTxewfERljhYmxpTq2PW+1q3XSuax71/Wr1lWtcVf0WAan4AxcAA/cgAZ4AE3QBgRQ8AJewRt8hx/wE34tRkuw2DkBS4A/v9Qso6Y=</latexit>

i

<latexit sha1_base64="THV2kw/vqlxod7h4w8O/Fsto8Ps=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5ct2Ae0Q8lkMm1skhmSjFiGfoFb/QK/xp24E3/GtJ2FbT0QOJxzL/fkBAln2rjuNyxsbG5t7xR3nb39g8OjUvm4reNUEdoiMY9VN8CaciZpyzDDaTdRFIuA004wvpv5nSeqNIvlg5kk1Bd4KFnECDZWaj4OShW36s6B1omXkwrI0RiUodMPY5IKKg3hWOue5ybGz7AyjHA6dfqppgkmYzykPUslFlT72TzpFJ1bJURRrOyTBs3VvxsZFlpPRGAnBTYjverNxH+958WBJS3UsyPLWiBWEproxs+YTFJDJVkEjFKOTIxmdaGQKUoMn1iCiWL2j4iMsMLE2FId25632tU6aV9WvatqrVmr1G/zHovgFJyBC+CBa1AH96ABWoAACl7AK3iD7/ADfsKvxWgB5jsnYAnw5xfV6aOn</latexit>

j

<latexit sha1_base64="wztzUonmZxCYsK55S11cgOlT+zA=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZE1GXRjcsW7APaoWQymTY0yQxJRixDv8CtfoFf407ciT9jpp2FbT0QOJxzL/fkBAln2rjuNyxtbG5t75R3nb39g8OjSvW4o+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wuc/97hNVmsXy0UwT6gs8kixiBBsrtSbDSs2tu3OgdeIVpAYKNIdV6AzCmKSCSkM41rrvuYnxM6wMI5zOnEGqaYLJBI9o31KJBdV+Nk86Q+dWCVEUK/ukQXP170aGhdZTEdhJgc1Yr3q5+K/3vDiwpIU6P7KsBWIloYlu/YzJJDVUkkXAKOXIxCivC4VMUWL41BJMFLN/RGSMFSbGlurY9rzVrtZJ57LuXdevWle1xl3RYxmcgjNwATxwAxrgATRBGxBAwQt4BW/wHX7AT/i1GC3BYucELAH+/ALXpqOo</latexit>

k

<latexit sha1_base64="REWiqo1vci0dwnLsOESVAkMCpK8=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZE1GXRjcsW7APaoWQymTY0yQxJRixDv8CtfoFf407ciT9jpp2FbT0QOJxzL/fkBAln2rjuNyxtbG5t75R3nb39g8OjSvW4o+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wuc/97hNVmsXy0UwT6gs8kixiBBsrtdiwUnPr7hxonXgFqYECzWEVOoMwJqmg0hCOte57bmL8DCvDCKczZ5BqmmAywSPat1RiQbWfzZPO0LlVQhTFyj5p0Fz9u5FhofVUBHZSYDPWq14u/us9Lw4saaHOjyxrgVhJaKJbP2MySQ2VZBEwSjkyMcrrQiFTlBg+tQQTxewfERljhYmxpTq2PW+1q3XSuax71/Wr1lWtcVf0WAan4AxcAA/cgAZ4AE3QBgRQ8AJewRt8hx/wE34tRkuw2DkBS4A/v9Qso6Y=</latexit>

i

<latexit sha1_base64="THV2kw/vqlxod7h4w8O/Fsto8Ps=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5ct2Ae0Q8lkMm1skhmSjFiGfoFb/QK/xp24E3/GtJ2FbT0QOJxzL/fkBAln2rjuNyxsbG5t7xR3nb39g8OjUvm4reNUEdoiMY9VN8CaciZpyzDDaTdRFIuA004wvpv5nSeqNIvlg5kk1Bd4KFnECDZWaj4OShW36s6B1omXkwrI0RiUodMPY5IKKg3hWOue5ybGz7AyjHA6dfqppgkmYzykPUslFlT72TzpFJ1bJURRrOyTBs3VvxsZFlpPRGAnBTYjverNxH+958WBJS3UsyPLWiBWEproxs+YTFJDJVkEjFKOTIxmdaGQKUoMn1iCiWL2j4iMsMLE2FId25632tU6aV9WvatqrVmr1G/zHovgFJyBC+CBa1AH96ABWoAACl7AK3iD7/ADfsKvxWgB5jsnYAnw5xfV6aOn</latexit>

j

<latexit sha1_base64="wztzUonmZxCYsK55S11cgOlT+zA=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZE1GXRjcsW7APaoWQymTY0yQxJRixDv8CtfoFf407ciT9jpp2FbT0QOJxzL/fkBAln2rjuNyxtbG5t75R3nb39g8OjSvW4o+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wuc/97hNVmsXy0UwT6gs8kixiBBsrtSbDSs2tu3OgdeIVpAYKNIdV6AzCmKSCSkM41rrvuYnxM6wMI5zOnEGqaYLJBI9o31KJBdV+Nk86Q+dWCVEUK/ukQXP170aGhdZTEdhJgc1Yr3q5+K/3vDiwpIU6P7KsBWIloYlu/YzJJDVUkkXAKOXIxCivC4VMUWL41BJMFLN/RGSMFSbGlurY9rzVrtZJ57LuXdevWle1xl3RYxmcgjNwATxwAxrgATRBGxBAwQt4BW/wHX7AT/i1GC3BYucELAH+/ALXpqOo</latexit>

k

<latexit sha1_base64="REWiqo1vci0dwnLsOESVAkMCpK8=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZE1GXRjcsW7APaoWQymTY0yQxJRixDv8CtfoFf407ciT9jpp2FbT0QOJxzL/fkBAln2rjuNyxtbG5t75R3nb39g8OjSvW4o+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wuc/97hNVmsXy0UwT6gs8kixiBBsrtdiwUnPr7hxonXgFqYECzWEVOoMwJqmg0hCOte57bmL8DCvDCKczZ5BqmmAywSPat1RiQbWfzZPO0LlVQhTFyj5p0Fz9u5FhofVUBHZSYDPWq14u/us9Lw4saaHOjyxrgVhJaKJbP2MySQ2VZBEwSjkyMcrrQiFTlBg+tQQTxewfERljhYmxpTq2PW+1q3XSuax71/Wr1lWtcVf0WAan4AxcAA/cgAZ4AE3QBgRQ8AJewRt8hx/wE34tRkuw2DkBS4A/v9Qso6Y=</latexit>

i

<latexit sha1_base64="THV2kw/vqlxod7h4w8O/Fsto8Ps=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5ct2Ae0Q8lkMm1skhmSjFiGfoFb/QK/xp24E3/GtJ2FbT0QOJxzL/fkBAln2rjuNyxsbG5t7xR3nb39g8OjUvm4reNUEdoiMY9VN8CaciZpyzDDaTdRFIuA004wvpv5nSeqNIvlg5kk1Bd4KFnECDZWaj4OShW36s6B1omXkwrI0RiUodMPY5IKKg3hWOue5ybGz7AyjHA6dfqppgkmYzykPUslFlT72TzpFJ1bJURRrOyTBs3VvxsZFlpPRGAnBTYjverNxH+958WBJS3UsyPLWiBWEproxs+YTFJDJVkEjFKOTIxmdaGQKUoMn1iCiWL2j4iMsMLE2FId25632tU6aV9WvatqrVmr1G/zHovgFJyBC+CBa1AH96ABWoAACl7AK3iD7/ADfsKvxWgB5jsnYAnw5xfV6aOn</latexit>

j

<latexit sha1_base64="wztzUonmZxCYsK55S11cgOlT+zA=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZE1GXRjcsW7APaoWQymTY0yQxJRixDv8CtfoFf407ciT9jpp2FbT0QOJxzL/fkBAln2rjuNyxtbG5t75R3nb39g8OjSvW4o+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wuc/97hNVmsXy0UwT6gs8kixiBBsrtSbDSs2tu3OgdeIVpAYKNIdV6AzCmKSCSkM41rrvuYnxM6wMI5zOnEGqaYLJBI9o31KJBdV+Nk86Q+dWCVEUK/ukQXP170aGhdZTEdhJgc1Yr3q5+K/3vDiwpIU6P7KsBWIloYlu/YzJJDVUkkXAKOXIxCivC4VMUWL41BJMFLN/RGSMFSbGlurY9rzVrtZJ57LuXdevWle1xl3RYxmcgjNwATxwAxrgATRBGxBAwQt4BW/wHX7AT/i1GC3BYucELAH+/ALXpqOo</latexit>

k

IMPROVING PERTURBATIVE ACCURACY

<latexit sha1_base64="625XW209YhfxN8LrnN0OAx+7hTs=">AAACI3icbVDLTgIxFG3xhfgCXbppJCauyIwh6pLoxiVGeSQwIZ1OBxrazqTtGHHCJ7jVL/Br3Bk3LvwXOzALAU/S5OSce3NPjx9zpo3jfMPC2vrG5lZxu7Szu7d/UK4ctnWUKEJbJOKR6vpYU84kbRlmOO3GimLhc9rxxzeZ33mkSrNIPphJTD2Bh5KFjGBjpfvnARuUq07NmQGtEjcnVZCjOajAUj+ISCKoNIRjrXuuExsvxcowwum01E80jTEZ4yHtWSqxoNpLZ1mn6NQqAQojZZ80aKb+3Uix0HoifDspsBnpZS8T//We5gcWtEBnRxY1XywlNOGVlzIZJ4ZKMg8YJhyZCGWFoYApSgyfWIKJYvaPiIywwsTYWku2PXe5q1XSPq+5F7X6Xb3auM57LIJjcALOgAsuQQPcgiZoAQKG4AW8gjf4Dj/gJ/yajxZgvnMEFgB/fgGZDqST</latexit>zi
<latexit sha1_base64="f1d7ACPdo2wk/GfZYKKk9VOEv0o=">AAACLnicbVDLSgMxFE3qq9ZXq0s3wSK4KjMi6rLoxmUF+4B2LJlMpg1NMkOSEcsw/+FWv8CvEVyIWz/DTDsL23ogcDjnXu7J8WPOtHGcT1haW9/Y3CpvV3Z29/YPqrXDjo4SRWibRDxSPR9rypmkbcMMp71YUSx8Trv+5Db3u09UaRbJBzONqSfwSLKQEWys9DgwjAc01dkwZZNsWK07DWcGtErcgtRBgdawBiuDICKJoNIQjrXuu05svBQrwwinWWWQaBpjMsEj2rdUYkG1l85iZ+jUKgEKI2WfNGim/t1IsdB6Knw7KbAZ62UvF//1nucHFrRA50cWNV8sJTThtZcyGSeGSjIPGCYcmQjl3aGAKUoMn1qCiWL2j4iMscLE2IYrtj13uatV0jlvuJeNi/uLevOm6LEMjsEJOAMuuAJNcAdaoA0IUOAFvII3+A4/4Bf8no+WYLFzBBYAf34BnJGpww==</latexit>

s̃ik
<latexit sha1_base64="y9iLLk5il6PNyE7AdWMO8+jXTuA=">AAACQ3icbVDLSgNBEJz1bXxFPXoZzQqewq4E9SKIXjwqGBWSJczOdpIhs7PLTK8mLDn7NV71C/wIv8GbeBWcPA4mWtBQVHXT3RWmUhj0vHdnZnZufmFxabmwsrq2vlHc3Lo1SaY5VHkiE30fMgNSKKiiQAn3qQYWhxLuws7FwL97AG1Eom6wl0IQs5YSTcEZWqlR3D2tI3QxZ6olgYaAjwCKusKlTEXU7bj9RrHklb0h6F/ij0mJjHHV2HQK9SjhWQwKuWTG1HwvxSBnGgWX0C/UMwMp4x3WgpqlisVggnz4S5/uWyWizUTbUkiH6u+JnMXG9OLQdsYM22baG4j/et3RggktMoMlk1oYT12IzZMgFyrNEBQfHdjMJMWEDgKlkdDAUfYsYVwL+yPlbaYZRxt7wabnT2f1l9welv2jcuW6Ujo7H+e4RHbIHjkgPjkmZ+SSXJEq4eSJPJMX8uq8OR/Op/M1ap1xxjPbZALO9w/NmrAM</latexit>

= angle between i and k
<latexit sha1_base64="n2LdisZLsJj0AayfKxkAKB9a3Pw=">AAACQnicbVC7TsMwFHV4lvBqYWSxaJGYqgRVwIJUwcJYJPqQ2qhyHKe1aseR7aBWUVe+hhW+gJ/gF9gQKwNOm4G2HMnS0Tn3+t57/JhRpR3nw1pb39jc2i7s2Lt7+weHxdJRS4lEYtLEggnZ8ZEijEakqalmpBNLgrjPSNsf3WV++4lIRUX0qCcx8TgaRDSkGGkj9YvwpqfJWKdccBLphMNQIpxZUISwQivTfrHsVJ0Z4Cpxc1IGORr9kmX3AoGT7D/MkFJd14m1lyKpKWZkavcSRWKER2hAuoZGiBPlpbNTpvDMKAEMhTQv0nCm/u1IEVdqwn1TyZEeqmUvE//1xvMBC1qgsiGLms+XNtThtZfSKE40ifB8wTBhUAuY5QkDKgnWbGIIwpKaGyEeoixEk7pt0nOXs1olrYuqe1mtPdTK9ds8xwI4AafgHLjgCtTBPWiAJsDgGbyAV/BmvVuf1pf1PS9ds/KeY7AA6+cXydCwqA==</latexit>

= momentum fraction of i

pT pTR⇤QCD

d�
pp!jet(h)X

dpT d⌘dzh
=

X

a,b,c

fa/A ⌦ fb/B ⌦H
c
ab ⌦ Gh

c (zh)

<latexit sha1_base64="tqJ2R+FAe5LQsi9nDM3c2SY5kbQ="></latexit>

d�
pp!jet(N�proj)X

dpT d⌘dRL
=

X

a,b,c

fa/A ⌦ fb/B ⌦H
c
ab ⌦ GN�proj

c (RL)

<latexit sha1_base64="tqJ2R+FAe5LQsi9nDM3c2SY5kbQ="></latexit>

d�
pp!jet(N�proj)X

dpT d⌘dRL
=

X

a,b,c

fa/A ⌦ fb/B ⌦H
c
ab ⌦ GN�proj

c (RL)<latexit sha1_base64="GRBGq/TIrsc5zjDDP1RrzeDddI8=">AAACKHicbVDLSsNAFJ3UV42vVpduBovgqiQi6rLoxoWLCvYBbSiTyaQdOpOEmRuxhP6EW/0Cv8addOuXOGmzsK0HBg7n3Ms9c/xEcA2OM7NKG5tb2zvlXXtv/+DwqFI9bus4VZS1aCxi1fWJZoJHrAUcBOsmihHpC9bxx/e533lhSvM4eoZJwjxJhhEPOSVgpG4fRgzI4HFQqTl1Zw68TtyC1FCB5qBq2f0gpqlkEVBBtO65TgJeRhRwKtjU7qeaJYSOyZD1DI2IZNrL5oGn+NwoAQ5jZV4EeK7+3ciI1HoifTMpCYz0qpeL/3qviwNLWqDzI8uaL1cSQnjrZTxKUmARXQQMU4EhxnlrOOCKURATQwhV3PwR0xFRhILp1jbtuatdrZP2Zd29rl89XdUad0WPZXSKztAFctENaqAH1EQtRJFAb+gdfVif1pf1bc0WoyWr2DlBS7B+fgGWtKag</latexit>

✓L

<latexit sha1_base64="GRBGq/TIrsc5zjDDP1RrzeDddI8=">AAACKHicbVDLSsNAFJ3UV42vVpduBovgqiQi6rLoxoWLCvYBbSiTyaQdOpOEmRuxhP6EW/0Cv8addOuXOGmzsK0HBg7n3Ms9c/xEcA2OM7NKG5tb2zvlXXtv/+DwqFI9bus4VZS1aCxi1fWJZoJHrAUcBOsmihHpC9bxx/e533lhSvM4eoZJwjxJhhEPOSVgpG4fRgzI4HFQqTl1Zw68TtyC1FCB5qBq2f0gpqlkEVBBtO65TgJeRhRwKtjU7qeaJYSOyZD1DI2IZNrL5oGn+NwoAQ5jZV4EeK7+3ciI1HoifTMpCYz0qpeL/3qviwNLWqDzI8uaL1cSQnjrZTxKUmARXQQMU4EhxnlrOOCKURATQwhV3PwR0xFRhILp1jbtuatdrZP2Zd29rl89XdUad0WPZXSKztAFctENaqAH1EQtRJFAb+gdfVif1pf1bc0WoyWr2DlBS7B+fgGWtKag</latexit>

✓L
<latexit sha1_base64="l9XNrvbrckIxu//XDstavgxaNsQ=">AAACPnicbVC7TgJBFJ31ifgCLbXYSEysyK4hakm0sbDAhFcCZDM7e4EJs4/M3DWQDY1fY6tf4G/4A3bG1tJZ2ELAk0xycu7j3DluJLhCy/ow1tY3Nre2czv53b39g8NC8aipwlgyaLBQhLLtUgWCB9BAjgLakQTquwJa7ugurbeeQCoeBnWcRNDz6SDgfc4oaskpnHYRxjjbk0jwpknk1Ls4BKTOw9QplKyyNYO5SuyMlEiGmlM08l0vZLEPATJBlerYVoS9hErkTMA0340VRJSN6AA6mgbUB9VLZvZT81wrntkPpX4BmjP170RCfaUmvqs7fYpDtVxLxX9r47nBguap1GRRc/2lC7F/00t4EMUIAZsf2I+FiaGZZml6XAJDMdGEMsn1H002pJIy1InndXr2clarpHlZtq/KlcdKqXqb5ZgjJ+SMXBCbXJMquSc10iCMPJMX8krejHfj0/gyvueta0Y2c0wWYPz8AnRjsCc=</latexit>

pT ✓L

<latexit sha1_base64="Ql3sWVu77rH0MwRL9YBeiL8I8/s="></latexit>

h |E (~n1) · · · E (~nJ�1)| i

Primordial fluctuations

W
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10 10
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10 5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
32

s?
<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

Unprecedented precision calculation  
of jet substructure on the horizon!

1. Measurements on Tracks
2. Power corrections
3. Improved perturbative accuracy

<latexit sha1_base64="SsBpApEIK6HM2ddeCrAkYfxsz9I="></latexit>

GN�proj
c (z,RL, pTR,µ) =

X

j

Z 1

0
dxxNJij (z, x, pTR,µ) JN�proj

EEC (RL, x, µ)

<latexit sha1_base64="R7gieqH++Wt1TCCYcwUMfB8aF/M=">AAACInicbVDLSsNAFJ3UV42vVpduhhZBEEoioi6DblxWsQ9oQplMJu3QySTMTMQS+gcu1S/wa9yJq4If46TpwrYeGDiccy/3zPETRqWyrKlRWlvf2Nwqb5s7u3v7B5XqYVvGqcCkhWMWi66PJGGUk5aiipFuIgiKfEY6/ug29ztPREga80c1TogXoQGnIcVIaenBzfqVutWwZoCrxJ6TulNzz16nzrjZrxqmG8Q4jQhXmCEpe7aVKC9DQlHMyMR0U0kShEdoQHqachQR6WWzqBN4opUAhrHQjys4U/9uZCiSchz5ejJCaiiXvVz813suDixogcyPLGp+tJRQhddeRnmSKsJxETBMGVQxzPuCARUEKzbWBGFB9R8hHiKBsNKtmro9e7mrVdI+b9iXjYt7u+7cgAJlcAxq4BTY4Ao44A40QQtgEIIX8AbejQ/j0/gyvovRkjHfOQILMH5+AYJJpyo=</latexit> {

Encodes complicated jet clustering algorithm details

KL, Meçaj, Moult `22
Kang, KL, Zhao `20

KL, Moult, Zhang `In Progress

20

Czakon, Generet, Mitov, Poncelet `21
Bonino, Gehrmann, Stagnitto `24


