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Hadronic cross-sections
The problem of computing hadronic cross-sections is mapped to partonic scattering
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�p(q1q2 ! Z + q01q
0
2) �

<latexit sha1_base64="VyTaeTeo+5tpIA60rALfBcoPj8g="></latexit>

If the singularity involves an initial-state parton, then call it initial-state 

q1//q2
<latexit sha1_base64="t7eU/Hkv4OgUfFiJyadTK4z93vs=">AAACMHicbVBNT8JAEN3iF+IX4NFLIzHxIrSo0SPRi0dMREigabbLFDZst2V3a1Ib/oRX/RX+Gj0Zr/4KF+hBwJdM8vJmJjPveRGjUlnWp5FbW9/Y3MpvF3Z29/YPiqXyowxjQaBFQhaKjoclMMqhpahi0IkE4MBj0PZGt9N++wmEpCF/UEkEToAHnPqUYKWlzti1a7WxW3eLFatqzWCuEjsjFZSh6ZaMcq8fkjgArgjDUnZtK1JOioWihMGk0IslRJiM8AC6mnIcgHTS2cMT80QrfdMPhS6uzJn6dyPFgZRJ4OnJAKuhXO5Nxf963Vj5105KeRQr4GR+yI+ZqUJz6t7sUwFEsUQTTATVv5pkiAUmSme0cEVqU0PoLxhJFR09rypnPiQ8wHyiU7SXM1slj/WqfV69vL+oNG6yPPPoCB2jU2SjK9RAd6iJWogghl7QK3oz3o0P48v4no/mjGznEC3A+PkFgx6plw==</latexit>

q3//q4//p1
<latexit sha1_base64="HRoN741iEiWD2ShYtI41ptdm+TY=">AAACNXicbVDLTsJAFJ3iC/EFuHTTSEzcCK1gdEl04xITeSTQNNPhFiZMp2VmalIbvsOtfoXf4sKdcesvODwWAp7kJifn3Jt77/EiRqWyrA8js7G5tb2T3c3t7R8cHuULxZYMY0GgSUIWio6HJTDKoamoYtCJBODAY9D2RndTv/0EQtKQP6okAifAA059SrDSkjN2q5XK2K1VKpFru/mSVbZmMNeJvSAltEDDLRjFXj8kcQBcEYal7NpWpJwUC0UJg0muF0uIMBnhAXQ15TgA6aSzqyfmmVb6ph8KXVyZM/XvRIoDKZPA050BVkO56k3F/7xurPwbJ6U8ihVwMl/kx8xUoTmNwOxTAUSxRBNMBNW3mmSIBSZKB7W0ReqnhtBfeiRVdPS8rlz4kPAA84lO0V7NbJ20Lst2tXz1UCvVbxd5ZtEJOkXnyEbXqI7uUQM1EUFj9IJe0ZvxbnwaX8b3vDVjLGaO0RKMn1++U6sr</latexit>

q5//p1
<latexit sha1_base64="ukWdSRkIqkRrHZS0xE10Qm3t9bE=">AAACMHicbVDLTsJAFJ3iC/EFuHTTSEzcCK1KdEl04xITeSTQNNPhFiZMp3VmalIbfsKtfoVfoyvj1q9wgC4EPMlNTs69N/ee40WMSmVZn0ZubX1jcyu/XdjZ3ds/KJbKbRnGgkCLhCwUXQ9LYJRDS1HFoBsJwIHHoOONb6f9zhMISUP+oJIInAAPOfUpwUpL3Ue3XqtFru0WK1bVmsFcJXZGKihD0y0Z5f4gJHEAXBGGpezZVqScFAtFCYNJoR9LiDAZ4yH0NOU4AOmks4cn5olWBqYfCl1cmTP170aKAymTwNOTAVYjudybiv/1erHyr52U8ihWwMn8kB8zU4Xm1L05oAKIYokmmAiqfzXJCAtMlM5o4YrUpkYwWDCSKjp+XlXOfEh4gPlEp2gvZ7ZK2udV+6Jav7+sNG6yPPPoCB2jU2SjK9RAd6iJWogghl7QK3oz3o0P48v4no/mjGznEC3A+PkFhrqpmQ==</latexit>

Final-State
Initial-State
Initial-State



Hadronic cross-sections
The problem of computing hadronic cross-sections is mapped to partonic scattering

�(PP ! Z +X) =
X

q1,q22{q,q̄,g}

Z
dx1

x1

Z
dx2

x2
f (0)
q1 (x1)f

(0)
q2 (x2)�p(q1q2 ! Z +X)

<latexit sha1_base64="QIVF3ZIy9jew/ti4Gud0cfg/n4g="></latexit>

with
�p(q1q2 ! Z +X) =

1X

n=0

Z
d⇧n�p(q1q2 ! Z + q01...q

0
n)On

<latexit sha1_base64="NCOEN7SVl0dyjvJpglNrOg50SxM="></latexit>

<latexit sha1_base64="pWCTbT2V0glfDuecgaep+5hc+eM="></latexit>

<latexit sha1_base64="4Cze8uTzNZmfE6CQ+Mxxvx7P2Mg="></latexit>

<latexit sha1_base64="4Cze8uTzNZmfE6CQ+Mxxvx7P2Mg="></latexit>

<latexit sha1_base64="mQlZ/X4SWD4N/aEoq2S2lIqKXP8="></latexit> q5
<latexit sha1_base64="tX2BIL80qa0Rjy9Q+zmIdU6tuu0=">AAACK3icbVDLTsJAFJ36RHwBLt00EhM3klYluiS6cYlRHgk0ZDrcwoSZaZ2ZmtSGT3CrX+HXuNK49T8coAsBT3KTk3Pvzb3n+BGjSjvOp7Wyura+sZnbym/v7O7tF4qlpgpjSaBBQhbKto8VMCqgoalm0I4kYO4zaPmjm0m/9QRS0VA86CQCj+OBoAElWBvp/rFX7RXKTsWZwl4mbkbKKEO9V7RK3X5IYg5CE4aV6rhOpL0US00Jg3G+GyuIMBnhAXQMFZiD8tLpr2P72Ch9OwilKaHtqfp3I8VcqYT7ZpJjPVSLvYn4X68T6+DKS6mIYg2CzA4FMbN1aE+M230qgWiWGIKJpOZXmwyxxESbeOauKGNqCP05I6mmo+dl5TSARHAsxiZFdzGzZdI8q7jnlerdRbl2neWZQ4foCJ0gF12iGrpFddRABA3QC3pFb9a79WF9Wd+z0RUr2zlAc7B+fgFZtagJ</latexit>

p1
<latexit sha1_base64="XV1GkSSMc91tuZe23ZODJQODHcY=">AAACK3icbVDLSsNAFJ3xWeurrUs3wSK4sSQ+0GXRjcuK9gFtKJPJTTt0MgkzEyGGfoJb/Qq/xpXi1v9w2mZhWw9cOJx7L/ee48WcKW3bn3hldW19Y7OwVdze2d3bL5UrLRUlkkKTRjySHY8o4ExAUzPNoRNLIKHHoe2Nbif99hNIxSLxqNMY3JAMBAsYJdpID3Hf6Zeqds2ewlomTk6qKEejX8aVnh/RJAShKSdKdR071m5GpGaUw7jYSxTEhI7IALqGChKCcrPpr2Pr2Ci+FUTSlNDWVP27kZFQqTT0zGRI9FAt9ibif71uooNrN2MiTjQIOjsUJNzSkTUxbvlMAtU8NYRQycyvFh0SSag28cxdUcbUEPw5I5lmo+dl5TSAVIREjE2KzmJmy6R1VnPOa5f3F9X6TZ5nAR2iI3SCHHSF6ugONVATUTRAL+gVveF3/IG/8PdsdAXnOwdoDvjnF1DaqAQ=</latexit>

<latexit sha1_base64="pWCTbT2V0glfDuecgaep+5hc+eM="></latexit>

<latexit sha1_base64="4Cze8uTzNZmfE6CQ+Mxxvx7P2Mg="></latexit>

<latexit sha1_base64="4Cze8uTzNZmfE6CQ+Mxxvx7P2Mg="></latexit>

<latexit sha1_base64="4Cze8uTzNZmfE6CQ+Mxxvx7P2Mg="></latexit>

q1
<latexit sha1_base64="2IknXQxJ0aZSms9kbRslu8EJyRs=">AAACK3icbVDLTsJAFJ3BF+ILcOmmkZi4kbQ+okuiG5cY5ZFAQ6bTW5gwndaZqQk2fIJb/Qq/xpXGrf/hAF0IeJKbnJx7b+49x4s5U9q2P3FuZXVtfSO/Wdja3tndK5bKTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeUNbyb91hNIxSLxoEcxuCHpCxYwSrSR7h97Tq9Ysav2FNYycTJSQRnqvRIud/2IJiEITTlRquPYsXZTIjWjHMaFbqIgJnRI+tAxVJAQlJtOfx1bR0bxrSCSpoS2purfjZSESo1Cz0yGRA/UYm8i/tfrJDq4clMm4kSDoLNDQcItHVkT45bPJFDNR4YQKpn51aIDIgnVJp65K8qYGoA/ZyTVbPi8rJwEMBIhEWOTorOY2TJpnlads+rF3Xmldp3lmUcH6BAdIwddohq6RXXUQBT10Qt6RW/4HX/gL/w9G83hbGcfzQH//AJSoagF</latexit>

q2
<latexit sha1_base64="8EAZYm4a3bCZvujVUlJSdOAVn/E=">AAACK3icbVBNT8JAEN3iF+IX4NFLIzHxImlRo0eiF48YRUigIdtlCht2t3V3a1IbfoJX/RX+Gk8ar/4PF+hBwJdM8vJmJjPv+RGjSjvOp5VbWV1b38hvFra2d3b3iqXygwpjSaBJQhbKto8VMCqgqalm0I4kYO4zaPmj60m/9QRS0VDc6yQCj+OBoAElWBvp7rFX6xUrTtWZwl4mbkYqKEOjV7LK3X5IYg5CE4aV6rhOpL0US00Jg3GhGyuIMBnhAXQMFZiD8tLpr2P7yCh9OwilKaHtqfp3I8VcqYT7ZpJjPVSLvYn4X68T6+DSS6mIYg2CzA4FMbN1aE+M230qgWiWGIKJpOZXmwyxxESbeOauKGNqCP05I6mmo+dl5SSARHAsxiZFdzGzZfJQq7qn1fPbs0r9Ksszjw7QITpGLrpAdXSDGqiJCBqgF/SK3qx368P6sr5nozkr29lHc7B+fgFUZqgG</latexit>

q3
<latexit sha1_base64="1sMAzYP2Z3j8VVhr4R7BfUZYD1k=">AAACK3icbVDLTsJAFJ36RHwBLt00EhM3klY0uiS6cYlRHgk0ZDrcwoSZaZ2ZmtSGT3CrX+HXuNK49T8coAsBT3KTk3Pvzb3n+BGjSjvOp7Wyura+sZnbym/v7O7tF4qlpgpjSaBBQhbKto8VMCqgoalm0I4kYO4zaPmjm0m/9QRS0VA86CQCj+OBoAElWBvp/rFX7RXKTsWZwl4mbkbKKEO9V7RK3X5IYg5CE4aV6rhOpL0US00Jg3G+GyuIMBnhAXQMFZiD8tLpr2P72Ch9OwilKaHtqfp3I8VcqYT7ZpJjPVSLvYn4X68T6+DKS6mIYg2CzA4FMbN1aE+M230qgWiWGIKJpOZXmwyxxESbeOauKGNqCP05I6mmo+dl5TSARHAsxiZFdzGzZdI8q7jVysXdebl2neWZQ4foCJ0gF12iGrpFddRABA3QC3pFb9a79WF9Wd+z0RUr2zlAc7B+fgFWK6gH</latexit>q4

<latexit sha1_base64="daFl3K1Orolxd3SzRDq6unNcjRU=">AAACK3icbVDLTsJAFJ36RHwBLt00EhM3klYxuiS6cYlRHgk0ZDrcwoSZaZ2ZmtSGT3CrX+HXuNK49T8coAsBT3KTk3Pvzb3n+BGjSjvOp7Wyura+sZnbym/v7O7tF4qlpgpjSaBBQhbKto8VMCqgoalm0I4kYO4zaPmjm0m/9QRS0VA86CQCj+OBoAElWBvp/rFX7RXKTsWZwl4mbkbKKEO9V7RK3X5IYg5CE4aV6rhOpL0US00Jg3G+GyuIMBnhAXQMFZiD8tLpr2P72Ch9OwilKaHtqfp3I8VcqYT7ZpJjPVSLvYn4X68T6+DKS6mIYg2CzA4FMbN1aE+M230qgWiWGIKJpOZXmwyxxESbeOauKGNqCP05I6mmo+dl5TSARHAsxiZFdzGzZdI8q7jnlYu7arl2neWZQ4foCJ0gF12iGrpFddRABA3QC3pFb9a79WF9Wd+z0RUr2zlAc7B+fgFX8KgI</latexit>

p1
<latexit sha1_base64="XV1GkSSMc91tuZe23ZODJQODHcY=">AAACK3icbVDLSsNAFJ3xWeurrUs3wSK4sSQ+0GXRjcuK9gFtKJPJTTt0MgkzEyGGfoJb/Qq/xpXi1v9w2mZhWw9cOJx7L/ee48WcKW3bn3hldW19Y7OwVdze2d3bL5UrLRUlkkKTRjySHY8o4ExAUzPNoRNLIKHHoe2Nbif99hNIxSLxqNMY3JAMBAsYJdpID3Hf6Zeqds2ewlomTk6qKEejX8aVnh/RJAShKSdKdR071m5GpGaUw7jYSxTEhI7IALqGChKCcrPpr2Pr2Ci+FUTSlNDWVP27kZFQqTT0zGRI9FAt9ibif71uooNrN2MiTjQIOjsUJNzSkTUxbvlMAtU8NYRQycyvFh0SSag28cxdUcbUEPw5I5lmo+dl5TSAVIREjE2KzmJmy6R1VnPOa5f3F9X6TZ5nAR2iI3SCHHSF6ugONVATUTRAL+gVveF3/IG/8PdsdAXnOwdoDvjnF1DaqAQ=</latexit>

,
<latexit sha1_base64="ytauV+Kje2i3tvnnsc4WLaGmZ9w=">AAACKXicbVDLTsJAFJ3iC/EFuHQzkZi4UNL6iC6JblxCIo8EGjKd3sKE6bSZmZpgwxe41a/wa9ypW3/EAboQ8CQ3OTn33tx7jhdzprRtf1m5tfWNza38dmFnd2//oFgqt1SUSApNGvFIdjyigDMBTc00h04sgYQeh7Y3up/2208gFYvEox7H4IZkIFjAKNFGapz1ixW7as+AV4mTkQrKUO+XrHLPj2gSgtCUE6W6jh1rNyVSM8phUuglCmJCR2QAXUMFCUG56ezTCT4xio+DSJoSGs/UvxspCZUah56ZDIkequXeVPyv1010cOumTMSJBkHnh4KEYx3hqW3sMwlU87EhhEpmfsV0SCSh2oSzcEUZU0PwF4ykmo2eV5XzAMYiJGJiUnSWM1slrYuqc1m9blxVandZnnl0hI7RKXLQDaqhB1RHTUQRoBf0it6sd+vD+rS+56M5K9s5RAuwfn4Bjg2nHA==</latexit>

The quantity being integrated is plagued by IR singularities:

�p(q1q2 ! Z + q01q
0
2) �

<latexit sha1_base64="VyTaeTeo+5tpIA60rALfBcoPj8g="></latexit>

If the singularity involves an initial-state parton, then call it initial-state 

q1//q2
<latexit sha1_base64="t7eU/Hkv4OgUfFiJyadTK4z93vs=">AAACMHicbVBNT8JAEN3iF+IX4NFLIzHxIrSo0SPRi0dMREigabbLFDZst2V3a1Ib/oRX/RX+Gj0Zr/4KF+hBwJdM8vJmJjPveRGjUlnWp5FbW9/Y3MpvF3Z29/YPiqXyowxjQaBFQhaKjoclMMqhpahi0IkE4MBj0PZGt9N++wmEpCF/UEkEToAHnPqUYKWlzti1a7WxW3eLFatqzWCuEjsjFZSh6ZaMcq8fkjgArgjDUnZtK1JOioWihMGk0IslRJiM8AC6mnIcgHTS2cMT80QrfdMPhS6uzJn6dyPFgZRJ4OnJAKuhXO5Nxf963Vj5105KeRQr4GR+yI+ZqUJz6t7sUwFEsUQTTATVv5pkiAUmSme0cEVqU0PoLxhJFR09rypnPiQ8wHyiU7SXM1slj/WqfV69vL+oNG6yPPPoCB2jU2SjK9RAd6iJWogghl7QK3oz3o0P48v4no/mjGznEC3A+PkFgx6plw==</latexit>

q3//q4//p1
<latexit sha1_base64="HRoN741iEiWD2ShYtI41ptdm+TY=">AAACNXicbVDLTsJAFJ3iC/EFuHTTSEzcCK1gdEl04xITeSTQNNPhFiZMp2VmalIbvsOtfoXf4sKdcesvODwWAp7kJifn3Jt77/EiRqWyrA8js7G5tb2T3c3t7R8cHuULxZYMY0GgSUIWio6HJTDKoamoYtCJBODAY9D2RndTv/0EQtKQP6okAifAA059SrDSkjN2q5XK2K1VKpFru/mSVbZmMNeJvSAltEDDLRjFXj8kcQBcEYal7NpWpJwUC0UJg0muF0uIMBnhAXQ15TgA6aSzqyfmmVb6ph8KXVyZM/XvRIoDKZPA050BVkO56k3F/7xurPwbJ6U8ihVwMl/kx8xUoTmNwOxTAUSxRBNMBNW3mmSIBSZKB7W0ReqnhtBfeiRVdPS8rlz4kPAA84lO0V7NbJ20Lst2tXz1UCvVbxd5ZtEJOkXnyEbXqI7uUQM1EUFj9IJe0ZvxbnwaX8b3vDVjLGaO0RKMn1++U6sr</latexit>

q5//p1
<latexit sha1_base64="ukWdSRkIqkRrHZS0xE10Qm3t9bE=">AAACMHicbVDLTsJAFJ3iC/EFuHTTSEzcCK1KdEl04xITeSTQNNPhFiZMp3VmalIbfsKtfoVfoyvj1q9wgC4EPMlNTs69N/ee40WMSmVZn0ZubX1jcyu/XdjZ3ds/KJbKbRnGgkCLhCwUXQ9LYJRDS1HFoBsJwIHHoOONb6f9zhMISUP+oJIInAAPOfUpwUpL3Ue3XqtFru0WK1bVmsFcJXZGKihD0y0Z5f4gJHEAXBGGpezZVqScFAtFCYNJoR9LiDAZ4yH0NOU4AOmks4cn5olWBqYfCl1cmTP170aKAymTwNOTAVYjudybiv/1erHyr52U8ihWwMn8kB8zU4Xm1L05oAKIYokmmAiqfzXJCAtMlM5o4YrUpkYwWDCSKjp+XlXOfEh4gPlEp2gvZ7ZK2udV+6Jav7+sNG6yPPPoCB2jU2SjK9RAd6iJWogghl7QK3oz3o0P48v4no/mjGznEC3A+PkFhrqpmQ==</latexit>

Final-State
Initial-State
Initial-State

Final-state singularities cancel by the Kinoshita-Lee-Nauenberg theorem.

�p(q1q2 ! Z +X) =
1X

n=0

Z
d⇧n�p(q1q2 ! Z + q01...q

0
n)On

<latexit sha1_base64="NCOEN7SVl0dyjvJpglNrOg50SxM="></latexit>

)
<latexit sha1_base64="b8FykDPv04M+YoXOBIR5RaVRP80=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLUjcsK9gFNKJPJTTt0MgkzE6GELP0At/oJ7sStH+IX+BtO2yxs64ELh3Pu5d57/IQzpW372yqtrW9sbpW3Kzu7e/sH1cOjjopTSaFNYx7Lnk8UcCagrZnm0EskkMjn0PXHd1O/+wRSsVg86kkCXkSGgoWMEm2krttkw6GbD6o1u27PgFeJU5AaKtAaVH/cIKZpBEJTTpTqO3aivYxIzSiHvOKmChJCx2QIfUMFiUB52ezcHJ8ZJcBhLE0JjWfq34mMREpNIt90RkSP1LI3Ff/z+qkOb72MiSTVIOh8UZhyrGM8/R0HTALVfGIIoZKZWzEdEUmoNgktbFHmqREEecUk4yznsEo6F3Xnsn79cFVrNIuMyugEnaJz5KAb1ED3qIXaiKIxekGv6M16tt6tD+tz3lqyipljtADr6xcpEphO</latexit>

Has FS singularities.

)
<latexit sha1_base64="b8FykDPv04M+YoXOBIR5RaVRP80=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLUjcsK9gFNKJPJTTt0MgkzE6GELP0At/oJ7sStH+IX+BtO2yxs64ELh3Pu5d57/IQzpW372yqtrW9sbpW3Kzu7e/sH1cOjjopTSaFNYx7Lnk8UcCagrZnm0EskkMjn0PXHd1O/+wRSsVg86kkCXkSGgoWMEm2krttkw6GbD6o1u27PgFeJU5AaKtAaVH/cIKZpBEJTTpTqO3aivYxIzSiHvOKmChJCx2QIfUMFiUB52ezcHJ8ZJcBhLE0JjWfq34mMREpNIt90RkSP1LI3Ff/z+qkOb72MiSTVIOh8UZhyrGM8/R0HTALVfGIIoZKZWzEdEUmoNgktbFHmqREEecUk4yznsEo6F3Xnsn79cFVrNIuMyugEnaJz5KAb1ED3qIXaiKIxekGv6M16tt6tD+tz3lqyipljtADr6xcpEphO</latexit>

Does not have FS singularities.





Initial and final-state singularities are treated differently…

�(PP ! Z +X) =
X

q1,q22{q,q̄,g}

Z
dx1

x1

Z
dx2

x2
f (0)
q1 (x1)f

(0)
q2 (x2)�p(q1q2 ! Z +X)

<latexit sha1_base64="QIVF3ZIy9jew/ti4Gud0cfg/n4g="></latexit>

)
<latexit sha1_base64="b8FykDPv04M+YoXOBIR5RaVRP80=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLUjcsK9gFNKJPJTTt0MgkzE6GELP0At/oJ7sStH+IX+BtO2yxs64ELh3Pu5d57/IQzpW372yqtrW9sbpW3Kzu7e/sH1cOjjopTSaFNYx7Lnk8UcCagrZnm0EskkMjn0PXHd1O/+wRSsVg86kkCXkSGgoWMEm2krttkw6GbD6o1u27PgFeJU5AaKtAaVH/cIKZpBEJTTpTqO3aivYxIzSiHvOKmChJCx2QIfUMFiUB52ezcHJ8ZJcBhLE0JjWfq34mMREpNIt90RkSP1LI3Ff/z+qkOb72MiSTVIOh8UZhyrGM8/R0HTALVfGIIoZKZWzEdEUmoNgktbFHmqREEecUk4yznsEo6F3Xnsn79cFVrNIuMyugEnaJz5KAb1ED3qIXaiKIxekGv6M16tt6tD+tz3lqyipljtADr6xcpEphO</latexit>

Still has IS singularities.



Initial and final-state singularities are treated differently…

�(PP ! Z +X) =
X

q1,q22{q,q̄,g}

Z
dx1

x1

Z
dx2

x2
f (0)
q1 (x1)f

(0)
q2 (x2)�p(q1q2 ! Z +X)

<latexit sha1_base64="QIVF3ZIy9jew/ti4Gud0cfg/n4g="></latexit>

)
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)
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Now finite

This works because of deep physical principles: factorisation, scale separation,…
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?<latexit sha1_base64="7rnL+WpXmbvdfzDjxRPBb/7VVvk=">AAAB/3icbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4juDGQLKF3MpsMmZ1dZnqFEHLwC7zqF3gTr36KH+B/OEn2YBILGoqqbrq7wlQKg6777RRWVtfWN4qbpa3tnd298v5BwySZZtxniUx0MwTDpVDcR4GSN1PNIQ4lfwwHtxP/8YlrIxL1gMOUBzH0lIgEA7SS3zYIulOuuFV3CrpMvJxUSI56p/zT7iYsi7lCJsGYluemGIxAo2CSj0vtzPAU2AB6vGWpgpibYDQ9dkxPrNKlUaJtKaRT9e/ECGJjhnFoO2PAvln0JuJ/XivD6DoYCZVmyBWbLYoySTGhk89pV2jOUA4tAaaFvZWyPmhgaPOZ2xJqGHAc21y8xRSWSeOs6p1XL+8vKrWbPKEiOSLH5JR45IrUyB2pE58wIsgLeSVvzrPz7nw4n7PWgpPPHJI5OF+/nrWXIQ==</latexit> ?<latexit sha1_base64="7rnL+WpXmbvdfzDjxRPBb/7VVvk=">AAAB/3icbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4juDGQLKF3MpsMmZ1dZnqFEHLwC7zqF3gTr36KH+B/OEn2YBILGoqqbrq7wlQKg6777RRWVtfWN4qbpa3tnd298v5BwySZZtxniUx0MwTDpVDcR4GSN1PNIQ4lfwwHtxP/8YlrIxL1gMOUBzH0lIgEA7SS3zYIulOuuFV3CrpMvJxUSI56p/zT7iYsi7lCJsGYluemGIxAo2CSj0vtzPAU2AB6vGWpgpibYDQ9dkxPrNKlUaJtKaRT9e/ECGJjhnFoO2PAvln0JuJ/XivD6DoYCZVmyBWbLYoySTGhk89pV2jOUA4tAaaFvZWyPmhgaPOZ2xJqGHAc21y8xRSWSeOs6p1XL+8vKrWbPKEiOSLH5JR45IrUyB2pE58wIsgLeSVvzrPz7nw4n7PWgpPPHJI5OF+/nrWXIQ==</latexit> Different types of



Initial and final-state singularities are treated differently…
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)
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Still has IS singularities.

The partonic x-section still has IS singularities… eliminated by renormalisation:

�(PP ! Z +X) =
X

q1,q22{q,q̄,g}

Z
dx1

x1

Z
dx2

x2
fq1(x1;µ)fq2(x2;µ)�p(q1q2 ! Z +X;µ)
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)
<latexit sha1_base64="b8FykDPv04M+YoXOBIR5RaVRP80=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLUjcsK9gFNKJPJTTt0MgkzE6GELP0At/oJ7sStH+IX+BtO2yxs64ELh3Pu5d57/IQzpW372yqtrW9sbpW3Kzu7e/sH1cOjjopTSaFNYx7Lnk8UcCagrZnm0EskkMjn0PXHd1O/+wRSsVg86kkCXkSGgoWMEm2krttkw6GbD6o1u27PgFeJU5AaKtAaVH/cIKZpBEJTTpTqO3aivYxIzSiHvOKmChJCx2QIfUMFiUB52ezcHJ8ZJcBhLE0JjWfq34mMREpNIt90RkSP1LI3Ff/z+qkOb72MiSTVIOh8UZhyrGM8/R0HTALVfGIIoZKZWzEdEUmoNgktbFHmqREEecUk4yznsEo6F3Xnsn79cFVrNIuMyugEnaJz5KAb1ED3qIXaiKIxekGv6M16tt6tD+tz3lqyipljtADr6xcpEphO</latexit>

Now finite

This works because of deep physical principles: factorisation, scale separation,…
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?<latexit sha1_base64="7rnL+WpXmbvdfzDjxRPBb/7VVvk=">AAAB/3icbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4juDGQLKF3MpsMmZ1dZnqFEHLwC7zqF3gTr36KH+B/OEn2YBILGoqqbrq7wlQKg6777RRWVtfWN4qbpa3tnd298v5BwySZZtxniUx0MwTDpVDcR4GSN1PNIQ4lfwwHtxP/8YlrIxL1gMOUBzH0lIgEA7SS3zYIulOuuFV3CrpMvJxUSI56p/zT7iYsi7lCJsGYluemGIxAo2CSj0vtzPAU2AB6vGWpgpibYDQ9dkxPrNKlUaJtKaRT9e/ECGJjhnFoO2PAvln0JuJ/XivD6DoYCZVmyBWbLYoySTGhk89pV2jOUA4tAaaFvZWyPmhgaPOZ2xJqGHAc21y8xRSWSeOs6p1XL+8vKrWbPKEiOSLH5JR45IrUyB2pE58wIsgLeSVvzrPz7nw4n7PWgpPPHJI5OF+/nrWXIQ==</latexit> ?<latexit sha1_base64="7rnL+WpXmbvdfzDjxRPBb/7VVvk=">AAAB/3icbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4juDGQLKF3MpsMmZ1dZnqFEHLwC7zqF3gTr36KH+B/OEn2YBILGoqqbrq7wlQKg6777RRWVtfWN4qbpa3tnd298v5BwySZZtxniUx0MwTDpVDcR4GSN1PNIQ4lfwwHtxP/8YlrIxL1gMOUBzH0lIgEA7SS3zYIulOuuFV3CrpMvJxUSI56p/zT7iYsi7lCJsGYluemGIxAo2CSj0vtzPAU2AB6vGWpgpibYDQ9dkxPrNKlUaJtKaRT9e/ECGJjhnFoO2PAvln0JuJ/XivD6DoYCZVmyBWbLYoySTGhk89pV2jOUA4tAaaFvZWyPmhgaPOZ2xJqGHAc21y8xRSWSeOs6p1XL+8vKrWbPKEiOSLH5JR45IrUyB2pE58wIsgLeSVvzrPz7nw4n7PWgpPPHJI5OF+/nrWXIQ==</latexit> Different types of



Initial and final-state singularities are treated differently…
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<latexit sha1_base64="QIVF3ZIy9jew/ti4Gud0cfg/n4g="></latexit>

)
<latexit sha1_base64="b8FykDPv04M+YoXOBIR5RaVRP80=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLUjcsK9gFNKJPJTTt0MgkzE6GELP0At/oJ7sStH+IX+BtO2yxs64ELh3Pu5d57/IQzpW372yqtrW9sbpW3Kzu7e/sH1cOjjopTSaFNYx7Lnk8UcCagrZnm0EskkMjn0PXHd1O/+wRSsVg86kkCXkSGgoWMEm2krttkw6GbD6o1u27PgFeJU5AaKtAaVH/cIKZpBEJTTpTqO3aivYxIzSiHvOKmChJCx2QIfUMFiUB52ezcHJ8ZJcBhLE0JjWfq34mMREpNIt90RkSP1LI3Ff/z+qkOb72MiSTVIOh8UZhyrGM8/R0HTALVfGIIoZKZWzEdEUmoNgktbFHmqREEecUk4yznsEo6F3Xnsn79cFVrNIuMyugEnaJz5KAb1ED3qIXaiKIxekGv6M16tt6tD+tz3lqyipljtADr6xcpEphO</latexit>

Still has IS singularities.

The partonic x-section still has IS singularities… eliminated by renormalisation:

�(PP ! Z +X) =
X

q1,q22{q,q̄,g}

Z
dx1

x1

Z
dx2

x2
fq1(x1;µ)fq2(x2;µ)�p(q1q2 ! Z +X;µ)

<latexit sha1_base64="Akl2aiQ8wCSoqzc44wsI5/91/Z4="></latexit>

)
<latexit sha1_base64="b8FykDPv04M+YoXOBIR5RaVRP80=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLUjcsK9gFNKJPJTTt0MgkzE6GELP0At/oJ7sStH+IX+BtO2yxs64ELh3Pu5d57/IQzpW372yqtrW9sbpW3Kzu7e/sH1cOjjopTSaFNYx7Lnk8UcCagrZnm0EskkMjn0PXHd1O/+wRSsVg86kkCXkSGgoWMEm2krttkw6GbD6o1u27PgFeJU5AaKtAaVH/cIKZpBEJTTpTqO3aivYxIzSiHvOKmChJCx2QIfUMFiUB52ezcHJ8ZJcBhLE0JjWfq34mMREpNIt90RkSP1LI3Ff/z+qkOb72MiSTVIOh8UZhyrGM8/R0HTALVfGIIoZKZWzEdEUmoNgktbFHmqREEecUk4yznsEo6F3Xnsn79cFVrNIuMyugEnaJz5KAb1ED3qIXaiKIxekGv6M16tt6tD+tz3lqyipljtADr6xcpEphO</latexit>

Now finite

This works because of deep physical principles: factorisation, scale separation,…
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IS FS
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Resummation Resummation?<latexit sha1_base64="7rnL+WpXmbvdfzDjxRPBb/7VVvk=">AAAB/3icbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4juDGQLKF3MpsMmZ1dZnqFEHLwC7zqF3gTr36KH+B/OEn2YBILGoqqbrq7wlQKg6777RRWVtfWN4qbpa3tnd298v5BwySZZtxniUx0MwTDpVDcR4GSN1PNIQ4lfwwHtxP/8YlrIxL1gMOUBzH0lIgEA7SS3zYIulOuuFV3CrpMvJxUSI56p/zT7iYsi7lCJsGYluemGIxAo2CSj0vtzPAU2AB6vGWpgpibYDQ9dkxPrNKlUaJtKaRT9e/ECGJjhnFoO2PAvln0JuJ/XivD6DoYCZVmyBWbLYoySTGhk89pV2jOUA4tAaaFvZWyPmhgaPOZ2xJqGHAc21y8xRSWSeOs6p1XL+8vKrWbPKEiOSLH5JR45IrUyB2pE58wIsgLeSVvzrPz7nw4n7PWgpPPHJI5OF+/nrWXIQ==</latexit>

?<latexit sha1_base64="7rnL+WpXmbvdfzDjxRPBb/7VVvk=">AAAB/3icbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4juDGQLKF3MpsMmZ1dZnqFEHLwC7zqF3gTr36KH+B/OEn2YBILGoqqbrq7wlQKg6777RRWVtfWN4qbpa3tnd298v5BwySZZtxniUx0MwTDpVDcR4GSN1PNIQ4lfwwHtxP/8YlrIxL1gMOUBzH0lIgEA7SS3zYIulOuuFV3CrpMvJxUSI56p/zT7iYsi7lCJsGYluemGIxAo2CSj0vtzPAU2AB6vGWpgpibYDQ9dkxPrNKlUaJtKaRT9e/ECGJjhnFoO2PAvln0JuJ/XivD6DoYCZVmyBWbLYoySTGhk89pV2jOUA4tAaaFvZWyPmhgaPOZ2xJqGHAc21y8xRSWSeOs6p1XL+8vKrWbPKEiOSLH5JR45IrUyB2pE58wIsgLeSVvzrPz7nw4n7PWgpPPHJI5OF+/nrWXIQ==</latexit> ?<latexit sha1_base64="7rnL+WpXmbvdfzDjxRPBb/7VVvk=">AAAB/3icbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4juDGQLKF3MpsMmZ1dZnqFEHLwC7zqF3gTr36KH+B/OEn2YBILGoqqbrq7wlQKg6777RRWVtfWN4qbpa3tnd298v5BwySZZtxniUx0MwTDpVDcR4GSN1PNIQ4lfwwHtxP/8YlrIxL1gMOUBzH0lIgEA7SS3zYIulOuuFV3CrpMvJxUSI56p/zT7iYsi7lCJsGYluemGIxAo2CSj0vtzPAU2AB6vGWpgpibYDQ9dkxPrNKlUaJtKaRT9e/ECGJjhnFoO2PAvln0JuJ/XivD6DoYCZVmyBWbLYoySTGhk89pV2jOUA4tAaaFvZWyPmhgaPOZ2xJqGHAc21y8xRSWSeOs6p1XL+8vKrWbPKEiOSLH5JR45IrUyB2pE58wIsgLeSVvzrPz7nw4n7PWgpPPHJI5OF+/nrWXIQ==</latexit> Different types of

KLN



Initial and final-state singularities are treated differently…
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)
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Still has IS singularities.

The partonic x-section still has IS singularities… eliminated by renormalisation:

�(PP ! Z +X) =
X

q1,q22{q,q̄,g}
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dx1
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)
<latexit sha1_base64="b8FykDPv04M+YoXOBIR5RaVRP80=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLUjcsK9gFNKJPJTTt0MgkzE6GELP0At/oJ7sStH+IX+BtO2yxs64ELh3Pu5d57/IQzpW372yqtrW9sbpW3Kzu7e/sH1cOjjopTSaFNYx7Lnk8UcCagrZnm0EskkMjn0PXHd1O/+wRSsVg86kkCXkSGgoWMEm2krttkw6GbD6o1u27PgFeJU5AaKtAaVH/cIKZpBEJTTpTqO3aivYxIzSiHvOKmChJCx2QIfUMFiUB52ezcHJ8ZJcBhLE0JjWfq34mMREpNIt90RkSP1LI3Ff/z+qkOb72MiSTVIOh8UZhyrGM8/R0HTALVfGIIoZKZWzEdEUmoNgktbFHmqREEecUk4yznsEo6F3Xnsn79cFVrNIuMyugEnaJz5KAb1ED3qIXaiKIxekGv6M16tt6tD+tz3lqyipljtADr6xcpEphO</latexit>

Now finite

This works because of deep physical principles: factorisation, scale separation,…
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IS FS
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Resummation Resummation?<latexit sha1_base64="7rnL+WpXmbvdfzDjxRPBb/7VVvk=">AAAB/3icbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4juDGQLKF3MpsMmZ1dZnqFEHLwC7zqF3gTr36KH+B/OEn2YBILGoqqbrq7wlQKg6777RRWVtfWN4qbpa3tnd298v5BwySZZtxniUx0MwTDpVDcR4GSN1PNIQ4lfwwHtxP/8YlrIxL1gMOUBzH0lIgEA7SS3zYIulOuuFV3CrpMvJxUSI56p/zT7iYsi7lCJsGYluemGIxAo2CSj0vtzPAU2AB6vGWpgpibYDQ9dkxPrNKlUaJtKaRT9e/ECGJjhnFoO2PAvln0JuJ/XivD6DoYCZVmyBWbLYoySTGhk89pV2jOUA4tAaaFvZWyPmhgaPOZ2xJqGHAc21y8xRSWSeOs6p1XL+8vKrWbPKEiOSLH5JR45IrUyB2pE58wIsgLeSVvzrPz7nw4n7PWgpPPHJI5OF+/nrWXIQ==</latexit>

?<latexit sha1_base64="7rnL+WpXmbvdfzDjxRPBb/7VVvk=">AAAB/3icbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4juDGQLKF3MpsMmZ1dZnqFEHLwC7zqF3gTr36KH+B/OEn2YBILGoqqbrq7wlQKg6777RRWVtfWN4qbpa3tnd298v5BwySZZtxniUx0MwTDpVDcR4GSN1PNIQ4lfwwHtxP/8YlrIxL1gMOUBzH0lIgEA7SS3zYIulOuuFV3CrpMvJxUSI56p/zT7iYsi7lCJsGYluemGIxAo2CSj0vtzPAU2AB6vGWpgpibYDQ9dkxPrNKlUaJtKaRT9e/ECGJjhnFoO2PAvln0JuJ/XivD6DoYCZVmyBWbLYoySTGhk89pV2jOUA4tAaaFvZWyPmhgaPOZ2xJqGHAc21y8xRSWSeOs6p1XL+8vKrWbPKEiOSLH5JR45IrUyB2pE58wIsgLeSVvzrPz7nw4n7PWgpPPHJI5OF+/nrWXIQ==</latexit> ?<latexit sha1_base64="7rnL+WpXmbvdfzDjxRPBb/7VVvk=">AAAB/3icbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4juDGQLKF3MpsMmZ1dZnqFEHLwC7zqF3gTr36KH+B/OEn2YBILGoqqbrq7wlQKg6777RRWVtfWN4qbpa3tnd298v5BwySZZtxniUx0MwTDpVDcR4GSN1PNIQ4lfwwHtxP/8YlrIxL1gMOUBzH0lIgEA7SS3zYIulOuuFV3CrpMvJxUSI56p/zT7iYsi7lCJsGYluemGIxAo2CSj0vtzPAU2AB6vGWpgpibYDQ9dkxPrNKlUaJtKaRT9e/ECGJjhnFoO2PAvln0JuJ/XivD6DoYCZVmyBWbLYoySTGhk89pV2jOUA4tAaaFvZWyPmhgaPOZ2xJqGHAc21y8xRSWSeOs6p1XL+8vKrWbPKEiOSLH5JR45IrUyB2pE58wIsgLeSVvzrPz7nw4n7PWgpPPHJI5OF+/nrWXIQ==</latexit> Different types of

KLN

I will argue that one can use KLN to cancel poles both in the initial and final-state. 

Sterman/Weinberg quote

G. Sterman, S. Weinberg,
“Jets from Quantum Chromodynamics”
(1977)



Initial and final-state singularities are treated differently…

�(PP ! Z +X) =
X

q1,q22{q,q̄,g}

Z
dx1

x1

Z
dx2

x2
f (0)
q1 (x1)f

(0)
q2 (x2)�p(q1q2 ! Z +X)

<latexit sha1_base64="QIVF3ZIy9jew/ti4Gud0cfg/n4g="></latexit>

)
<latexit sha1_base64="b8FykDPv04M+YoXOBIR5RaVRP80=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLUjcsK9gFNKJPJTTt0MgkzE6GELP0At/oJ7sStH+IX+BtO2yxs64ELh3Pu5d57/IQzpW372yqtrW9sbpW3Kzu7e/sH1cOjjopTSaFNYx7Lnk8UcCagrZnm0EskkMjn0PXHd1O/+wRSsVg86kkCXkSGgoWMEm2krttkw6GbD6o1u27PgFeJU5AaKtAaVH/cIKZpBEJTTpTqO3aivYxIzSiHvOKmChJCx2QIfUMFiUB52ezcHJ8ZJcBhLE0JjWfq34mMREpNIt90RkSP1LI3Ff/z+qkOb72MiSTVIOh8UZhyrGM8/R0HTALVfGIIoZKZWzEdEUmoNgktbFHmqREEecUk4yznsEo6F3Xnsn79cFVrNIuMyugEnaJz5KAb1ED3qIXaiKIxekGv6M16tt6tD+tz3lqyipljtADr6xcpEphO</latexit>

Still has IS singularities.

The partonic x-section still has IS singularities… eliminated by renormalisation:

�(PP ! Z +X) =
X

q1,q22{q,q̄,g}

Z
dx1

x1

Z
dx2

x2
fq1(x1;µ)fq2(x2;µ)�p(q1q2 ! Z +X;µ)

<latexit sha1_base64="Akl2aiQ8wCSoqzc44wsI5/91/Z4="></latexit>

)
<latexit sha1_base64="b8FykDPv04M+YoXOBIR5RaVRP80=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLUjcsK9gFNKJPJTTt0MgkzE6GELP0At/oJ7sStH+IX+BtO2yxs64ELh3Pu5d57/IQzpW372yqtrW9sbpW3Kzu7e/sH1cOjjopTSaFNYx7Lnk8UcCagrZnm0EskkMjn0PXHd1O/+wRSsVg86kkCXkSGgoWMEm2krttkw6GbD6o1u27PgFeJU5AaKtAaVH/cIKZpBEJTTpTqO3aivYxIzSiHvOKmChJCx2QIfUMFiUB52ezcHJ8ZJcBhLE0JjWfq34mMREpNIt90RkSP1LI3Ff/z+qkOb72MiSTVIOh8UZhyrGM8/R0HTALVfGIIoZKZWzEdEUmoNgktbFHmqREEecUk4yznsEo6F3Xnsn79cFVrNIuMyugEnaJz5KAb1ED3qIXaiKIxekGv6M16tt6tD+tz3lqyipljtADr6xcpEphO</latexit>

Now finite

This works because of deep physical principles: factorisation, scale separation,…

Poles
Logarithms

IS FS
KLN

Resummation Resummation?<latexit sha1_base64="7rnL+WpXmbvdfzDjxRPBb/7VVvk=">AAAB/3icbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4juDGQLKF3MpsMmZ1dZnqFEHLwC7zqF3gTr36KH+B/OEn2YBILGoqqbrq7wlQKg6777RRWVtfWN4qbpa3tnd298v5BwySZZtxniUx0MwTDpVDcR4GSN1PNIQ4lfwwHtxP/8YlrIxL1gMOUBzH0lIgEA7SS3zYIulOuuFV3CrpMvJxUSI56p/zT7iYsi7lCJsGYluemGIxAo2CSj0vtzPAU2AB6vGWpgpibYDQ9dkxPrNKlUaJtKaRT9e/ECGJjhnFoO2PAvln0JuJ/XivD6DoYCZVmyBWbLYoySTGhk89pV2jOUA4tAaaFvZWyPmhgaPOZ2xJqGHAc21y8xRSWSeOs6p1XL+8vKrWbPKEiOSLH5JR45IrUyB2pE58wIsgLeSVvzrPz7nw4n7PWgpPPHJI5OF+/nrWXIQ==</latexit>

?<latexit sha1_base64="7rnL+WpXmbvdfzDjxRPBb/7VVvk=">AAAB/3icbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4juDGQLKF3MpsMmZ1dZnqFEHLwC7zqF3gTr36KH+B/OEn2YBILGoqqbrq7wlQKg6777RRWVtfWN4qbpa3tnd298v5BwySZZtxniUx0MwTDpVDcR4GSN1PNIQ4lfwwHtxP/8YlrIxL1gMOUBzH0lIgEA7SS3zYIulOuuFV3CrpMvJxUSI56p/zT7iYsi7lCJsGYluemGIxAo2CSj0vtzPAU2AB6vGWpgpibYDQ9dkxPrNKlUaJtKaRT9e/ECGJjhnFoO2PAvln0JuJ/XivD6DoYCZVmyBWbLYoySTGhk89pV2jOUA4tAaaFvZWyPmhgaPOZ2xJqGHAc21y8xRSWSeOs6p1XL+8vKrWbPKEiOSLH5JR45IrUyB2pE58wIsgLeSVvzrPz7nw4n7PWgpPPHJI5OF+/nrWXIQ==</latexit> ?<latexit sha1_base64="7rnL+WpXmbvdfzDjxRPBb/7VVvk=">AAAB/3icbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4juDGQLKF3MpsMmZ1dZnqFEHLwC7zqF3gTr36KH+B/OEn2YBILGoqqbrq7wlQKg6777RRWVtfWN4qbpa3tnd298v5BwySZZtxniUx0MwTDpVDcR4GSN1PNIQ4lfwwHtxP/8YlrIxL1gMOUBzH0lIgEA7SS3zYIulOuuFV3CrpMvJxUSI56p/zT7iYsi7lCJsGYluemGIxAo2CSj0vtzPAU2AB6vGWpgpibYDQ9dkxPrNKlUaJtKaRT9e/ECGJjhnFoO2PAvln0JuJ/XivD6DoYCZVmyBWbLYoySTGhk89pV2jOUA4tAaaFvZWyPmhgaPOZ2xJqGHAc21y8xRSWSeOs6p1XL+8vKrWbPKEiOSLH5JR45IrUyB2pE58wIsgLeSVvzrPz7nw4n7PWgpPPHJI5OF+/nrWXIQ==</latexit> Different types of

KLN

KLN theorem meets collinear factorisation. 

I will argue that one can use KLN to cancel poles both in the initial and final-state. 

Sterman/Weinberg quote

G. Sterman, S. Weinberg,
“Jets from Quantum Chromodynamics”
(1977)





Summing over initial-state parton multiplicity 



Summing over initial-state parton multiplicity 
What happens if we sum over initial-state multiplicities? Start with DIS:

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

Parton model

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

qN
<latexit sha1_base64="XDaxfWCr3hKhdoKK4KmTrkUMcNs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZySQZMju7zvQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xG09cGxGpBxzF3A9pX4meYBStdP/Yue0US27ZnYIsEi8jJchQ7RS/2t2IJSFXyCQ1puW5Mfop1SiY5ONCOzE8pmxI+7xlqaIhN346PXVMjqzSJb1I21JIpurviZSGxozCwHaGFAdm3puI/3mtBHuXfipUnCBXbLaol0iCEZn8TbpCc4ZyZAllWthbCRtQTRnadAo2BG/+5UVSPyl7p+Xzu7NS5SqLIw8HcAjH4MEFVOAGqlADBn14hld4c6Tz4rw7H7PWnJPN7MMfOJ8/Lz6NvQ==</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

qN
<latexit sha1_base64="XDaxfWCr3hKhdoKK4KmTrkUMcNs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZySQZMju7zvQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xG09cGxGpBxzF3A9pX4meYBStdP/Yue0US27ZnYIsEi8jJchQ7RS/2t2IJSFXyCQ1puW5Mfop1SiY5ONCOzE8pmxI+7xlqaIhN346PXVMjqzSJb1I21JIpurviZSGxozCwHaGFAdm3puI/3mtBHuXfipUnCBXbLaol0iCEZn8TbpCc4ZyZAllWthbCRtQTRnadAo2BG/+5UVSPyl7p+Xzu7NS5SqLIw8HcAjH4MEFVOAGqlADBn14hld4c6Tz4rw7H7PWnJPN7MMfOJ8/Lz6NvQ==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>



Summing over initial-state parton multiplicity 
What happens if we sum over initial-state multiplicities? Start with DIS:

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

Parton model

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

qN
<latexit sha1_base64="XDaxfWCr3hKhdoKK4KmTrkUMcNs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZySQZMju7zvQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xG09cGxGpBxzF3A9pX4meYBStdP/Yue0US27ZnYIsEi8jJchQ7RS/2t2IJSFXyCQ1puW5Mfop1SiY5ONCOzE8pmxI+7xlqaIhN346PXVMjqzSJb1I21JIpurviZSGxozCwHaGFAdm3puI/3mtBHuXfipUnCBXbLaol0iCEZn8TbpCc4ZyZAllWthbCRtQTRnadAo2BG/+5UVSPyl7p+Xzu7NS5SqLIw8HcAjH4MEFVOAGqlADBn14hld4c6Tz4rw7H7PWnJPN7MMfOJ8/Lz6NvQ==</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

qN
<latexit sha1_base64="XDaxfWCr3hKhdoKK4KmTrkUMcNs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZySQZMju7zvQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xG09cGxGpBxzF3A9pX4meYBStdP/Yue0US27ZnYIsEi8jJchQ7RS/2t2IJSFXyCQ1puW5Mfop1SiY5ONCOzE8pmxI+7xlqaIhN346PXVMjqzSJb1I21JIpurviZSGxozCwHaGFAdm3puI/3mtBHuXfipUnCBXbLaol0iCEZn8TbpCc4ZyZAllWthbCRtQTRnadAo2BG/+5UVSPyl7p+Xzu7NS5SqLIw8HcAjH4MEFVOAGqlADBn14hld4c6Tz4rw7H7PWnJPN7MMfOJ8/Lz6NvQ==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

Many questions… the first one: how are the many partons kinematically distributed?

q1...qn
?! Xq(xp)

<latexit sha1_base64="tEJSSni6KcdF5n90n1xL3O10MJk="></latexit>



Summing over initial-state parton multiplicity 

Should be collimated around the beam, with degree of collimation being an IR scale…

What happens if we sum over initial-state multiplicities? Start with DIS:

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

Parton model

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

qN
<latexit sha1_base64="XDaxfWCr3hKhdoKK4KmTrkUMcNs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZySQZMju7zvQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xG09cGxGpBxzF3A9pX4meYBStdP/Yue0US27ZnYIsEi8jJchQ7RS/2t2IJSFXyCQ1puW5Mfop1SiY5ONCOzE8pmxI+7xlqaIhN346PXVMjqzSJb1I21JIpurviZSGxozCwHaGFAdm3puI/3mtBHuXfipUnCBXbLaol0iCEZn8TbpCc4ZyZAllWthbCRtQTRnadAo2BG/+5UVSPyl7p+Xzu7NS5SqLIw8HcAjH4MEFVOAGqlADBn14hld4c6Tz4rw7H7PWnJPN7MMfOJ8/Lz6NvQ==</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

qN
<latexit sha1_base64="XDaxfWCr3hKhdoKK4KmTrkUMcNs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZySQZMju7zvQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xG09cGxGpBxzF3A9pX4meYBStdP/Yue0US27ZnYIsEi8jJchQ7RS/2t2IJSFXyCQ1puW5Mfop1SiY5ONCOzE8pmxI+7xlqaIhN346PXVMjqzSJb1I21JIpurviZSGxozCwHaGFAdm3puI/3mtBHuXfipUnCBXbLaol0iCEZn8TbpCc4ZyZAllWthbCRtQTRnadAo2BG/+5UVSPyl7p+Xzu7NS5SqLIw8HcAjH4MEFVOAGqlADBn14hld4c6Tz4rw7H7PWnJPN7MMfOJ8/Lz6NvQ==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

Many questions… the first one: how are the many partons kinematically distributed?

q1...qn
?! Xq(xp)

<latexit sha1_base64="tEJSSni6KcdF5n90n1xL3O10MJk="></latexit>



Summing over initial-state parton multiplicity 

Should be collimated around the beam, with degree of collimation being an IR scale…

What happens if we sum over initial-state multiplicities? Start with DIS:

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

Parton model

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

qN
<latexit sha1_base64="XDaxfWCr3hKhdoKK4KmTrkUMcNs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZySQZMju7zvQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xG09cGxGpBxzF3A9pX4meYBStdP/Yue0US27ZnYIsEi8jJchQ7RS/2t2IJSFXyCQ1puW5Mfop1SiY5ONCOzE8pmxI+7xlqaIhN346PXVMjqzSJb1I21JIpurviZSGxozCwHaGFAdm3puI/3mtBHuXfipUnCBXbLaol0iCEZn8TbpCc4ZyZAllWthbCRtQTRnadAo2BG/+5UVSPyl7p+Xzu7NS5SqLIw8HcAjH4MEFVOAGqlADBn14hld4c6Tz4rw7H7PWnJPN7MMfOJ8/Lz6NvQ==</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

qN
<latexit sha1_base64="XDaxfWCr3hKhdoKK4KmTrkUMcNs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZySQZMju7zvQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xG09cGxGpBxzF3A9pX4meYBStdP/Yue0US27ZnYIsEi8jJchQ7RS/2t2IJSFXyCQ1puW5Mfop1SiY5ONCOzE8pmxI+7xlqaIhN346PXVMjqzSJb1I21JIpurviZSGxozCwHaGFAdm3puI/3mtBHuXfipUnCBXbLaol0iCEZn8TbpCc4ZyZAllWthbCRtQTRnadAo2BG/+5UVSPyl7p+Xzu7NS5SqLIw8HcAjH4MEFVOAGqlADBn14hld4c6Tz4rw7H7PWnJPN7MMfOJ8/Lz6NvQ==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

This choice has computational impact… past attempts have been limited by this.
Axelrod, Muta, Nelson (1982) and (1985) Frye, Hannesdottir, Paul, Schwartz, Yan (2018)

Many questions… the first one: how are the many partons kinematically distributed?

q1...qn
?! Xq(xp)

<latexit sha1_base64="tEJSSni6KcdF5n90n1xL3O10MJk="></latexit>



Summing over initial-state parton multiplicity 

Should be collimated around the beam, with degree of collimation being an IR scale…

What happens if we sum over initial-state multiplicities? Start with DIS:

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

Parton model

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

p
<latexit sha1_base64="YiMBp0X+QfFQDarv3Fd7cIrvbr0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUT3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveReWqflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP3F2M+w==</latexit>

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

qN
<latexit sha1_base64="XDaxfWCr3hKhdoKK4KmTrkUMcNs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZySQZMju7zvQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xG09cGxGpBxzF3A9pX4meYBStdP/Yue0US27ZnYIsEi8jJchQ7RS/2t2IJSFXyCQ1puW5Mfop1SiY5ONCOzE8pmxI+7xlqaIhN346PXVMjqzSJb1I21JIpurviZSGxozCwHaGFAdm3puI/3mtBHuXfipUnCBXbLaol0iCEZn8TbpCc4ZyZAllWthbCRtQTRnadAo2BG/+5UVSPyl7p+Xzu7NS5SqLIw8HcAjH4MEFVOAGqlADBn14hld4c6Tz4rw7H7PWnJPN7MMfOJ8/Lz6NvQ==</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

qN
<latexit sha1_base64="XDaxfWCr3hKhdoKK4KmTrkUMcNs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZySQZMju7zvQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xG09cGxGpBxzF3A9pX4meYBStdP/Yue0US27ZnYIsEi8jJchQ7RS/2t2IJSFXyCQ1puW5Mfop1SiY5ONCOzE8pmxI+7xlqaIhN346PXVMjqzSJb1I21JIpurviZSGxozCwHaGFAdm3puI/3mtBHuXfipUnCBXbLaol0iCEZn8TbpCc4ZyZAllWthbCRtQTRnadAo2BG/+5UVSPyl7p+Xzu7NS5SqLIw8HcAjH4MEFVOAGqlADBn14hld4c6Tz4rw7H7PWnJPN7MMfOJ8/Lz6NvQ==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

This choice has computational impact… past attempts have been limited by this.
Axelrod, Muta, Nelson (1982) and (1985) Frye, Hannesdottir, Paul, Schwartz, Yan (2018)

Many questions… the first one: how are the many partons kinematically distributed?

q1...qn
?! Xq(xp)

<latexit sha1_base64="tEJSSni6KcdF5n90n1xL3O10MJk="></latexit>

Following Sterman and Weinberg, we cluster them into jets (one per hadron)

qN
<latexit sha1_base64="XDaxfWCr3hKhdoKK4KmTrkUMcNs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZySQZMju7zvQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xG09cGxGpBxzF3A9pX4meYBStdP/Yue0US27ZnYIsEi8jJchQ7RS/2t2IJSFXyCQ1puW5Mfop1SiY5ONCOzE8pmxI+7xlqaIhN346PXVMjqzSJb1I21JIpurviZSGxozCwHaGFAdm3puI/3mtBHuXfipUnCBXbLaol0iCEZn8TbpCc4ZyZAllWthbCRtQTRnadAo2BG/+5UVSPyl7p+Xzu7NS5SqLIw8HcAjH4MEFVOAGqlADBn14hld4c6Tz4rw7H7PWnJPN7MMfOJ8/Lz6NvQ==</latexit>

qN
<latexit sha1_base64="XDaxfWCr3hKhdoKK4KmTrkUMcNs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZySQZMju7zvQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xG09cGxGpBxzF3A9pX4meYBStdP/Yue0US27ZnYIsEi8jJchQ7RS/2t2IJSFXyCQ1puW5Mfop1SiY5ONCOzE8pmxI+7xlqaIhN346PXVMjqzSJb1I21JIpurviZSGxozCwHaGFAdm3puI/3mtBHuXfipUnCBXbLaol0iCEZn8TbpCc4ZyZAllWthbCRtQTRnadAo2BG/+5UVSPyl7p+Xzu7NS5SqLIw8HcAjH4MEFVOAGqlADBn14hld4c6Tz4rw7H7PWnJPN7MMfOJ8/Lz6NvQ==</latexit>

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

8
><

>:

q1 + ...+ qn = p

p2 < ⇤2

q1 + ...+ qn = q
<latexit sha1_base64="st9a/ygx4vPj353CsmtJbhMbtMw="></latexit>

Satisfies that, as                , ⇤2 ! 0
<latexit sha1_base64="Pac3Js2E3+Ks0nwk5HE/RL4npiM=">AAAB/3icbVC7TsMwFHXKq5RXAImFxaJCYqqSAoKxgoWBoUj0ITWhchynterYke2AqtCBX2FhACFWfoONv8FtM0DLkSwdnXOu7vUJEkaVdpxvq7CwuLS8Ulwtra1vbG7Z2ztNJVKJSQMLJmQ7QIowyklDU81IO5EExQEjrWBwOfZb90QqKvitHibEj1GP04hipI3Utfe8axMO0V3Vk7TX10hK8QCdrl12Ks4EcJ64OSmDHPWu/eWFAqcx4RozpFTHdRLtZ0hqihkZlbxUkQThAeqRjqEcxUT52eT+ETw0SggjIc3jGk7U3xMZipUaxoFJxkj31aw3Fv/zOqmOzv2M8iTVhOPpoihlUAs4LgOGVBKs2dAQhCU1t0LcRxJhbSormRLc2S/Pk2a14h5XTm9OyrWLvI4i2AcH4Ai44AzUwBWogwbA4BE8g1fwZj1ZL9a79TGNFqx8Zhf8gfX5A15xlbA=</latexit>

qi = xip+O(⇤2)
<latexit sha1_base64="vcvpA4q5rcjwfPJLkSTT8moOUaU=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWpim6EohsXghXsA5oYJpNpO3TycGYiltC1G3/FjQtF3PoF7vwbJ20W2npg4HDOvXfuPW7EqJCG8a3lZmbn5hfyi4Wl5ZXVNX19oyHCmGNSxyELectFgjAakLqkkpFWxAnyXUaabv889Zv3hAsaBjdyEBHbR92AdihGUkmOvn3n0NMHh8II7ls+kj2MWHI1LFmXaoaHbit7jl40ysYIcJqYGSmCDDVH/7K8EMc+CSRmSIi2aUTSThCXFDMyLFixIBHCfdQlbUUD5BNhJ6NThnBXKR7shFy9QMKR+rsjQb4QA99Vlem2YtJLxf+8diw7J3ZCgyiWJMDjjzoxgzKEaS7Qo5xgyQaKIMyp2hXiHuIIS5VeQYVgTp48TRqVsnlQPro+LFbPsjjyYAvsgBIwwTGoggtQA3WAwSN4Bq/gTXvSXrR37WNcmtOynk3wB9rnD4qamYg=</latexit>





For example:

qN
<latexit sha1_base64="XDaxfWCr3hKhdoKK4KmTrkUMcNs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZySQZMju7zvQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xG09cGxGpBxzF3A9pX4meYBStdP/Yue0US27ZnYIsEi8jJchQ7RS/2t2IJSFXyCQ1puW5Mfop1SiY5ONCOzE8pmxI+7xlqaIhN346PXVMjqzSJb1I21JIpurviZSGxozCwHaGFAdm3puI/3mtBHuXfipUnCBXbLaol0iCEZn8TbpCc4ZyZAllWthbCRtQTRnadAo2BG/+5UVSPyl7p+Xzu7NS5SqLIw8HcAjH4MEFVOAGqlADBn14hld4c6Tz4rw7H7PWnJPN7MMfOJ8/Lz6NvQ==</latexit>

qN
<latexit sha1_base64="XDaxfWCr3hKhdoKK4KmTrkUMcNs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZySQZMju7zvQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xG09cGxGpBxzF3A9pX4meYBStdP/Yue0US27ZnYIsEi8jJchQ7RS/2t2IJSFXyCQ1puW5Mfop1SiY5ONCOzE8pmxI+7xlqaIhN346PXVMjqzSJb1I21JIpurviZSGxozCwHaGFAdm3puI/3mtBHuXfipUnCBXbLaol0iCEZn8TbpCc4ZyZAllWthbCRtQTRnadAo2BG/+5UVSPyl7p+Xzu7NS5SqLIw8HcAjH4MEFVOAGqlADBn14hld4c6Tz4rw7H7PWnJPN7MMfOJ8/Lz6NvQ==</latexit>

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit> ⇢

<latexit sha1_base64="6aa7DIeF1UYbAghXR6U2swyTbGc=">AAACAXicbVDLTgIxFL2DL8QX6tJNIzFxRWZ8RJdENy4xkUcCE9Ipd6Ch05m0HSMhrPwCt/oF7oxbv8QP8D8sMAsBT9Lk5Jx7c09PkAiujet+O7mV1bX1jfxmYWt7Z3evuH9Q13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8HgduI3HlFpHssHM0zQj2hP8pAzaqzUaOs00Gg6xZJbdqcgy8TLSAkyVDvFn3Y3ZmmE0jBBtW55bmL8EVWGM4HjQjvVmFA2oD1sWSpphNofTeOOyYlVuiSMlX3SkKn6d2NEI62HUWAnI2r6etGbiP95rdSE1/6IyyQ1KNnsUJgKYmIy+TvpcoXMiKEllClusxLWp4oyYxuau/I0i2p78RZbWCb1s7J3Xr68vyhVbrKG8nAEx3AKHlxBBe6gCjVgMIAXeIU359l5dz6cz9lozsl2DmEOztcvWpmYLw==</latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

q1
<latexit sha1_base64="2IknXQxJ0aZSms9kbRslu8EJyRs=">AAACK3icbVDLTsJAFJ3BF+ILcOmmkZi4kbQ+okuiG5cY5ZFAQ6bTW5gwndaZqQk2fIJb/Qq/xpXGrf/hAF0IeJKbnJx7b+49x4s5U9q2P3FuZXVtfSO/Wdja3tndK5bKTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeUNbyb91hNIxSLxoEcxuCHpCxYwSrSR7h97Tq9Ysav2FNYycTJSQRnqvRIud/2IJiEITTlRquPYsXZTIjWjHMaFbqIgJnRI+tAxVJAQlJtOfx1bR0bxrSCSpoS2purfjZSESo1Cz0yGRA/UYm8i/tfrJDq4clMm4kSDoLNDQcItHVkT45bPJFDNR4YQKpn51aIDIgnVJp65K8qYGoA/ZyTVbPi8rJwEMBIhEWOTorOY2TJpnlads+rF3Xmldp3lmUcH6BAdIwddohq6RXXUQBT10Qt6RW/4HX/gL/w9G83hbGcfzQH//AJSoagF</latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>

q1
<latexit sha1_base64="2IknXQxJ0aZSms9kbRslu8EJyRs=">AAACK3icbVDLTsJAFJ3BF+ILcOmmkZi4kbQ+okuiG5cY5ZFAQ6bTW5gwndaZqQk2fIJb/Qq/xpXGrf/hAF0IeJKbnJx7b+49x4s5U9q2P3FuZXVtfSO/Wdja3tndK5bKTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeUNbyb91hNIxSLxoEcxuCHpCxYwSrSR7h97Tq9Ysav2FNYycTJSQRnqvRIud/2IJiEITTlRquPYsXZTIjWjHMaFbqIgJnRI+tAxVJAQlJtOfx1bR0bxrSCSpoS2purfjZSESo1Cz0yGRA/UYm8i/tfrJDq4clMm4kSDoLNDQcItHVkT45bPJFDNR4YQKpn51aIDIgnVJp65K8qYGoA/ZyTVbPi8rJwEMBIhEWOTorOY2TJpnlads+rF3Xmldp3lmUcH6BAdIwddohq6RXXUQBT10Qt6RW/4HX/gL/w9G83hbGcfzQH//AJSoagF</latexit>

q2
<latexit sha1_base64="8EAZYm4a3bCZvujVUlJSdOAVn/E=">AAACK3icbVBNT8JAEN3iF+IX4NFLIzHxImlRo0eiF48YRUigIdtlCht2t3V3a1IbfoJX/RX+Gk8ar/4PF+hBwJdM8vJmJjPv+RGjSjvOp5VbWV1b38hvFra2d3b3iqXygwpjSaBJQhbKto8VMCqgqalm0I4kYO4zaPmj60m/9QRS0VDc6yQCj+OBoAElWBvp7rFX6xUrTtWZwl4mbkYqKEOjV7LK3X5IYg5CE4aV6rhOpL0US00Jg3GhGyuIMBnhAXQMFZiD8tLpr2P7yCh9OwilKaHtqfp3I8VcqYT7ZpJjPVSLvYn4X68T6+DSS6mIYg2CzA4FMbN1aE+M230qgWiWGIKJpOZXmwyxxESbeOauKGNqCP05I6mmo+dl5SSARHAsxiZFdzGzZfJQq7qn1fPbs0r9Ksszjw7QITpGLrpAdXSDGqiJCBqgF/SK3qx368P6sr5nozkr29lHc7B+fgFUZqgG</latexit>



<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>q2
<latexit sha1_base64="8EAZYm4a3bCZvujVUlJSdOAVn/E=">AAACK3icbVBNT8JAEN3iF+IX4NFLIzHxImlRo0eiF48YRUigIdtlCht2t3V3a1IbfoJX/RX+Gk8ar/4PF+hBwJdM8vJmJjPv+RGjSjvOp5VbWV1b38hvFra2d3b3iqXygwpjSaBJQhbKto8VMCqgqalm0I4kYO4zaPmj60m/9QRS0VDc6yQCj+OBoAElWBvp7rFX6xUrTtWZwl4mbkYqKEOjV7LK3X5IYg5CE4aV6rhOpL0US00Jg3GhGyuIMBnhAXQMFZiD8tLpr2P7yCh9OwilKaHtqfp3I8VcqYT7ZpJjPVSLvYn4X68T6+DSS6mIYg2CzA4FMbN1aE+M230qgWiWGIKJpOZXmwyxxESbeOauKGNqCP05I6mmo+dl5SSARHAsxiZFdzGzZfJQq7qn1fPbs0r9Ksszjw7QITpGLrpAdXSDGqiJCBqgF/SK3qx368P6sr5nozkr29lHc7B+fgFUZqgG</latexit>

q1
<latexit sha1_base64="2IknXQxJ0aZSms9kbRslu8EJyRs=">AAACK3icbVDLTsJAFJ3BF+ILcOmmkZi4kbQ+okuiG5cY5ZFAQ6bTW5gwndaZqQk2fIJb/Qq/xpXGrf/hAF0IeJKbnJx7b+49x4s5U9q2P3FuZXVtfSO/Wdja3tndK5bKTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeUNbyb91hNIxSLxoEcxuCHpCxYwSrSR7h97Tq9Ysav2FNYycTJSQRnqvRIud/2IJiEITTlRquPYsXZTIjWjHMaFbqIgJnRI+tAxVJAQlJtOfx1bR0bxrSCSpoS2purfjZSESo1Cz0yGRA/UYm8i/tfrJDq4clMm4kSDoLNDQcItHVkT45bPJFDNR4YQKpn51aIDIgnVJp65K8qYGoA/ZyTVbPi8rJwEMBIhEWOTorOY2TJpnlads+rF3Xmldp3lmUcH6BAdIwddohq6RXXUQBT10Qt6RW/4HX/gL/w9G83hbGcfzQH//AJSoagF</latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

q1
<latexit sha1_base64="2IknXQxJ0aZSms9kbRslu8EJyRs=">AAACK3icbVDLTsJAFJ3BF+ILcOmmkZi4kbQ+okuiG5cY5ZFAQ6bTW5gwndaZqQk2fIJb/Qq/xpXGrf/hAF0IeJKbnJx7b+49x4s5U9q2P3FuZXVtfSO/Wdja3tndK5bKTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeUNbyb91hNIxSLxoEcxuCHpCxYwSrSR7h97Tq9Ysav2FNYycTJSQRnqvRIud/2IJiEITTlRquPYsXZTIjWjHMaFbqIgJnRI+tAxVJAQlJtOfx1bR0bxrSCSpoS2purfjZSESo1Cz0yGRA/UYm8i/tfrJDq4clMm4kSDoLNDQcItHVkT45bPJFDNR4YQKpn51aIDIgnVJp65K8qYGoA/ZyTVbPi8rJwEMBIhEWOTorOY2TJpnlads+rF3Xmldp3lmUcH6BAdIwddohq6RXXUQBT10Qt6RW/4HX/gL/w9G83hbGcfzQH//AJSoagF</latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

p
<latexit sha1_base64="L4vgDd2C5dj8XTU4O2Iy0YMdosg=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2kZjwoVe2aPYO1SpycVFGOxqCMK30/okkIQlNOlOo5dqzdjEjNKIdJsZ8oiAkdkyH0DBUkBOVms08n1qlRfCuIpCmhrZn6dyMjoVJp6JnJkOiRWu5Nxf96vUQHt27GRJxoEHR+KEi4pSNratvymQSqeWoIoZKZXy06IpJQbcJZuKKMqRH4C0YyzcbPq8p5AKkIiZiYFJ3lzFZJ+6LmXNaum1fV+l2eZwEdoxN0hhx0g+roATVQC1EE6AW9ojf8jj/wJ/6ej67hfOcILQD//AIGcKdg</latexit>

k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

q1 = p�����!
<latexit sha1_base64="3WEMoWr9I2ALyeyvi/D/sb2vEWc="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>

q1
<latexit sha1_base64="2IknXQxJ0aZSms9kbRslu8EJyRs=">AAACK3icbVDLTsJAFJ3BF+ILcOmmkZi4kbQ+okuiG5cY5ZFAQ6bTW5gwndaZqQk2fIJb/Qq/xpXGrf/hAF0IeJKbnJx7b+49x4s5U9q2P3FuZXVtfSO/Wdja3tndK5bKTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeUNbyb91hNIxSLxoEcxuCHpCxYwSrSR7h97Tq9Ysav2FNYycTJSQRnqvRIud/2IJiEITTlRquPYsXZTIjWjHMaFbqIgJnRI+tAxVJAQlJtOfx1bR0bxrSCSpoS2purfjZSESo1Cz0yGRA/UYm8i/tfrJDq4clMm4kSDoLNDQcItHVkT45bPJFDNR4YQKpn51aIDIgnVJp65K8qYGoA/ZyTVbPi8rJwEMBIhEWOTorOY2TJpnlads+rF3Xmldp3lmUcH6BAdIwddohq6RXXUQBT10Qt6RW/4HX/gL/w9G83hbGcfzQH//AJSoagF</latexit>

q2
<latexit sha1_base64="8EAZYm4a3bCZvujVUlJSdOAVn/E=">AAACK3icbVBNT8JAEN3iF+IX4NFLIzHxImlRo0eiF48YRUigIdtlCht2t3V3a1IbfoJX/RX+Gk8ar/4PF+hBwJdM8vJmJjPv+RGjSjvOp5VbWV1b38hvFra2d3b3iqXygwpjSaBJQhbKto8VMCqgqalm0I4kYO4zaPmj60m/9QRS0VDc6yQCj+OBoAElWBvp7rFX6xUrTtWZwl4mbkYqKEOjV7LK3X5IYg5CE4aV6rhOpL0US00Jg3GhGyuIMBnhAXQMFZiD8tLpr2P7yCh9OwilKaHtqfp3I8VcqYT7ZpJjPVSLvYn4X68T6+DSS6mIYg2CzA4FMbN1aE+M230qgWiWGIKJpOZXmwyxxESbeOauKGNqCP05I6mmo+dl5SSARHAsxiZFdzGzZfJQq7qn1fPbs0r9Ksszjw7QITpGLrpAdXSDGqiJCBqgF/SK3qx368P6sr5nozkr29lHc7B+fgFUZqgG</latexit>

p
<latexit sha1_base64="L4vgDd2C5dj8XTU4O2Iy0YMdosg=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2kZjwoVe2aPYO1SpycVFGOxqCMK30/okkIQlNOlOo5dqzdjEjNKIdJsZ8oiAkdkyH0DBUkBOVms08n1qlRfCuIpCmhrZn6dyMjoVJp6JnJkOiRWu5Nxf96vUQHt27GRJxoEHR+KEi4pSNratvymQSqeWoIoZKZXy06IpJQbcJZuKKMqRH4C0YyzcbPq8p5AKkIiZiYFJ3lzFZJ+6LmXNaum1fV+l2eZwEdoxN0hhx0g+roATVQC1EE6AW9ojf8jj/wJ/6ej67hfOcILQD//AIGcKdg</latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit> k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

q1 = p�����!
<latexit sha1_base64="3WEMoWr9I2ALyeyvi/D/sb2vEWc="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

q1
<latexit sha1_base64="2IknXQxJ0aZSms9kbRslu8EJyRs=">AAACK3icbVDLTsJAFJ3BF+ILcOmmkZi4kbQ+okuiG5cY5ZFAQ6bTW5gwndaZqQk2fIJb/Qq/xpXGrf/hAF0IeJKbnJx7b+49x4s5U9q2P3FuZXVtfSO/Wdja3tndK5bKTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeUNbyb91hNIxSLxoEcxuCHpCxYwSrSR7h97Tq9Ysav2FNYycTJSQRnqvRIud/2IJiEITTlRquPYsXZTIjWjHMaFbqIgJnRI+tAxVJAQlJtOfx1bR0bxrSCSpoS2purfjZSESo1Cz0yGRA/UYm8i/tfrJDq4clMm4kSDoLNDQcItHVkT45bPJFDNR4YQKpn51aIDIgnVJp65K8qYGoA/ZyTVbPi8rJwEMBIhEWOTorOY2TJpnlads+rF3Xmldp3lmUcH6BAdIwddohq6RXXUQBT10Qt6RW/4HX/gL/w9G83hbGcfzQH//AJSoagF</latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

p�
k

<latexit sha1_base64="JHM1HiIY0YI+EZOG5G+F6RNuB5U=">AAACK3icbVDLTsJAFJ3iC/EFuHTTSEzcQFof0SXRjUuM8kigIdPpLUw6nTYzU5Pa8Alu9Sv8Glcat/6HA3Qh4ElucnLuvbn3HDdmVCrL+jQKa+sbm1vF7dLO7t7+QblS7cgoEQTaJGKR6LlYAqMc2ooqBr1YAA5dBl03uJ32u08gJI34o0pjcEI84tSnBCstPcT1YFiuWQ1rBnOV2DmpoRytYcWoDryIJCFwRRiWsm9bsXIyLBQlDCalQSIhxiTAI+hrynEI0slmv07ME614ph8JXVyZM/XvRoZDKdPQ1ZMhVmO53JuK//X6ifKvnYzyOFHAyfyQnzBTRebUuOlRAUSxVBNMBNW/mmSMBSZKx7NwRWpTY/AWjGSKBs+rSt2HlIeYT3SK9nJmq6Rz1rDPG5f3F7XmTZ5nER2hY3SKbHSFmugOtVAbETRCL+gVvRnvxofxZXzPRwtGvnOIFmD8/AJe0KgM</latexit>

q1 + q2 = p���������!
<latexit sha1_base64="48LnlG3IxIszX+8Zo4xVHzfGGgA="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

p�
k

<latexit sha1_base64="JHM1HiIY0YI+EZOG5G+F6RNuB5U=">AAACK3icbVDLTsJAFJ3iC/EFuHTTSEzcQFof0SXRjUuM8kigIdPpLUw6nTYzU5Pa8Alu9Sv8Glcat/6HA3Qh4ElucnLuvbn3HDdmVCrL+jQKa+sbm1vF7dLO7t7+QblS7cgoEQTaJGKR6LlYAqMc2ooqBr1YAA5dBl03uJ32u08gJI34o0pjcEI84tSnBCstPcT1YFiuWQ1rBnOV2DmpoRytYcWoDryIJCFwRRiWsm9bsXIyLBQlDCalQSIhxiTAI+hrynEI0slmv07ME614ph8JXVyZM/XvRoZDKdPQ1ZMhVmO53JuK//X6ifKvnYzyOFHAyfyQnzBTRebUuOlRAUSxVBNMBNW/mmSMBSZKx7NwRWpTY/AWjGSKBs+rSt2HlIeYT3SK9nJmq6Rz1rDPG5f3F7XmTZ5nER2hY3SKbHSFmugOtVAbETRCL+gVvRnvxofxZXzPRwtGvnOIFmD8/AJe0KgM</latexit>

q1 + q2 = p���������!
<latexit sha1_base64="48LnlG3IxIszX+8Zo4xVHzfGGgA="></latexit>

For example:

qN
<latexit sha1_base64="XDaxfWCr3hKhdoKK4KmTrkUMcNs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZySQZMju7zvQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xG09cGxGpBxzF3A9pX4meYBStdP/Yue0US27ZnYIsEi8jJchQ7RS/2t2IJSFXyCQ1puW5Mfop1SiY5ONCOzE8pmxI+7xlqaIhN346PXVMjqzSJb1I21JIpurviZSGxozCwHaGFAdm3puI/3mtBHuXfipUnCBXbLaol0iCEZn8TbpCc4ZyZAllWthbCRtQTRnadAo2BG/+5UVSPyl7p+Xzu7NS5SqLIw8HcAjH4MEFVOAGqlADBn14hld4c6Tz4rw7H7PWnJPN7MMfOJ8/Lz6NvQ==</latexit>

qN
<latexit sha1_base64="XDaxfWCr3hKhdoKK4KmTrkUMcNs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZySQZMju7zvQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xG09cGxGpBxzF3A9pX4meYBStdP/Yue0US27ZnYIsEi8jJchQ7RS/2t2IJSFXyCQ1puW5Mfop1SiY5ONCOzE8pmxI+7xlqaIhN346PXVMjqzSJb1I21JIpurviZSGxozCwHaGFAdm3puI/3mtBHuXfipUnCBXbLaol0iCEZn8TbpCc4ZyZAllWthbCRtQTRnadAo2BG/+5UVSPyl7p+Xzu7NS5SqLIw8HcAjH4MEFVOAGqlADBn14hld4c6Tz4rw7H7PWnJPN7MMfOJ8/Lz6NvQ==</latexit>

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit> ⇢

<latexit sha1_base64="6aa7DIeF1UYbAghXR6U2swyTbGc=">AAACAXicbVDLTgIxFL2DL8QX6tJNIzFxRWZ8RJdENy4xkUcCE9Ipd6Ch05m0HSMhrPwCt/oF7oxbv8QP8D8sMAsBT9Lk5Jx7c09PkAiujet+O7mV1bX1jfxmYWt7Z3evuH9Q13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8HgduI3HlFpHssHM0zQj2hP8pAzaqzUaOs00Gg6xZJbdqcgy8TLSAkyVDvFn3Y3ZmmE0jBBtW55bmL8EVWGM4HjQjvVmFA2oD1sWSpphNofTeOOyYlVuiSMlX3SkKn6d2NEI62HUWAnI2r6etGbiP95rdSE1/6IyyQ1KNnsUJgKYmIy+TvpcoXMiKEllClusxLWp4oyYxuau/I0i2p78RZbWCb1s7J3Xr68vyhVbrKG8nAEx3AKHlxBBe6gCjVgMIAXeIU359l5dz6cz9lozsl2DmEOztcvWpmYLw==</latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

q1
<latexit sha1_base64="2IknXQxJ0aZSms9kbRslu8EJyRs=">AAACK3icbVDLTsJAFJ3BF+ILcOmmkZi4kbQ+okuiG5cY5ZFAQ6bTW5gwndaZqQk2fIJb/Qq/xpXGrf/hAF0IeJKbnJx7b+49x4s5U9q2P3FuZXVtfSO/Wdja3tndK5bKTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeUNbyb91hNIxSLxoEcxuCHpCxYwSrSR7h97Tq9Ysav2FNYycTJSQRnqvRIud/2IJiEITTlRquPYsXZTIjWjHMaFbqIgJnRI+tAxVJAQlJtOfx1bR0bxrSCSpoS2purfjZSESo1Cz0yGRA/UYm8i/tfrJDq4clMm4kSDoLNDQcItHVkT45bPJFDNR4YQKpn51aIDIgnVJp65K8qYGoA/ZyTVbPi8rJwEMBIhEWOTorOY2TJpnlads+rF3Xmldp3lmUcH6BAdIwddohq6RXXUQBT10Qt6RW/4HX/gL/w9G83hbGcfzQH//AJSoagF</latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>

q1
<latexit sha1_base64="2IknXQxJ0aZSms9kbRslu8EJyRs=">AAACK3icbVDLTsJAFJ3BF+ILcOmmkZi4kbQ+okuiG5cY5ZFAQ6bTW5gwndaZqQk2fIJb/Qq/xpXGrf/hAF0IeJKbnJx7b+49x4s5U9q2P3FuZXVtfSO/Wdja3tndK5bKTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeUNbyb91hNIxSLxoEcxuCHpCxYwSrSR7h97Tq9Ysav2FNYycTJSQRnqvRIud/2IJiEITTlRquPYsXZTIjWjHMaFbqIgJnRI+tAxVJAQlJtOfx1bR0bxrSCSpoS2purfjZSESo1Cz0yGRA/UYm8i/tfrJDq4clMm4kSDoLNDQcItHVkT45bPJFDNR4YQKpn51aIDIgnVJp65K8qYGoA/ZyTVbPi8rJwEMBIhEWOTorOY2TJpnlads+rF3Xmldp3lmUcH6BAdIwddohq6RXXUQBT10Qt6RW/4HX/gL/w9G83hbGcfzQH//AJSoagF</latexit>

q2
<latexit sha1_base64="8EAZYm4a3bCZvujVUlJSdOAVn/E=">AAACK3icbVBNT8JAEN3iF+IX4NFLIzHxImlRo0eiF48YRUigIdtlCht2t3V3a1IbfoJX/RX+Gk8ar/4PF+hBwJdM8vJmJjPv+RGjSjvOp5VbWV1b38hvFra2d3b3iqXygwpjSaBJQhbKto8VMCqgqalm0I4kYO4zaPmj60m/9QRS0VDc6yQCj+OBoAElWBvp7rFX6xUrTtWZwl4mbkYqKEOjV7LK3X5IYg5CE4aV6rhOpL0US00Jg3GhGyuIMBnhAXQMFZiD8tLpr2P7yCh9OwilKaHtqfp3I8VcqYT7ZpJjPVSLvYn4X68T6+DSS6mIYg2CzA4FMbN1aE+M230qgWiWGIKJpOZXmwyxxESbeOauKGNqCP05I6mmo+dl5SSARHAsxiZFdzGzZfJQq7qn1fPbs0r9Ksszjw7QITpGLrpAdXSDGqiJCBqgF/SK3qx368P6sr5nozkr29lHc7B+fgFUZqgG</latexit>



<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>q2
<latexit sha1_base64="8EAZYm4a3bCZvujVUlJSdOAVn/E=">AAACK3icbVBNT8JAEN3iF+IX4NFLIzHxImlRo0eiF48YRUigIdtlCht2t3V3a1IbfoJX/RX+Gk8ar/4PF+hBwJdM8vJmJjPv+RGjSjvOp5VbWV1b38hvFra2d3b3iqXygwpjSaBJQhbKto8VMCqgqalm0I4kYO4zaPmj60m/9QRS0VDc6yQCj+OBoAElWBvp7rFX6xUrTtWZwl4mbkYqKEOjV7LK3X5IYg5CE4aV6rhOpL0US00Jg3GhGyuIMBnhAXQMFZiD8tLpr2P7yCh9OwilKaHtqfp3I8VcqYT7ZpJjPVSLvYn4X68T6+DSS6mIYg2CzA4FMbN1aE+M230qgWiWGIKJpOZXmwyxxESbeOauKGNqCP05I6mmo+dl5SSARHAsxiZFdzGzZfJQq7qn1fPbs0r9Ksszjw7QITpGLrpAdXSDGqiJCBqgF/SK3qx368P6sr5nozkr29lHc7B+fgFUZqgG</latexit>

q1
<latexit sha1_base64="2IknXQxJ0aZSms9kbRslu8EJyRs=">AAACK3icbVDLTsJAFJ3BF+ILcOmmkZi4kbQ+okuiG5cY5ZFAQ6bTW5gwndaZqQk2fIJb/Qq/xpXGrf/hAF0IeJKbnJx7b+49x4s5U9q2P3FuZXVtfSO/Wdja3tndK5bKTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeUNbyb91hNIxSLxoEcxuCHpCxYwSrSR7h97Tq9Ysav2FNYycTJSQRnqvRIud/2IJiEITTlRquPYsXZTIjWjHMaFbqIgJnRI+tAxVJAQlJtOfx1bR0bxrSCSpoS2purfjZSESo1Cz0yGRA/UYm8i/tfrJDq4clMm4kSDoLNDQcItHVkT45bPJFDNR4YQKpn51aIDIgnVJp65K8qYGoA/ZyTVbPi8rJwEMBIhEWOTorOY2TJpnlads+rF3Xmldp3lmUcH6BAdIwddohq6RXXUQBT10Qt6RW/4HX/gL/w9G83hbGcfzQH//AJSoagF</latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

q1
<latexit sha1_base64="2IknXQxJ0aZSms9kbRslu8EJyRs=">AAACK3icbVDLTsJAFJ3BF+ILcOmmkZi4kbQ+okuiG5cY5ZFAQ6bTW5gwndaZqQk2fIJb/Qq/xpXGrf/hAF0IeJKbnJx7b+49x4s5U9q2P3FuZXVtfSO/Wdja3tndK5bKTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeUNbyb91hNIxSLxoEcxuCHpCxYwSrSR7h97Tq9Ysav2FNYycTJSQRnqvRIud/2IJiEITTlRquPYsXZTIjWjHMaFbqIgJnRI+tAxVJAQlJtOfx1bR0bxrSCSpoS2purfjZSESo1Cz0yGRA/UYm8i/tfrJDq4clMm4kSDoLNDQcItHVkT45bPJFDNR4YQKpn51aIDIgnVJp65K8qYGoA/ZyTVbPi8rJwEMBIhEWOTorOY2TJpnlads+rF3Xmldp3lmUcH6BAdIwddohq6RXXUQBT10Qt6RW/4HX/gL/w9G83hbGcfzQH//AJSoagF</latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

p
<latexit sha1_base64="L4vgDd2C5dj8XTU4O2Iy0YMdosg=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2kZjwoVe2aPYO1SpycVFGOxqCMK30/okkIQlNOlOo5dqzdjEjNKIdJsZ8oiAkdkyH0DBUkBOVms08n1qlRfCuIpCmhrZn6dyMjoVJp6JnJkOiRWu5Nxf96vUQHt27GRJxoEHR+KEi4pSNratvymQSqeWoIoZKZXy06IpJQbcJZuKKMqRH4C0YyzcbPq8p5AKkIiZiYFJ3lzFZJ+6LmXNaum1fV+l2eZwEdoxN0hhx0g+roATVQC1EE6AW9ojf8jj/wJ/6ej67hfOcILQD//AIGcKdg</latexit>

k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

q1 = p�����!
<latexit sha1_base64="3WEMoWr9I2ALyeyvi/D/sb2vEWc="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>

q1
<latexit sha1_base64="2IknXQxJ0aZSms9kbRslu8EJyRs=">AAACK3icbVDLTsJAFJ3BF+ILcOmmkZi4kbQ+okuiG5cY5ZFAQ6bTW5gwndaZqQk2fIJb/Qq/xpXGrf/hAF0IeJKbnJx7b+49x4s5U9q2P3FuZXVtfSO/Wdja3tndK5bKTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeUNbyb91hNIxSLxoEcxuCHpCxYwSrSR7h97Tq9Ysav2FNYycTJSQRnqvRIud/2IJiEITTlRquPYsXZTIjWjHMaFbqIgJnRI+tAxVJAQlJtOfx1bR0bxrSCSpoS2purfjZSESo1Cz0yGRA/UYm8i/tfrJDq4clMm4kSDoLNDQcItHVkT45bPJFDNR4YQKpn51aIDIgnVJp65K8qYGoA/ZyTVbPi8rJwEMBIhEWOTorOY2TJpnlads+rF3Xmldp3lmUcH6BAdIwddohq6RXXUQBT10Qt6RW/4HX/gL/w9G83hbGcfzQH//AJSoagF</latexit>

q2
<latexit sha1_base64="8EAZYm4a3bCZvujVUlJSdOAVn/E=">AAACK3icbVBNT8JAEN3iF+IX4NFLIzHxImlRo0eiF48YRUigIdtlCht2t3V3a1IbfoJX/RX+Gk8ar/4PF+hBwJdM8vJmJjPv+RGjSjvOp5VbWV1b38hvFra2d3b3iqXygwpjSaBJQhbKto8VMCqgqalm0I4kYO4zaPmj60m/9QRS0VDc6yQCj+OBoAElWBvp7rFX6xUrTtWZwl4mbkYqKEOjV7LK3X5IYg5CE4aV6rhOpL0US00Jg3GhGyuIMBnhAXQMFZiD8tLpr2P7yCh9OwilKaHtqfp3I8VcqYT7ZpJjPVSLvYn4X68T6+DSS6mIYg2CzA4FMbN1aE+M230qgWiWGIKJpOZXmwyxxESbeOauKGNqCP05I6mmo+dl5SSARHAsxiZFdzGzZfJQq7qn1fPbs0r9Ksszjw7QITpGLrpAdXSDGqiJCBqgF/SK3qx368P6sr5nozkr29lHc7B+fgFUZqgG</latexit>

p
<latexit sha1_base64="L4vgDd2C5dj8XTU4O2Iy0YMdosg=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2kZjwoVe2aPYO1SpycVFGOxqCMK30/okkIQlNOlOo5dqzdjEjNKIdJsZ8oiAkdkyH0DBUkBOVms08n1qlRfCuIpCmhrZn6dyMjoVJp6JnJkOiRWu5Nxf96vUQHt27GRJxoEHR+KEi4pSNratvymQSqeWoIoZKZXy06IpJQbcJZuKKMqRH4C0YyzcbPq8p5AKkIiZiYFJ3lzFZJ+6LmXNaum1fV+l2eZwEdoxN0hhx0g+roATVQC1EE6AW9ojf8jj/wJ/6ej67hfOcILQD//AIGcKdg</latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit> k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

q1 = p�����!
<latexit sha1_base64="3WEMoWr9I2ALyeyvi/D/sb2vEWc="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

q1
<latexit sha1_base64="2IknXQxJ0aZSms9kbRslu8EJyRs=">AAACK3icbVDLTsJAFJ3BF+ILcOmmkZi4kbQ+okuiG5cY5ZFAQ6bTW5gwndaZqQk2fIJb/Qq/xpXGrf/hAF0IeJKbnJx7b+49x4s5U9q2P3FuZXVtfSO/Wdja3tndK5bKTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeUNbyb91hNIxSLxoEcxuCHpCxYwSrSR7h97Tq9Ysav2FNYycTJSQRnqvRIud/2IJiEITTlRquPYsXZTIjWjHMaFbqIgJnRI+tAxVJAQlJtOfx1bR0bxrSCSpoS2purfjZSESo1Cz0yGRA/UYm8i/tfrJDq4clMm4kSDoLNDQcItHVkT45bPJFDNR4YQKpn51aIDIgnVJp65K8qYGoA/ZyTVbPi8rJwEMBIhEWOTorOY2TJpnlads+rF3Xmldp3lmUcH6BAdIwddohq6RXXUQBT10Qt6RW/4HX/gL/w9G83hbGcfzQH//AJSoagF</latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

p�
k

<latexit sha1_base64="JHM1HiIY0YI+EZOG5G+F6RNuB5U=">AAACK3icbVDLTsJAFJ3iC/EFuHTTSEzcQFof0SXRjUuM8kigIdPpLUw6nTYzU5Pa8Alu9Sv8Glcat/6HA3Qh4ElucnLuvbn3HDdmVCrL+jQKa+sbm1vF7dLO7t7+QblS7cgoEQTaJGKR6LlYAqMc2ooqBr1YAA5dBl03uJ32u08gJI34o0pjcEI84tSnBCstPcT1YFiuWQ1rBnOV2DmpoRytYcWoDryIJCFwRRiWsm9bsXIyLBQlDCalQSIhxiTAI+hrynEI0slmv07ME614ph8JXVyZM/XvRoZDKdPQ1ZMhVmO53JuK//X6ifKvnYzyOFHAyfyQnzBTRebUuOlRAUSxVBNMBNW/mmSMBSZKx7NwRWpTY/AWjGSKBs+rSt2HlIeYT3SK9nJmq6Rz1rDPG5f3F7XmTZ5nER2hY3SKbHSFmugOtVAbETRCL+gVvRnvxofxZXzPRwtGvnOIFmD8/AJe0KgM</latexit>

q1 + q2 = p���������!
<latexit sha1_base64="48LnlG3IxIszX+8Zo4xVHzfGGgA="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

p�
k

<latexit sha1_base64="JHM1HiIY0YI+EZOG5G+F6RNuB5U=">AAACK3icbVDLTsJAFJ3iC/EFuHTTSEzcQFof0SXRjUuM8kigIdPpLUw6nTYzU5Pa8Alu9Sv8Glcat/6HA3Qh4ElucnLuvbn3HDdmVCrL+jQKa+sbm1vF7dLO7t7+QblS7cgoEQTaJGKR6LlYAqMc2ooqBr1YAA5dBl03uJ32u08gJI34o0pjcEI84tSnBCstPcT1YFiuWQ1rBnOV2DmpoRytYcWoDryIJCFwRRiWsm9bsXIyLBQlDCalQSIhxiTAI+hrynEI0slmv07ME614ph8JXVyZM/XvRoZDKdPQ1ZMhVmO53JuK//X6ifKvnYzyOFHAyfyQnzBTRebUuOlRAUSxVBNMBNW/mmSMBSZKx7NwRWpTY/AWjGSKBs+rSt2HlIeYT3SK9nJmq6Rz1rDPG5f3F7XmTZ5nER2hY3SKbHSFmugOtVAbETRCL+gVvRnvxofxZXzPRwtGvnOIFmD8/AJe0KgM</latexit>

q1 + q2 = p���������!
<latexit sha1_base64="48LnlG3IxIszX+8Zo4xVHzfGGgA="></latexit>

For example:

qN
<latexit sha1_base64="XDaxfWCr3hKhdoKK4KmTrkUMcNs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZySQZMju7zvQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xG09cGxGpBxzF3A9pX4meYBStdP/Yue0US27ZnYIsEi8jJchQ7RS/2t2IJSFXyCQ1puW5Mfop1SiY5ONCOzE8pmxI+7xlqaIhN346PXVMjqzSJb1I21JIpurviZSGxozCwHaGFAdm3puI/3mtBHuXfipUnCBXbLaol0iCEZn8TbpCc4ZyZAllWthbCRtQTRnadAo2BG/+5UVSPyl7p+Xzu7NS5SqLIw8HcAjH4MEFVOAGqlADBn14hld4c6Tz4rw7H7PWnJPN7MMfOJ8/Lz6NvQ==</latexit>

qN
<latexit sha1_base64="XDaxfWCr3hKhdoKK4KmTrkUMcNs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZySQZMju7zvQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xG09cGxGpBxzF3A9pX4meYBStdP/Yue0US27ZnYIsEi8jJchQ7RS/2t2IJSFXyCQ1puW5Mfop1SiY5ONCOzE8pmxI+7xlqaIhN346PXVMjqzSJb1I21JIpurviZSGxozCwHaGFAdm3puI/3mtBHuXfipUnCBXbLaol0iCEZn8TbpCc4ZyZAllWthbCRtQTRnadAo2BG/+5UVSPyl7p+Xzu7NS5SqLIw8HcAjH4MEFVOAGqlADBn14hld4c6Tz4rw7H7PWnJPN7MMfOJ8/Lz6NvQ==</latexit>

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit> ⇢

<latexit sha1_base64="6aa7DIeF1UYbAghXR6U2swyTbGc=">AAACAXicbVDLTgIxFL2DL8QX6tJNIzFxRWZ8RJdENy4xkUcCE9Ipd6Ch05m0HSMhrPwCt/oF7oxbv8QP8D8sMAsBT9Lk5Jx7c09PkAiujet+O7mV1bX1jfxmYWt7Z3evuH9Q13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8HgduI3HlFpHssHM0zQj2hP8pAzaqzUaOs00Gg6xZJbdqcgy8TLSAkyVDvFn3Y3ZmmE0jBBtW55bmL8EVWGM4HjQjvVmFA2oD1sWSpphNofTeOOyYlVuiSMlX3SkKn6d2NEI62HUWAnI2r6etGbiP95rdSE1/6IyyQ1KNnsUJgKYmIy+TvpcoXMiKEllClusxLWp4oyYxuau/I0i2p78RZbWCb1s7J3Xr68vyhVbrKG8nAEx3AKHlxBBe6gCjVgMIAXeIU359l5dz6cz9lozsl2DmEOztcvWpmYLw==</latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

q1
<latexit sha1_base64="2IknXQxJ0aZSms9kbRslu8EJyRs=">AAACK3icbVDLTsJAFJ3BF+ILcOmmkZi4kbQ+okuiG5cY5ZFAQ6bTW5gwndaZqQk2fIJb/Qq/xpXGrf/hAF0IeJKbnJx7b+49x4s5U9q2P3FuZXVtfSO/Wdja3tndK5bKTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeUNbyb91hNIxSLxoEcxuCHpCxYwSrSR7h97Tq9Ysav2FNYycTJSQRnqvRIud/2IJiEITTlRquPYsXZTIjWjHMaFbqIgJnRI+tAxVJAQlJtOfx1bR0bxrSCSpoS2purfjZSESo1Cz0yGRA/UYm8i/tfrJDq4clMm4kSDoLNDQcItHVkT45bPJFDNR4YQKpn51aIDIgnVJp65K8qYGoA/ZyTVbPi8rJwEMBIhEWOTorOY2TJpnlads+rF3Xmldp3lmUcH6BAdIwddohq6RXXUQBT10Qt6RW/4HX/gL/w9G83hbGcfzQH//AJSoagF</latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>

q1
<latexit sha1_base64="2IknXQxJ0aZSms9kbRslu8EJyRs=">AAACK3icbVDLTsJAFJ3BF+ILcOmmkZi4kbQ+okuiG5cY5ZFAQ6bTW5gwndaZqQk2fIJb/Qq/xpXGrf/hAF0IeJKbnJx7b+49x4s5U9q2P3FuZXVtfSO/Wdja3tndK5bKTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeUNbyb91hNIxSLxoEcxuCHpCxYwSrSR7h97Tq9Ysav2FNYycTJSQRnqvRIud/2IJiEITTlRquPYsXZTIjWjHMaFbqIgJnRI+tAxVJAQlJtOfx1bR0bxrSCSpoS2purfjZSESo1Cz0yGRA/UYm8i/tfrJDq4clMm4kSDoLNDQcItHVkT45bPJFDNR4YQKpn51aIDIgnVJp65K8qYGoA/ZyTVbPi8rJwEMBIhEWOTorOY2TJpnlads+rF3Xmldp3lmUcH6BAdIwddohq6RXXUQBT10Qt6RW/4HX/gL/w9G83hbGcfzQH//AJSoagF</latexit>

q2
<latexit sha1_base64="8EAZYm4a3bCZvujVUlJSdOAVn/E=">AAACK3icbVBNT8JAEN3iF+IX4NFLIzHxImlRo0eiF48YRUigIdtlCht2t3V3a1IbfoJX/RX+Gk8ar/4PF+hBwJdM8vJmJjPv+RGjSjvOp5VbWV1b38hvFra2d3b3iqXygwpjSaBJQhbKto8VMCqgqalm0I4kYO4zaPmj60m/9QRS0VDc6yQCj+OBoAElWBvp7rFX6xUrTtWZwl4mbkYqKEOjV7LK3X5IYg5CE4aV6rhOpL0US00Jg3GhGyuIMBnhAXQMFZiD8tLpr2P7yCh9OwilKaHtqfp3I8VcqYT7ZpJjPVSLvYn4X68T6+DSS6mIYg2CzA4FMbN1aE+M230qgWiWGIKJpOZXmwyxxESbeOauKGNqCP05I6mmo+dl5SSARHAsxiZFdzGzZfJQq7qn1fPbs0r9Ksszjw7QITpGLrpAdXSDGqiJCBqgF/SK3qx368P6sr5nozkr29lHc7B+fgFUZqgG</latexit>

For Drell-Yan we need two “initial-state” jets; we sum over overlapping partitions:

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

..
.

<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

qm
<latexit sha1_base64="WUdY4U4aAXpcvWrPES87FlBijkY=">AAAB6nicbVDLSgMxFL2pr1pfVZdugkVwVWZ8oMuiG5cV7QPaoWTSTBuaZMYkI5Shn+DGhSJu/SJ3/o1pOwutHrhwOOde7r0nTAQ31vO+UGFpeWV1rbhe2tjc2t4p7+41TZxqyho0FrFuh8QwwRVrWG4FayeaERkK1gpH11O/9ci04bG6t+OEBZIMFI84JdZJdw892StXvKo3A/5L/JxUIEe9V/7s9mOaSqYsFcSYju8lNsiItpwKNil1U8MSQkdkwDqOKiKZCbLZqRN85JQ+jmLtSlk8U39OZEQaM5ah65TEDs2iNxX/8zqpjS6DjKsktUzR+aIoFdjGePo37nPNqBVjRwjV3N2K6ZBoQq1Lp+RC8Bdf/kuaJ1X/tHp+e1apXeVxFOEADuEYfLiAGtxAHRpAYQBP8AKvSKBn9Ibe560FlM/swy+gj29eOo3c</latexit>

qm+1
<latexit sha1_base64="GM4dbG2N/h0L6q9pL2TelXNh2/g=">AAAB7nicbVDJSgNBEK1xjXGLevTSGARBCDMu6DHoxWMEs0AyhJ5OT9Kkl7G7RwhDPsKLB0W8+j3e/Bs7yRw08UHB470qqupFCWfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqWa0DpRXOlWhA3lTNK6ZZbTVqIpFhGnzWh4O/GbT1QbpuSDHSU0FLgvWcwItk5qPnYzcRqMu6WyX/GnQIskyEkZctS6pa9OT5FUUGkJx8a0Az+xYYa1ZYTTcbGTGppgMsR92nZUYkFNmE3PHaNjp/RQrLQradFU/T2RYWHMSESuU2A7MPPeRPzPa6c2vg4zJpPUUklmi+KUI6vQ5HfUY5oSy0eOYKKZuxWRAdaYWJdQ0YUQzL+8SBpnleC8cnl/Ua7e5HEU4BCO4AQCuIIq3EEN6kBgCM/wCm9e4r14797HrHXJy2cO4A+8zx/8To9Y</latexit>

qk
<latexit sha1_base64="wsdf1zidEv6z/UjX7jA9fhUF1pE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4juEkgWcLspDcZMju7zswKYck3ePGgiFc/yJt/4+Rx0MSChqKqm+6uMBVcG9f9dgorq2vrG8XN0tb2zu5eef+goZNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/GbT6g0T+SDGaUYxLQvecQZNVbyH7v5cNwtV9yqOwVZJt6cVGCOerf81eklLItRGiao1m3PTU2QU2U4EzgudTKNKWVD2se2pZLGqIN8euyYnFilR6JE2ZKGTNXfEzmNtR7Foe2MqRnoRW8i/ue1MxNdBzmXaWZQstmiKBPEJGTyOelxhcyIkSWUKW5vJWxAFWXG5lOyIXiLLy+TxlnVO69e3l9UajfzOIpwBMdwCh5cQQ3uoA4+MODwDK/w5kjnxXl3PmatBWc+cwh/4Hz+ACADjuY=</latexit>

qk+1
<latexit sha1_base64="V6kf5uGyU1mXiQPqZ6qbwUT4m+4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAEIez6QI9BLx4jmAckS5id9CZDZmfXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+6uIBFcG9f9dpaWV1bX1gsbxc2t7Z3d0t5+Q8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD24nffEKleSwfzChBP6J9yUPOqLFS87GbDU+9cbdUdivuFGSReDkpQ45at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOC52Uo0JZUPax7alkkao/Wx67pgcW6VHwljZkoZM1d8TGY20HkWB7YyoGeh5byL+57VTE177GZdJalCy2aIwFcTEZPI76XGFzIiRJZQpbm8lbEAVZcYmVLQhePMvL5LGWcU7r1zeX5SrN3kcBTiEIzgBD66gCndQgzowGMIzvMKbkzgvzrvzMWtdcvKZA/gD5/MH+UCPVg==</latexit>

qn
<latexit sha1_base64="dnS24+Zlj0Ti5GmYk5667etJb6A=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0n8QI9FLx4rmLbQhrLZbtulm03cnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgorq2vrG8XN0tb2zu5eef+gYeJUM+6zWMa6FVLDpVDcR4GStxLNaRRK3gxHt1O/+cS1EbF6wHHCg4gOlOgLRtFK/mM3U5NuueJW3RnIMvFyUoEc9W75q9OLWRpxhUxSY9qem2CQUY2CST4pdVLDE8pGdMDblioacRNks2Mn5MQqPdKPtS2FZKb+nshoZMw4Cm1nRHFoFr2p+J/XTrF/HWRCJSlyxeaL+qkkGJPp56QnNGcox5ZQpoW9lbAh1ZShzadkQ/AWX14mjbOqd169vL+o1G7yOIpwBMdwCh5cQQ3uoA4+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ACSSjuk=</latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

..
.

<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

qm
<latexit sha1_base64="WUdY4U4aAXpcvWrPES87FlBijkY=">AAAB6nicbVDLSgMxFL2pr1pfVZdugkVwVWZ8oMuiG5cV7QPaoWTSTBuaZMYkI5Shn+DGhSJu/SJ3/o1pOwutHrhwOOde7r0nTAQ31vO+UGFpeWV1rbhe2tjc2t4p7+41TZxqyho0FrFuh8QwwRVrWG4FayeaERkK1gpH11O/9ci04bG6t+OEBZIMFI84JdZJdw892StXvKo3A/5L/JxUIEe9V/7s9mOaSqYsFcSYju8lNsiItpwKNil1U8MSQkdkwDqOKiKZCbLZqRN85JQ+jmLtSlk8U39OZEQaM5ah65TEDs2iNxX/8zqpjS6DjKsktUzR+aIoFdjGePo37nPNqBVjRwjV3N2K6ZBoQq1Lp+RC8Bdf/kuaJ1X/tHp+e1apXeVxFOEADuEYfLiAGtxAHRpAYQBP8AKvSKBn9Ibe560FlM/swy+gj29eOo3c</latexit>

qm+1
<latexit sha1_base64="GM4dbG2N/h0L6q9pL2TelXNh2/g=">AAAB7nicbVDJSgNBEK1xjXGLevTSGARBCDMu6DHoxWMEs0AyhJ5OT9Kkl7G7RwhDPsKLB0W8+j3e/Bs7yRw08UHB470qqupFCWfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqWa0DpRXOlWhA3lTNK6ZZbTVqIpFhGnzWh4O/GbT1QbpuSDHSU0FLgvWcwItk5qPnYzcRqMu6WyX/GnQIskyEkZctS6pa9OT5FUUGkJx8a0Az+xYYa1ZYTTcbGTGppgMsR92nZUYkFNmE3PHaNjp/RQrLQradFU/T2RYWHMSESuU2A7MPPeRPzPa6c2vg4zJpPUUklmi+KUI6vQ5HfUY5oSy0eOYKKZuxWRAdaYWJdQ0YUQzL+8SBpnleC8cnl/Ua7e5HEU4BCO4AQCuIIq3EEN6kBgCM/wCm9e4r14797HrHXJy2cO4A+8zx/8To9Y</latexit>

qk
<latexit sha1_base64="wsdf1zidEv6z/UjX7jA9fhUF1pE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4juEkgWcLspDcZMju7zswKYck3ePGgiFc/yJt/4+Rx0MSChqKqm+6uMBVcG9f9dgorq2vrG8XN0tb2zu5eef+goZNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/GbT6g0T+SDGaUYxLQvecQZNVbyH7v5cNwtV9yqOwVZJt6cVGCOerf81eklLItRGiao1m3PTU2QU2U4EzgudTKNKWVD2se2pZLGqIN8euyYnFilR6JE2ZKGTNXfEzmNtR7Foe2MqRnoRW8i/ue1MxNdBzmXaWZQstmiKBPEJGTyOelxhcyIkSWUKW5vJWxAFWXG5lOyIXiLLy+TxlnVO69e3l9UajfzOIpwBMdwCh5cQQ3uoA4+MODwDK/w5kjnxXl3PmatBWc+cwh/4Hz+ACADjuY=</latexit>

qk+1
<latexit sha1_base64="V6kf5uGyU1mXiQPqZ6qbwUT4m+4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAEIez6QI9BLx4jmAckS5id9CZDZmfXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+6uIBFcG9f9dpaWV1bX1gsbxc2t7Z3d0t5+Q8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD24nffEKleSwfzChBP6J9yUPOqLFS87GbDU+9cbdUdivuFGSReDkpQ45at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOC52Uo0JZUPax7alkkao/Wx67pgcW6VHwljZkoZM1d8TGY20HkWB7YyoGeh5byL+57VTE177GZdJalCy2aIwFcTEZPI76XGFzIiRJZQpbm8lbEAVZcYmVLQhePMvL5LGWcU7r1zeX5SrN3kcBTiEIzgBD66gCndQgzowGMIzvMKbkzgvzrvzMWtdcvKZA/gD5/MH+UCPVg==</latexit>

qn
<latexit sha1_base64="dnS24+Zlj0Ti5GmYk5667etJb6A=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0n8QI9FLx4rmLbQhrLZbtulm03cnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgorq2vrG8XN0tb2zu5eef+gYeJUM+6zWMa6FVLDpVDcR4GStxLNaRRK3gxHt1O/+cS1EbF6wHHCg4gOlOgLRtFK/mM3U5NuueJW3RnIMvFyUoEc9W75q9OLWRpxhUxSY9qem2CQUY2CST4pdVLDE8pGdMDblioacRNks2Mn5MQqPdKPtS2FZKb+nshoZMw4Cm1nRHFoFr2p+J/XTrF/HWRCJSlyxeaL+qkkGJPp56QnNGcox5ZQpoW9lbAh1ZShzadkQ/AWX14mjbOqd169vL+o1G7yOIpwBMdwCh5cQQ3uoA4+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ACSSjuk=</latexit>

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

..

.<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

)

<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

q1 + ...+ qm + qm+1 + ...+ qk = p1
<latexit sha1_base64="t0M7C/zLaL+i+bZ+3HEnChVVti0="></latexit>

S1 = {1, ..., k}, S2 = {m+ 1, ..., n}
<latexit sha1_base64="2EFTo1N+MIh6BXvcrsNGqAARtSg=">AAACJHicbVDLSsNAFJ3UV62vqks3g0UoWEJSFd0IRTcuK7UPaEqYTKft0MkkzkzEEvILfoZf4Fa/wJ24cOPO/3DadGFbD1w4nHMv997jhYxKZVlfRmZpeWV1Lbue29jc2t7J7+41ZBAJTOo4YIFoeUgSRjmpK6oYaYWCIN9jpOkNr8d+84EISQN+p0Yh6fioz2mPYqS05OaLNde+dGK7ZJpmaegkJejcR6gLa25Zy/5xanAncfMFy7QmgIvEnpICmKLq5n+cboAjn3CFGZKybVuh6sRIKIoZSXJOJEmI8BD1SVtTjnwiO/HkowQeaaULe4HQxRWcqH8nYuRLOfI93ekjNZDz3lj8z2tHqnfRiSkPI0U4Thf1IgZVAMfxwC4VBCs20gRhQfWtEA+QQFjpEGe2PKan6lzs+RQWSaNs2ifm2e1poXI1TSgLDsAhKAIbnIMKuAFVUAcYPIEX8ArejGfj3fgwPtPWjDGd2QczML5/AVmDomM=</latexit>

qm+1 + ...+ qk + qm+1 + ...+ qn = p2
<latexit sha1_base64="fRq5o3ZD9G+Nxbsrdb2JWRf2Ftk="></latexit>

p21 < ⇤2
1, p22 < ⇤2

2
<latexit sha1_base64="lXb7mKE2c2PUdeKey5kxg2nmw8U=">AAACJnicbZDLSsNAFIYnXmu9RV26GSyCiJSkKrpwUXTjwkUFe4Emhslk0g6dXJyZiCX0HXwMn8CtPoE7EXdufA8nbRa9eGDg4//P4Zz53ZhRIQ3jW5ubX1hcWi6sFFfX1jc29a3thogSjkkdRyziLRcJwmhI6pJKRloxJyhwGWm6vavMbz4SLmgU3sl+TOwAdULqU4ykkhz9MHbM+8qFdaNGPJTxEbQeEuTB2KmMGYodvWSUjWHBWTBzKIG8ao7+a3kRTgISSsyQEG3TiKWdIi4pZmRQtBJBYoR7qEPaCkMUEGGnwz8N4L5SPOhHXL1QwqE6PpGiQIh+4KrOAMmumPYy8T+vnUj/3E5pGCeShHi0yE8YlBHMAoIe5QRL1leAMKfqVoi7iCMsVYwTW55Gp6pczOkUZqFRKZvH5dPbk1L1Mk+oAHbBHjgAJjgDVXANaqAOMHgGr+ANvGsv2of2qX2NWue0fGYHTJT28wfNTqRT</latexit>



For small virtualities:
qi = xip1 +O(⇤2

1)
<latexit sha1_base64="HEHheSrUCjdGSNQ7nZ6rl9NxdFA="></latexit>

qj = xjp2 +O(⇤2
2)

<latexit sha1_base64="0ww7fVLob+KApuIkeeqV7PiJxaY="></latexit>

ql = 0 +O(⇤2
1,⇤

2
2)

<latexit sha1_base64="fgCUqslkeJ5WLj6o+QIxZdu3buY="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>q2
<latexit sha1_base64="8EAZYm4a3bCZvujVUlJSdOAVn/E=">AAACK3icbVBNT8JAEN3iF+IX4NFLIzHxImlRo0eiF48YRUigIdtlCht2t3V3a1IbfoJX/RX+Gk8ar/4PF+hBwJdM8vJmJjPv+RGjSjvOp5VbWV1b38hvFra2d3b3iqXygwpjSaBJQhbKto8VMCqgqalm0I4kYO4zaPmj60m/9QRS0VDc6yQCj+OBoAElWBvp7rFX6xUrTtWZwl4mbkYqKEOjV7LK3X5IYg5CE4aV6rhOpL0US00Jg3GhGyuIMBnhAXQMFZiD8tLpr2P7yCh9OwilKaHtqfp3I8VcqYT7ZpJjPVSLvYn4X68T6+DSS6mIYg2CzA4FMbN1aE+M230qgWiWGIKJpOZXmwyxxESbeOauKGNqCP05I6mmo+dl5SSARHAsxiZFdzGzZfJQq7qn1fPbs0r9Ksszjw7QITpGLrpAdXSDGqiJCBqgF/SK3qx368P6sr5nozkr29lHc7B+fgFUZqgG</latexit>

q1
<latexit sha1_base64="2IknXQxJ0aZSms9kbRslu8EJyRs=">AAACK3icbVDLTsJAFJ3BF+ILcOmmkZi4kbQ+okuiG5cY5ZFAQ6bTW5gwndaZqQk2fIJb/Qq/xpXGrf/hAF0IeJKbnJx7b+49x4s5U9q2P3FuZXVtfSO/Wdja3tndK5bKTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeUNbyb91hNIxSLxoEcxuCHpCxYwSrSR7h97Tq9Ysav2FNYycTJSQRnqvRIud/2IJiEITTlRquPYsXZTIjWjHMaFbqIgJnRI+tAxVJAQlJtOfx1bR0bxrSCSpoS2purfjZSESo1Cz0yGRA/UYm8i/tfrJDq4clMm4kSDoLNDQcItHVkT45bPJFDNR4YQKpn51aIDIgnVJp65K8qYGoA/ZyTVbPi8rJwEMBIhEWOTorOY2TJpnlads+rF3Xmldp3lmUcH6BAdIwddohq6RXXUQBT10Qt6RW/4HX/gL/w9G83hbGcfzQH//AJSoagF</latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

q1
<latexit sha1_base64="2IknXQxJ0aZSms9kbRslu8EJyRs=">AAACK3icbVDLTsJAFJ3BF+ILcOmmkZi4kbQ+okuiG5cY5ZFAQ6bTW5gwndaZqQk2fIJb/Qq/xpXGrf/hAF0IeJKbnJx7b+49x4s5U9q2P3FuZXVtfSO/Wdja3tndK5bKTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeUNbyb91hNIxSLxoEcxuCHpCxYwSrSR7h97Tq9Ysav2FNYycTJSQRnqvRIud/2IJiEITTlRquPYsXZTIjWjHMaFbqIgJnRI+tAxVJAQlJtOfx1bR0bxrSCSpoS2purfjZSESo1Cz0yGRA/UYm8i/tfrJDq4clMm4kSDoLNDQcItHVkT45bPJFDNR4YQKpn51aIDIgnVJp65K8qYGoA/ZyTVbPi8rJwEMBIhEWOTorOY2TJpnlads+rF3Xmldp3lmUcH6BAdIwddohq6RXXUQBT10Qt6RW/4HX/gL/w9G83hbGcfzQH//AJSoagF</latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

p
<latexit sha1_base64="L4vgDd2C5dj8XTU4O2Iy0YMdosg=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2kZjwoVe2aPYO1SpycVFGOxqCMK30/okkIQlNOlOo5dqzdjEjNKIdJsZ8oiAkdkyH0DBUkBOVms08n1qlRfCuIpCmhrZn6dyMjoVJp6JnJkOiRWu5Nxf96vUQHt27GRJxoEHR+KEi4pSNratvymQSqeWoIoZKZXy06IpJQbcJZuKKMqRH4C0YyzcbPq8p5AKkIiZiYFJ3lzFZJ+6LmXNaum1fV+l2eZwEdoxN0hhx0g+roATVQC1EE6AW9ojf8jj/wJ/6ej67hfOcILQD//AIGcKdg</latexit>

k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

q1 = p�����!
<latexit sha1_base64="3WEMoWr9I2ALyeyvi/D/sb2vEWc="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>

q1
<latexit sha1_base64="2IknXQxJ0aZSms9kbRslu8EJyRs=">AAACK3icbVDLTsJAFJ3BF+ILcOmmkZi4kbQ+okuiG5cY5ZFAQ6bTW5gwndaZqQk2fIJb/Qq/xpXGrf/hAF0IeJKbnJx7b+49x4s5U9q2P3FuZXVtfSO/Wdja3tndK5bKTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeUNbyb91hNIxSLxoEcxuCHpCxYwSrSR7h97Tq9Ysav2FNYycTJSQRnqvRIud/2IJiEITTlRquPYsXZTIjWjHMaFbqIgJnRI+tAxVJAQlJtOfx1bR0bxrSCSpoS2purfjZSESo1Cz0yGRA/UYm8i/tfrJDq4clMm4kSDoLNDQcItHVkT45bPJFDNR4YQKpn51aIDIgnVJp65K8qYGoA/ZyTVbPi8rJwEMBIhEWOTorOY2TJpnlads+rF3Xmldp3lmUcH6BAdIwddohq6RXXUQBT10Qt6RW/4HX/gL/w9G83hbGcfzQH//AJSoagF</latexit>

q2
<latexit sha1_base64="8EAZYm4a3bCZvujVUlJSdOAVn/E=">AAACK3icbVBNT8JAEN3iF+IX4NFLIzHxImlRo0eiF48YRUigIdtlCht2t3V3a1IbfoJX/RX+Gk8ar/4PF+hBwJdM8vJmJjPv+RGjSjvOp5VbWV1b38hvFra2d3b3iqXygwpjSaBJQhbKto8VMCqgqalm0I4kYO4zaPmj60m/9QRS0VDc6yQCj+OBoAElWBvp7rFX6xUrTtWZwl4mbkYqKEOjV7LK3X5IYg5CE4aV6rhOpL0US00Jg3GhGyuIMBnhAXQMFZiD8tLpr2P7yCh9OwilKaHtqfp3I8VcqYT7ZpJjPVSLvYn4X68T6+DSS6mIYg2CzA4FMbN1aE+M230qgWiWGIKJpOZXmwyxxESbeOauKGNqCP05I6mmo+dl5SSARHAsxiZFdzGzZfJQq7qn1fPbs0r9Ksszjw7QITpGLrpAdXSDGqiJCBqgF/SK3qx368P6sr5nozkr29lHc7B+fgFUZqgG</latexit>

p
<latexit sha1_base64="L4vgDd2C5dj8XTU4O2Iy0YMdosg=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2kZjwoVe2aPYO1SpycVFGOxqCMK30/okkIQlNOlOo5dqzdjEjNKIdJsZ8oiAkdkyH0DBUkBOVms08n1qlRfCuIpCmhrZn6dyMjoVJp6JnJkOiRWu5Nxf96vUQHt27GRJxoEHR+KEi4pSNratvymQSqeWoIoZKZXy06IpJQbcJZuKKMqRH4C0YyzcbPq8p5AKkIiZiYFJ3lzFZJ+6LmXNaum1fV+l2eZwEdoxN0hhx0g+roATVQC1EE6AW9ojf8jj/wJ/6ej67hfOcILQD//AIGcKdg</latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit> k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

q1 = p�����!
<latexit sha1_base64="3WEMoWr9I2ALyeyvi/D/sb2vEWc="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

q1
<latexit sha1_base64="2IknXQxJ0aZSms9kbRslu8EJyRs=">AAACK3icbVDLTsJAFJ3BF+ILcOmmkZi4kbQ+okuiG5cY5ZFAQ6bTW5gwndaZqQk2fIJb/Qq/xpXGrf/hAF0IeJKbnJx7b+49x4s5U9q2P3FuZXVtfSO/Wdja3tndK5bKTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeUNbyb91hNIxSLxoEcxuCHpCxYwSrSR7h97Tq9Ysav2FNYycTJSQRnqvRIud/2IJiEITTlRquPYsXZTIjWjHMaFbqIgJnRI+tAxVJAQlJtOfx1bR0bxrSCSpoS2purfjZSESo1Cz0yGRA/UYm8i/tfrJDq4clMm4kSDoLNDQcItHVkT45bPJFDNR4YQKpn51aIDIgnVJp65K8qYGoA/ZyTVbPi8rJwEMBIhEWOTorOY2TJpnlads+rF3Xmldp3lmUcH6BAdIwddohq6RXXUQBT10Qt6RW/4HX/gL/w9G83hbGcfzQH//AJSoagF</latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

p�
k

<latexit sha1_base64="JHM1HiIY0YI+EZOG5G+F6RNuB5U=">AAACK3icbVDLTsJAFJ3iC/EFuHTTSEzcQFof0SXRjUuM8kigIdPpLUw6nTYzU5Pa8Alu9Sv8Glcat/6HA3Qh4ElucnLuvbn3HDdmVCrL+jQKa+sbm1vF7dLO7t7+QblS7cgoEQTaJGKR6LlYAqMc2ooqBr1YAA5dBl03uJ32u08gJI34o0pjcEI84tSnBCstPcT1YFiuWQ1rBnOV2DmpoRytYcWoDryIJCFwRRiWsm9bsXIyLBQlDCalQSIhxiTAI+hrynEI0slmv07ME614ph8JXVyZM/XvRoZDKdPQ1ZMhVmO53JuK//X6ifKvnYzyOFHAyfyQnzBTRebUuOlRAUSxVBNMBNW/mmSMBSZKx7NwRWpTY/AWjGSKBs+rSt2HlIeYT3SK9nJmq6Rz1rDPG5f3F7XmTZ5nER2hY3SKbHSFmugOtVAbETRCL+gVvRnvxofxZXzPRwtGvnOIFmD8/AJe0KgM</latexit>

q1 + q2 = p���������!
<latexit sha1_base64="48LnlG3IxIszX+8Zo4xVHzfGGgA="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

p�
k

<latexit sha1_base64="JHM1HiIY0YI+EZOG5G+F6RNuB5U=">AAACK3icbVDLTsJAFJ3iC/EFuHTTSEzcQFof0SXRjUuM8kigIdPpLUw6nTYzU5Pa8Alu9Sv8Glcat/6HA3Qh4ElucnLuvbn3HDdmVCrL+jQKa+sbm1vF7dLO7t7+QblS7cgoEQTaJGKR6LlYAqMc2ooqBr1YAA5dBl03uJ32u08gJI34o0pjcEI84tSnBCstPcT1YFiuWQ1rBnOV2DmpoRytYcWoDryIJCFwRRiWsm9bsXIyLBQlDCalQSIhxiTAI+hrynEI0slmv07ME614ph8JXVyZM/XvRoZDKdPQ1ZMhVmO53JuK//X6ifKvnYzyOFHAyfyQnzBTRebUuOlRAUSxVBNMBNW/mmSMBSZKx7NwRWpTY/AWjGSKBs+rSt2HlIeYT3SK9nJmq6Rz1rDPG5f3F7XmTZ5nER2hY3SKbHSFmugOtVAbETRCL+gVvRnvxofxZXzPRwtGvnOIFmD8/AJe0KgM</latexit>

q1 + q2 = p���������!
<latexit sha1_base64="48LnlG3IxIszX+8Zo4xVHzfGGgA="></latexit>

For example:

qN
<latexit sha1_base64="XDaxfWCr3hKhdoKK4KmTrkUMcNs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZySQZMju7zvQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xG09cGxGpBxzF3A9pX4meYBStdP/Yue0US27ZnYIsEi8jJchQ7RS/2t2IJSFXyCQ1puW5Mfop1SiY5ONCOzE8pmxI+7xlqaIhN346PXVMjqzSJb1I21JIpurviZSGxozCwHaGFAdm3puI/3mtBHuXfipUnCBXbLaol0iCEZn8TbpCc4ZyZAllWthbCRtQTRnadAo2BG/+5UVSPyl7p+Xzu7NS5SqLIw8HcAjH4MEFVOAGqlADBn14hld4c6Tz4rw7H7PWnJPN7MMfOJ8/Lz6NvQ==</latexit>

qN
<latexit sha1_base64="XDaxfWCr3hKhdoKK4KmTrkUMcNs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZySQZMju7zvQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xG09cGxGpBxzF3A9pX4meYBStdP/Yue0US27ZnYIsEi8jJchQ7RS/2t2IJSFXyCQ1puW5Mfop1SiY5ONCOzE8pmxI+7xlqaIhN346PXVMjqzSJb1I21JIpurviZSGxozCwHaGFAdm3puI/3mtBHuXfipUnCBXbLaol0iCEZn8TbpCc4ZyZAllWthbCRtQTRnadAo2BG/+5UVSPyl7p+Xzu7NS5SqLIw8HcAjH4MEFVOAGqlADBn14hld4c6Tz4rw7H7PWnJPN7MMfOJ8/Lz6NvQ==</latexit>

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q
<latexit sha1_base64="kkFAvJy7jN8oVbiiXkbM2eLXDbU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9RI9ELx4hkUcCGzI7NDAyO7vOzJqQDV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJL3ZhyjH9KB5H3OqLFS7bFbLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77x8WbsoVW6yOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A93hjPw=</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit> ⇢

<latexit sha1_base64="6aa7DIeF1UYbAghXR6U2swyTbGc=">AAACAXicbVDLTgIxFL2DL8QX6tJNIzFxRWZ8RJdENy4xkUcCE9Ipd6Ch05m0HSMhrPwCt/oF7oxbv8QP8D8sMAsBT9Lk5Jx7c09PkAiujet+O7mV1bX1jfxmYWt7Z3evuH9Q13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8HgduI3HlFpHssHM0zQj2hP8pAzaqzUaOs00Gg6xZJbdqcgy8TLSAkyVDvFn3Y3ZmmE0jBBtW55bmL8EVWGM4HjQjvVmFA2oD1sWSpphNofTeOOyYlVuiSMlX3SkKn6d2NEI62HUWAnI2r6etGbiP95rdSE1/6IyyQ1KNnsUJgKYmIy+TvpcoXMiKEllClusxLWp4oyYxuau/I0i2p78RZbWCb1s7J3Xr68vyhVbrKG8nAEx3AKHlxBBe6gCjVgMIAXeIU359l5dz6cz9lozsl2DmEOztcvWpmYLw==</latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

q1
<latexit sha1_base64="2IknXQxJ0aZSms9kbRslu8EJyRs=">AAACK3icbVDLTsJAFJ3BF+ILcOmmkZi4kbQ+okuiG5cY5ZFAQ6bTW5gwndaZqQk2fIJb/Qq/xpXGrf/hAF0IeJKbnJx7b+49x4s5U9q2P3FuZXVtfSO/Wdja3tndK5bKTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeUNbyb91hNIxSLxoEcxuCHpCxYwSrSR7h97Tq9Ysav2FNYycTJSQRnqvRIud/2IJiEITTlRquPYsXZTIjWjHMaFbqIgJnRI+tAxVJAQlJtOfx1bR0bxrSCSpoS2purfjZSESo1Cz0yGRA/UYm8i/tfrJDq4clMm4kSDoLNDQcItHVkT45bPJFDNR4YQKpn51aIDIgnVJp65K8qYGoA/ZyTVbPi8rJwEMBIhEWOTorOY2TJpnlads+rF3Xmldp3lmUcH6BAdIwddohq6RXXUQBT10Qt6RW/4HX/gL/w9G83hbGcfzQH//AJSoagF</latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>

q1
<latexit sha1_base64="2IknXQxJ0aZSms9kbRslu8EJyRs=">AAACK3icbVDLTsJAFJ3BF+ILcOmmkZi4kbQ+okuiG5cY5ZFAQ6bTW5gwndaZqQk2fIJb/Qq/xpXGrf/hAF0IeJKbnJx7b+49x4s5U9q2P3FuZXVtfSO/Wdja3tndK5bKTRUlkkKDRjySbY8o4ExAQzPNoR1LIKHHoeUNbyb91hNIxSLxoEcxuCHpCxYwSrSR7h97Tq9Ysav2FNYycTJSQRnqvRIud/2IJiEITTlRquPYsXZTIjWjHMaFbqIgJnRI+tAxVJAQlJtOfx1bR0bxrSCSpoS2purfjZSESo1Cz0yGRA/UYm8i/tfrJDq4clMm4kSDoLNDQcItHVkT45bPJFDNR4YQKpn51aIDIgnVJp65K8qYGoA/ZyTVbPi8rJwEMBIhEWOTorOY2TJpnlads+rF3Xmldp3lmUcH6BAdIwddohq6RXXUQBT10Qt6RW/4HX/gL/w9G83hbGcfzQH//AJSoagF</latexit>

q2
<latexit sha1_base64="8EAZYm4a3bCZvujVUlJSdOAVn/E=">AAACK3icbVBNT8JAEN3iF+IX4NFLIzHxImlRo0eiF48YRUigIdtlCht2t3V3a1IbfoJX/RX+Gk8ar/4PF+hBwJdM8vJmJjPv+RGjSjvOp5VbWV1b38hvFra2d3b3iqXygwpjSaBJQhbKto8VMCqgqalm0I4kYO4zaPmj60m/9QRS0VDc6yQCj+OBoAElWBvp7rFX6xUrTtWZwl4mbkYqKEOjV7LK3X5IYg5CE4aV6rhOpL0US00Jg3GhGyuIMBnhAXQMFZiD8tLpr2P7yCh9OwilKaHtqfp3I8VcqYT7ZpJjPVSLvYn4X68T6+DSS6mIYg2CzA4FMbN1aE+M230qgWiWGIKJpOZXmwyxxESbeOauKGNqCP05I6mmo+dl5SSARHAsxiZFdzGzZfJQq7qn1fPbs0r9Ksszjw7QITpGLrpAdXSDGqiJCBqgF/SK3qx368P6sr5nozkr29lHc7B+fgFUZqgG</latexit>

For Drell-Yan we need two “initial-state” jets; we sum over overlapping partitions:

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

..
.

<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

qm
<latexit sha1_base64="WUdY4U4aAXpcvWrPES87FlBijkY=">AAAB6nicbVDLSgMxFL2pr1pfVZdugkVwVWZ8oMuiG5cV7QPaoWTSTBuaZMYkI5Shn+DGhSJu/SJ3/o1pOwutHrhwOOde7r0nTAQ31vO+UGFpeWV1rbhe2tjc2t4p7+41TZxqyho0FrFuh8QwwRVrWG4FayeaERkK1gpH11O/9ci04bG6t+OEBZIMFI84JdZJdw892StXvKo3A/5L/JxUIEe9V/7s9mOaSqYsFcSYju8lNsiItpwKNil1U8MSQkdkwDqOKiKZCbLZqRN85JQ+jmLtSlk8U39OZEQaM5ah65TEDs2iNxX/8zqpjS6DjKsktUzR+aIoFdjGePo37nPNqBVjRwjV3N2K6ZBoQq1Lp+RC8Bdf/kuaJ1X/tHp+e1apXeVxFOEADuEYfLiAGtxAHRpAYQBP8AKvSKBn9Ibe560FlM/swy+gj29eOo3c</latexit>

qm+1
<latexit sha1_base64="GM4dbG2N/h0L6q9pL2TelXNh2/g=">AAAB7nicbVDJSgNBEK1xjXGLevTSGARBCDMu6DHoxWMEs0AyhJ5OT9Kkl7G7RwhDPsKLB0W8+j3e/Bs7yRw08UHB470qqupFCWfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqWa0DpRXOlWhA3lTNK6ZZbTVqIpFhGnzWh4O/GbT1QbpuSDHSU0FLgvWcwItk5qPnYzcRqMu6WyX/GnQIskyEkZctS6pa9OT5FUUGkJx8a0Az+xYYa1ZYTTcbGTGppgMsR92nZUYkFNmE3PHaNjp/RQrLQradFU/T2RYWHMSESuU2A7MPPeRPzPa6c2vg4zJpPUUklmi+KUI6vQ5HfUY5oSy0eOYKKZuxWRAdaYWJdQ0YUQzL+8SBpnleC8cnl/Ua7e5HEU4BCO4AQCuIIq3EEN6kBgCM/wCm9e4r14797HrHXJy2cO4A+8zx/8To9Y</latexit>

qk
<latexit sha1_base64="wsdf1zidEv6z/UjX7jA9fhUF1pE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4juEkgWcLspDcZMju7zswKYck3ePGgiFc/yJt/4+Rx0MSChqKqm+6uMBVcG9f9dgorq2vrG8XN0tb2zu5eef+goZNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/GbT6g0T+SDGaUYxLQvecQZNVbyH7v5cNwtV9yqOwVZJt6cVGCOerf81eklLItRGiao1m3PTU2QU2U4EzgudTKNKWVD2se2pZLGqIN8euyYnFilR6JE2ZKGTNXfEzmNtR7Foe2MqRnoRW8i/ue1MxNdBzmXaWZQstmiKBPEJGTyOelxhcyIkSWUKW5vJWxAFWXG5lOyIXiLLy+TxlnVO69e3l9UajfzOIpwBMdwCh5cQQ3uoA4+MODwDK/w5kjnxXl3PmatBWc+cwh/4Hz+ACADjuY=</latexit>

qk+1
<latexit sha1_base64="V6kf5uGyU1mXiQPqZ6qbwUT4m+4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAEIez6QI9BLx4jmAckS5id9CZDZmfXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+6uIBFcG9f9dpaWV1bX1gsbxc2t7Z3d0t5+Q8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD24nffEKleSwfzChBP6J9yUPOqLFS87GbDU+9cbdUdivuFGSReDkpQ45at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOC52Uo0JZUPax7alkkao/Wx67pgcW6VHwljZkoZM1d8TGY20HkWB7YyoGeh5byL+57VTE177GZdJalCy2aIwFcTEZPI76XGFzIiRJZQpbm8lbEAVZcYmVLQhePMvL5LGWcU7r1zeX5SrN3kcBTiEIzgBD66gCndQgzowGMIzvMKbkzgvzrvzMWtdcvKZA/gD5/MH+UCPVg==</latexit>

qn
<latexit sha1_base64="dnS24+Zlj0Ti5GmYk5667etJb6A=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0n8QI9FLx4rmLbQhrLZbtulm03cnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgorq2vrG8XN0tb2zu5eef+gYeJUM+6zWMa6FVLDpVDcR4GStxLNaRRK3gxHt1O/+cS1EbF6wHHCg4gOlOgLRtFK/mM3U5NuueJW3RnIMvFyUoEc9W75q9OLWRpxhUxSY9qem2CQUY2CST4pdVLDE8pGdMDblioacRNks2Mn5MQqPdKPtS2FZKb+nshoZMw4Cm1nRHFoFr2p+J/XTrF/HWRCJSlyxeaL+qkkGJPp56QnNGcox5ZQpoW9lbAh1ZShzadkQ/AWX14mjbOqd169vL+o1G7yOIpwBMdwCh5cQQ3uoA4+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ACSSjuk=</latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

...<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

..
.

<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

q1
<latexit sha1_base64="w5j1tLqukU6ycP2AUdu4aeaYSkY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmfXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqx099DzeuWKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXqn1fPbs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98DSo2g</latexit>

qm
<latexit sha1_base64="WUdY4U4aAXpcvWrPES87FlBijkY=">AAAB6nicbVDLSgMxFL2pr1pfVZdugkVwVWZ8oMuiG5cV7QPaoWTSTBuaZMYkI5Shn+DGhSJu/SJ3/o1pOwutHrhwOOde7r0nTAQ31vO+UGFpeWV1rbhe2tjc2t4p7+41TZxqyho0FrFuh8QwwRVrWG4FayeaERkK1gpH11O/9ci04bG6t+OEBZIMFI84JdZJdw892StXvKo3A/5L/JxUIEe9V/7s9mOaSqYsFcSYju8lNsiItpwKNil1U8MSQkdkwDqOKiKZCbLZqRN85JQ+jmLtSlk8U39OZEQaM5ah65TEDs2iNxX/8zqpjS6DjKsktUzR+aIoFdjGePo37nPNqBVjRwjV3N2K6ZBoQq1Lp+RC8Bdf/kuaJ1X/tHp+e1apXeVxFOEADuEYfLiAGtxAHRpAYQBP8AKvSKBn9Ibe560FlM/swy+gj29eOo3c</latexit>

qm+1
<latexit sha1_base64="GM4dbG2N/h0L6q9pL2TelXNh2/g=">AAAB7nicbVDJSgNBEK1xjXGLevTSGARBCDMu6DHoxWMEs0AyhJ5OT9Kkl7G7RwhDPsKLB0W8+j3e/Bs7yRw08UHB470qqupFCWfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqWa0DpRXOlWhA3lTNK6ZZbTVqIpFhGnzWh4O/GbT1QbpuSDHSU0FLgvWcwItk5qPnYzcRqMu6WyX/GnQIskyEkZctS6pa9OT5FUUGkJx8a0Az+xYYa1ZYTTcbGTGppgMsR92nZUYkFNmE3PHaNjp/RQrLQradFU/T2RYWHMSESuU2A7MPPeRPzPa6c2vg4zJpPUUklmi+KUI6vQ5HfUY5oSy0eOYKKZuxWRAdaYWJdQ0YUQzL+8SBpnleC8cnl/Ua7e5HEU4BCO4AQCuIIq3EEN6kBgCM/wCm9e4r14797HrHXJy2cO4A+8zx/8To9Y</latexit>

qk
<latexit sha1_base64="wsdf1zidEv6z/UjX7jA9fhUF1pE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4juEkgWcLspDcZMju7zswKYck3ePGgiFc/yJt/4+Rx0MSChqKqm+6uMBVcG9f9dgorq2vrG8XN0tb2zu5eef+goZNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/GbT6g0T+SDGaUYxLQvecQZNVbyH7v5cNwtV9yqOwVZJt6cVGCOerf81eklLItRGiao1m3PTU2QU2U4EzgudTKNKWVD2se2pZLGqIN8euyYnFilR6JE2ZKGTNXfEzmNtR7Foe2MqRnoRW8i/ue1MxNdBzmXaWZQstmiKBPEJGTyOelxhcyIkSWUKW5vJWxAFWXG5lOyIXiLLy+TxlnVO69e3l9UajfzOIpwBMdwCh5cQQ3uoA4+MODwDK/w5kjnxXl3PmatBWc+cwh/4Hz+ACADjuY=</latexit>

qk+1
<latexit sha1_base64="V6kf5uGyU1mXiQPqZ6qbwUT4m+4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAEIez6QI9BLx4jmAckS5id9CZDZmfXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+6uIBFcG9f9dpaWV1bX1gsbxc2t7Z3d0t5+Q8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD24nffEKleSwfzChBP6J9yUPOqLFS87GbDU+9cbdUdivuFGSReDkpQ45at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOC52Uo0JZUPax7alkkao/Wx67pgcW6VHwljZkoZM1d8TGY20HkWB7YyoGeh5byL+57VTE177GZdJalCy2aIwFcTEZPI76XGFzIiRJZQpbm8lbEAVZcYmVLQhePMvL5LGWcU7r1zeX5SrN3kcBTiEIzgBD66gCndQgzowGMIzvMKbkzgvzrvzMWtdcvKZA/gD5/MH+UCPVg==</latexit>

qn
<latexit sha1_base64="dnS24+Zlj0Ti5GmYk5667etJb6A=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0n8QI9FLx4rmLbQhrLZbtulm03cnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgorq2vrG8XN0tb2zu5eef+gYeJUM+6zWMa6FVLDpVDcR4GStxLNaRRK3gxHt1O/+cS1EbF6wHHCg4gOlOgLRtFK/mM3U5NuueJW3RnIMvFyUoEc9W75q9OLWRpxhUxSY9qem2CQUY2CST4pdVLDE8pGdMDblioacRNks2Mn5MQqPdKPtS2FZKb+nshoZMw4Cm1nRHFoFr2p+J/XTrF/HWRCJSlyxeaL+qkkGJPp56QnNGcox5ZQpoW9lbAh1ZShzadkQ/AWX14mjbOqd169vL+o1G7yOIpwBMdwCh5cQQ3uoA4+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ACSSjuk=</latexit>

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

..

.<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

)

<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

q1 + ...+ qm + qm+1 + ...+ qk = p1
<latexit sha1_base64="t0M7C/zLaL+i+bZ+3HEnChVVti0="></latexit>

S1 = {1, ..., k}, S2 = {m+ 1, ..., n}
<latexit sha1_base64="2EFTo1N+MIh6BXvcrsNGqAARtSg=">AAACJHicbVDLSsNAFJ3UV62vqks3g0UoWEJSFd0IRTcuK7UPaEqYTKft0MkkzkzEEvILfoZf4Fa/wJ24cOPO/3DadGFbD1w4nHMv997jhYxKZVlfRmZpeWV1Lbue29jc2t7J7+41ZBAJTOo4YIFoeUgSRjmpK6oYaYWCIN9jpOkNr8d+84EISQN+p0Yh6fioz2mPYqS05OaLNde+dGK7ZJpmaegkJejcR6gLa25Zy/5xanAncfMFy7QmgIvEnpICmKLq5n+cboAjn3CFGZKybVuh6sRIKIoZSXJOJEmI8BD1SVtTjnwiO/HkowQeaaULe4HQxRWcqH8nYuRLOfI93ekjNZDz3lj8z2tHqnfRiSkPI0U4Thf1IgZVAMfxwC4VBCs20gRhQfWtEA+QQFjpEGe2PKan6lzs+RQWSaNs2ifm2e1poXI1TSgLDsAhKAIbnIMKuAFVUAcYPIEX8ArejGfj3fgwPtPWjDGd2QczML5/AVmDomM=</latexit>

qm+1 + ...+ qk + qm+1 + ...+ qn = p2
<latexit sha1_base64="fRq5o3ZD9G+Nxbsrdb2JWRf2Ftk="></latexit>

p21 < ⇤2
1, p22 < ⇤2

2
<latexit sha1_base64="lXb7mKE2c2PUdeKey5kxg2nmw8U=">AAACJnicbZDLSsNAFIYnXmu9RV26GSyCiJSkKrpwUXTjwkUFe4Emhslk0g6dXJyZiCX0HXwMn8CtPoE7EXdufA8nbRa9eGDg4//P4Zz53ZhRIQ3jW5ubX1hcWi6sFFfX1jc29a3thogSjkkdRyziLRcJwmhI6pJKRloxJyhwGWm6vavMbz4SLmgU3sl+TOwAdULqU4ykkhz9MHbM+8qFdaNGPJTxEbQeEuTB2KmMGYodvWSUjWHBWTBzKIG8ao7+a3kRTgISSsyQEG3TiKWdIi4pZmRQtBJBYoR7qEPaCkMUEGGnwz8N4L5SPOhHXL1QwqE6PpGiQIh+4KrOAMmumPYy8T+vnUj/3E5pGCeShHi0yE8YlBHMAoIe5QRL1leAMKfqVoi7iCMsVYwTW55Gp6pczOkUZqFRKZvH5dPbk1L1Mk+oAHbBHjgAJjgDVXANaqAOMHgGr+ANvGsv2of2qX2NWue0fGYHTJT28wfNTqRT</latexit>





Then we can write the corresponding integrals



Then we can write the corresponding integrals



Then we can write the corresponding integrals

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

p
<latexit sha1_base64="L4vgDd2C5dj8XTU4O2Iy0YMdosg=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2kZjwoVe2aPYO1SpycVFGOxqCMK30/okkIQlNOlOo5dqzdjEjNKIdJsZ8oiAkdkyH0DBUkBOVms08n1qlRfCuIpCmhrZn6dyMjoVJp6JnJkOiRWu5Nxf96vUQHt27GRJxoEHR+KEi4pSNratvymQSqeWoIoZKZXy06IpJQbcJZuKKMqRH4C0YyzcbPq8p5AKkIiZiYFJ3lzFZJ+6LmXNaum1fV+l2eZwEdoxN0hhx0g+roATVQC1EE6AW9ojf8jj/wJ/6ej67hfOcILQD//AIGcKdg</latexit>

k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

�+(p2)�+((p+ q)2)

Z
ddk

(2⇡)d
1

k2(p� k)2(p+ q � k)2
<latexit sha1_base64="Daex6EG/Cf0aHjwPn1e9q9DJMCM="></latexit>

�+(p2)�+((p+ q)2)T (p, q)
<latexit sha1_base64="Q7gVbNOMQD73Pq7SLv5vr6TWqsU="></latexit>



Then we can write the corresponding integrals

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

p
<latexit sha1_base64="L4vgDd2C5dj8XTU4O2Iy0YMdosg=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2kZjwoVe2aPYO1SpycVFGOxqCMK30/okkIQlNOlOo5dqzdjEjNKIdJsZ8oiAkdkyH0DBUkBOVms08n1qlRfCuIpCmhrZn6dyMjoVJp6JnJkOiRWu5Nxf96vUQHt27GRJxoEHR+KEi4pSNratvymQSqeWoIoZKZXy06IpJQbcJZuKKMqRH4C0YyzcbPq8p5AKkIiZiYFJ3lzFZJ+6LmXNaum1fV+l2eZwEdoxN0hhx0g+roATVQC1EE6AW9ojf8jj/wJ/6ej67hfOcILQD//AIGcKdg</latexit>

k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

�+(p2)�+((p+ q)2)

Z
ddk

(2⇡)d
1

k2(p� k)2(p+ q � k)2
<latexit sha1_base64="Daex6EG/Cf0aHjwPn1e9q9DJMCM="></latexit>

�+(p2)�+((p+ q)2)T (p, q)
<latexit sha1_base64="Q7gVbNOMQD73Pq7SLv5vr6TWqsU="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit> k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

�+(p2)�+((p+ q)2)

Z
ddk

(2⇡)d
��(k)�+(p+ q � k)

(p� k)2
<latexit sha1_base64="Dm0zPz2P3UTycH/Qdv6zgSlOzfA="></latexit>

�+(p2)
disc(p+q)2T (p, q)

(p+ q)2
<latexit sha1_base64="YhmBLSbcpS7n6uYQvjUMpRItdVs="></latexit>



Then we can write the corresponding integrals

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

p
<latexit sha1_base64="L4vgDd2C5dj8XTU4O2Iy0YMdosg=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2kZjwoVe2aPYO1SpycVFGOxqCMK30/okkIQlNOlOo5dqzdjEjNKIdJsZ8oiAkdkyH0DBUkBOVms08n1qlRfCuIpCmhrZn6dyMjoVJp6JnJkOiRWu5Nxf96vUQHt27GRJxoEHR+KEi4pSNratvymQSqeWoIoZKZXy06IpJQbcJZuKKMqRH4C0YyzcbPq8p5AKkIiZiYFJ3lzFZJ+6LmXNaum1fV+l2eZwEdoxN0hhx0g+roATVQC1EE6AW9ojf8jj/wJ/6ej67hfOcILQD//AIGcKdg</latexit>

k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

�+(p2)�+((p+ q)2)

Z
ddk

(2⇡)d
1

k2(p� k)2(p+ q � k)2
<latexit sha1_base64="Daex6EG/Cf0aHjwPn1e9q9DJMCM="></latexit>

�+(p2)�+((p+ q)2)T (p, q)
<latexit sha1_base64="Q7gVbNOMQD73Pq7SLv5vr6TWqsU="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

p�
k

<latexit sha1_base64="JHM1HiIY0YI+EZOG5G+F6RNuB5U=">AAACK3icbVDLTsJAFJ3iC/EFuHTTSEzcQFof0SXRjUuM8kigIdPpLUw6nTYzU5Pa8Alu9Sv8Glcat/6HA3Qh4ElucnLuvbn3HDdmVCrL+jQKa+sbm1vF7dLO7t7+QblS7cgoEQTaJGKR6LlYAqMc2ooqBr1YAA5dBl03uJ32u08gJI34o0pjcEI84tSnBCstPcT1YFiuWQ1rBnOV2DmpoRytYcWoDryIJCFwRRiWsm9bsXIyLBQlDCalQSIhxiTAI+hrynEI0slmv07ME614ph8JXVyZM/XvRoZDKdPQ1ZMhVmO53JuK//X6ifKvnYzyOFHAyfyQnzBTRebUuOlRAUSxVBNMBNW/mmSMBSZKx7NwRWpTY/AWjGSKBs+rSt2HlIeYT3SK9nJmq6Rz1rDPG5f3F7XmTZ5nER2hY3SKbHSFmugOtVAbETRCL+gVvRnvxofxZXzPRwtGvnOIFmD8/AJe0KgM</latexit>

�+((p+ q)2)

p2

Z
ddk

(2⇡)d
��(k)�+(p� k)

(p+ q � k)2
<latexit sha1_base64="jjzTit0U/ocPJvYKIvPBitAeuzQ="></latexit>

�+((p+ q)2)
discp2T (p, q)

p2
<latexit sha1_base64="AzkR2ONe+QMzu2R9Bw6VCEV6ZFQ="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit> k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

�+(p2)�+((p+ q)2)

Z
ddk

(2⇡)d
��(k)�+(p+ q � k)

(p� k)2
<latexit sha1_base64="Dm0zPz2P3UTycH/Qdv6zgSlOzfA="></latexit>

�+(p2)
disc(p+q)2T (p, q)

(p+ q)2
<latexit sha1_base64="YhmBLSbcpS7n6uYQvjUMpRItdVs="></latexit>



Then we can write the corresponding integrals

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

p
<latexit sha1_base64="L4vgDd2C5dj8XTU4O2Iy0YMdosg=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2kZjwoVe2aPYO1SpycVFGOxqCMK30/okkIQlNOlOo5dqzdjEjNKIdJsZ8oiAkdkyH0DBUkBOVms08n1qlRfCuIpCmhrZn6dyMjoVJp6JnJkOiRWu5Nxf96vUQHt27GRJxoEHR+KEi4pSNratvymQSqeWoIoZKZXy06IpJQbcJZuKKMqRH4C0YyzcbPq8p5AKkIiZiYFJ3lzFZJ+6LmXNaum1fV+l2eZwEdoxN0hhx0g+roATVQC1EE6AW9ojf8jj/wJ/6ej67hfOcILQD//AIGcKdg</latexit>

k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

�+(p2)�+((p+ q)2)

Z
ddk

(2⇡)d
1

k2(p� k)2(p+ q � k)2
<latexit sha1_base64="Daex6EG/Cf0aHjwPn1e9q9DJMCM="></latexit>

�+(p2)�+((p+ q)2)T (p, q)
<latexit sha1_base64="Q7gVbNOMQD73Pq7SLv5vr6TWqsU="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

p�
k

<latexit sha1_base64="JHM1HiIY0YI+EZOG5G+F6RNuB5U=">AAACK3icbVDLTsJAFJ3iC/EFuHTTSEzcQFof0SXRjUuM8kigIdPpLUw6nTYzU5Pa8Alu9Sv8Glcat/6HA3Qh4ElucnLuvbn3HDdmVCrL+jQKa+sbm1vF7dLO7t7+QblS7cgoEQTaJGKR6LlYAqMc2ooqBr1YAA5dBl03uJ32u08gJI34o0pjcEI84tSnBCstPcT1YFiuWQ1rBnOV2DmpoRytYcWoDryIJCFwRRiWsm9bsXIyLBQlDCalQSIhxiTAI+hrynEI0slmv07ME614ph8JXVyZM/XvRoZDKdPQ1ZMhVmO53JuK//X6ifKvnYzyOFHAyfyQnzBTRebUuOlRAUSxVBNMBNW/mmSMBSZKx7NwRWpTY/AWjGSKBs+rSt2HlIeYT3SK9nJmq6Rz1rDPG5f3F7XmTZ5nER2hY3SKbHSFmugOtVAbETRCL+gVvRnvxofxZXzPRwtGvnOIFmD8/AJe0KgM</latexit>

1

p2(p+ q)2

Z
ddk

(2⇡)d
��(k)�+(p� k)�+(p+ q � k)

<latexit sha1_base64="vOwOzTYPt0gZBs9eHdui+RsKx50="></latexit>

discp2disc(p+q)2T (p, q)

p2(p+ q)2
<latexit sha1_base64="pRtk0ud4uNAcfaVKZK/WJCiKDEA="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

p�
k

<latexit sha1_base64="JHM1HiIY0YI+EZOG5G+F6RNuB5U=">AAACK3icbVDLTsJAFJ3iC/EFuHTTSEzcQFof0SXRjUuM8kigIdPpLUw6nTYzU5Pa8Alu9Sv8Glcat/6HA3Qh4ElucnLuvbn3HDdmVCrL+jQKa+sbm1vF7dLO7t7+QblS7cgoEQTaJGKR6LlYAqMc2ooqBr1YAA5dBl03uJ32u08gJI34o0pjcEI84tSnBCstPcT1YFiuWQ1rBnOV2DmpoRytYcWoDryIJCFwRRiWsm9bsXIyLBQlDCalQSIhxiTAI+hrynEI0slmv07ME614ph8JXVyZM/XvRoZDKdPQ1ZMhVmO53JuK//X6ifKvnYzyOFHAyfyQnzBTRebUuOlRAUSxVBNMBNW/mmSMBSZKx7NwRWpTY/AWjGSKBs+rSt2HlIeYT3SK9nJmq6Rz1rDPG5f3F7XmTZ5nER2hY3SKbHSFmugOtVAbETRCL+gVvRnvxofxZXzPRwtGvnOIFmD8/AJe0KgM</latexit>

�+((p+ q)2)

p2

Z
ddk

(2⇡)d
��(k)�+(p� k)

(p+ q � k)2
<latexit sha1_base64="jjzTit0U/ocPJvYKIvPBitAeuzQ="></latexit>

�+((p+ q)2)
discp2T (p, q)

p2
<latexit sha1_base64="AzkR2ONe+QMzu2R9Bw6VCEV6ZFQ="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit> k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

�+(p2)�+((p+ q)2)

Z
ddk

(2⇡)d
��(k)�+(p+ q � k)

(p� k)2
<latexit sha1_base64="Dm0zPz2P3UTycH/Qdv6zgSlOzfA="></latexit>

�+(p2)
disc(p+q)2T (p, q)

(p+ q)2
<latexit sha1_base64="YhmBLSbcpS7n6uYQvjUMpRItdVs="></latexit>



Then we can write the corresponding integrals

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

p
<latexit sha1_base64="L4vgDd2C5dj8XTU4O2Iy0YMdosg=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2kZjwoVe2aPYO1SpycVFGOxqCMK30/okkIQlNOlOo5dqzdjEjNKIdJsZ8oiAkdkyH0DBUkBOVms08n1qlRfCuIpCmhrZn6dyMjoVJp6JnJkOiRWu5Nxf96vUQHt27GRJxoEHR+KEi4pSNratvymQSqeWoIoZKZXy06IpJQbcJZuKKMqRH4C0YyzcbPq8p5AKkIiZiYFJ3lzFZJ+6LmXNaum1fV+l2eZwEdoxN0hhx0g+roATVQC1EE6AW9ojf8jj/wJ/6ej67hfOcILQD//AIGcKdg</latexit>

k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

�+(p2)�+((p+ q)2)

Z
ddk

(2⇡)d
1

k2(p� k)2(p+ q � k)2
<latexit sha1_base64="Daex6EG/Cf0aHjwPn1e9q9DJMCM="></latexit>

�+(p2)�+((p+ q)2)T (p, q)
<latexit sha1_base64="Q7gVbNOMQD73Pq7SLv5vr6TWqsU="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

p�
k

<latexit sha1_base64="JHM1HiIY0YI+EZOG5G+F6RNuB5U=">AAACK3icbVDLTsJAFJ3iC/EFuHTTSEzcQFof0SXRjUuM8kigIdPpLUw6nTYzU5Pa8Alu9Sv8Glcat/6HA3Qh4ElucnLuvbn3HDdmVCrL+jQKa+sbm1vF7dLO7t7+QblS7cgoEQTaJGKR6LlYAqMc2ooqBr1YAA5dBl03uJ32u08gJI34o0pjcEI84tSnBCstPcT1YFiuWQ1rBnOV2DmpoRytYcWoDryIJCFwRRiWsm9bsXIyLBQlDCalQSIhxiTAI+hrynEI0slmv07ME614ph8JXVyZM/XvRoZDKdPQ1ZMhVmO53JuK//X6ifKvnYzyOFHAyfyQnzBTRebUuOlRAUSxVBNMBNW/mmSMBSZKx7NwRWpTY/AWjGSKBs+rSt2HlIeYT3SK9nJmq6Rz1rDPG5f3F7XmTZ5nER2hY3SKbHSFmugOtVAbETRCL+gVvRnvxofxZXzPRwtGvnOIFmD8/AJe0KgM</latexit>

1

p2(p+ q)2

Z
ddk

(2⇡)d
��(k)�+(p� k)�+(p+ q � k)

<latexit sha1_base64="vOwOzTYPt0gZBs9eHdui+RsKx50="></latexit>

discp2disc(p+q)2T (p, q)

p2(p+ q)2
<latexit sha1_base64="pRtk0ud4uNAcfaVKZK/WJCiKDEA="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

p�
k

<latexit sha1_base64="JHM1HiIY0YI+EZOG5G+F6RNuB5U=">AAACK3icbVDLTsJAFJ3iC/EFuHTTSEzcQFof0SXRjUuM8kigIdPpLUw6nTYzU5Pa8Alu9Sv8Glcat/6HA3Qh4ElucnLuvbn3HDdmVCrL+jQKa+sbm1vF7dLO7t7+QblS7cgoEQTaJGKR6LlYAqMc2ooqBr1YAA5dBl03uJ32u08gJI34o0pjcEI84tSnBCstPcT1YFiuWQ1rBnOV2DmpoRytYcWoDryIJCFwRRiWsm9bsXIyLBQlDCalQSIhxiTAI+hrynEI0slmv07ME614ph8JXVyZM/XvRoZDKdPQ1ZMhVmO53JuK//X6ifKvnYzyOFHAyfyQnzBTRebUuOlRAUSxVBNMBNW/mmSMBSZKx7NwRWpTY/AWjGSKBs+rSt2HlIeYT3SK9nJmq6Rz1rDPG5f3F7XmTZ5nER2hY3SKbHSFmugOtVAbETRCL+gVvRnvxofxZXzPRwtGvnOIFmD8/AJe0KgM</latexit>

�+((p+ q)2)

p2

Z
ddk

(2⇡)d
��(k)�+(p� k)

(p+ q � k)2
<latexit sha1_base64="jjzTit0U/ocPJvYKIvPBitAeuzQ="></latexit>

�+((p+ q)2)
discp2T (p, q)

p2
<latexit sha1_base64="AzkR2ONe+QMzu2R9Bw6VCEV6ZFQ="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit> k
<latexit sha1_base64="tRlQ1Vg5XcXm0wAolJW9HBkufdw=">AAACKXicbVDLTsJAFJ3xifgCXLppJCZuJK2P6JLoxiUk8kigIdPpLUyYTpuZqUlt+AK3+hV+jTt16484QBcCnuQmJ+fem3vP8WLOlLbtL7y2vrG5tV3YKe7u7R8clsqVtooSSaFFIx7JrkcUcCagpZnm0I0lkNDj0PHG99N+5wmkYpF41GkMbkiGggWMEm2k5nhQqto1ewZrlTg5qaIcjUEZV/p+RJMQhKacKNVz7Fi7GZGaUQ6TYj9REBM6JkPoGSpICMrNZp9OrFOj+FYQSVNCWzP170ZGQqXS0DOTIdEjtdybiv/1eokObt2MiTjRIOj8UJBwS0fW1LblMwlU89QQQiUzv1p0RCSh2oSzcEUZUyPwF4xkmo2fV5XzAFIREjExKTrLma2S9kXNuaxdN6+q9bs8zwI6RifoDDnoBtXRA2qgFqII0At6RW/4HX/gT/w9H13D+c4RWgD++QX9iKdb</latexit>

�+(p2)�+((p+ q)2)

Z
ddk

(2⇡)d
��(k)�+(p+ q � k)

(p� k)2
<latexit sha1_base64="Dm0zPz2P3UTycH/Qdv6zgSlOzfA="></latexit>

�+(p2)
disc(p+q)2T (p, q)

(p+ q)2
<latexit sha1_base64="YhmBLSbcpS7n6uYQvjUMpRItdVs="></latexit>

“Easy” integrals! Computed by Reverse Unitarity! That’s why “simplest clustering”.
C. Anastasiou, K. Melnikov, F. Petriello
(2003)

C. Anastasiou, C. Duhr, F. Dulat, F. Herzog, B. Mistlberger
(2015)

Each integral is badly divergent…





Turns out that we can write these contributions very compactly

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit> = discp2disc(p+q)2

T (p, q,�p� q)

p2q2
<latexit sha1_base64="91Vi7c3hqSXX6+q8cxNaDl9FVMs="></latexit>



Turns out that we can write these contributions very compactly

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit> = discp2disc(p+q)2

T (p, q,�p� q)

p2q2
<latexit sha1_base64="91Vi7c3hqSXX6+q8cxNaDl9FVMs="></latexit>

IR-finite



Turns out that we can write these contributions very compactly

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit> = discp2disc(p+q)2

T (p, q,�p� q)

p2q2
<latexit sha1_base64="91Vi7c3hqSXX6+q8cxNaDl9FVMs="></latexit>

This provides a generalised optical theorem!

Interference diagrams Forward-scattering diagrams …?
disc(p+q)2

<latexit sha1_base64="Z2wREk1iB3cKsN/WSzU6XtrPJZ4=">AAACP3icbVBNS8NAEN34bf1qK568BIugiCWpih5FLx4V7Ae0tWw2E7t0s4m7E7GG/Biv+iv8Gf4Cb+LVm9vag7U+GHi8N8PMPC8WXKPjvFlT0zOzc/MLi7ml5ZXVtXyhWNNRohhUWSQi1fCoBsElVJGjgEasgIaegLrXOx/49XtQmkfyGvsxtEN6K3nAGUUjdfIbLYQHTH2uWdZJd+K9u92bStbJl5yyM4Q9SdwRKZERLjsFq9jyI5aEIJEJqnXTdWJsp1QhZwKyXCvREFPWo7fQNFTSEHQ7Hd6f2dtG8e0gUqYk2kP190RKQ637oWc6Q4pd/dcbiP95zQSDk3bKZZwgSPazKEiEjZE9CMP2uQKGom8IZYqbW23WpYoyNJGNbdHmqS74Y4+kyHuPk8p+AH0ZUjlI0f2b2SSpVcruQfno6rB0ejbKc4Fski2yQ1xyTE7JBbkkVcJISp7IM3mxXq1368P6/GmdskYz62QM1tc3J3+v6Q==</latexit>

discp2
<latexit sha1_base64="gh9gC6ifVk+fQ1GwJ8RFaSb7oYg=">AAACO3icbVC7TsNAEDzzJrwSKGksIiQaIpuHoIygoQwSgUiJic7ndXLK+WzdrYFg+VNo4Sv4EGo6REvP5VGQhJFWGs3sanfHTwTX6Dgf1tz8wuLS8spqYW19Y3OrWNq+1XGqGNRZLGLV8KkGwSXUkaOARqKARr6AO793OfDvHkBpHssb7CfgRbQjecgZRSO1i6UWwhNmAdcsb2fJ/VHeLpadijOEPUvcMSmTMWrtkrXdCmKWRiCRCap103US9DKqkDMBeaGVakgo69EONA2VNALtZcPbc3vfKIEdxsqURHuo/p3IaKR1P/JNZ0Sxq6e9gfif10wxPPcyLpMUQbLRojAVNsb2IAg74AoYir4hlClubrVZlyrK0MQ1sUWbp7oQTDySIe89zyqHIfRlROUgRXc6s1lye1Rxjyun1yfl6sU4zxWyS/bIAXHJGamSK1IjdcLII3khr+TNerc+rS/re9Q6Z41ndsgErJ9f0n+u1A==</latexit>

IR-finite



Turns out that we can write these contributions very compactly

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit> = discp2disc(p+q)2

T (p, q,�p� q)

p2q2
<latexit sha1_base64="91Vi7c3hqSXX6+q8cxNaDl9FVMs="></latexit>

This provides a generalised optical theorem!

Interference diagrams Forward-scattering diagrams …?
disc(p+q)2

<latexit sha1_base64="Z2wREk1iB3cKsN/WSzU6XtrPJZ4=">AAACP3icbVBNS8NAEN34bf1qK568BIugiCWpih5FLx4V7Ae0tWw2E7t0s4m7E7GG/Biv+iv8Gf4Cb+LVm9vag7U+GHi8N8PMPC8WXKPjvFlT0zOzc/MLi7ml5ZXVtXyhWNNRohhUWSQi1fCoBsElVJGjgEasgIaegLrXOx/49XtQmkfyGvsxtEN6K3nAGUUjdfIbLYQHTH2uWdZJd+K9u92bStbJl5yyM4Q9SdwRKZERLjsFq9jyI5aEIJEJqnXTdWJsp1QhZwKyXCvREFPWo7fQNFTSEHQ7Hd6f2dtG8e0gUqYk2kP190RKQ637oWc6Q4pd/dcbiP95zQSDk3bKZZwgSPazKEiEjZE9CMP2uQKGom8IZYqbW23WpYoyNJGNbdHmqS74Y4+kyHuPk8p+AH0ZUjlI0f2b2SSpVcruQfno6rB0ejbKc4Fski2yQ1xyTE7JBbkkVcJISp7IM3mxXq1368P6/GmdskYz62QM1tc3J3+v6Q==</latexit>

discp2
<latexit sha1_base64="gh9gC6ifVk+fQ1GwJ8RFaSb7oYg=">AAACO3icbVC7TsNAEDzzJrwSKGksIiQaIpuHoIygoQwSgUiJic7ndXLK+WzdrYFg+VNo4Sv4EGo6REvP5VGQhJFWGs3sanfHTwTX6Dgf1tz8wuLS8spqYW19Y3OrWNq+1XGqGNRZLGLV8KkGwSXUkaOARqKARr6AO793OfDvHkBpHssb7CfgRbQjecgZRSO1i6UWwhNmAdcsb2fJ/VHeLpadijOEPUvcMSmTMWrtkrXdCmKWRiCRCap103US9DKqkDMBeaGVakgo69EONA2VNALtZcPbc3vfKIEdxsqURHuo/p3IaKR1P/JNZ0Sxq6e9gfif10wxPPcyLpMUQbLRojAVNsb2IAg74AoYir4hlClubrVZlyrK0MQ1sUWbp7oQTDySIe89zyqHIfRlROUgRXc6s1lye1Rxjyun1yfl6sU4zxWyS/bIAXHJGamSK1IjdcLII3khr+TNerc+rS/re9Q6Z41ndsgErJ9f0n+u1A==</latexit>

IR-finite

In order to fill in the dots we need to introduce a new object, the embedding:



Turns out that we can write these contributions very compactly

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit> = discp2disc(p+q)2

T (p, q,�p� q)

p2q2
<latexit sha1_base64="91Vi7c3hqSXX6+q8cxNaDl9FVMs="></latexit>

This provides a generalised optical theorem!

Interference diagrams Forward-scattering diagrams …?
disc(p+q)2

<latexit sha1_base64="Z2wREk1iB3cKsN/WSzU6XtrPJZ4=">AAACP3icbVBNS8NAEN34bf1qK568BIugiCWpih5FLx4V7Ae0tWw2E7t0s4m7E7GG/Biv+iv8Gf4Cb+LVm9vag7U+GHi8N8PMPC8WXKPjvFlT0zOzc/MLi7ml5ZXVtXyhWNNRohhUWSQi1fCoBsElVJGjgEasgIaegLrXOx/49XtQmkfyGvsxtEN6K3nAGUUjdfIbLYQHTH2uWdZJd+K9u92bStbJl5yyM4Q9SdwRKZERLjsFq9jyI5aEIJEJqnXTdWJsp1QhZwKyXCvREFPWo7fQNFTSEHQ7Hd6f2dtG8e0gUqYk2kP190RKQ637oWc6Q4pd/dcbiP95zQSDk3bKZZwgSPazKEiEjZE9CMP2uQKGom8IZYqbW23WpYoyNJGNbdHmqS74Y4+kyHuPk8p+AH0ZUjlI0f2b2SSpVcruQfno6rB0ejbKc4Fski2yQ1xyTE7JBbkkVcJISp7IM3mxXq1368P6/GmdskYz62QM1tc3J3+v6Q==</latexit>

discp2
<latexit sha1_base64="gh9gC6ifVk+fQ1GwJ8RFaSb7oYg=">AAACO3icbVC7TsNAEDzzJrwSKGksIiQaIpuHoIygoQwSgUiJic7ndXLK+WzdrYFg+VNo4Sv4EGo6REvP5VGQhJFWGs3sanfHTwTX6Dgf1tz8wuLS8spqYW19Y3OrWNq+1XGqGNRZLGLV8KkGwSXUkaOARqKARr6AO793OfDvHkBpHssb7CfgRbQjecgZRSO1i6UWwhNmAdcsb2fJ/VHeLpadijOEPUvcMSmTMWrtkrXdCmKWRiCRCap103US9DKqkDMBeaGVakgo69EONA2VNALtZcPbc3vfKIEdxsqURHuo/p3IaKR1P/JNZ0Sxq6e9gfif10wxPPcyLpMUQbLRojAVNsb2IAg74AoYir4hlClubrVZlyrK0MQ1sUWbp7oQTDySIe89zyqHIfRlROUgRXc6s1lye1Rxjyun1yfl6sU4zxWyS/bIAXHJGamSK1IjdcLII3khr+TNerc+rS/re9Q6Z41ndsgErJ9f0n+u1A==</latexit>

IR-finite

In order to fill in the dots we need to introduce a new object, the embedding:

Embedding of vacuum 

diagrams in punctured

space (     )

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="LX9KbzaOwaYnP2cSAInG7+QVFjw="></latexit>

⌦
<latexit sha1_base64="5GWdDCcxRmUJWSIQtZuzojVPKtk=">AAACV3icbVBNS8NAEN3Er/rd6tFLsAheLIkfKJ6KXjxWsFZoi2w2E7tkswm7EyGG/giv+sv6a3RTczDWgYHHmxnevOengmt03ZllLy2vrK411jc2t7Z3dputvUedZIpBnyUiUU8+1SC4hD5yFPCUKqCxL2DgR7flfPAKSvNEPmCewjimL5KHnFE01GCUII9BPzfbbsedl7MIvAq0SVW955Z1PQoSlsUgkQmq9dBzUxwXVCFnAqYbo0xDSllEX2BooKRGZVzM/506R4YJnDBRpiU6c/b3RUFjrfPYN5sxxYn+OyvJ/2bDDMOrccFlmiFI9iMUZsLBxCnNOwFXwFDkBlCmuPnVYROqKEMTUU1FG1MTCGpGCuTRW53xFY0A61ygS1eLlych5DKmcmrS9v5muwgeTzveWefi/rzdvalyb5ADckiOiUcuSZfckR7pE0Yi8k4+yKc1s77sVbvxs2pb1c0+qZXd+gY46rgB</latexit>

=
T (p, q,�p� q)

p2q2
<latexit sha1_base64="lLd8osx7ppyMwSaWsygUWhNlgK0="></latexit>

T. Kinoshita
“Mass singularities of Feynman amplitudes”
(1962)

G. Sterman
“An Introduction to Quantum field theory”
(1993)

⌦
<latexit sha1_base64="5GWdDCcxRmUJWSIQtZuzojVPKtk=">AAACV3icbVBNS8NAEN3Er/rd6tFLsAheLIkfKJ6KXjxWsFZoi2w2E7tkswm7EyGG/giv+sv6a3RTczDWgYHHmxnevOengmt03ZllLy2vrK411jc2t7Z3dputvUedZIpBnyUiUU8+1SC4hD5yFPCUKqCxL2DgR7flfPAKSvNEPmCewjimL5KHnFE01GCUII9BPzfbbsedl7MIvAq0SVW955Z1PQoSlsUgkQmq9dBzUxwXVCFnAqYbo0xDSllEX2BooKRGZVzM/506R4YJnDBRpiU6c/b3RUFjrfPYN5sxxYn+OyvJ/2bDDMOrccFlmiFI9iMUZsLBxCnNOwFXwFDkBlCmuPnVYROqKEMTUU1FG1MTCGpGCuTRW53xFY0A61ygS1eLlych5DKmcmrS9v5muwgeTzveWefi/rzdvalyb5ADckiOiUcuSZfckR7pE0Yi8k4+yKc1s77sVbvxs2pb1c0+qZXd+gY46rgB</latexit>



Turns out that we can write these contributions very compactly

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="/6/gPj7TzoU5gLqxvGPGrlm6KV8="></latexit>

<latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit> <latexit sha1_base64="ht0EBxiAuQc5prsF10sJPURYAmk="></latexit>

<latexit sha1_base64="iEBRrWinHwSq3TaPIqd5hrtOahs="></latexit>

<latexit sha1_base64="xdByNoc1EQkEAmuujJK/ocwuEos="></latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit> = discp2disc(p+q)2

T (p, q,�p� q)

p2q2
<latexit sha1_base64="91Vi7c3hqSXX6+q8cxNaDl9FVMs="></latexit>

This provides a generalised optical theorem!

Interference diagrams Forward-scattering diagrams …?
disc(p+q)2

<latexit sha1_base64="Z2wREk1iB3cKsN/WSzU6XtrPJZ4=">AAACP3icbVBNS8NAEN34bf1qK568BIugiCWpih5FLx4V7Ae0tWw2E7t0s4m7E7GG/Biv+iv8Gf4Cb+LVm9vag7U+GHi8N8PMPC8WXKPjvFlT0zOzc/MLi7ml5ZXVtXyhWNNRohhUWSQi1fCoBsElVJGjgEasgIaegLrXOx/49XtQmkfyGvsxtEN6K3nAGUUjdfIbLYQHTH2uWdZJd+K9u92bStbJl5yyM4Q9SdwRKZERLjsFq9jyI5aEIJEJqnXTdWJsp1QhZwKyXCvREFPWo7fQNFTSEHQ7Hd6f2dtG8e0gUqYk2kP190RKQ637oWc6Q4pd/dcbiP95zQSDk3bKZZwgSPazKEiEjZE9CMP2uQKGom8IZYqbW23WpYoyNJGNbdHmqS74Y4+kyHuPk8p+AH0ZUjlI0f2b2SSpVcruQfno6rB0ejbKc4Fski2yQ1xyTE7JBbkkVcJISp7IM3mxXq1368P6/GmdskYz62QM1tc3J3+v6Q==</latexit>

discp2
<latexit sha1_base64="gh9gC6ifVk+fQ1GwJ8RFaSb7oYg=">AAACO3icbVC7TsNAEDzzJrwSKGksIiQaIpuHoIygoQwSgUiJic7ndXLK+WzdrYFg+VNo4Sv4EGo6REvP5VGQhJFWGs3sanfHTwTX6Dgf1tz8wuLS8spqYW19Y3OrWNq+1XGqGNRZLGLV8KkGwSXUkaOARqKARr6AO793OfDvHkBpHssb7CfgRbQjecgZRSO1i6UWwhNmAdcsb2fJ/VHeLpadijOEPUvcMSmTMWrtkrXdCmKWRiCRCap103US9DKqkDMBeaGVakgo69EONA2VNALtZcPbc3vfKIEdxsqURHuo/p3IaKR1P/JNZ0Sxq6e9gfif10wxPPcyLpMUQbLRojAVNsb2IAg74AoYir4hlClubrVZlyrK0MQ1sUWbp7oQTDySIe89zyqHIfRlROUgRXc6s1lye1Rxjyun1yfl6sU4zxWyS/bIAXHJGamSK1IjdcLII3khr+TNerc+rS/re9Q6Z41ndsgErJ9f0n+u1A==</latexit>

IR-finite

In order to fill in the dots we need to introduce a new object, the embedding:

Embedding of vacuum 

diagrams in punctured

space (     )

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="LX9KbzaOwaYnP2cSAInG7+QVFjw="></latexit>

⌦
<latexit sha1_base64="5GWdDCcxRmUJWSIQtZuzojVPKtk=">AAACV3icbVBNS8NAEN3Er/rd6tFLsAheLIkfKJ6KXjxWsFZoi2w2E7tkswm7EyGG/giv+sv6a3RTczDWgYHHmxnevOengmt03ZllLy2vrK411jc2t7Z3dputvUedZIpBnyUiUU8+1SC4hD5yFPCUKqCxL2DgR7flfPAKSvNEPmCewjimL5KHnFE01GCUII9BPzfbbsedl7MIvAq0SVW955Z1PQoSlsUgkQmq9dBzUxwXVCFnAqYbo0xDSllEX2BooKRGZVzM/506R4YJnDBRpiU6c/b3RUFjrfPYN5sxxYn+OyvJ/2bDDMOrccFlmiFI9iMUZsLBxCnNOwFXwFDkBlCmuPnVYROqKEMTUU1FG1MTCGpGCuTRW53xFY0A61ygS1eLlych5DKmcmrS9v5muwgeTzveWefi/rzdvalyb5ADckiOiUcuSZfckR7pE0Yi8k4+yKc1s77sVbvxs2pb1c0+qZXd+gY46rgB</latexit>

=
T (p, q,�p� q)

p2q2
<latexit sha1_base64="lLd8osx7ppyMwSaWsygUWhNlgK0="></latexit>

T. Kinoshita
“Mass singularities of Feynman amplitudes”
(1962)

G. Sterman
“An Introduction to Quantum field theory”
(1993)

⌦
<latexit sha1_base64="5GWdDCcxRmUJWSIQtZuzojVPKtk=">AAACV3icbVBNS8NAEN3Er/rd6tFLsAheLIkfKJ6KXjxWsFZoi2w2E7tkswm7EyGG/giv+sv6a3RTczDWgYHHmxnevOengmt03ZllLy2vrK411jc2t7Z3dputvUedZIpBnyUiUU8+1SC4hD5yFPCUKqCxL2DgR7flfPAKSvNEPmCewjimL5KHnFE01GCUII9BPzfbbsedl7MIvAq0SVW955Z1PQoSlsUgkQmq9dBzUxwXVCFnAqYbo0xDSllEX2BooKRGZVzM/506R4YJnDBRpiU6c/b3RUFjrfPYN5sxxYn+OyvJ/2bDDMOrccFlmiFI9iMUZsLBxCnNOwFXwFDkBlCmuPnVYROqKEMTUU1FG1MTCGpGCuTRW53xFY0A61ygS1eLlych5DKmcmrS9v5muwgeTzveWefi/rzdvalyb5ADckiOiUcuSZfckR7pE0Yi8k4+yKc1s77sVbvxs2pb1c0+qZXd+gY46rgB</latexit>

The embedding allows us to organise the zoo of topologies we get into IR-finite classes!





The cross-section is obtained by integrating over the invariant mass of the cluster

�4 =

Z ⇤2

0

dp2

8⇡2
discp2disc(p+q)2

T (p, q,�p� q)

p2q2
<latexit sha1_base64="9nTW3zLjFs03cEEhAmWAyIAPn4c="></latexit>

To see that it is IR-finite we can work at the level of cuts using standard KLN proofs…
Capatti, Hirschi, Pelloni, Ruijl (2020)



The cross-section is obtained by integrating over the invariant mass of the cluster

�4 =

Z ⇤2

0

dp2

8⇡2
discp2disc(p+q)2

T (p, q,�p� q)

p2q2
<latexit sha1_base64="9nTW3zLjFs03cEEhAmWAyIAPn4c="></latexit>

To see that it is IR-finite we can work at the level of cuts using standard KLN proofs…
Capatti, Hirschi, Pelloni, Ruijl (2020)

However another proof technique arises if we now add the virtuality expansion:

�4 = a0 log(⇤
2) + a1 + a2⇤

2 log(⇤2) + ...
<latexit sha1_base64="yNLhWGC3qG0qk0BCRoH7xFYeKMg="></latexit> ( <latexit sha1_base64="ZAHpabLoXvydQNl57yziwbyuj5Y=">AAACV3icbVBNS8NAEN3Er1q/Wj16CRbBiyXxA8WT6MVjBdsKTZHNZtIu2WzC7kSooT/Cq/6y/hrd1hyM9cHA480MM+8FmeAaXXdm2Sura+sbtc361vbO7l6jud/Taa4YdFkqUvUcUA2CS+giRwHPmQKaBAL6QXw/7/dfQWmeyiecZDBM6EjyiDOKRur7d3w08ouXRsttuws4y8QrSYuU6Lw0rRs/TFmegEQmqNYDz81wWFCFnAmY1v1cQ0ZZTEcwMFTSBPSwWPw7dY6NEjpRqkxJdBbq742CJlpPksBMJhTH+m9vLv7XG+QYXQ8LLrMcQbKfQ1EuHEyduXkn5AoYiokhlClufnXYmCrK0ERUuaKNqTGEFSMF8vitqgSKxoBVLdRzV8ubpxFMZELl1KTt/c12mfTO2t55+/LxonV7V+ZeI4fkiJwQj1yRW/JAOqRLGInJO/kgn9bM+rLX7drPqG2VOwekArv5DbqGt8A=</latexit>

Leading Power ~ Parton Model

(

<latexit sha1_base64="ZAHpabLoXvydQNl57yziwbyuj5Y=">AAACV3icbVBNS8NAEN3Er1q/Wj16CRbBiyXxA8WT6MVjBdsKTZHNZtIu2WzC7kSooT/Cq/6y/hrd1hyM9cHA480MM+8FmeAaXXdm2Sura+sbtc361vbO7l6jud/Taa4YdFkqUvUcUA2CS+giRwHPmQKaBAL6QXw/7/dfQWmeyiecZDBM6EjyiDOKRur7d3w08ouXRsttuws4y8QrSYuU6Lw0rRs/TFmegEQmqNYDz81wWFCFnAmY1v1cQ0ZZTEcwMFTSBPSwWPw7dY6NEjpRqkxJdBbq742CJlpPksBMJhTH+m9vLv7XG+QYXQ8LLrMcQbKfQ1EuHEyduXkn5AoYiokhlClufnXYmCrK0ERUuaKNqTGEFSMF8vitqgSKxoBVLdRzV8ubpxFMZELl1KTt/c12mfTO2t55+/LxonV7V+ZeI4fkiJwQj1yRW/JAOqRLGInJO/kgn9bM+rLX7drPqG2VOwekArv5DbqGt8A=</latexit>

Power corrections ~ MPI+…



The cross-section is obtained by integrating over the invariant mass of the cluster

�4 =

Z ⇤2

0

dp2

8⇡2
discp2disc(p+q)2

T (p, q,�p� q)

p2q2
<latexit sha1_base64="9nTW3zLjFs03cEEhAmWAyIAPn4c="></latexit>

To see that it is IR-finite we can work at the level of cuts using standard KLN proofs…
Capatti, Hirschi, Pelloni, Ruijl (2020)

However another proof technique arises if we now add the virtuality expansion:

�4 = a0 log(⇤
2) + a1 + a2⇤

2 log(⇤2) + ...
<latexit sha1_base64="yNLhWGC3qG0qk0BCRoH7xFYeKMg="></latexit> ( <latexit sha1_base64="ZAHpabLoXvydQNl57yziwbyuj5Y=">AAACV3icbVBNS8NAEN3Er1q/Wj16CRbBiyXxA8WT6MVjBdsKTZHNZtIu2WzC7kSooT/Cq/6y/hrd1hyM9cHA480MM+8FmeAaXXdm2Sura+sbtc361vbO7l6jud/Taa4YdFkqUvUcUA2CS+giRwHPmQKaBAL6QXw/7/dfQWmeyiecZDBM6EjyiDOKRur7d3w08ouXRsttuws4y8QrSYuU6Lw0rRs/TFmegEQmqNYDz81wWFCFnAmY1v1cQ0ZZTEcwMFTSBPSwWPw7dY6NEjpRqkxJdBbq742CJlpPksBMJhTH+m9vLv7XG+QYXQ8LLrMcQbKfQ1EuHEyduXkn5AoYiokhlClufnXYmCrK0ERUuaKNqTGEFSMF8vitqgSKxoBVLdRzV8ubpxFMZELl1KTt/c12mfTO2t55+/LxonV7V+ZeI4fkiJwQj1yRW/JAOqRLGInJO/kgn9bM+rLX7drPqG2VOwekArv5DbqGt8A=</latexit>

Leading Power ~ Parton Model

(

<latexit sha1_base64="ZAHpabLoXvydQNl57yziwbyuj5Y=">AAACV3icbVBNS8NAEN3Er1q/Wj16CRbBiyXxA8WT6MVjBdsKTZHNZtIu2WzC7kSooT/Cq/6y/hrd1hyM9cHA480MM+8FmeAaXXdm2Sura+sbtc361vbO7l6jud/Taa4YdFkqUvUcUA2CS+giRwHPmQKaBAL6QXw/7/dfQWmeyiecZDBM6EjyiDOKRur7d3w08ouXRsttuws4y8QrSYuU6Lw0rRs/TFmegEQmqNYDz81wWFCFnAmY1v1cQ0ZZTEcwMFTSBPSwWPw7dY6NEjpRqkxJdBbq742CJlpPksBMJhTH+m9vLv7XG+QYXQ8LLrMcQbKfQ1EuHEyduXkn5AoYiokhlClufnXYmCrK0ERUuaKNqTGEFSMF8vitqgSKxoBVLdRzV8ubpxFMZELl1KTt/c12mfTO2t55+/LxonV7V+ZeI4fkiJwQj1yRW/JAOqRLGInJO/kgn9bM+rLX7drPqG2VOwekArv5DbqGt8A=</latexit>

Power corrections ~ MPI+…

To obtain the leading power result we can use the expansion-by-regions method:

T (p2, q2, (p+ q)2)

p2q2
=

Th(q2, (p+ q)2)

p2(p+ q)2
+

Tc(q2, (p+ q)2)

(p2)1+✏(p+ q)2
+

Tc̄(q2, (p+ q)2)

p2((p+ q)2)1+✏
+

Ts(q2, (p+ q)2)

(p2)1+✏((p+ q)2)1+✏
+O((p2)�1)

<latexit sha1_base64="Hs1Z/zom4kMiswJCIPiF6wp6l9g="></latexit>

�4 =
h
�((p+ q)2)Th((p+ q)2, q2) + sin(⇡✏)((p+ q)2)�1�✏Tc((p+ q)2, q2)

i

+(⇤2)�✏
h
�((p+ q)2) sin(⇡✏)Tc̄((p+ q)2, q2) + sin(⇡✏)2((p+ q)2)�1�✏Ts((p+ q)2, q2)

i
+O(⇤2 log(⇤2))

<latexit sha1_base64="9QN5LtrxKsuWPq8zCggSCPFfVe4="></latexit>
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�4 =
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0

dp2
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p2q2
<latexit sha1_base64="9nTW3zLjFs03cEEhAmWAyIAPn4c="></latexit>

To see that it is IR-finite we can work at the level of cuts using standard KLN proofs…
Capatti, Hirschi, Pelloni, Ruijl (2020)

However another proof technique arises if we now add the virtuality expansion:

�4 = a0 log(⇤
2) + a1 + a2⇤

2 log(⇤2) + ...
<latexit sha1_base64="yNLhWGC3qG0qk0BCRoH7xFYeKMg="></latexit> ( <latexit sha1_base64="ZAHpabLoXvydQNl57yziwbyuj5Y=">AAACV3icbVBNS8NAEN3Er1q/Wj16CRbBiyXxA8WT6MVjBdsKTZHNZtIu2WzC7kSooT/Cq/6y/hrd1hyM9cHA480MM+8FmeAaXXdm2Sura+sbtc361vbO7l6jud/Taa4YdFkqUvUcUA2CS+giRwHPmQKaBAL6QXw/7/dfQWmeyiecZDBM6EjyiDOKRur7d3w08ouXRsttuws4y8QrSYuU6Lw0rRs/TFmegEQmqNYDz81wWFCFnAmY1v1cQ0ZZTEcwMFTSBPSwWPw7dY6NEjpRqkxJdBbq742CJlpPksBMJhTH+m9vLv7XG+QYXQ8LLrMcQbKfQ1EuHEyduXkn5AoYiokhlClufnXYmCrK0ERUuaKNqTGEFSMF8vitqgSKxoBVLdRzV8ubpxFMZELl1KTt/c12mfTO2t55+/LxonV7V+ZeI4fkiJwQj1yRW/JAOqRLGInJO/kgn9bM+rLX7drPqG2VOwekArv5DbqGt8A=</latexit>

Leading Power ~ Parton Model

(

<latexit sha1_base64="ZAHpabLoXvydQNl57yziwbyuj5Y=">AAACV3icbVBNS8NAEN3Er1q/Wj16CRbBiyXxA8WT6MVjBdsKTZHNZtIu2WzC7kSooT/Cq/6y/hrd1hyM9cHA480MM+8FmeAaXXdm2Sura+sbtc361vbO7l6jud/Taa4YdFkqUvUcUA2CS+giRwHPmQKaBAL6QXw/7/dfQWmeyiecZDBM6EjyiDOKRur7d3w08ouXRsttuws4y8QrSYuU6Lw0rRs/TFmegEQmqNYDz81wWFCFnAmY1v1cQ0ZZTEcwMFTSBPSwWPw7dY6NEjpRqkxJdBbq742CJlpPksBMJhTH+m9vLv7XG+QYXQ8LLrMcQbKfQ1EuHEyduXkn5AoYiokhlClufnXYmCrK0ERUuaKNqTGEFSMF8vitqgSKxoBVLdRzV8ubpxFMZELl1KTt/c12mfTO2t55+/LxonV7V+ZeI4fkiJwQj1yRW/JAOqRLGInJO/kgn9bM+rLX7drPqG2VOwekArv5DbqGt8A=</latexit>

Power corrections ~ MPI+…

To obtain the leading power result we can use the expansion-by-regions method:

T (p2, q2, (p+ q)2)

p2q2
=

Th(q2, (p+ q)2)

p2(p+ q)2
+

Tc(q2, (p+ q)2)

(p2)1+✏(p+ q)2
+

Tc̄(q2, (p+ q)2)

p2((p+ q)2)1+✏
+

Ts(q2, (p+ q)2)

(p2)1+✏((p+ q)2)1+✏
+O((p2)�1)

<latexit sha1_base64="Hs1Z/zom4kMiswJCIPiF6wp6l9g="></latexit>

�4 =
h
�((p+ q)2)Th((p+ q)2, q2) + sin(⇡✏)((p+ q)2)�1�✏Tc((p+ q)2, q2)

i

+(⇤2)�✏
h
�((p+ q)2) sin(⇡✏)Tc̄((p+ q)2, q2) + sin(⇡✏)2((p+ q)2)�1�✏Ts((p+ q)2, q2)

i
+O(⇤2 log(⇤2))

<latexit sha1_base64="9QN5LtrxKsuWPq8zCggSCPFfVe4="></latexit>

We observe that there is a close relation between regions and interference diagrams…



The cross-section is obtained by integrating over the invariant mass of the cluster

�4 =

Z ⇤2

0

dp2

8⇡2
discp2disc(p+q)2
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<latexit sha1_base64="9nTW3zLjFs03cEEhAmWAyIAPn4c="></latexit>
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Capatti, Hirschi, Pelloni, Ruijl (2020)

However another proof technique arises if we now add the virtuality expansion:

�4 = a0 log(⇤
2) + a1 + a2⇤

2 log(⇤2) + ...
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Power corrections ~ MPI+…

To obtain the leading power result we can use the expansion-by-regions method:

T (p2, q2, (p+ q)2)

p2q2
=

Th(q2, (p+ q)2)

p2(p+ q)2
+

Tc(q2, (p+ q)2)

(p2)1+✏(p+ q)2
+

Tc̄(q2, (p+ q)2)

p2((p+ q)2)1+✏
+

Ts(q2, (p+ q)2)

(p2)1+✏((p+ q)2)1+✏
+O((p2)�1)

<latexit sha1_base64="Hs1Z/zom4kMiswJCIPiF6wp6l9g="></latexit>

�4 =
h
�((p+ q)2)Th((p+ q)2, q2) + sin(⇡✏)((p+ q)2)�1�✏Tc((p+ q)2, q2)

i

+(⇤2)�✏
h
�((p+ q)2) sin(⇡✏)Tc̄((p+ q)2, q2) + sin(⇡✏)2((p+ q)2)�1�✏Ts((p+ q)2, q2)

i
+O(⇤2 log(⇤2))

<latexit sha1_base64="9QN5LtrxKsuWPq8zCggSCPFfVe4="></latexit>

We observe that there is a close relation between regions and interference diagrams…

The KLN theorem is here a deformed version of the pole cancellation mechanism 
between regions!
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Everything is IR finite!
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Longitudinal structure functions and scale evolution are the same as in the parton model

Everything is IR finite!
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Longitudinal structure functions and scale evolution are the same as in the parton model

Thus, there exists a scheme change mapping this result to the MSbar parton model result
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p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="eoxtZ+ZrQRu6jgB1oh98jjXc/Lg="></latexit>



Results: NLO DY

d�qq̄

dQ2
=

Z ⇤2
1

0
dp21

Z ⇤2
2

0
dp22discp2

1
discp2

2
discs[I4 + I⇤ + I⇥⇤ + I�]

<latexit sha1_base64="65uemdbmaO4GNpRW6qkI1GOYp8U="></latexit>

We compute:

Each integral maps to a parton model integral with off-shell externals:

<latexit sha1_base64="xoWY/f8jb/lMDVR3AK4VVcJp7FM="></latexit>

<latexit sha1_base64="JAP85vZh+Al04phS8nyQy/OFk/U="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="xoWY/f8jb/lMDVR3AK4VVcJp7FM="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="PDUOC6ZVu62Z1TOJGDe3EYMUyzg="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="hC0YImf07xiB5XgpLE0rbjF36oc="></latexit>

<latexit sha1_base64="QLxna12dcimItLLmo1KF6SIn3Zk="></latexit>

<latexit sha1_base64="xoWY/f8jb/lMDVR3AK4VVcJp7FM="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="eoxtZ+ZrQRu6jgB1oh98jjXc/Lg="></latexit>

Get:
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<latexit sha1_base64="ARSXlfLEEk59sak1UyQSfSwWVCg="></latexit>



Results: NLO DY

d�qq̄

dQ2
=

Z ⇤2
1

0
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Z ⇤2
2
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1
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2
discs[I4 + I⇤ + I⇥⇤ + I�]

<latexit sha1_base64="65uemdbmaO4GNpRW6qkI1GOYp8U="></latexit>

We compute:

Each integral maps to a parton model integral with off-shell externals:

<latexit sha1_base64="xoWY/f8jb/lMDVR3AK4VVcJp7FM="></latexit>

<latexit sha1_base64="JAP85vZh+Al04phS8nyQy/OFk/U="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="xoWY/f8jb/lMDVR3AK4VVcJp7FM="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="PDUOC6ZVu62Z1TOJGDe3EYMUyzg="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="hC0YImf07xiB5XgpLE0rbjF36oc="></latexit>

<latexit sha1_base64="QLxna12dcimItLLmo1KF6SIn3Zk="></latexit>

<latexit sha1_base64="xoWY/f8jb/lMDVR3AK4VVcJp7FM="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="eoxtZ+ZrQRu6jgB1oh98jjXc/Lg="></latexit>

Similarly:
d�qg

dQ2
=

Z ⇤2
1

0
dp21

Z ⇤2
2

0
dp22discp2

1
discp2

2
discs[J4 + J⇤ + J�]

<latexit sha1_base64="D8xaqlghOrz6aeMhKn6x7NNKUa8="></latexit>

Get:
d�qq̄

dQ2
=

↵sCF

4Nc ⇡

"✓
3

2
�(1� z) +

1 + z2

(1� z)+

◆
ln

s2

⇤2
1⇤

2
2

+ 2(�2 + z) + (3⇡2 � 1) �(1� z)� (1 + z)2
h ln(1� z)

1� z

i

+

#

<latexit sha1_base64="ARSXlfLEEk59sak1UyQSfSwWVCg="></latexit>



Results: NLO DY

d�qq̄

dQ2
=

Z ⇤2
1

0
dp21

Z ⇤2
2

0
dp22discp2

1
discp2

2
discs[I4 + I⇤ + I⇥⇤ + I�]

<latexit sha1_base64="65uemdbmaO4GNpRW6qkI1GOYp8U="></latexit>

We compute:

Each integral maps to a parton model integral with off-shell externals:

<latexit sha1_base64="xoWY/f8jb/lMDVR3AK4VVcJp7FM="></latexit>

<latexit sha1_base64="JAP85vZh+Al04phS8nyQy/OFk/U="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="xoWY/f8jb/lMDVR3AK4VVcJp7FM="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="PDUOC6ZVu62Z1TOJGDe3EYMUyzg="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="hC0YImf07xiB5XgpLE0rbjF36oc="></latexit>

<latexit sha1_base64="QLxna12dcimItLLmo1KF6SIn3Zk="></latexit>

<latexit sha1_base64="xoWY/f8jb/lMDVR3AK4VVcJp7FM="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="eoxtZ+ZrQRu6jgB1oh98jjXc/Lg="></latexit>

Similarly:
d�qg

dQ2
=

Z ⇤2
1

0
dp21

Z ⇤2
2

0
dp22discp2

1
discp2

2
discs[J4 + J⇤ + J�]

<latexit sha1_base64="D8xaqlghOrz6aeMhKn6x7NNKUa8="></latexit>

<latexit sha1_base64="ih6Id0O7Xpv+RF1c83KaLwPakDI="></latexit>

<latexit sha1_base64="ih6Id0O7Xpv+RF1c83KaLwPakDI="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="hKGayVy8kz2XNSni110n125pwxY="></latexit>

<latexit sha1_base64="JAP85vZh+Al04phS8nyQy/OFk/U="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="lJSVvngovjBRwLvKv8D0wd2V1P4="></latexit>

<latexit sha1_base64="ih6Id0O7Xpv+RF1c83KaLwPakDI="></latexit>

<latexit sha1_base64="xoWY/f8jb/lMDVR3AK4VVcJp7FM="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="5wbe2mcS+MezpWP44d/pZpsA9gI="></latexit> <latexit sha1_base64="5wbe2mcS+MezpWP44d/pZpsA9gI="></latexit>

Each integral maps to a parton model integral with off-shell externals:

Get:
d�qq̄
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=
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<latexit sha1_base64="ARSXlfLEEk59sak1UyQSfSwWVCg="></latexit>



Results: NLO DY

d�qq̄

dQ2
=

Z ⇤2
1

0
dp21

Z ⇤2
2

0
dp22discp2

1
discp2

2
discs[I4 + I⇤ + I⇥⇤ + I�]

<latexit sha1_base64="65uemdbmaO4GNpRW6qkI1GOYp8U="></latexit>

We compute:

Each integral maps to a parton model integral with off-shell externals:

<latexit sha1_base64="xoWY/f8jb/lMDVR3AK4VVcJp7FM="></latexit>

<latexit sha1_base64="JAP85vZh+Al04phS8nyQy/OFk/U="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="xoWY/f8jb/lMDVR3AK4VVcJp7FM="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="PDUOC6ZVu62Z1TOJGDe3EYMUyzg="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="hC0YImf07xiB5XgpLE0rbjF36oc="></latexit>

<latexit sha1_base64="QLxna12dcimItLLmo1KF6SIn3Zk="></latexit>

<latexit sha1_base64="xoWY/f8jb/lMDVR3AK4VVcJp7FM="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="eoxtZ+ZrQRu6jgB1oh98jjXc/Lg="></latexit>

Similarly:
d�qg

dQ2
=

Z ⇤2
1

0
dp21

Z ⇤2
2

0
dp22discp2

1
discp2

2
discs[J4 + J⇤ + J�]

<latexit sha1_base64="D8xaqlghOrz6aeMhKn6x7NNKUa8="></latexit>

<latexit sha1_base64="ih6Id0O7Xpv+RF1c83KaLwPakDI="></latexit>

<latexit sha1_base64="ih6Id0O7Xpv+RF1c83KaLwPakDI="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="hKGayVy8kz2XNSni110n125pwxY="></latexit>

<latexit sha1_base64="JAP85vZh+Al04phS8nyQy/OFk/U="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="lJSVvngovjBRwLvKv8D0wd2V1P4="></latexit>

<latexit sha1_base64="ih6Id0O7Xpv+RF1c83KaLwPakDI="></latexit>

<latexit sha1_base64="xoWY/f8jb/lMDVR3AK4VVcJp7FM="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="5wbe2mcS+MezpWP44d/pZpsA9gI="></latexit> <latexit sha1_base64="5wbe2mcS+MezpWP44d/pZpsA9gI="></latexit>

Each integral maps to a parton model integral with off-shell externals:

Get:
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<latexit sha1_base64="ARSXlfLEEk59sak1UyQSfSwWVCg="></latexit>

Get:
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<latexit sha1_base64="VEBi04coOk2G2bZyBxGM3g0D/qM="></latexit>



Results: NLO DY

d�qq̄

dQ2
=

Z ⇤2
1

0
dp21

Z ⇤2
2

0
dp22discp2

1
discp2

2
discs[I4 + I⇤ + I⇥⇤ + I�]

<latexit sha1_base64="65uemdbmaO4GNpRW6qkI1GOYp8U="></latexit>

We compute:

Each integral maps to a parton model integral with off-shell externals:

<latexit sha1_base64="xoWY/f8jb/lMDVR3AK4VVcJp7FM="></latexit>

<latexit sha1_base64="JAP85vZh+Al04phS8nyQy/OFk/U="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="xoWY/f8jb/lMDVR3AK4VVcJp7FM="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="PDUOC6ZVu62Z1TOJGDe3EYMUyzg="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="hC0YImf07xiB5XgpLE0rbjF36oc="></latexit>

<latexit sha1_base64="QLxna12dcimItLLmo1KF6SIn3Zk="></latexit>

<latexit sha1_base64="xoWY/f8jb/lMDVR3AK4VVcJp7FM="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="eoxtZ+ZrQRu6jgB1oh98jjXc/Lg="></latexit>

Similarly:
d�qg

dQ2
=

Z ⇤2
1

0
dp21

Z ⇤2
2

0
dp22discp2

1
discp2

2
discs[J4 + J⇤ + J�]

<latexit sha1_base64="D8xaqlghOrz6aeMhKn6x7NNKUa8="></latexit>

<latexit sha1_base64="ih6Id0O7Xpv+RF1c83KaLwPakDI="></latexit>

<latexit sha1_base64="ih6Id0O7Xpv+RF1c83KaLwPakDI="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="hKGayVy8kz2XNSni110n125pwxY="></latexit>

<latexit sha1_base64="JAP85vZh+Al04phS8nyQy/OFk/U="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="lJSVvngovjBRwLvKv8D0wd2V1P4="></latexit>

<latexit sha1_base64="ih6Id0O7Xpv+RF1c83KaLwPakDI="></latexit>

<latexit sha1_base64="xoWY/f8jb/lMDVR3AK4VVcJp7FM="></latexit>

p1
<latexit sha1_base64="wlEkE0zJGjx2kv8qdbLqBZ9us8o=">AAACU3icbVBNS8NAEN3E+lWttnr0EiyCF0viB4on0YtHRfsBbSmbzaRdutmE3YlQQ3+CV/1lHvwtXtzUHkzrg4HHmxlm3vMTwTW67pdlr5RW19Y3Nstb25Wd3Wptr6XjVDFosljEquNTDYJLaCJHAZ1EAY18AW1/fJf32y+gNI/lM04S6Ed0KHnIGUUjPSUDb1Ctuw13BmeZeHNSJ3M8DGrWdS+IWRqBRCao1l3PTbCfUYWcCZiWe6mGhLIxHULXUEkj0P1s9uvUOTJK4ISxMiXRmal/NzIaaT2JfDMZURzpxV4u/tfrphhe9TMukxRBst9DYSocjJ3cuBNwBQzFxBDKFDe/OmxEFWVo4ilc0cbUCIKCkQz5+LWo+IqOAYtaoHNXy5snIUxkROXUpO0tZrtMWqcN76xx8Xhev7md575BDsghOSYeuSQ35J48kCZhZEjeyDv5sD6tb9u2S7+jtjXf2ScF2JUf5oi17A==</latexit>

p2
<latexit sha1_base64="nN6kqIgmkwW0KgWMPqIsKDHkT6E=">AAACU3icbVBNS8NAEN3EqrV+69FLsAheLIkfKJ6KXjxWtFaooWw2k3bpZhN2J0IM/Qle9Zd58Ld4cftxMK0PBh5vZph5L0gF1+i635a9VFleWa2u1dY3Nre2d3b3nnSSKQZtlohEPQdUg+AS2shRwHOqgMaBgE4wvB33O6+gNE/kI+Yp+DHtSx5xRtFID2nvtLdTdxvuBM4i8WakTmZo9Xat65cwYVkMEpmgWnc9N0W/oAo5EzCqvWQaUsqGtA9dQyWNQfvF5NeRc2SU0IkSZUqiM1H/bhQ01jqPAzMZUxzo+d5Y/K/XzTC68gsu0wxBsumhKBMOJs7YuBNyBQxFbghliptfHTagijI08ZSuaGNqAGHJSIF8+FZWAkWHgGUt1GNXi5snEeQypnJk0vbms10kT6cN76xxcX9eb97Mcq+SA3JIjolHLkmT3JEWaRNG+uSdfJBP68v6sW27Mh21rdnOPinB3vwF6HW17Q==</latexit>

<latexit sha1_base64="5wbe2mcS+MezpWP44d/pZpsA9gI="></latexit> <latexit sha1_base64="5wbe2mcS+MezpWP44d/pZpsA9gI="></latexit>

Each integral maps to a parton model integral with off-shell externals:

Get:
d�qq̄
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<latexit sha1_base64="ARSXlfLEEk59sak1UyQSfSwWVCg="></latexit>

Get:
d�qg
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=
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
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�
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�
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2
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◆�

<latexit sha1_base64="VEBi04coOk2G2bZyBxGM3g0D/qM="></latexit>

�
+O(⇤2

1/Q
2,⇤2

2/Q
2)
�

<latexit sha1_base64="EzLSXgIoyNRWiBXEXxCaSTjjvA0="></latexit>

�
+O(⇤2

1/Q
2,⇤2

2/Q
2)
�

<latexit sha1_base64="EzLSXgIoyNRWiBXEXxCaSTjjvA0="></latexit>
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log(⇤2
1) log(⇤

2
2)

<latexit sha1_base64="PCPMK5TOyqICWinFttXLwo37BXk="></latexit>

i.e. the soft function vanishes: pre-requisite for collinear factorisation.



Everything works.
The expression has no

log(⇤2
1) log(⇤

2
2)

<latexit sha1_base64="PCPMK5TOyqICWinFttXLwo37BXk="></latexit>

i.e. the soft function vanishes: pre-requisite for collinear factorisation.

The evolution is exactly the same as in the parton model:
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<latexit sha1_base64="HOK1HvC7C9CRHqSPEbDZuRmpS/0="></latexit>

But the two beams can be evolved independently.
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<latexit sha1_base64="PCPMK5TOyqICWinFttXLwo37BXk="></latexit>

i.e. the soft function vanishes: pre-requisite for collinear factorisation.
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<latexit sha1_base64="HOK1HvC7C9CRHqSPEbDZuRmpS/0="></latexit>

But the two beams can be evolved independently.

Finally, the big question: can the scheme change counter-term used for DIS to reproduce 
MSbar parton model results be used for this computation to reproduce MSbar parton 
model results? In the DIS calculation we determine that

F2g(x,⇤) =
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<latexit sha1_base64="2UCzLodmYpagZxcfuMSCC/eIWCs="></latexit>
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<latexit sha1_base64="HOK1HvC7C9CRHqSPEbDZuRmpS/0="></latexit>

But the two beams can be evolved independently.

Finally, the big question: can the scheme change counter-term used for DIS to reproduce 
MSbar parton model results be used for this computation to reproduce MSbar parton 
model results? In the DIS calculation we determine that

F2g(x,⇤) =

✓
1� ↵s TF ⇠

4⇡
(⇠2 + (1� ⇠)2) [1 + ln((1� ⇠)⇠)]

◆
⌦⇠ F

MS
2g (x,⇤)

<latexit sha1_base64="2UCzLodmYpagZxcfuMSCC/eIWCs="></latexit>

= D(⇠)
<latexit sha1_base64="4UO///06nTpiivXP0w0C8jAbBic=">AAACV3icbVDbSsNAEN3EW63X6qMvwSLogyXxgiIIoj74WMG2Qltks5nYJZtN2J2INfQjfNUv69fo9vJgWg8MHM7MMHOOnwqu0XWHlr2wuLS8Ulotr61vbG5tV3aaOskUgwZLRKKefapBcAkN5CjgOVVAY19Ay4/uRv3WGyjNE/mE/RS6MX2VPOSMopFa1/eHnXd+9LJddWvuGM488aakSqaov1Ssq06QsCwGiUxQrduem2I3pwo5EzAodzINKWURfYW2oZLGoLv5+N+Bc2CUwAkTZUqiM1b/buQ01rof+2YyptjTs72R+F+vnWF42c25TDMEySaHwkw4mDgj807AFTAUfUMoU9z86rAeVZShiahwRRtTPQgKRnLk0UdR8RWNAItaoEeu5jePQ+jLmMqBSdubzXaeNE9q3mnt/PGsenM7zb1E9sg+OSQeuSA35IHUSYMwEpFP8kW+raH1Yy/bpcmobU13dkkBduUXini3Iw==</latexit>
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<latexit sha1_base64="PCPMK5TOyqICWinFttXLwo37BXk="></latexit>
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<latexit sha1_base64="HOK1HvC7C9CRHqSPEbDZuRmpS/0="></latexit>

But the two beams can be evolved independently.

Finally, the big question: can the scheme change counter-term used for DIS to reproduce 
MSbar parton model results be used for this computation to reproduce MSbar parton 
model results? In the DIS calculation we determine that

F2g(x,⇤) =
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◆
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<latexit sha1_base64="2UCzLodmYpagZxcfuMSCC/eIWCs="></latexit>

Using this now known quantity, we verify that

d�qg

dQ2
(x1, x2) = D(⇠1)⌦⇠1

d�MS
qg

dQ2
(x1/⇠1, x2/⇠2)⌦⇠2 D(⇠2)

<latexit sha1_base64="EWIFalTzGyiZfPg+uRp4BHlSIrM="></latexit>

The same holds for quark-anti-quark contributions.

= D(⇠)
<latexit sha1_base64="4UO///06nTpiivXP0w0C8jAbBic=">AAACV3icbVDbSsNAEN3EW63X6qMvwSLogyXxgiIIoj74WMG2Qltks5nYJZtN2J2INfQjfNUv69fo9vJgWg8MHM7MMHOOnwqu0XWHlr2wuLS8Ulotr61vbG5tV3aaOskUgwZLRKKefapBcAkN5CjgOVVAY19Ay4/uRv3WGyjNE/mE/RS6MX2VPOSMopFa1/eHnXd+9LJddWvuGM488aakSqaov1Ssq06QsCwGiUxQrduem2I3pwo5EzAodzINKWURfYW2oZLGoLv5+N+Bc2CUwAkTZUqiM1b/buQ01rof+2YyptjTs72R+F+vnWF42c25TDMEySaHwkw4mDgj807AFTAUfUMoU9z86rAeVZShiahwRRtTPQgKRnLk0UdR8RWNAItaoEeu5jePQ+jLmMqBSdubzXaeNE9q3mnt/PGsenM7zb1E9sg+OSQeuSA35IHUSYMwEpFP8kW+raH1Yy/bpcmobU13dkkBduUXini3Iw==</latexit>



What can we do with this?



What can we do with this?

Back to the original objectives… one of them was enabling MC computations of x-sections:

IR-finite

IR-finite

�(1)(e+e� ! jj) =
<latexit sha1_base64="oRq2cp3S8zs+nYe0YU2jGIRBSpg="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="9+ZLscU74ckrnqFQ2cwnZGfuTgQ="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="9+ZLscU74ckrnqFQ2cwnZGfuTgQ="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="9+ZLscU74ckrnqFQ2cwnZGfuTgQ="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="9+ZLscU74ckrnqFQ2cwnZGfuTgQ="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="lDcoUT1hKPOccmqRiJb3d9DTz/A="></latexit>

+ �Z(1)
 

<latexit sha1_base64="ktfIlfTFq18a20SXTRzD/Je+oyM="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

=
1X

n=0

cn✏
n

<latexit sha1_base64="KPmWZFmXaHrJmSNYxUzHz4GttBk="></latexit>



What can we do with this?

Back to the original objectives… one of them was enabling MC computations of x-sections:

IR-finite

IR-finite

�(1)(e+e� ! jj) =
<latexit sha1_base64="oRq2cp3S8zs+nYe0YU2jGIRBSpg="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="9+ZLscU74ckrnqFQ2cwnZGfuTgQ="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="9+ZLscU74ckrnqFQ2cwnZGfuTgQ="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="9+ZLscU74ckrnqFQ2cwnZGfuTgQ="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="9+ZLscU74ckrnqFQ2cwnZGfuTgQ="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="lDcoUT1hKPOccmqRiJb3d9DTz/A="></latexit>

+ �Z(1)
 

<latexit sha1_base64="ktfIlfTFq18a20SXTRzD/Je+oyM="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

=
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n=0

cn✏
n

<latexit sha1_base64="KPmWZFmXaHrJmSNYxUzHz4GttBk="></latexit>

Local Unitarity allows to exploit this pole cancellation at the local level:

�(1)(e+e� ! jj) =

Z
d⇧2|A(1)

1!2|2 +
Z

d⇧3|A(0)
1!3|2

<latexit sha1_base64="1kuknLGgJ7vCmqBNYFZ3cyRImY4="></latexit>

=

Z
d⇧f

<latexit sha1_base64="Of9neue/I0d29GEzABN/fY77eTE="></latexit>

Integrable



What can we do with this?

Back to the original objectives… one of them was enabling MC computations of x-sections:

IR-finite

IR-finite

�(1)(e+e� ! jj) =
<latexit sha1_base64="oRq2cp3S8zs+nYe0YU2jGIRBSpg="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="9+ZLscU74ckrnqFQ2cwnZGfuTgQ="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="9+ZLscU74ckrnqFQ2cwnZGfuTgQ="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="9+ZLscU74ckrnqFQ2cwnZGfuTgQ="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="9+ZLscU74ckrnqFQ2cwnZGfuTgQ="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="lDcoUT1hKPOccmqRiJb3d9DTz/A="></latexit>

+ �Z(1)
 

<latexit sha1_base64="ktfIlfTFq18a20SXTRzD/Je+oyM="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>
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<latexit sha1_base64="KPmWZFmXaHrJmSNYxUzHz4GttBk="></latexit>

It re-expresses integrals with different measures in terms of a common measure, using 
local manipulations only. The resulting integrand is integrable, i.e. it is locally IR-finite.

Local Unitarity allows to exploit this pole cancellation at the local level:

�(1)(e+e� ! jj) =

Z
d⇧2|A(1)

1!2|2 +
Z

d⇧3|A(0)
1!3|2

<latexit sha1_base64="1kuknLGgJ7vCmqBNYFZ3cyRImY4="></latexit>

=

Z
d⇧f

<latexit sha1_base64="Of9neue/I0d29GEzABN/fY77eTE="></latexit>

Integrable



What can we do with this?

Back to the original objectives… one of them was enabling MC computations of x-sections:

IR-finite

IR-finite

�(1)(e+e� ! jj) =
<latexit sha1_base64="oRq2cp3S8zs+nYe0YU2jGIRBSpg="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="9+ZLscU74ckrnqFQ2cwnZGfuTgQ="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="9+ZLscU74ckrnqFQ2cwnZGfuTgQ="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="9+ZLscU74ckrnqFQ2cwnZGfuTgQ="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="9+ZLscU74ckrnqFQ2cwnZGfuTgQ="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

<latexit sha1_base64="lDcoUT1hKPOccmqRiJb3d9DTz/A="></latexit>

+ �Z(1)
 

<latexit sha1_base64="ktfIlfTFq18a20SXTRzD/Je+oyM="></latexit>

<latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit> <latexit sha1_base64="taaHg4gNa+s7Z01ChhB6XR4VQqc="></latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

+
<latexit sha1_base64="+JDB20tr0WFkf4VmaGY5tMlpuhQ=">AAACUXicbVBNS8NAEJ3Er1q/9eglWARBLIkfKJ6KXjxasFWoRTabiV262YTdiVBDf4FX/WWe/Cne3NYeTOuDgcebGWbeCzMpDPn+l+POzS8sLlWWqyura+sbm1vbbZPmmmOLpzLVDyEzKIXCFgmS+JBpZEko8T7sX4/69y+ojUjVHQ0y7CbsWYlYcEZWah4+bdb8uj+GN0uCCanBBLdPW87lY5TyPEFFXDJjOoGfUbdgmgSXOKw+5gYzxvvsGTuWKpag6RbjT4fevlUiL061LUXeWP27UbDEmEES2smEUc9M90bif71OTvFFtxAqywkV/z0U59Kj1BvZ9iKhkZMcWMK4FvZXj/eYZpxsOKUrxprqYVQyUpDov5aVULM+UlmLzMjV7OZRjAOVMDW0aQfT2c6S9nE9OKmfNU9rjatJ7hXYhT04gADOoQE3cAst4IDwBu/w4Xw63y647u+o60x2dqAEd+UHAG21Aw==</latexit>

=
1X

n=0

cn✏
n

<latexit sha1_base64="KPmWZFmXaHrJmSNYxUzHz4GttBk="></latexit>

It re-expresses integrals with different measures in terms of a common measure, using 
local manipulations only. The resulting integrand is integrable, i.e. it is locally IR-finite.

This means we can obtain the integral by direct Monte Carlo integration!

Local Unitarity allows to exploit this pole cancellation at the local level:

�(1)(e+e� ! jj) =

Z
d⇧2|A(1)

1!2|2 +
Z

d⇧3|A(0)
1!3|2

<latexit sha1_base64="1kuknLGgJ7vCmqBNYFZ3cyRImY4="></latexit>

=

Z
d⇧f

<latexit sha1_base64="Of9neue/I0d29GEzABN/fY77eTE="></latexit>

Integrable





Local Unitarity for Hadronic Cross-sections



Local Unitarity for Hadronic Cross-sections

We can apply this technology to also exploit the pole cancellation mechanism that we 
constructed for Drell-Yan in the initial state:



Local Unitarity for Hadronic Cross-sections

We can apply this technology to also exploit the pole cancellation mechanism that we 
constructed for Drell-Yan in the initial state:

0.2 0.4 0.6 0.8 1.0
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0.5

x1x2
<latexit sha1_base64="WsuA2w9qmxoQZcMUKC/LeTdKYFw=">AAACVnicbVBNS8NAEN1Ea7V+VT16CRbBiyXxA8WT6MWjgv2AtpTNZtKu3WzC7kRaQ/+DV/1l+mfE7cfBtD4YeLyZYeY9PxFco+t+W/bKamGtuL5R2tza3tkt7+3XdZwqBjUWi1g1fapBcAk15CigmSigkS+g4Q/uJ/3GKyjNY/mMowQ6Ee1JHnJG0Uj1Ydcbds+65Ypbdadwlok3JxUyx2N3z7ppBzFLI5DIBNW65bkJdjKqkDMB41I71ZBQNqA9aBkqaQS6k03fHTvHRgmcMFamJDpT9e9GRiOtR5FvJiOKfb3Ym4j/9VophtedjMskRZBsdihMhYOxM/HuBFwBQzEyhDLFza8O61NFGZqEcle0MdWHIGckQz54yyu+ogPAvBboiavlzdMQRjKicmzS9hazXSb1s6p3Xr18uqjc3s1zXyeH5IicEI9ckVvyQB5JjTDyQt7JB/m0vqwfu2AXZ6O2Nd85IDnY5V9o4rcb</latexit>

d�qg

dQ2
<latexit sha1_base64="tHRoUK/ZI103kxVCHpMiPk7BkM8="></latexit>

s = 10⇤2 = 10Q2
<latexit sha1_base64="OOuxjqW53ZHjblEfOIEDm8bt6L0="></latexit>

LU scheme
<latexit sha1_base64="cI0QLYJ8mqWFUlEzn2duOlsA99w=">AAACYnicbVBNS8NAEN3G7/rV6lEPi0XwYkn8QPEkevHgQcGq0Jay2Uzs0t1N2J2INfSfeNX/5N0f4qb2YKwDA48385h5L0ylsOj7nxVvZnZufmFxqbq8srq2Xqtv3NskMxxaPJGJeQyZBSk0tFCghMfUAFOhhIdwcFnMH57BWJHoOxym0FXsSYtYcIaO6tVqHYQXzK9b1PI+KBj1ag2/6Y+LToNgAhpkUje9euWsEyU8U6CRS2ZtO/BT7ObMoOASRtVOZiFlfMCeoO2gZgpsNx+/PqK7jolonBjXGumY/a3ImbJ2qEK3qRj27d9ZQf43a2cYn3ZzodMMQfOfQ3EmKSa0yIFGwgBHOXSAcSPcr5T3mWEcXVqlK9aZ6kNUMpKjGLyWmdCwAWCZi2zhalq5H8NQK6aLtIO/2U6D+4NmcNg8vj1qnF9Mcl8kW2SH7JGAnJBzckVuSItw8kzeyDv5qHx5Va/ubf6sepWJZpOUytv+BpPDuu8=</latexit>



Local Unitarity for Hadronic Cross-sections

We can apply this technology to also exploit the pole cancellation mechanism that we 
constructed for Drell-Yan in the initial state:
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x1x2
<latexit sha1_base64="WsuA2w9qmxoQZcMUKC/LeTdKYFw=">AAACVnicbVBNS8NAEN1Ea7V+VT16CRbBiyXxA8WT6MWjgv2AtpTNZtKu3WzC7kRaQ/+DV/1l+mfE7cfBtD4YeLyZYeY9PxFco+t+W/bKamGtuL5R2tza3tkt7+3XdZwqBjUWi1g1fapBcAk15CigmSigkS+g4Q/uJ/3GKyjNY/mMowQ6Ee1JHnJG0Uj1Ydcbds+65Ypbdadwlok3JxUyx2N3z7ppBzFLI5DIBNW65bkJdjKqkDMB41I71ZBQNqA9aBkqaQS6k03fHTvHRgmcMFamJDpT9e9GRiOtR5FvJiOKfb3Ym4j/9VophtedjMskRZBsdihMhYOxM/HuBFwBQzEyhDLFza8O61NFGZqEcle0MdWHIGckQz54yyu+ogPAvBboiavlzdMQRjKicmzS9hazXSb1s6p3Xr18uqjc3s1zXyeH5IicEI9ckVvyQB5JjTDyQt7JB/m0vqwfu2AXZ6O2Nd85IDnY5V9o4rcb</latexit>

d�qg

dQ2
<latexit sha1_base64="tHRoUK/ZI103kxVCHpMiPk7BkM8="></latexit>

s = 10⇤2 = 10Q2
<latexit sha1_base64="OOuxjqW53ZHjblEfOIEDm8bt6L0="></latexit>

LU scheme
<latexit sha1_base64="cI0QLYJ8mqWFUlEzn2duOlsA99w=">AAACYnicbVBNS8NAEN3G7/rV6lEPi0XwYkn8QPEkevHgQcGq0Jay2Uzs0t1N2J2INfSfeNX/5N0f4qb2YKwDA48385h5L0ylsOj7nxVvZnZufmFxqbq8srq2Xqtv3NskMxxaPJGJeQyZBSk0tFCghMfUAFOhhIdwcFnMH57BWJHoOxym0FXsSYtYcIaO6tVqHYQXzK9b1PI+KBj1ag2/6Y+LToNgAhpkUje9euWsEyU8U6CRS2ZtO/BT7ObMoOASRtVOZiFlfMCeoO2gZgpsNx+/PqK7jolonBjXGumY/a3ImbJ2qEK3qRj27d9ZQf43a2cYn3ZzodMMQfOfQ3EmKSa0yIFGwgBHOXSAcSPcr5T3mWEcXVqlK9aZ6kNUMpKjGLyWmdCwAWCZi2zhalq5H8NQK6aLtIO/2U6D+4NmcNg8vj1qnF9Mcl8kW2SH7JGAnJBzckVuSItw8kzeyDv5qHx5Va/ubf6sepWJZpOUytv+BpPDuu8=</latexit>
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x1x2
<latexit sha1_base64="WsuA2w9qmxoQZcMUKC/LeTdKYFw=">AAACVnicbVBNS8NAEN1Ea7V+VT16CRbBiyXxA8WT6MWjgv2AtpTNZtKu3WzC7kRaQ/+DV/1l+mfE7cfBtD4YeLyZYeY9PxFco+t+W/bKamGtuL5R2tza3tkt7+3XdZwqBjUWi1g1fapBcAk15CigmSigkS+g4Q/uJ/3GKyjNY/mMowQ6Ee1JHnJG0Uj1Ydcbds+65Ypbdadwlok3JxUyx2N3z7ppBzFLI5DIBNW65bkJdjKqkDMB41I71ZBQNqA9aBkqaQS6k03fHTvHRgmcMFamJDpT9e9GRiOtR5FvJiOKfb3Ym4j/9VophtedjMskRZBsdihMhYOxM/HuBFwBQzEyhDLFza8O61NFGZqEcle0MdWHIGckQz54yyu+ogPAvBboiavlzdMQRjKicmzS9hazXSb1s6p3Xr18uqjc3s1zXyeH5IicEI9ckVvyQB5JjTDyQt7JB/m0vqwfu2AXZ6O2Nd85IDnY5V9o4rcb</latexit>

d�qg

dQ2
<latexit sha1_base64="tHRoUK/ZI103kxVCHpMiPk7BkM8="></latexit>

MS scheme
<latexit sha1_base64="XmBdfTeDPT5bMxrwUMF367C0kSo="></latexit>

s = 10µ2 = 10Q2
<latexit sha1_base64="Zzx6vF7Hf5fpxjlwxfw9i1gha50="></latexit>





I have applied the same computational formalism to the NLO                   x-section. PP ! tt̄
<latexit sha1_base64="28xhAf0+sBmSHSTnIi9+N/X8yFY=">AAACQXicbVDLSgNBEJz1/TbRgwcvg0HwYtj1gR5FLx4jGBWSEHonvcmQ2dllpleJS77Gq36FX+EneBOvXpzEHIyxYKCo6qanKkyVtOT7b97U9Mzs3PzC4tLyyuraeqG4cWOTzAisikQl5i4Ei0pqrJIkhXepQYhDhbdh92Lg396jsTLR19RLsRFDW8tICiAnNQtblUrdyHaHwJjkgROvh2By6jcLJb/sD8EnSTAiJTZCpVn0NuqtRGQxahIKrK0FfkqNHAxJobC/VM8spiC60MaaoxpitI18mKDPd53S4lFi3NPEh+rvjRxia3tx6CZjoI796w3E/7xaRtFpI5c6zQi1+DkUZYpTwgd18JY0KEj1HAFhpPsrFx0wIMiVNnbFulAdbI0FyUl2HyeV/Qh7OgY9aDH429kkuTkoB4fl46uj0tn5qM8Fts122B4L2Ak7Y5eswqpMsD57Ys/sxXv13r0P7/NndMob7WyyMXhf3zCfsPM=</latexit>



I have applied the same computational formalism to the NLO                   x-section. PP ! tt̄
<latexit sha1_base64="28xhAf0+sBmSHSTnIi9+N/X8yFY=">AAACQXicbVDLSgNBEJz1/TbRgwcvg0HwYtj1gR5FLx4jGBWSEHonvcmQ2dllpleJS77Gq36FX+EneBOvXpzEHIyxYKCo6qanKkyVtOT7b97U9Mzs3PzC4tLyyuraeqG4cWOTzAisikQl5i4Ei0pqrJIkhXepQYhDhbdh92Lg396jsTLR19RLsRFDW8tICiAnNQtblUrdyHaHwJjkgROvh2By6jcLJb/sD8EnSTAiJTZCpVn0NuqtRGQxahIKrK0FfkqNHAxJobC/VM8spiC60MaaoxpitI18mKDPd53S4lFi3NPEh+rvjRxia3tx6CZjoI796w3E/7xaRtFpI5c6zQi1+DkUZYpTwgd18JY0KEj1HAFhpPsrFx0wIMiVNnbFulAdbI0FyUl2HyeV/Qh7OgY9aDH429kkuTkoB4fl46uj0tn5qM8Fts122B4L2Ak7Y5eswqpMsD57Ys/sxXv13r0P7/NndMob7WyyMXhf3zCfsPM=</latexit>

For now I have results from the qg channel:



I have applied the same computational formalism to the NLO                   x-section. PP ! tt̄
<latexit sha1_base64="28xhAf0+sBmSHSTnIi9+N/X8yFY=">AAACQXicbVDLSgNBEJz1/TbRgwcvg0HwYtj1gR5FLx4jGBWSEHonvcmQ2dllpleJS77Gq36FX+EneBOvXpzEHIyxYKCo6qanKkyVtOT7b97U9Mzs3PzC4tLyyuraeqG4cWOTzAisikQl5i4Ei0pqrJIkhXepQYhDhbdh92Lg396jsTLR19RLsRFDW8tICiAnNQtblUrdyHaHwJjkgROvh2By6jcLJb/sD8EnSTAiJTZCpVn0NuqtRGQxahIKrK0FfkqNHAxJobC/VM8spiC60MaaoxpitI18mKDPd53S4lFi3NPEh+rvjRxia3tx6CZjoI796w3E/7xaRtFpI5c6zQi1+DkUZYpTwgd18JY0KEj1HAFhpPsrFx0wIMiVNnbFulAdbI0FyUl2HyeV/Qh7OgY9aDH429kkuTkoB4fl46uj0tn5qM8Fts122B4L2Ak7Y5eswqpMsD57Ys/sxXv13r0P7/NndMob7WyyMXhf3zCfsPM=</latexit>

For now I have results from the qg channel:

⇤1 = ⇤2 = mZ
<latexit sha1_base64="/Pb04ggtW9CKtI3a6FqD2SFqDgM=">AAACQXicbVDLSgMxFM34rPVV68KFm8EiuLHM+EA3haIbFy4q2Ae2Zchk7rShSWZIMkId+jVu9Sv8Cj/Bnbh1Y/oQbOuBwOGce7k5x48ZVdpx3q2FxaXlldXMWnZ9Y3NrO7eTr6kokQSqJGKRbPhYAaMCqppqBo1YAuY+g7rfux769UeQikbiXvdjaHPcETSkBGsjebm91q0ZDrDnln7ZSYl7D16u4BSdEex54k5IAU1Q8XasfCuISMJBaMKwUk3XiXU7xVJTwmCQbSUKYkx6uANNQwXmoNrpKMHAPjRKYIeRNE9oe6T+3UgxV6rPfTPJse6qWW8o/uc1Ex1etlMq4kSDIONDYcJsHdnDOuyASiCa9Q3BRFLzV5t0scREm9KmrigTqgvBVJBU097TvHIcQl9wLAamRXe2s3lSOym6p8Xzu7NC+WrSZwbtowN0hFx0gcroBlVQFRE0QM/oBb1ab9aH9Wl9jUcXrMnOLpqC9f0DbIWv+A==</latexit>

�bench/�bench
<latexit sha1_base64="jne55CjQYvstcYeoukV7UsCXWhI=">AAACVXicbVDLSgMxFM2M72dbXboZLIIg1hkf6FLUhUsFawudUjLpnTY0yQzJHbEO/Qi/xq1+hfgxgmntwrYeCBzOuZebc6JUcIO+/+W4c/MLi0vLK6tr6xubhWJp69EkmWZQZYlIdD2iBgRXUEWOAuqpBiojAbWodz30a0+gDU/UA/ZTaEraUTzmjKKVWsWD8AYE0lYeIjxjHoFi3cHgKDS8I6fVVrHsV/wRvFkSjEmZjHHXKjlbYTthmQSFTFBjGoGfYjOnGjkTMFgNMwMpZT3agYalikowzXyUauDtWaXtxYm2T6E3Uv9u5FQa05eRnZQUu2baG4r/eY0M44tmzlWaoQ32eyjOhIeJN6zIa3MNDEXfEso0t3/1WJdqytAWOXHF2FBdaE8EyZH3XmaVwxj6SlI1bDGY7myWPB5XgpPK2f1p+fJq3Ocy2SG7ZJ8E5JxckltyR6qEkVfyRt7Jh/PpfLvz7uLvqOuMd7bJBNzCD3nft4o=</latexit>

0.0099
<latexit sha1_base64="N5h8d2PucHYTfHkXRcuusb7wi9w=">AAACLnicbVDLSsNAFJ34rPXV1qWbYBHcWBIfaHdFNy4r2Ae0oUwmN+3YySTMTIQY+g9u9Sv8GsGFuPUznLRZ2NYDFw7n3su957gRo1JZ1qexsrq2vrFZ2Cpu7+zu7ZfKlbYMY0GgRUIWiq6LJTDKoaWoYtCNBODAZdBxx7dZv/MEQtKQP6gkAifAQ059SrDSUtuqWVa9PihVM5LBXCZ2TqooR3NQNip9LyRxAFwRhqXs2VaknBQLRQmDSbEfS4gwGeMh9DTlOADppNN3J+axVjzTD4Uursyp+ncjxYGUSeDqyQCrkVzsZeJ/vV6s/GsnpTyKFXAyO+THzFShmXk3PSqAKJZogomg+leTjLDAROmE5q5IbWoE3pyRVNHx87Jy6kPCA8wnOkV7MbNl0j6r2ee1y/uLauMmz7OADtEROkE2ukINdIeaqIUIekQv6BW9Ge/Gh/FlfM9GV4x85wDNwfj5BRbsqFI=</latexit>

0.0088
<latexit sha1_base64="bViVFz0ocU5nB40gCQZA11MtZTU=">AAACLnicbVDLSsNAFJ3UV62vti7dBIvgxpL4wC6LblxWsA9oQ5lMbtqxk0mYmQgx9B/c6lf4NYILcetnOGmzsK0HLhzOvZd7z3EjRqWyrE+jsLa+sblV3C7t7O7tH5Qr1Y4MY0GgTUIWip6LJTDKoa2oYtCLBODAZdB1J7dZv/sEQtKQP6gkAifAI059SrDSUseqW1ajMSzXMpLBXCV2TmooR2tYMaoDLyRxAFwRhqXs21aknBQLRQmDaWkQS4gwmeAR9DXlOADppLN3p+aJVjzTD4UursyZ+ncjxYGUSeDqyQCrsVzuZeJ/vX6s/IaTUh7FCjiZH/JjZqrQzLybHhVAFEs0wURQ/atJxlhgonRCC1ekNjUGb8FIqujkeVU58yHhAeZTnaK9nNkq6ZzX7Yv61f1lrXmT51lER+gYnSIbXaMmukMt1EYEPaIX9IrejHfjw/gyvuejBSPfOUQLMH5+ARNhqFA=</latexit>

0.00095
<latexit sha1_base64="fQjB6M44Nq1Ho9QYPFyna5PXtNs=">AAACL3icbVDLSsNAFJ3UV62vti7dBIvgxpKoRd0V3bisYB/QhjKZ3LRDJpMwMxFi6Ee41a/wa8SNuPUvnLZZ2NYDFw7n3su957gxo1JZ1qdRWFvf2Nwqbpd2dvf2D8qVakdGiSDQJhGLRM/FEhjl0FZUMejFAnDoMui6wd20330CIWnEH1UagxPiEac+JVhpqWvVLcu6aQzLtRnTMFeJnZMaytEaVozqwItIEgJXhGEp+7YVKyfDQlHCYFIaJBJiTAI8gr6mHIcgnWz278Q80Ypn+pHQxZU5U/9uZDiUMg1dPRliNZbLvan4X6+fKP/aySiPEwWczA/5CTNVZE7Nmx4VQBRLNcFEUP2rScZYYKJ0RAtXpDY1Bm/BSKZo8LyqnPmQ8hDziU7RXs5slXTO6/ZFvfFwWWve5nkW0RE6RqfIRleoie5RC7URQQF6Qa/ozXg3Powv43s+WjDynUO0AOPnF4sVqIg=</latexit>

�qg[GeV�2]
<latexit sha1_base64="Ge+RzYDdQwGBYCJ1qu5aUA02xWk="></latexit>

p
s[GeV]

<latexit sha1_base64="Zo8HpaBdm4VXIxZW4MQaBHg2Z+k=">AAACPnicbVC5TsNAEF1zE64E6GgsIiQaIptDUCIooASJHFJiRevNOFllvTa7Y0Ri+V9o4Sv4DX6ADtFSsjkKkvCkkZ7em9HMPD8WXKPjfFhz8wuLS8srq7m19Y3NrXxhu6KjRDEos0hEquZTDYJLKCNHAbVYAQ19AVW/ez3wq0+gNI/kA/Zi8ELaljzgjKKRmvndhn5UmOqs3kB4xvQGKpnXzBedkjOEPUvcMSmSMe6aBWu70YpYEoJEJqjWddeJ0UupQs4EZLlGoiGmrEvbUDdU0hC0lw7Pz+wDo7TsIFKmJNpD9e9ESkOte6FvOkOKHT3tDcT/vHqCwYWXchknCJKNFgWJsDGyB1nYLa6AoegZQpni5labdaiiDE1iE1u0eaoDrYlHUuTd/qxyFEBPhlRmJkV3OrNZUjkuuSels/vT4uXVOM8Vskf2ySFxyTm5JLfkjpQJI33yQl7Jm/VufVpf1veodc4az+yQCVg/v67TsEM=</latexit>

600
<latexit sha1_base64="Jxhg9Y90UQ5W4/Sfh0KwKa7oHHk=">AAACK3icbVDLTsJAFJ3iC/EFuHTTSEzcSFrfS6IblxjlkUBDpsMtTJiZNjNTk9rwCW71K/waVxq3/ocDdCHgSW5ycu69ufccP2JUacf5tHIrq2vrG/nNwtb2zu5esVRuqjCWBBokZKFs+1gBowIammoG7UgC5j6Dlj+6nfRbTyAVDcWjTiLwOB4IGlCCtZEeLh2nV6w4VWcKe5m4GamgDPVeySp3+yGJOQhNGFaq4zqR9lIsNSUMxoVurCDCZIQH0DFUYA7KS6e/ju0jo/TtIJSmhLan6t+NFHOlEu6bSY71UC32JuJ/vU6sg2svpSKKNQgyOxTEzNahPTFu96kEolliCCaSml9tMsQSE23imbuijKkh9OeMpJqOnpeVkwASwbEYmxTdxcyWSfO06p5VL+7PK7WbLM88OkCH6Bi56ArV0B2qowYiaIBe0Ct6s96tD+vL+p6N5qxsZx/Nwfr5BZSWp5o=</latexit>

1000
<latexit sha1_base64="dV0cP9p7oH5V8b1wBClGaqSiABc=">AAACLHicbVDLSsNAFJ3UV62vti7dBIvgxpL4QJdFNy4r2Ae0oUwmN83QySTMTIQY+gtu9Sv8Gjcibv0OJ20WtvXAhcO593LvOW7MqFSW9WmU1tY3NrfK25Wd3b39g2qt3pVRIgh0SMQi0XexBEY5dBRVDPqxABy6DHru5C7v955ASBrxR5XG4IR4zKlPCVa5ZFuWNao2rKY1g7lK7II0UIH2qGbUh15EkhC4IgxLObCtWDkZFooSBtPKMJEQYzLBYxhoynEI0slmz07NE614ph8JXVyZM/XvRoZDKdPQ1ZMhVoFc7uXif71BovwbJ6M8ThRwMj/kJ8xUkZk7Nz0qgCiWaoKJoPpXkwRYYKJ0PgtXpDYVgLdgJFN08ryqnPmQ8hDzqU7RXs5slXTPm/ZF8+rhstG6LfIsoyN0jE6Rja5RC92jNuogggL0gl7Rm/FufBhfxvd8tGQUO4doAcbPLwZsp88=</latexit>

2000
<latexit sha1_base64="g7MyKG4RzZSaXTHOW5KDUvoaN9U=">AAACLHicbVDLSsNAFJ34rPXV1qWbYBHcWJKq6LLoxmUF+4A2lMnkphk6mYSZiRBDf8GtfoVf40bErd/hpM3Cth64cDj3Xu49x40ZlcqyPo219Y3Nre3STnl3b//gsFKtdWWUCAIdErFI9F0sgVEOHUUVg34sAIcug547ucv7vScQkkb8UaUxOCEec+pTglUuNS3LGlXqVsOawVwldkHqqEB7VDVqQy8iSQhcEYalHNhWrJwMC0UJg2l5mEiIMZngMQw05TgE6WSzZ6fmqVY804+ELq7Mmfp3I8OhlGno6skQq0Au93Lxv94gUf6Nk1EeJwo4mR/yE2aqyMydmx4VQBRLNcFEUP2rSQIsMFE6n4UrUpsKwFswkik6eV5Vzn1IeYj5VKdoL2e2SrrNhn3RuHq4rLduizxL6BidoDNko2vUQveojTqIoAC9oFf0ZrwbH8aX8T0fXTOKnSO0AOPnFwg0p9A=</latexit>

1.505(10) · 10�9
<latexit sha1_base64="9v+K3txGHr/QkHm7gnQFmWGk+fk="></latexit>

6.787(52) · 10�9
<latexit sha1_base64="luNj2Vy41SXwAf5AegqcQEpmv9c="></latexit>

1.4300(17) · 10�9
<latexit sha1_base64="/T/Qld4Fn62RJDs3PVbFu+tOrLY="></latexit>



I have applied the same computational formalism to the NLO                   x-section. PP ! tt̄
<latexit sha1_base64="28xhAf0+sBmSHSTnIi9+N/X8yFY=">AAACQXicbVDLSgNBEJz1/TbRgwcvg0HwYtj1gR5FLx4jGBWSEHonvcmQ2dllpleJS77Gq36FX+EneBOvXpzEHIyxYKCo6qanKkyVtOT7b97U9Mzs3PzC4tLyyuraeqG4cWOTzAisikQl5i4Ei0pqrJIkhXepQYhDhbdh92Lg396jsTLR19RLsRFDW8tICiAnNQtblUrdyHaHwJjkgROvh2By6jcLJb/sD8EnSTAiJTZCpVn0NuqtRGQxahIKrK0FfkqNHAxJobC/VM8spiC60MaaoxpitI18mKDPd53S4lFi3NPEh+rvjRxia3tx6CZjoI796w3E/7xaRtFpI5c6zQi1+DkUZYpTwgd18JY0KEj1HAFhpPsrFx0wIMiVNnbFulAdbI0FyUl2HyeV/Qh7OgY9aDH429kkuTkoB4fl46uj0tn5qM8Fts122B4L2Ak7Y5eswqpMsD57Ys/sxXv13r0P7/NndMob7WyyMXhf3zCfsPM=</latexit>

For now I have results from the qg channel:

Czakon, Mitov (2008)

Matches against benchmark.

⇤1 = ⇤2 = mZ
<latexit sha1_base64="/Pb04ggtW9CKtI3a6FqD2SFqDgM=">AAACQXicbVDLSgMxFM34rPVV68KFm8EiuLHM+EA3haIbFy4q2Ae2Zchk7rShSWZIMkId+jVu9Sv8Cj/Bnbh1Y/oQbOuBwOGce7k5x48ZVdpx3q2FxaXlldXMWnZ9Y3NrO7eTr6kokQSqJGKRbPhYAaMCqppqBo1YAuY+g7rfux769UeQikbiXvdjaHPcETSkBGsjebm91q0ZDrDnln7ZSYl7D16u4BSdEex54k5IAU1Q8XasfCuISMJBaMKwUk3XiXU7xVJTwmCQbSUKYkx6uANNQwXmoNrpKMHAPjRKYIeRNE9oe6T+3UgxV6rPfTPJse6qWW8o/uc1Ex1etlMq4kSDIONDYcJsHdnDOuyASiCa9Q3BRFLzV5t0scREm9KmrigTqgvBVJBU097TvHIcQl9wLAamRXe2s3lSOym6p8Xzu7NC+WrSZwbtowN0hFx0gcroBlVQFRE0QM/oBb1ab9aH9Wl9jUcXrMnOLpqC9f0DbIWv+A==</latexit>

�bench/�bench
<latexit sha1_base64="jne55CjQYvstcYeoukV7UsCXWhI=">AAACVXicbVDLSgMxFM2M72dbXboZLIIg1hkf6FLUhUsFawudUjLpnTY0yQzJHbEO/Qi/xq1+hfgxgmntwrYeCBzOuZebc6JUcIO+/+W4c/MLi0vLK6tr6xubhWJp69EkmWZQZYlIdD2iBgRXUEWOAuqpBiojAbWodz30a0+gDU/UA/ZTaEraUTzmjKKVWsWD8AYE0lYeIjxjHoFi3cHgKDS8I6fVVrHsV/wRvFkSjEmZjHHXKjlbYTthmQSFTFBjGoGfYjOnGjkTMFgNMwMpZT3agYalikowzXyUauDtWaXtxYm2T6E3Uv9u5FQa05eRnZQUu2baG4r/eY0M44tmzlWaoQ32eyjOhIeJN6zIa3MNDEXfEso0t3/1WJdqytAWOXHF2FBdaE8EyZH3XmaVwxj6SlI1bDGY7myWPB5XgpPK2f1p+fJq3Ocy2SG7ZJ8E5JxckltyR6qEkVfyRt7Jh/PpfLvz7uLvqOuMd7bJBNzCD3nft4o=</latexit>

0.0099
<latexit sha1_base64="N5h8d2PucHYTfHkXRcuusb7wi9w=">AAACLnicbVDLSsNAFJ34rPXV1qWbYBHcWBIfaHdFNy4r2Ae0oUwmN+3YySTMTIQY+g9u9Sv8GsGFuPUznLRZ2NYDFw7n3su957gRo1JZ1qexsrq2vrFZ2Cpu7+zu7ZfKlbYMY0GgRUIWiq6LJTDKoaWoYtCNBODAZdBxx7dZv/MEQtKQP6gkAifAQ059SrDSUtuqWVa9PihVM5LBXCZ2TqooR3NQNip9LyRxAFwRhqXs2VaknBQLRQmDSbEfS4gwGeMh9DTlOADppNN3J+axVjzTD4Uursyp+ncjxYGUSeDqyQCrkVzsZeJ/vV6s/GsnpTyKFXAyO+THzFShmXk3PSqAKJZogomg+leTjLDAROmE5q5IbWoE3pyRVNHx87Jy6kPCA8wnOkV7MbNl0j6r2ee1y/uLauMmz7OADtEROkE2ukINdIeaqIUIekQv6BW9Ge/Gh/FlfM9GV4x85wDNwfj5BRbsqFI=</latexit>

0.0088
<latexit sha1_base64="bViVFz0ocU5nB40gCQZA11MtZTU=">AAACLnicbVDLSsNAFJ3UV62vti7dBIvgxpL4wC6LblxWsA9oQ5lMbtqxk0mYmQgx9B/c6lf4NYILcetnOGmzsK0HLhzOvZd7z3EjRqWyrE+jsLa+sblV3C7t7O7tH5Qr1Y4MY0GgTUIWip6LJTDKoa2oYtCLBODAZdB1J7dZv/sEQtKQP6gkAifAI059SrDSUseqW1ajMSzXMpLBXCV2TmooR2tYMaoDLyRxAFwRhqXs21aknBQLRQmDaWkQS4gwmeAR9DXlOADppLN3p+aJVjzTD4UursyZ+ncjxYGUSeDqyQCrsVzuZeJ/vX6s/IaTUh7FCjiZH/JjZqrQzLybHhVAFEs0wURQ/atJxlhgonRCC1ekNjUGb8FIqujkeVU58yHhAeZTnaK9nNkq6ZzX7Yv61f1lrXmT51lER+gYnSIbXaMmukMt1EYEPaIX9IrejHfjw/gyvuejBSPfOUQLMH5+ARNhqFA=</latexit>

0.00095
<latexit sha1_base64="fQjB6M44Nq1Ho9QYPFyna5PXtNs=">AAACL3icbVDLSsNAFJ3UV62vti7dBIvgxpKoRd0V3bisYB/QhjKZ3LRDJpMwMxFi6Ee41a/wa8SNuPUvnLZZ2NYDFw7n3su957gxo1JZ1qdRWFvf2Nwqbpd2dvf2D8qVakdGiSDQJhGLRM/FEhjl0FZUMejFAnDoMui6wd20330CIWnEH1UagxPiEac+JVhpqWvVLcu6aQzLtRnTMFeJnZMaytEaVozqwItIEgJXhGEp+7YVKyfDQlHCYFIaJBJiTAI8gr6mHIcgnWz278Q80Ypn+pHQxZU5U/9uZDiUMg1dPRliNZbLvan4X6+fKP/aySiPEwWczA/5CTNVZE7Nmx4VQBRLNcFEUP2rScZYYKJ0RAtXpDY1Bm/BSKZo8LyqnPmQ8hDziU7RXs5slXTO6/ZFvfFwWWve5nkW0RE6RqfIRleoie5RC7URQQF6Qa/ozXg3Powv43s+WjDynUO0AOPnF4sVqIg=</latexit>

�qg[GeV�2]
<latexit sha1_base64="Ge+RzYDdQwGBYCJ1qu5aUA02xWk="></latexit>

p
s[GeV]

<latexit sha1_base64="Zo8HpaBdm4VXIxZW4MQaBHg2Z+k=">AAACPnicbVC5TsNAEF1zE64E6GgsIiQaIptDUCIooASJHFJiRevNOFllvTa7Y0Ri+V9o4Sv4DX6ADtFSsjkKkvCkkZ7em9HMPD8WXKPjfFhz8wuLS8srq7m19Y3NrXxhu6KjRDEos0hEquZTDYJLKCNHAbVYAQ19AVW/ez3wq0+gNI/kA/Zi8ELaljzgjKKRmvndhn5UmOqs3kB4xvQGKpnXzBedkjOEPUvcMSmSMe6aBWu70YpYEoJEJqjWddeJ0UupQs4EZLlGoiGmrEvbUDdU0hC0lw7Pz+wDo7TsIFKmJNpD9e9ESkOte6FvOkOKHT3tDcT/vHqCwYWXchknCJKNFgWJsDGyB1nYLa6AoegZQpni5labdaiiDE1iE1u0eaoDrYlHUuTd/qxyFEBPhlRmJkV3OrNZUjkuuSels/vT4uXVOM8Vskf2ySFxyTm5JLfkjpQJI33yQl7Jm/VufVpf1veodc4az+yQCVg/v67TsEM=</latexit>

600
<latexit sha1_base64="Jxhg9Y90UQ5W4/Sfh0KwKa7oHHk=">AAACK3icbVDLTsJAFJ3iC/EFuHTTSEzcSFrfS6IblxjlkUBDpsMtTJiZNjNTk9rwCW71K/waVxq3/ocDdCHgSW5ycu69ufccP2JUacf5tHIrq2vrG/nNwtb2zu5esVRuqjCWBBokZKFs+1gBowIammoG7UgC5j6Dlj+6nfRbTyAVDcWjTiLwOB4IGlCCtZEeLh2nV6w4VWcKe5m4GamgDPVeySp3+yGJOQhNGFaq4zqR9lIsNSUMxoVurCDCZIQH0DFUYA7KS6e/ju0jo/TtIJSmhLan6t+NFHOlEu6bSY71UC32JuJ/vU6sg2svpSKKNQgyOxTEzNahPTFu96kEolliCCaSml9tMsQSE23imbuijKkh9OeMpJqOnpeVkwASwbEYmxTdxcyWSfO06p5VL+7PK7WbLM88OkCH6Bi56ArV0B2qowYiaIBe0Ct6s96tD+vL+p6N5qxsZx/Nwfr5BZSWp5o=</latexit>

1000
<latexit sha1_base64="dV0cP9p7oH5V8b1wBClGaqSiABc=">AAACLHicbVDLSsNAFJ3UV62vti7dBIvgxpL4QJdFNy4r2Ae0oUwmN83QySTMTIQY+gtu9Sv8Gjcibv0OJ20WtvXAhcO593LvOW7MqFSW9WmU1tY3NrfK25Wd3b39g2qt3pVRIgh0SMQi0XexBEY5dBRVDPqxABy6DHru5C7v955ASBrxR5XG4IR4zKlPCVa5ZFuWNao2rKY1g7lK7II0UIH2qGbUh15EkhC4IgxLObCtWDkZFooSBtPKMJEQYzLBYxhoynEI0slmz07NE614ph8JXVyZM/XvRoZDKdPQ1ZMhVoFc7uXif71BovwbJ6M8ThRwMj/kJ8xUkZk7Nz0qgCiWaoKJoPpXkwRYYKJ0PgtXpDYVgLdgJFN08ryqnPmQ8hDzqU7RXs5slXTPm/ZF8+rhstG6LfIsoyN0jE6Rja5RC92jNuogggL0gl7Rm/FufBhfxvd8tGQUO4doAcbPLwZsp88=</latexit>

2000
<latexit sha1_base64="g7MyKG4RzZSaXTHOW5KDUvoaN9U=">AAACLHicbVDLSsNAFJ34rPXV1qWbYBHcWJKq6LLoxmUF+4A2lMnkphk6mYSZiRBDf8GtfoVf40bErd/hpM3Cth64cDj3Xu49x40ZlcqyPo219Y3Nre3STnl3b//gsFKtdWWUCAIdErFI9F0sgVEOHUUVg34sAIcug547ucv7vScQkkb8UaUxOCEec+pTglUuNS3LGlXqVsOawVwldkHqqEB7VDVqQy8iSQhcEYalHNhWrJwMC0UJg2l5mEiIMZngMQw05TgE6WSzZ6fmqVY804+ELq7Mmfp3I8OhlGno6skQq0Au93Lxv94gUf6Nk1EeJwo4mR/yE2aqyMydmx4VQBRLNcFEUP2rSQIsMFE6n4UrUpsKwFswkik6eV5Vzn1IeYj5VKdoL2e2SrrNhn3RuHq4rLduizxL6BidoDNko2vUQveojTqIoAC9oFf0ZrwbH8aX8T0fXTOKnSO0AOPnFwg0p9A=</latexit>

1.505(10) · 10�9
<latexit sha1_base64="9v+K3txGHr/QkHm7gnQFmWGk+fk="></latexit>

6.787(52) · 10�9
<latexit sha1_base64="luNj2Vy41SXwAf5AegqcQEpmv9c="></latexit>

1.4300(17) · 10�9
<latexit sha1_base64="/T/Qld4Fn62RJDs3PVbFu+tOrLY="></latexit>



I have applied the same computational formalism to the NLO                   x-section. PP ! tt̄
<latexit sha1_base64="28xhAf0+sBmSHSTnIi9+N/X8yFY=">AAACQXicbVDLSgNBEJz1/TbRgwcvg0HwYtj1gR5FLx4jGBWSEHonvcmQ2dllpleJS77Gq36FX+EneBOvXpzEHIyxYKCo6qanKkyVtOT7b97U9Mzs3PzC4tLyyuraeqG4cWOTzAisikQl5i4Ei0pqrJIkhXepQYhDhbdh92Lg396jsTLR19RLsRFDW8tICiAnNQtblUrdyHaHwJjkgROvh2By6jcLJb/sD8EnSTAiJTZCpVn0NuqtRGQxahIKrK0FfkqNHAxJobC/VM8spiC60MaaoxpitI18mKDPd53S4lFi3NPEh+rvjRxia3tx6CZjoI796w3E/7xaRtFpI5c6zQi1+DkUZYpTwgd18JY0KEj1HAFhpPsrFx0wIMiVNnbFulAdbI0FyUl2HyeV/Qh7OgY9aDH429kkuTkoB4fl46uj0tn5qM8Fts122B4L2Ak7Y5eswqpMsD57Ys/sxXv13r0P7/NndMob7WyyMXhf3zCfsPM=</latexit>

For now I have results from the qg channel:

Czakon, Mitov (2008)

Matches against benchmark.

Need to determine all remaining 
“splitting counter-terms”:

Dgq, Dqq

Dqg, Dgg
<latexit sha1_base64="XpCRKRZGAqhCuv3GF9oR4q1hatI="></latexit>

DIS/DY
Dedicated “AP” 
computation

⇤1 = ⇤2 = mZ
<latexit sha1_base64="/Pb04ggtW9CKtI3a6FqD2SFqDgM=">AAACQXicbVDLSgMxFM34rPVV68KFm8EiuLHM+EA3haIbFy4q2Ae2Zchk7rShSWZIMkId+jVu9Sv8Cj/Bnbh1Y/oQbOuBwOGce7k5x48ZVdpx3q2FxaXlldXMWnZ9Y3NrO7eTr6kokQSqJGKRbPhYAaMCqppqBo1YAuY+g7rfux769UeQikbiXvdjaHPcETSkBGsjebm91q0ZDrDnln7ZSYl7D16u4BSdEex54k5IAU1Q8XasfCuISMJBaMKwUk3XiXU7xVJTwmCQbSUKYkx6uANNQwXmoNrpKMHAPjRKYIeRNE9oe6T+3UgxV6rPfTPJse6qWW8o/uc1Ex1etlMq4kSDIONDYcJsHdnDOuyASiCa9Q3BRFLzV5t0scREm9KmrigTqgvBVJBU097TvHIcQl9wLAamRXe2s3lSOym6p8Xzu7NC+WrSZwbtowN0hFx0gcroBlVQFRE0QM/oBb1ab9aH9Wl9jUcXrMnOLpqC9f0DbIWv+A==</latexit>

�bench/�bench
<latexit sha1_base64="jne55CjQYvstcYeoukV7UsCXWhI=">AAACVXicbVDLSgMxFM2M72dbXboZLIIg1hkf6FLUhUsFawudUjLpnTY0yQzJHbEO/Qi/xq1+hfgxgmntwrYeCBzOuZebc6JUcIO+/+W4c/MLi0vLK6tr6xubhWJp69EkmWZQZYlIdD2iBgRXUEWOAuqpBiojAbWodz30a0+gDU/UA/ZTaEraUTzmjKKVWsWD8AYE0lYeIjxjHoFi3cHgKDS8I6fVVrHsV/wRvFkSjEmZjHHXKjlbYTthmQSFTFBjGoGfYjOnGjkTMFgNMwMpZT3agYalikowzXyUauDtWaXtxYm2T6E3Uv9u5FQa05eRnZQUu2baG4r/eY0M44tmzlWaoQ32eyjOhIeJN6zIa3MNDEXfEso0t3/1WJdqytAWOXHF2FBdaE8EyZH3XmaVwxj6SlI1bDGY7myWPB5XgpPK2f1p+fJq3Ocy2SG7ZJ8E5JxckltyR6qEkVfyRt7Jh/PpfLvz7uLvqOuMd7bJBNzCD3nft4o=</latexit>

0.0099
<latexit sha1_base64="N5h8d2PucHYTfHkXRcuusb7wi9w=">AAACLnicbVDLSsNAFJ34rPXV1qWbYBHcWBIfaHdFNy4r2Ae0oUwmN+3YySTMTIQY+g9u9Sv8GsGFuPUznLRZ2NYDFw7n3su957gRo1JZ1qexsrq2vrFZ2Cpu7+zu7ZfKlbYMY0GgRUIWiq6LJTDKoaWoYtCNBODAZdBxx7dZv/MEQtKQP6gkAifAQ059SrDSUtuqWVa9PihVM5LBXCZ2TqooR3NQNip9LyRxAFwRhqXs2VaknBQLRQmDSbEfS4gwGeMh9DTlOADppNN3J+axVjzTD4Uursyp+ncjxYGUSeDqyQCrkVzsZeJ/vV6s/GsnpTyKFXAyO+THzFShmXk3PSqAKJZogomg+leTjLDAROmE5q5IbWoE3pyRVNHx87Jy6kPCA8wnOkV7MbNl0j6r2ee1y/uLauMmz7OADtEROkE2ukINdIeaqIUIekQv6BW9Ge/Gh/FlfM9GV4x85wDNwfj5BRbsqFI=</latexit>

0.0088
<latexit sha1_base64="bViVFz0ocU5nB40gCQZA11MtZTU=">AAACLnicbVDLSsNAFJ3UV62vti7dBIvgxpL4wC6LblxWsA9oQ5lMbtqxk0mYmQgx9B/c6lf4NYILcetnOGmzsK0HLhzOvZd7z3EjRqWyrE+jsLa+sblV3C7t7O7tH5Qr1Y4MY0GgTUIWip6LJTDKoa2oYtCLBODAZdB1J7dZv/sEQtKQP6gkAifAI059SrDSUseqW1ajMSzXMpLBXCV2TmooR2tYMaoDLyRxAFwRhqXs21aknBQLRQmDaWkQS4gwmeAR9DXlOADppLN3p+aJVjzTD4UursyZ+ncjxYGUSeDqyQCrsVzuZeJ/vX6s/IaTUh7FCjiZH/JjZqrQzLybHhVAFEs0wURQ/atJxlhgonRCC1ekNjUGb8FIqujkeVU58yHhAeZTnaK9nNkq6ZzX7Yv61f1lrXmT51lER+gYnSIbXaMmukMt1EYEPaIX9IrejHfjw/gyvuejBSPfOUQLMH5+ARNhqFA=</latexit>

0.00095
<latexit sha1_base64="fQjB6M44Nq1Ho9QYPFyna5PXtNs=">AAACL3icbVDLSsNAFJ3UV62vti7dBIvgxpKoRd0V3bisYB/QhjKZ3LRDJpMwMxFi6Ee41a/wa8SNuPUvnLZZ2NYDFw7n3su957gxo1JZ1qdRWFvf2Nwqbpd2dvf2D8qVakdGiSDQJhGLRM/FEhjl0FZUMejFAnDoMui6wd20330CIWnEH1UagxPiEac+JVhpqWvVLcu6aQzLtRnTMFeJnZMaytEaVozqwItIEgJXhGEp+7YVKyfDQlHCYFIaJBJiTAI8gr6mHIcgnWz278Q80Ypn+pHQxZU5U/9uZDiUMg1dPRliNZbLvan4X6+fKP/aySiPEwWczA/5CTNVZE7Nmx4VQBRLNcFEUP2rScZYYKJ0RAtXpDY1Bm/BSKZo8LyqnPmQ8hDziU7RXs5slXTO6/ZFvfFwWWve5nkW0RE6RqfIRleoie5RC7URQQF6Qa/ozXg3Powv43s+WjDynUO0AOPnF4sVqIg=</latexit>

�qg[GeV�2]
<latexit sha1_base64="Ge+RzYDdQwGBYCJ1qu5aUA02xWk="></latexit>

p
s[GeV]

<latexit sha1_base64="Zo8HpaBdm4VXIxZW4MQaBHg2Z+k=">AAACPnicbVC5TsNAEF1zE64E6GgsIiQaIptDUCIooASJHFJiRevNOFllvTa7Y0Ri+V9o4Sv4DX6ADtFSsjkKkvCkkZ7em9HMPD8WXKPjfFhz8wuLS8srq7m19Y3NrXxhu6KjRDEos0hEquZTDYJLKCNHAbVYAQ19AVW/ez3wq0+gNI/kA/Zi8ELaljzgjKKRmvndhn5UmOqs3kB4xvQGKpnXzBedkjOEPUvcMSmSMe6aBWu70YpYEoJEJqjWddeJ0UupQs4EZLlGoiGmrEvbUDdU0hC0lw7Pz+wDo7TsIFKmJNpD9e9ESkOte6FvOkOKHT3tDcT/vHqCwYWXchknCJKNFgWJsDGyB1nYLa6AoegZQpni5labdaiiDE1iE1u0eaoDrYlHUuTd/qxyFEBPhlRmJkV3OrNZUjkuuSels/vT4uXVOM8Vskf2ySFxyTm5JLfkjpQJI33yQl7Jm/VufVpf1veodc4az+yQCVg/v67TsEM=</latexit>

600
<latexit sha1_base64="Jxhg9Y90UQ5W4/Sfh0KwKa7oHHk=">AAACK3icbVDLTsJAFJ3iC/EFuHTTSEzcSFrfS6IblxjlkUBDpsMtTJiZNjNTk9rwCW71K/waVxq3/ocDdCHgSW5ycu69ufccP2JUacf5tHIrq2vrG/nNwtb2zu5esVRuqjCWBBokZKFs+1gBowIammoG7UgC5j6Dlj+6nfRbTyAVDcWjTiLwOB4IGlCCtZEeLh2nV6w4VWcKe5m4GamgDPVeySp3+yGJOQhNGFaq4zqR9lIsNSUMxoVurCDCZIQH0DFUYA7KS6e/ju0jo/TtIJSmhLan6t+NFHOlEu6bSY71UC32JuJ/vU6sg2svpSKKNQgyOxTEzNahPTFu96kEolliCCaSml9tMsQSE23imbuijKkh9OeMpJqOnpeVkwASwbEYmxTdxcyWSfO06p5VL+7PK7WbLM88OkCH6Bi56ArV0B2qowYiaIBe0Ct6s96tD+vL+p6N5qxsZx/Nwfr5BZSWp5o=</latexit>

1000
<latexit sha1_base64="dV0cP9p7oH5V8b1wBClGaqSiABc=">AAACLHicbVDLSsNAFJ3UV62vti7dBIvgxpL4QJdFNy4r2Ae0oUwmN83QySTMTIQY+gtu9Sv8Gjcibv0OJ20WtvXAhcO593LvOW7MqFSW9WmU1tY3NrfK25Wd3b39g2qt3pVRIgh0SMQi0XexBEY5dBRVDPqxABy6DHru5C7v955ASBrxR5XG4IR4zKlPCVa5ZFuWNao2rKY1g7lK7II0UIH2qGbUh15EkhC4IgxLObCtWDkZFooSBtPKMJEQYzLBYxhoynEI0slmz07NE614ph8JXVyZM/XvRoZDKdPQ1ZMhVoFc7uXif71BovwbJ6M8ThRwMj/kJ8xUkZk7Nz0qgCiWaoKJoPpXkwRYYKJ0PgtXpDYVgLdgJFN08ryqnPmQ8hDzqU7RXs5slXTPm/ZF8+rhstG6LfIsoyN0jE6Rja5RC92jNuogggL0gl7Rm/FufBhfxvd8tGQUO4doAcbPLwZsp88=</latexit>

2000
<latexit sha1_base64="g7MyKG4RzZSaXTHOW5KDUvoaN9U=">AAACLHicbVDLSsNAFJ34rPXV1qWbYBHcWJKq6LLoxmUF+4A2lMnkphk6mYSZiRBDf8GtfoVf40bErd/hpM3Cth64cDj3Xu49x40ZlcqyPo219Y3Nre3STnl3b//gsFKtdWWUCAIdErFI9F0sgVEOHUUVg34sAIcug547ucv7vScQkkb8UaUxOCEec+pTglUuNS3LGlXqVsOawVwldkHqqEB7VDVqQy8iSQhcEYalHNhWrJwMC0UJg2l5mEiIMZngMQw05TgE6WSzZ6fmqVY804+ELq7Mmfp3I8OhlGno6skQq0Au93Lxv94gUf6Nk1EeJwo4mR/yE2aqyMydmx4VQBRLNcFEUP2rSQIsMFE6n4UrUpsKwFswkik6eV5Vzn1IeYj5VKdoL2e2SrrNhn3RuHq4rLduizxL6BidoDNko2vUQveojTqIoAC9oFf0ZrwbH8aX8T0fXTOKnSO0AOPnFwg0p9A=</latexit>

1.505(10) · 10�9
<latexit sha1_base64="9v+K3txGHr/QkHm7gnQFmWGk+fk="></latexit>

6.787(52) · 10�9
<latexit sha1_base64="luNj2Vy41SXwAf5AegqcQEpmv9c="></latexit>

1.4300(17) · 10�9
<latexit sha1_base64="/T/Qld4Fn62RJDs3PVbFu+tOrLY="></latexit>





Conclusion



Conclusion

We constructed a framework in which cross-sections are expressed as a sum over 
initial-state multiplities, on top of final-state multiplicities.



Conclusion

We constructed a framework in which cross-sections are expressed as a sum over 
initial-state multiplities, on top of final-state multiplicities.

The many initial-state partons are clustered into “jets” that describe the initial-state 
hadrons



Conclusion

We constructed a framework in which cross-sections are expressed as a sum over 
initial-state multiplities, on top of final-state multiplicities.

The many initial-state partons are clustered into “jets” that describe the initial-state 
hadrons

At leading power in the virtuality of these “jets” we retrieve the parton model results, 
up to a scheme-change, for the DIS and DY cross-sections



Conclusion

Leading-power computational method via Local Unitarity:

Construct a MC method that integrates any NLO cross-section without the need for 
dimensional regularisation in either phase-space nor loops (barred DIS)

Investigate MC method for NNLO cross-sections

We constructed a framework in which cross-sections are expressed as a sum over 
initial-state multiplities, on top of final-state multiplicities.

The many initial-state partons are clustered into “jets” that describe the initial-state 
hadrons

At leading power in the virtuality of these “jets” we retrieve the parton model results, 
up to a scheme-change, for the DIS and DY cross-sections



Conclusion

Leading-power computational method via Local Unitarity:

Construct a MC method that integrates any NLO cross-section without the need for 
dimensional regularisation in either phase-space nor loops (barred DIS)

Investigate MC method for NNLO cross-sections

Investigate power-corrections in ⇤2
<latexit sha1_base64="yK3VkMpcacm8L2vNtsNy3m1z2cQ=">AAACVHicbVBNS8NAEN2kftT6rUcvwSJ4sSR+oBdB9OLBg4JtlTbKZLPRpbubsDsRauiv8Kp/S/C/eHAbe7CtAwOP92aYNy/KBDfo+1+OW5mZnZuvLtQWl5ZXVtfWN1omzTVlTZqKVN9FYJjgijWRo2B3mWYgI8HaUe9iqLdfmDY8VbfYz1go4UnxhFNAS913r+xoDA/7j2t1v+GX5U2DYATqZFTXj+vOUTdOaS6ZQirAmE7gZxgWoJFTwQa1bm5YBrQHT6xjoQLJTFiUjgfejmViL0m1bYVeyf7dKEAa05eRnZSAz2ZSG5L/aZ0ck5Ow4CrLkSn6eyjJhYepN3zfi7lmFEXfAqCaW68efQYNFG1Ik1eG3szYJ0VckuMc8t7r+L80lRngadCwwYWlvpewvpKgBjboYDLWadDabwQHjaObw/rZ+SjyKtki22SXBOSYnJFLck2ahBJJ3sg7+XA+nW+34s7+jrrOaGeTjJW78gMwhLU1</latexit>

Ideally one would start comparing with DIS, which has a well-defined OPE, and 
some work has been done on determining twist four operators, especially in the so-
called handbag model

Jaffe, Soldate (1982) Ellis, Furmanski, Petronzio (1983) Qiu (1990)

We constructed a framework in which cross-sections are expressed as a sum over 
initial-state multiplities, on top of final-state multiplicities.

The many initial-state partons are clustered into “jets” that describe the initial-state 
hadrons

At leading power in the virtuality of these “jets” we retrieve the parton model results, 
up to a scheme-change, for the DIS and DY cross-sections


