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Correlation functions
• Correlations are the most basic observables in physics


• Perhaps the most well-known example is the spin-spin 
correlation in Ising model


• Scattering amplitudes in QFT are related to correlation 
functions through LSZ reduction


• But amplitudes in gauge theory are not directly 
observable beyond tree-level, due to the appearance of 
IR divergences


• Energy Correlators are a class of observables, which are 
both physical, and infrared finite



• Consider e+e- to hadrons 

Belitsky, et al, 2013



Energy-Energy Correlator

• Integrate over the two calorimeter position


• Average over different event (at the same sqrt(S))


• The simplest energy correlator on the sphere is the two-
point energy correlator (EEC)

From 
AnJie Gao

�

• Mollweide projection of the energy deposition at the 
detector



EEC as four-point Wightman correlator

• EEC is a special jet observable in the sense that it has a 
simple operator definition

Oµ(x) =  ̄�µ (x)
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• Tμν is the stress tensor. E.g., for Dirac Fermion

Tµ⌫ = i ̄�µ@⌫ � gµ⌫L
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• ε(n) is the so-called light-ray operator. see e.g. Balitsky, 
Braun, 1989

Hofman, Maldacena, 2008



Why this observable is interesting?

• Precision test of QCD

One of the best extraction 
of alpha_s from jets!

• Strong interest from conformal field theory community


• Bounding operator anomalous dimension. e.g., ANEC


• OPE of light-ray operator


• Data from integrability => collider predictions


• ……

Also important for new physics 
search through jet substructure!

Kardos et al., 1804.09146 Lakorski, Moult, Neill



• EEC was proposed 40 years ago


• Since then dedicated theoretical and experimental study

Basham, Brown, Ellis, Love, 1978

A typical dijet event

�ij
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angle between 
pi and pj



• First ever event shape in analytical form at NLO!



• First ever event shape in analytical form at NLO!



Probing TMD physics 
in jet process

� ! ⇡

A typical dijet event

• EEC was proposed 40 years ago


• Since then dedicated theoretical and experimental study

Basham, Brown, Ellis, Love, 1978

�ij
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Sudakov double logarithms
• The back-to-back region of EEC is characterized by large 

Sudakov logarithms

z =

1� cos�

2

• They are Sudakov double logarithms. They arise from 
soft-collinear radiation of massless gauge theory
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• We will resum the Sudakov logs in Soft-Collinear Effective 
Theory (SCET)
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soft recoil: ⇡ � ✓ij
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a collinear splitting
⇡ � ✓ij

2
'

|~kh?,i|
xiQ

b collinear splitting
⇡ � ✓ij

2
'

|~kh?,j |
xjQ

Factorization in kinematics



Factorization formula

H(Q,µ) =
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<latexit sha1_base64="F5Gs/e2vt3SEtIQHkgHZJUOhELQ=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUL9gFtKZk004ZmkpDcEevQL3Al6Le4E7d+gp/izrSdhW09cOFwzr3ce0+oBbfg+99ebm19Y3Mrv13Y2d3bPygeHjWsSgxldaqEMq2QWCa4ZHXgIFhLG0biULBmOLqd+s0HZixX8h7GmnVjMpA84pSAk2qPvWLJL/sz4FUSZKSEMlR7xZ9OX9EkZhKoINa2A19DNyUGOBVsUugklmlCR2TA2o5KEjPbTWeHTvCZU/o4UsaVBDxT/06kJLZ2HIeuMyYwtMveVPzPaycQXXdTLnUCTNL5oigRGBSefo373DAKYuwIoYa7WzEdEkMouGwWtgAfPS18kepBpIUCO3FZBcvJrJLGRTnwy0HtslS5yVLLoxN0is5RgK5QBd2hKqojihh6Rq/ozXvx3r0P73PemvOymWO0AO/rF0Spnfs=</latexit><latexit sha1_base64="F5Gs/e2vt3SEtIQHkgHZJUOhELQ=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUL9gFtKZk004ZmkpDcEevQL3Al6Le4E7d+gp/izrSdhW09cOFwzr3ce0+oBbfg+99ebm19Y3Mrv13Y2d3bPygeHjWsSgxldaqEMq2QWCa4ZHXgIFhLG0biULBmOLqd+s0HZixX8h7GmnVjMpA84pSAk2qPvWLJL/sz4FUSZKSEMlR7xZ9OX9EkZhKoINa2A19DNyUGOBVsUugklmlCR2TA2o5KEjPbTWeHTvCZU/o4UsaVBDxT/06kJLZ2HIeuMyYwtMveVPzPaycQXXdTLnUCTNL5oigRGBSefo373DAKYuwIoYa7WzEdEkMouGwWtgAfPS18kepBpIUCO3FZBcvJrJLGRTnwy0HtslS5yVLLoxN0is5RgK5QBd2hKqojihh6Rq/ozXvx3r0P73PemvOymWO0AO/rF0Spnfs=</latexit><latexit sha1_base64="F5Gs/e2vt3SEtIQHkgHZJUOhELQ=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUL9gFtKZk004ZmkpDcEevQL3Al6Le4E7d+gp/izrSdhW09cOFwzr3ce0+oBbfg+99ebm19Y3Mrv13Y2d3bPygeHjWsSgxldaqEMq2QWCa4ZHXgIFhLG0biULBmOLqd+s0HZixX8h7GmnVjMpA84pSAk2qPvWLJL/sz4FUSZKSEMlR7xZ9OX9EkZhKoINa2A19DNyUGOBVsUugklmlCR2TA2o5KEjPbTWeHTvCZU/o4UsaVBDxT/06kJLZ2HIeuMyYwtMveVPzPaycQXXdTLnUCTNL5oigRGBSefo373DAKYuwIoYa7WzEdEkMouGwWtgAfPS18kepBpIUCO3FZBcvJrJLGRTnwy0HtslS5yVLLoxN0is5RgK5QBd2hKqojihh6Rq/ozXvx3r0P73PemvOymWO0AO/rF0Spnfs=</latexit><latexit sha1_base64="F5Gs/e2vt3SEtIQHkgHZJUOhELQ=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUL9gFtKZk004ZmkpDcEevQL3Al6Le4E7d+gp/izrSdhW09cOFwzr3ce0+oBbfg+99ebm19Y3Mrv13Y2d3bPygeHjWsSgxldaqEMq2QWCa4ZHXgIFhLG0biULBmOLqd+s0HZixX8h7GmnVjMpA84pSAk2qPvWLJL/sz4FUSZKSEMlR7xZ9OX9EkZhKoINa2A19DNyUGOBVsUugklmlCR2TA2o5KEjPbTWeHTvCZU/o4UsaVBDxT/06kJLZ2HIeuMyYwtMveVPzPaycQXXdTLnUCTNL5oigRGBSefo373DAKYuwIoYa7WzEdEkMouGwWtgAfPS18kepBpIUCO3FZBcvJrJLGRTnwy0HtslS5yVLLoxN0is5RgK5QBd2hKqojihh6Rq/ozXvx3r0P73PemvOymWO0AO/rF0Spnfs=</latexit>

Iqi(~b?, x) =
<latexit sha1_base64="FXE9Aahe+WO11lnL04TON64a2TY="></latexit><latexit sha1_base64="FXE9Aahe+WO11lnL04TON64a2TY="></latexit><latexit sha1_base64="FXE9Aahe+WO11lnL04TON64a2TY="></latexit><latexit sha1_base64="FXE9Aahe+WO11lnL04TON64a2TY="></latexit>

SEEC(~b?, µ, ⌫) =
<latexit sha1_base64="IjqaGFw+HNY2wJsZj2U+u9cYmzU="></latexit><latexit sha1_base64="IjqaGFw+HNY2wJsZj2U+u9cYmzU="></latexit><latexit sha1_base64="IjqaGFw+HNY2wJsZj2U+u9cYmzU="></latexit><latexit sha1_base64="IjqaGFw+HNY2wJsZj2U+u9cYmzU="></latexit>



Resummation from RG evolution
• Virtuality evolution

• Rapidity evolution

Hard

Soft Jet

µ = Q
<latexit sha1_base64="0sUp0CC0skiY752XzNjuH6X1WGI=">AAACFXicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0EYI2lgmYD4gOcLeZi9Zbvf22J0T4pEfYSXob7ETW2t/ip2b5AqT+GDg8d4MM/OCRHADrvvtFNbWNza3itulnd29/YPy4VHLqFRT1qRKKN0JiGGCx6wJHATrJJoRGQjWDqK7qd9+ZNpwFT/AOGG+JMOYh5wSsFK7J1N8gxv9csWtujPgVeLlpIJy1Pvln95A0VSyGKggxnQ9NwE/Ixo4FWxS6qWGJYRGZMi6lsZEMuNns3Mn+MwqAxwqbSsGPFP/TmREGjOWge2UBEZm2ZuK/3ndFMJrP+NxkgKL6XxRmAoMCk9/xwOuGQUxtoRQze2tmI6IJhRsQgtbgEdPC19kyTBMhAIzsVl5y8msktZF1XOrXuOyUrvNUyuiE3SKzpGHrlAN3aM6aiKKIvSMXtGb8+K8Ox/O57y14OQzx2gBztcvzCmfyw==</latexit><latexit sha1_base64="0sUp0CC0skiY752XzNjuH6X1WGI=">AAACFXicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0EYI2lgmYD4gOcLeZi9Zbvf22J0T4pEfYSXob7ETW2t/ip2b5AqT+GDg8d4MM/OCRHADrvvtFNbWNza3itulnd29/YPy4VHLqFRT1qRKKN0JiGGCx6wJHATrJJoRGQjWDqK7qd9+ZNpwFT/AOGG+JMOYh5wSsFK7J1N8gxv9csWtujPgVeLlpIJy1Pvln95A0VSyGKggxnQ9NwE/Ixo4FWxS6qWGJYRGZMi6lsZEMuNns3Mn+MwqAxwqbSsGPFP/TmREGjOWge2UBEZm2ZuK/3ndFMJrP+NxkgKL6XxRmAoMCk9/xwOuGQUxtoRQze2tmI6IJhRsQgtbgEdPC19kyTBMhAIzsVl5y8msktZF1XOrXuOyUrvNUyuiE3SKzpGHrlAN3aM6aiKKIvSMXtGb8+K8Ox/O57y14OQzx2gBztcvzCmfyw==</latexit><latexit sha1_base64="0sUp0CC0skiY752XzNjuH6X1WGI=">AAACFXicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0EYI2lgmYD4gOcLeZi9Zbvf22J0T4pEfYSXob7ETW2t/ip2b5AqT+GDg8d4MM/OCRHADrvvtFNbWNza3itulnd29/YPy4VHLqFRT1qRKKN0JiGGCx6wJHATrJJoRGQjWDqK7qd9+ZNpwFT/AOGG+JMOYh5wSsFK7J1N8gxv9csWtujPgVeLlpIJy1Pvln95A0VSyGKggxnQ9NwE/Ixo4FWxS6qWGJYRGZMi6lsZEMuNns3Mn+MwqAxwqbSsGPFP/TmREGjOWge2UBEZm2ZuK/3ndFMJrP+NxkgKL6XxRmAoMCk9/xwOuGQUxtoRQze2tmI6IJhRsQgtbgEdPC19kyTBMhAIzsVl5y8msktZF1XOrXuOyUrvNUyuiE3SKzpGHrlAN3aM6aiKKIvSMXtGb8+K8Ox/O57y14OQzx2gBztcvzCmfyw==</latexit><latexit sha1_base64="0sUp0CC0skiY752XzNjuH6X1WGI=">AAACFXicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0EYI2lgmYD4gOcLeZi9Zbvf22J0T4pEfYSXob7ETW2t/ip2b5AqT+GDg8d4MM/OCRHADrvvtFNbWNza3itulnd29/YPy4VHLqFRT1qRKKN0JiGGCx6wJHATrJJoRGQjWDqK7qd9+ZNpwFT/AOGG+JMOYh5wSsFK7J1N8gxv9csWtujPgVeLlpIJy1Pvln95A0VSyGKggxnQ9NwE/Ixo4FWxS6qWGJYRGZMi6lsZEMuNns3Mn+MwqAxwqbSsGPFP/TmREGjOWge2UBEZm2ZuK/3ndFMJrP+NxkgKL6XxRmAoMCk9/xwOuGQUxtoRQze2tmI6IJhRsQgtbgEdPC19kyTBMhAIzsVl5y8msktZF1XOrXuOyUrvNUyuiE3SKzpGHrlAN3aM6aiKKIvSMXtGb8+K8Ox/O57y14OQzx2gBztcvzCmfyw==</latexit>

µ = 1/b
<latexit sha1_base64="GRSUuZiyMvVurKolh3PDG9H/k78=">AAACF3icbVBNSwMxEM3Wr1q/qh69BIvgqe6KoBeh6MVjBfshbSnZNNuGJtmQzAp16a/wJOhv8SZePfpTvJm2e7DVBwOP92aYmRdqwS34/peXW1peWV3Lrxc2Nre2d4q7e3UbJ4ayGo1FbJohsUxwxWrAQbCmNozIULBGOLye+I0HZiyP1R2MNOtI0lc84pSAk+7bMsGXODgJu8WSX/anwH9JkJESylDtFr/bvZgmkimggljbCnwNnZQY4FSwcaGdWKYJHZI+azmqiGS2k04PHuMjp/RwFBtXCvBU/T2REmntSIauUxIY2EVvIv7ntRKILjopVzoBpuhsUZQIDDGefI973DAKYuQIoYa7WzEdEEMouIzmtgAfPs59kep+pEUMduyyChaT+Uvqp+XALwe3Z6XKVZZaHh2gQ3SMAnSOKugGVVENUSTRE3pBr96z9+a9ex+z1pyXzeyjOXifP9bqoFA=</latexit><latexit sha1_base64="GRSUuZiyMvVurKolh3PDG9H/k78=">AAACF3icbVBNSwMxEM3Wr1q/qh69BIvgqe6KoBeh6MVjBfshbSnZNNuGJtmQzAp16a/wJOhv8SZePfpTvJm2e7DVBwOP92aYmRdqwS34/peXW1peWV3Lrxc2Nre2d4q7e3UbJ4ayGo1FbJohsUxwxWrAQbCmNozIULBGOLye+I0HZiyP1R2MNOtI0lc84pSAk+7bMsGXODgJu8WSX/anwH9JkJESylDtFr/bvZgmkimggljbCnwNnZQY4FSwcaGdWKYJHZI+azmqiGS2k04PHuMjp/RwFBtXCvBU/T2REmntSIauUxIY2EVvIv7ntRKILjopVzoBpuhsUZQIDDGefI973DAKYuQIoYa7WzEdEEMouIzmtgAfPs59kep+pEUMduyyChaT+Uvqp+XALwe3Z6XKVZZaHh2gQ3SMAnSOKugGVVENUSTRE3pBr96z9+a9ex+z1pyXzeyjOXifP9bqoFA=</latexit><latexit sha1_base64="GRSUuZiyMvVurKolh3PDG9H/k78=">AAACF3icbVBNSwMxEM3Wr1q/qh69BIvgqe6KoBeh6MVjBfshbSnZNNuGJtmQzAp16a/wJOhv8SZePfpTvJm2e7DVBwOP92aYmRdqwS34/peXW1peWV3Lrxc2Nre2d4q7e3UbJ4ayGo1FbJohsUxwxWrAQbCmNozIULBGOLye+I0HZiyP1R2MNOtI0lc84pSAk+7bMsGXODgJu8WSX/anwH9JkJESylDtFr/bvZgmkimggljbCnwNnZQY4FSwcaGdWKYJHZI+azmqiGS2k04PHuMjp/RwFBtXCvBU/T2REmntSIauUxIY2EVvIv7ntRKILjopVzoBpuhsUZQIDDGefI973DAKYuQIoYa7WzEdEEMouIzmtgAfPs59kep+pEUMduyyChaT+Uvqp+XALwe3Z6XKVZZaHh2gQ3SMAnSOKugGVVENUSTRE3pBr96z9+a9ex+z1pyXzeyjOXifP9bqoFA=</latexit><latexit sha1_base64="GRSUuZiyMvVurKolh3PDG9H/k78=">AAACF3icbVBNSwMxEM3Wr1q/qh69BIvgqe6KoBeh6MVjBfshbSnZNNuGJtmQzAp16a/wJOhv8SZePfpTvJm2e7DVBwOP92aYmRdqwS34/peXW1peWV3Lrxc2Nre2d4q7e3UbJ4ayGo1FbJohsUxwxWrAQbCmNozIULBGOLye+I0HZiyP1R2MNOtI0lc84pSAk+7bMsGXODgJu8WSX/anwH9JkJESylDtFr/bvZgmkimggljbCnwNnZQY4FSwcaGdWKYJHZI+azmqiGS2k04PHuMjp/RwFBtXCvBU/T2REmntSIauUxIY2EVvIv7ntRKILjopVzoBpuhsUZQIDDGefI973DAKYuQIoYa7WzEdEEMouIzmtgAfPs59kep+pEUMduyyChaT+Uvqp+XALwe3Z6XKVZZaHh2gQ3SMAnSOKugGVVENUSTRE3pBr96z9+a9ex+z1pyXzeyjOXifP9bqoFA=</latexit>

⌫ = 1/b
<latexit sha1_base64="JDJRBx/Te6BEL4hfAFcQPRa0YAo=">AAACF3icbVBNSwMxEM3Wr1q/qh69BIvgqe6KoBeh6MVjBfshbSnZNNuGZpOQzAp16a/wJOhv8SZePfpTvJm2e7DVBwOP92aYmRdqwS34/peXW1peWV3Lrxc2Nre2d4q7e3WrEkNZjSqhTDMklgkuWQ04CNbUhpE4FKwRDq8nfuOBGcuVvIORZp2Y9CWPOCXgpPu2TPAlDk7CbrHkl/0p8F8SZKSEMlS7xe92T9EkZhKoINa2Al9DJyUGOBVsXGgnlmlCh6TPWo5KEjPbSacHj/GRU3o4UsaVBDxVf0+kJLZ2FIeuMyYwsIveRPzPayUQXXRSLnUCTNLZoigRGBSefI973DAKYuQIoYa7WzEdEEMouIzmtgAfPs59kep+pIUCO3ZZBYvJ/CX103Lgl4Pbs1LlKkstjw7QITpGATpHFXSDqqiGKIrRE3pBr96z9+a9ex+z1pyXzeyjOXifP9icoFE=</latexit><latexit sha1_base64="JDJRBx/Te6BEL4hfAFcQPRa0YAo=">AAACF3icbVBNSwMxEM3Wr1q/qh69BIvgqe6KoBeh6MVjBfshbSnZNNuGZpOQzAp16a/wJOhv8SZePfpTvJm2e7DVBwOP92aYmRdqwS34/peXW1peWV3Lrxc2Nre2d4q7e3WrEkNZjSqhTDMklgkuWQ04CNbUhpE4FKwRDq8nfuOBGcuVvIORZp2Y9CWPOCXgpPu2TPAlDk7CbrHkl/0p8F8SZKSEMlS7xe92T9EkZhKoINa2Al9DJyUGOBVsXGgnlmlCh6TPWo5KEjPbSacHj/GRU3o4UsaVBDxVf0+kJLZ2FIeuMyYwsIveRPzPayUQXXRSLnUCTNLZoigRGBSefI973DAKYuQIoYa7WzEdEEMouIzmtgAfPs59kep+pIUCO3ZZBYvJ/CX103Lgl4Pbs1LlKkstjw7QITpGATpHFXSDqqiGKIrRE3pBr96z9+a9ex+z1pyXzeyjOXifP9icoFE=</latexit><latexit sha1_base64="JDJRBx/Te6BEL4hfAFcQPRa0YAo=">AAACF3icbVBNSwMxEM3Wr1q/qh69BIvgqe6KoBeh6MVjBfshbSnZNNuGZpOQzAp16a/wJOhv8SZePfpTvJm2e7DVBwOP92aYmRdqwS34/peXW1peWV3Lrxc2Nre2d4q7e3WrEkNZjSqhTDMklgkuWQ04CNbUhpE4FKwRDq8nfuOBGcuVvIORZp2Y9CWPOCXgpPu2TPAlDk7CbrHkl/0p8F8SZKSEMlS7xe92T9EkZhKoINa2Al9DJyUGOBVsXGgnlmlCh6TPWo5KEjPbSacHj/GRU3o4UsaVBDxVf0+kJLZ2FIeuMyYwsIveRPzPayUQXXRSLnUCTNLZoigRGBSefI973DAKYuQIoYa7WzEdEEMouIzmtgAfPs59kep+pIUCO3ZZBYvJ/CX103Lgl4Pbs1LlKkstjw7QITpGATpHFXSDqqiGKIrRE3pBr96z9+a9ex+z1pyXzeyjOXifP9icoFE=</latexit><latexit sha1_base64="JDJRBx/Te6BEL4hfAFcQPRa0YAo=">AAACF3icbVBNSwMxEM3Wr1q/qh69BIvgqe6KoBeh6MVjBfshbSnZNNuGZpOQzAp16a/wJOhv8SZePfpTvJm2e7DVBwOP92aYmRdqwS34/peXW1peWV3Lrxc2Nre2d4q7e3WrEkNZjSqhTDMklgkuWQ04CNbUhpE4FKwRDq8nfuOBGcuVvIORZp2Y9CWPOCXgpPu2TPAlDk7CbrHkl/0p8F8SZKSEMlS7xe92T9EkZhKoINa2Al9DJyUGOBVsXGgnlmlCh6TPWo5KEjPbSacHj/GRU3o4UsaVBDxVf0+kJLZ2FIeuMyYwsIveRPzPayUQXXRSLnUCTNLZoigRGBSefI973DAKYuQIoYa7WzEdEEMouIzmtgAfPs59kep+pIUCO3ZZBYvJ/CX103Lgl4Pbs1LlKkstjw7QITpGATpHFXSDqqiGKIrRE3pBr96z9+a9ex+z1pyXzeyjOXifP9icoFE=</latexit>

⌫ = Q
<latexit sha1_base64="HJ8dlZISSzRxP02+8nVnCpYCq9U=">AAACFXicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0EYI2lgmYD4gOcLeZi9Zbm9v2Z0T4pEfYSXob7ETW2t/ip2b5AqT+GDg8d4MM/MCJbgB1/12CmvrG5tbxe3Szu7e/kH58KhlklRT1qSJSHQnIIYJLlkTOAjWUZqROBCsHUR3U7/9yLThiXyAsWJ+TIaSh5wSsFK7J1N8gxv9csWtujPgVeLlpIJy1Pvln94goWnMJFBBjOl6rgI/Ixo4FWxS6qWGKUIjMmRdSyWJmfGz2bkTfGaVAQ4TbUsCnql/JzISGzOOA9sZExiZZW8q/ud1Uwiv/YxLlQKTdL4oTAWGBE9/xwOuGQUxtoRQze2tmI6IJhRsQgtbgEdPC19kahgqkYCZ2Ky85WRWSeui6rlVr3FZqd3mqRXRCTpF58hDV6iG7lEdNRFFEXpGr+jNeXHenQ/nc95acPKZY7QA5+sXzdmfzA==</latexit><latexit sha1_base64="HJ8dlZISSzRxP02+8nVnCpYCq9U=">AAACFXicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0EYI2lgmYD4gOcLeZi9Zbm9v2Z0T4pEfYSXob7ETW2t/ip2b5AqT+GDg8d4MM/MCJbgB1/12CmvrG5tbxe3Szu7e/kH58KhlklRT1qSJSHQnIIYJLlkTOAjWUZqROBCsHUR3U7/9yLThiXyAsWJ+TIaSh5wSsFK7J1N8gxv9csWtujPgVeLlpIJy1Pvln94goWnMJFBBjOl6rgI/Ixo4FWxS6qWGKUIjMmRdSyWJmfGz2bkTfGaVAQ4TbUsCnql/JzISGzOOA9sZExiZZW8q/ud1Uwiv/YxLlQKTdL4oTAWGBE9/xwOuGQUxtoRQze2tmI6IJhRsQgtbgEdPC19kahgqkYCZ2Ky85WRWSeui6rlVr3FZqd3mqRXRCTpF58hDV6iG7lEdNRFFEXpGr+jNeXHenQ/nc95acPKZY7QA5+sXzdmfzA==</latexit><latexit sha1_base64="HJ8dlZISSzRxP02+8nVnCpYCq9U=">AAACFXicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0EYI2lgmYD4gOcLeZi9Zbm9v2Z0T4pEfYSXob7ETW2t/ip2b5AqT+GDg8d4MM/MCJbgB1/12CmvrG5tbxe3Szu7e/kH58KhlklRT1qSJSHQnIIYJLlkTOAjWUZqROBCsHUR3U7/9yLThiXyAsWJ+TIaSh5wSsFK7J1N8gxv9csWtujPgVeLlpIJy1Pvln94goWnMJFBBjOl6rgI/Ixo4FWxS6qWGKUIjMmRdSyWJmfGz2bkTfGaVAQ4TbUsCnql/JzISGzOOA9sZExiZZW8q/ud1Uwiv/YxLlQKTdL4oTAWGBE9/xwOuGQUxtoRQze2tmI6IJhRsQgtbgEdPC19kahgqkYCZ2Ky85WRWSeui6rlVr3FZqd3mqRXRCTpF58hDV6iG7lEdNRFFEXpGr+jNeXHenQ/nc95acPKZY7QA5+sXzdmfzA==</latexit><latexit sha1_base64="HJ8dlZISSzRxP02+8nVnCpYCq9U=">AAACFXicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0EYI2lgmYD4gOcLeZi9Zbm9v2Z0T4pEfYSXob7ETW2t/ip2b5AqT+GDg8d4MM/MCJbgB1/12CmvrG5tbxe3Szu7e/kH58KhlklRT1qSJSHQnIIYJLlkTOAjWUZqROBCsHUR3U7/9yLThiXyAsWJ+TIaSh5wSsFK7J1N8gxv9csWtujPgVeLlpIJy1Pvln94goWnMJFBBjOl6rgI/Ixo4FWxS6qWGKUIjMmRdSyWJmfGz2bkTfGaVAQ4TbUsCnql/JzISGzOOA9sZExiZZW8q/ud1Uwiv/YxLlQKTdL4oTAWGBE9/xwOuGQUxtoRQze2tmI6IJhRsQgtbgEdPC19kahgqkYCZ2Ky85WRWSeui6rlVr3FZqd3mqRXRCTpF58hDV6iG7lEdNRFFEXpGr+jNeXHenQ/nc95acPKZY7QA5+sXzdmfzA==</latexit>
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Rapidity evolution



Counting of logarithms

ln�(b) ⇠ ↵s

⇥
ln2 b+ ln b+ 1

⇤

+ ↵2
s

⇥
ln3 b+ ln2 b+ ln b+ 1

⇤

+ ↵3
s

⇥
ln4 b+ ln3 b+ ln2 b+ ln b+ 1

⇤

+ . . .
<latexit sha1_base64="WcAOnG9CNQqtycyh9jq/BbM20cA="></latexit><latexit sha1_base64="WcAOnG9CNQqtycyh9jq/BbM20cA="></latexit><latexit sha1_base64="WcAOnG9CNQqtycyh9jq/BbM20cA="></latexit><latexit sha1_base64="WcAOnG9CNQqtycyh9jq/BbM20cA="></latexit>

LL NLL NNLL N3LL N3LL’

Grazzini, de Florian, 2004

Moult, HXZ, 2018



Numerical results
• Resummation is necessary for comparing theory and date


• Provide precision constraint on αₛ and TMDFF (work in 
progress)
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Going beyond two-point correlation

• Can we compute three-point energy correlators?

�1
<latexit sha1_base64="jH1sA1eovhGJLGT6GUnLaHTizek=">AAACJnicbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bisYB/QlDCZTtqhk0yYuVFizM+4EvRb3Im48zfcmaZFbO2BgcM5986ZOV4kuAbL+jRKS8srq2vl9crG5tb2jrm719IyVpQ1qRRSdTyimeAhawIHwTqRYiTwBGt7o6ux375jSnMZ3kISsV5ABiH3OSWQS655kDrFJWnChJD3mUOH3LUz16zaNasA/iXWvFJFUzRc89vpSxoHLAQqiNZd24qglxIFnAqWVZxYs4jQERmwbk5DEjDdS4voDB/nSh/7UuUnBFyofzdSEmidBF4+GRAY6nlvLC7yujH4F72Uh1EMLKSTID8WGCQel4H7XDEKIskJoYrnb8V0SBShkFc2kwJ89DDzizQa+JGQoBd39Y+0Tmu2VbNvzqr1y2lrZXSIjtAJstE5qqNr1EBNRNEjekIv6NV4Nt6Md+NjMloypjv7aAbG1w+wTaev</latexit><latexit sha1_base64="jH1sA1eovhGJLGT6GUnLaHTizek=">AAACJnicbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bisYB/QlDCZTtqhk0yYuVFizM+4EvRb3Im48zfcmaZFbO2BgcM5986ZOV4kuAbL+jRKS8srq2vl9crG5tb2jrm719IyVpQ1qRRSdTyimeAhawIHwTqRYiTwBGt7o6ux375jSnMZ3kISsV5ABiH3OSWQS655kDrFJWnChJD3mUOH3LUz16zaNasA/iXWvFJFUzRc89vpSxoHLAQqiNZd24qglxIFnAqWVZxYs4jQERmwbk5DEjDdS4voDB/nSh/7UuUnBFyofzdSEmidBF4+GRAY6nlvLC7yujH4F72Uh1EMLKSTID8WGCQel4H7XDEKIskJoYrnb8V0SBShkFc2kwJ89DDzizQa+JGQoBd39Y+0Tmu2VbNvzqr1y2lrZXSIjtAJstE5qqNr1EBNRNEjekIv6NV4Nt6Md+NjMloypjv7aAbG1w+wTaev</latexit><latexit sha1_base64="jH1sA1eovhGJLGT6GUnLaHTizek=">AAACJnicbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bisYB/QlDCZTtqhk0yYuVFizM+4EvRb3Im48zfcmaZFbO2BgcM5986ZOV4kuAbL+jRKS8srq2vl9crG5tb2jrm719IyVpQ1qRRSdTyimeAhawIHwTqRYiTwBGt7o6ux375jSnMZ3kISsV5ABiH3OSWQS655kDrFJWnChJD3mUOH3LUz16zaNasA/iXWvFJFUzRc89vpSxoHLAQqiNZd24qglxIFnAqWVZxYs4jQERmwbk5DEjDdS4voDB/nSh/7UuUnBFyofzdSEmidBF4+GRAY6nlvLC7yujH4F72Uh1EMLKSTID8WGCQel4H7XDEKIskJoYrnb8V0SBShkFc2kwJ89DDzizQa+JGQoBd39Y+0Tmu2VbNvzqr1y2lrZXSIjtAJstE5qqNr1EBNRNEjekIv6NV4Nt6Md+NjMloypjv7aAbG1w+wTaev</latexit><latexit sha1_base64="jH1sA1eovhGJLGT6GUnLaHTizek=">AAACJnicbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bisYB/QlDCZTtqhk0yYuVFizM+4EvRb3Im48zfcmaZFbO2BgcM5986ZOV4kuAbL+jRKS8srq2vl9crG5tb2jrm719IyVpQ1qRRSdTyimeAhawIHwTqRYiTwBGt7o6ux375jSnMZ3kISsV5ABiH3OSWQS655kDrFJWnChJD3mUOH3LUz16zaNasA/iXWvFJFUzRc89vpSxoHLAQqiNZd24qglxIFnAqWVZxYs4jQERmwbk5DEjDdS4voDB/nSh/7UuUnBFyofzdSEmidBF4+GRAY6nlvLC7yujH4F72Uh1EMLKSTID8WGCQel4H7XDEKIskJoYrnb8V0SBShkFc2kwJ89DDzizQa+JGQoBd39Y+0Tmu2VbNvzqr1y2lrZXSIjtAJstE5qqNr1EBNRNEjekIv6NV4Nt6Md+NjMloypjv7aAbG1w+wTaev</latexit>

�2
<latexit sha1_base64="elwMwwEehnMNNKonTESa/mVj6Cg=">AAACJnicbVDLSsNAFJ3UV62vqODGTbAIrkpSBF0W3bisYB/QhDCZTtqhk0yYuVFi7M+4EvRb3Im48zfcOU2L2OqBgcM5986ZOUHCmQLb/jBKS8srq2vl9crG5tb2jrm711YilYS2iOBCdgOsKGcxbQEDTruJpDgKOO0Eo8uJ37mlUjER30CWUC/Cg5iFjGDQkm8e5G5xSZ5RzsXd2CVD5tfHvll1anYB64fYi0oVzdD0zS+3L0ga0RgIx0r1HDsBL8cSGOF0XHFTRRNMRnhAe5rGOKLKy4vosXWslb4VCqlPDFah/t7IcaRUFgV6MsIwVIveRPzP66UQnns5i5MUaEymQWHKLRDWpAyrzyQlwDNNMJFMv9UiQywxAV3ZXAqw0f3cL/JkECZcgPq/qz+kXa85ds25Pq02LmatldEhOkInyEFnqIGuUBO1EEEP6BE9oxfjyXg13oz36WjJmO3sozkYn9+x+aew</latexit><latexit sha1_base64="elwMwwEehnMNNKonTESa/mVj6Cg=">AAACJnicbVDLSsNAFJ3UV62vqODGTbAIrkpSBF0W3bisYB/QhDCZTtqhk0yYuVFi7M+4EvRb3Im48zfcOU2L2OqBgcM5986ZOUHCmQLb/jBKS8srq2vl9crG5tb2jrm711YilYS2iOBCdgOsKGcxbQEDTruJpDgKOO0Eo8uJ37mlUjER30CWUC/Cg5iFjGDQkm8e5G5xSZ5RzsXd2CVD5tfHvll1anYB64fYi0oVzdD0zS+3L0ga0RgIx0r1HDsBL8cSGOF0XHFTRRNMRnhAe5rGOKLKy4vosXWslb4VCqlPDFah/t7IcaRUFgV6MsIwVIveRPzP66UQnns5i5MUaEymQWHKLRDWpAyrzyQlwDNNMJFMv9UiQywxAV3ZXAqw0f3cL/JkECZcgPq/qz+kXa85ds25Pq02LmatldEhOkInyEFnqIGuUBO1EEEP6BE9oxfjyXg13oz36WjJmO3sozkYn9+x+aew</latexit><latexit sha1_base64="elwMwwEehnMNNKonTESa/mVj6Cg=">AAACJnicbVDLSsNAFJ3UV62vqODGTbAIrkpSBF0W3bisYB/QhDCZTtqhk0yYuVFi7M+4EvRb3Im48zfcOU2L2OqBgcM5986ZOUHCmQLb/jBKS8srq2vl9crG5tb2jrm711YilYS2iOBCdgOsKGcxbQEDTruJpDgKOO0Eo8uJ37mlUjER30CWUC/Cg5iFjGDQkm8e5G5xSZ5RzsXd2CVD5tfHvll1anYB64fYi0oVzdD0zS+3L0ga0RgIx0r1HDsBL8cSGOF0XHFTRRNMRnhAe5rGOKLKy4vosXWslb4VCqlPDFah/t7IcaRUFgV6MsIwVIveRPzP66UQnns5i5MUaEymQWHKLRDWpAyrzyQlwDNNMJFMv9UiQywxAV3ZXAqw0f3cL/JkECZcgPq/qz+kXa85ds25Pq02LmatldEhOkInyEFnqIGuUBO1EEEP6BE9oxfjyXg13oz36WjJmO3sozkYn9+x+aew</latexit><latexit sha1_base64="elwMwwEehnMNNKonTESa/mVj6Cg=">AAACJnicbVDLSsNAFJ3UV62vqODGTbAIrkpSBF0W3bisYB/QhDCZTtqhk0yYuVFi7M+4EvRb3Im48zfcOU2L2OqBgcM5986ZOUHCmQLb/jBKS8srq2vl9crG5tb2jrm711YilYS2iOBCdgOsKGcxbQEDTruJpDgKOO0Eo8uJ37mlUjER30CWUC/Cg5iFjGDQkm8e5G5xSZ5RzsXd2CVD5tfHvll1anYB64fYi0oVzdD0zS+3L0ga0RgIx0r1HDsBL8cSGOF0XHFTRRNMRnhAe5rGOKLKy4vosXWslb4VCqlPDFah/t7IcaRUFgV6MsIwVIveRPzP66UQnns5i5MUaEymQWHKLRDWpAyrzyQlwDNNMJFMv9UiQywxAV3ZXAqw0f3cL/JkECZcgPq/qz+kXa85ds25Pq02LmatldEhOkInyEFnqIGuUBO1EEEP6BE9oxfjyXg13oz36WjJmO3sozkYn9+x+aew</latexit>

�3
<latexit sha1_base64="3MYFEWOQA8sUf54cglbeLRYSOF8=">AAACJnicbVDLSsNAFJ34rPUVFdy4CRbBVUlU0GXRjcsK9gFNCZPppB06mQkzN0qM+RlXgn6LOxF3/oY707SIrT0wcDjn3jkzx48402Dbn8bC4tLyympprby+sbm1be7sNrWMFaENIrlUbR9rypmgDWDAaTtSFIc+py1/eDXyW3dUaSbFLSQR7Ya4L1jACIZc8sz91C0uSRPKubzPXDJg3mnmmRWnahewfok9q1TQBHXP/HZ7ksQhFUA41rrj2BF0U6yAEU6zshtrGmEyxH3ayanAIdXdtIjOrKNc6VmBVPkRYBXq340Uh1onoZ9PhhgGetYbifO8TgzBRTdlIoqBCjIOCmJugbRGZVg9pigBnuQEE8Xyt1pkgBUmkFc2lQJs+DD1izTqBxGXoOd39Y80T6qOXXVuziq1y0lrJXSADtExctA5qqFrVEcNRNAjekIv6NV4Nt6Md+NjPLpgTHb20BSMrx+zpaex</latexit><latexit sha1_base64="3MYFEWOQA8sUf54cglbeLRYSOF8=">AAACJnicbVDLSsNAFJ34rPUVFdy4CRbBVUlU0GXRjcsK9gFNCZPppB06mQkzN0qM+RlXgn6LOxF3/oY707SIrT0wcDjn3jkzx48402Dbn8bC4tLyympprby+sbm1be7sNrWMFaENIrlUbR9rypmgDWDAaTtSFIc+py1/eDXyW3dUaSbFLSQR7Ya4L1jACIZc8sz91C0uSRPKubzPXDJg3mnmmRWnahewfok9q1TQBHXP/HZ7ksQhFUA41rrj2BF0U6yAEU6zshtrGmEyxH3ayanAIdXdtIjOrKNc6VmBVPkRYBXq340Uh1onoZ9PhhgGetYbifO8TgzBRTdlIoqBCjIOCmJugbRGZVg9pigBnuQEE8Xyt1pkgBUmkFc2lQJs+DD1izTqBxGXoOd39Y80T6qOXXVuziq1y0lrJXSADtExctA5qqFrVEcNRNAjekIv6NV4Nt6Md+NjPLpgTHb20BSMrx+zpaex</latexit><latexit sha1_base64="3MYFEWOQA8sUf54cglbeLRYSOF8=">AAACJnicbVDLSsNAFJ34rPUVFdy4CRbBVUlU0GXRjcsK9gFNCZPppB06mQkzN0qM+RlXgn6LOxF3/oY707SIrT0wcDjn3jkzx48402Dbn8bC4tLyympprby+sbm1be7sNrWMFaENIrlUbR9rypmgDWDAaTtSFIc+py1/eDXyW3dUaSbFLSQR7Ya4L1jACIZc8sz91C0uSRPKubzPXDJg3mnmmRWnahewfok9q1TQBHXP/HZ7ksQhFUA41rrj2BF0U6yAEU6zshtrGmEyxH3ayanAIdXdtIjOrKNc6VmBVPkRYBXq340Uh1onoZ9PhhgGetYbifO8TgzBRTdlIoqBCjIOCmJugbRGZVg9pigBnuQEE8Xyt1pkgBUmkFc2lQJs+DD1izTqBxGXoOd39Y80T6qOXXVuziq1y0lrJXSADtExctA5qqFrVEcNRNAjekIv6NV4Nt6Md+NjPLpgTHb20BSMrx+zpaex</latexit><latexit sha1_base64="3MYFEWOQA8sUf54cglbeLRYSOF8=">AAACJnicbVDLSsNAFJ34rPUVFdy4CRbBVUlU0GXRjcsK9gFNCZPppB06mQkzN0qM+RlXgn6LOxF3/oY707SIrT0wcDjn3jkzx48402Dbn8bC4tLyympprby+sbm1be7sNrWMFaENIrlUbR9rypmgDWDAaTtSFIc+py1/eDXyW3dUaSbFLSQR7Ya4L1jACIZc8sz91C0uSRPKubzPXDJg3mnmmRWnahewfok9q1TQBHXP/HZ7ksQhFUA41rrj2BF0U6yAEU6zshtrGmEyxH3ayanAIdXdtIjOrKNc6VmBVPkRYBXq340Uh1onoZ9PhhgGetYbifO8TgzBRTdlIoqBCjIOCmJugbRGZVg9pigBnuQEE8Xyt1pkgBUmkFc2lQJs+DD1izTqBxGXoOd39Y80T6qOXXVuziq1y0lrJXSADtExctA5qqFrVEcNRNAjekIv6NV4Nt6Md+NjPLpgTHb20BSMrx+zpaex</latexit>
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Going beyond two-point correlation

• Can we compute three-point energy correlators?

�1
<latexit sha1_base64="jH1sA1eovhGJLGT6GUnLaHTizek=">AAACJnicbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bisYB/QlDCZTtqhk0yYuVFizM+4EvRb3Im48zfcmaZFbO2BgcM5986ZOV4kuAbL+jRKS8srq2vl9crG5tb2jrm719IyVpQ1qRRSdTyimeAhawIHwTqRYiTwBGt7o6ux375jSnMZ3kISsV5ABiH3OSWQS655kDrFJWnChJD3mUOH3LUz16zaNasA/iXWvFJFUzRc89vpSxoHLAQqiNZd24qglxIFnAqWVZxYs4jQERmwbk5DEjDdS4voDB/nSh/7UuUnBFyofzdSEmidBF4+GRAY6nlvLC7yujH4F72Uh1EMLKSTID8WGCQel4H7XDEKIskJoYrnb8V0SBShkFc2kwJ89DDzizQa+JGQoBd39Y+0Tmu2VbNvzqr1y2lrZXSIjtAJstE5qqNr1EBNRNEjekIv6NV4Nt6Md+NjMloypjv7aAbG1w+wTaev</latexit><latexit sha1_base64="jH1sA1eovhGJLGT6GUnLaHTizek=">AAACJnicbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bisYB/QlDCZTtqhk0yYuVFizM+4EvRb3Im48zfcmaZFbO2BgcM5986ZOV4kuAbL+jRKS8srq2vl9crG5tb2jrm719IyVpQ1qRRSdTyimeAhawIHwTqRYiTwBGt7o6ux375jSnMZ3kISsV5ABiH3OSWQS655kDrFJWnChJD3mUOH3LUz16zaNasA/iXWvFJFUzRc89vpSxoHLAQqiNZd24qglxIFnAqWVZxYs4jQERmwbk5DEjDdS4voDB/nSh/7UuUnBFyofzdSEmidBF4+GRAY6nlvLC7yujH4F72Uh1EMLKSTID8WGCQel4H7XDEKIskJoYrnb8V0SBShkFc2kwJ89DDzizQa+JGQoBd39Y+0Tmu2VbNvzqr1y2lrZXSIjtAJstE5qqNr1EBNRNEjekIv6NV4Nt6Md+NjMloypjv7aAbG1w+wTaev</latexit><latexit sha1_base64="jH1sA1eovhGJLGT6GUnLaHTizek=">AAACJnicbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bisYB/QlDCZTtqhk0yYuVFizM+4EvRb3Im48zfcmaZFbO2BgcM5986ZOV4kuAbL+jRKS8srq2vl9crG5tb2jrm719IyVpQ1qRRSdTyimeAhawIHwTqRYiTwBGt7o6ux375jSnMZ3kISsV5ABiH3OSWQS655kDrFJWnChJD3mUOH3LUz16zaNasA/iXWvFJFUzRc89vpSxoHLAQqiNZd24qglxIFnAqWVZxYs4jQERmwbk5DEjDdS4voDB/nSh/7UuUnBFyofzdSEmidBF4+GRAY6nlvLC7yujH4F72Uh1EMLKSTID8WGCQel4H7XDEKIskJoYrnb8V0SBShkFc2kwJ89DDzizQa+JGQoBd39Y+0Tmu2VbNvzqr1y2lrZXSIjtAJstE5qqNr1EBNRNEjekIv6NV4Nt6Md+NjMloypjv7aAbG1w+wTaev</latexit><latexit sha1_base64="jH1sA1eovhGJLGT6GUnLaHTizek=">AAACJnicbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bisYB/QlDCZTtqhk0yYuVFizM+4EvRb3Im48zfcmaZFbO2BgcM5986ZOV4kuAbL+jRKS8srq2vl9crG5tb2jrm719IyVpQ1qRRSdTyimeAhawIHwTqRYiTwBGt7o6ux375jSnMZ3kISsV5ABiH3OSWQS655kDrFJWnChJD3mUOH3LUz16zaNasA/iXWvFJFUzRc89vpSxoHLAQqiNZd24qglxIFnAqWVZxYs4jQERmwbk5DEjDdS4voDB/nSh/7UuUnBFyofzdSEmidBF4+GRAY6nlvLC7yujH4F72Uh1EMLKSTID8WGCQel4H7XDEKIskJoYrnb8V0SBShkFc2kwJ89DDzizQa+JGQoBd39Y+0Tmu2VbNvzqr1y2lrZXSIjtAJstE5qqNr1EBNRNEjekIv6NV4Nt6Md+NjMloypjv7aAbG1w+wTaev</latexit>

�2
<latexit sha1_base64="elwMwwEehnMNNKonTESa/mVj6Cg=">AAACJnicbVDLSsNAFJ3UV62vqODGTbAIrkpSBF0W3bisYB/QhDCZTtqhk0yYuVFi7M+4EvRb3Im48zfcOU2L2OqBgcM5986ZOUHCmQLb/jBKS8srq2vl9crG5tb2jrm711YilYS2iOBCdgOsKGcxbQEDTruJpDgKOO0Eo8uJ37mlUjER30CWUC/Cg5iFjGDQkm8e5G5xSZ5RzsXd2CVD5tfHvll1anYB64fYi0oVzdD0zS+3L0ga0RgIx0r1HDsBL8cSGOF0XHFTRRNMRnhAe5rGOKLKy4vosXWslb4VCqlPDFah/t7IcaRUFgV6MsIwVIveRPzP66UQnns5i5MUaEymQWHKLRDWpAyrzyQlwDNNMJFMv9UiQywxAV3ZXAqw0f3cL/JkECZcgPq/qz+kXa85ds25Pq02LmatldEhOkInyEFnqIGuUBO1EEEP6BE9oxfjyXg13oz36WjJmO3sozkYn9+x+aew</latexit><latexit sha1_base64="elwMwwEehnMNNKonTESa/mVj6Cg=">AAACJnicbVDLSsNAFJ3UV62vqODGTbAIrkpSBF0W3bisYB/QhDCZTtqhk0yYuVFi7M+4EvRb3Im48zfcOU2L2OqBgcM5986ZOUHCmQLb/jBKS8srq2vl9crG5tb2jrm711YilYS2iOBCdgOsKGcxbQEDTruJpDgKOO0Eo8uJ37mlUjER30CWUC/Cg5iFjGDQkm8e5G5xSZ5RzsXd2CVD5tfHvll1anYB64fYi0oVzdD0zS+3L0ga0RgIx0r1HDsBL8cSGOF0XHFTRRNMRnhAe5rGOKLKy4vosXWslb4VCqlPDFah/t7IcaRUFgV6MsIwVIveRPzP66UQnns5i5MUaEymQWHKLRDWpAyrzyQlwDNNMJFMv9UiQywxAV3ZXAqw0f3cL/JkECZcgPq/qz+kXa85ds25Pq02LmatldEhOkInyEFnqIGuUBO1EEEP6BE9oxfjyXg13oz36WjJmO3sozkYn9+x+aew</latexit><latexit sha1_base64="elwMwwEehnMNNKonTESa/mVj6Cg=">AAACJnicbVDLSsNAFJ3UV62vqODGTbAIrkpSBF0W3bisYB/QhDCZTtqhk0yYuVFi7M+4EvRb3Im48zfcOU2L2OqBgcM5986ZOUHCmQLb/jBKS8srq2vl9crG5tb2jrm711YilYS2iOBCdgOsKGcxbQEDTruJpDgKOO0Eo8uJ37mlUjER30CWUC/Cg5iFjGDQkm8e5G5xSZ5RzsXd2CVD5tfHvll1anYB64fYi0oVzdD0zS+3L0ga0RgIx0r1HDsBL8cSGOF0XHFTRRNMRnhAe5rGOKLKy4vosXWslb4VCqlPDFah/t7IcaRUFgV6MsIwVIveRPzP66UQnns5i5MUaEymQWHKLRDWpAyrzyQlwDNNMJFMv9UiQywxAV3ZXAqw0f3cL/JkECZcgPq/qz+kXa85ds25Pq02LmatldEhOkInyEFnqIGuUBO1EEEP6BE9oxfjyXg13oz36WjJmO3sozkYn9+x+aew</latexit><latexit sha1_base64="elwMwwEehnMNNKonTESa/mVj6Cg=">AAACJnicbVDLSsNAFJ3UV62vqODGTbAIrkpSBF0W3bisYB/QhDCZTtqhk0yYuVFi7M+4EvRb3Im48zfcOU2L2OqBgcM5986ZOUHCmQLb/jBKS8srq2vl9crG5tb2jrm711YilYS2iOBCdgOsKGcxbQEDTruJpDgKOO0Eo8uJ37mlUjER30CWUC/Cg5iFjGDQkm8e5G5xSZ5RzsXd2CVD5tfHvll1anYB64fYi0oVzdD0zS+3L0ga0RgIx0r1HDsBL8cSGOF0XHFTRRNMRnhAe5rGOKLKy4vosXWslb4VCqlPDFah/t7IcaRUFgV6MsIwVIveRPzP66UQnns5i5MUaEymQWHKLRDWpAyrzyQlwDNNMJFMv9UiQywxAV3ZXAqw0f3cL/JkECZcgPq/qz+kXa85ds25Pq02LmatldEhOkInyEFnqIGuUBO1EEEP6BE9oxfjyXg13oz36WjJmO3sozkYn9+x+aew</latexit>

�3
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• Yes, in the coplanar limit!

From 
AnJie Gao



• Three point correlation requires at least three particles in 
the final state


• We are interested in event where there is three well 
separated jet


• Momentum conservation implies that three jet production 
at LO in e+e- collision is coplanar

• Soft and collinear radiation will violate the coplanarity, and 
leads to large double logarithms




• We define a new observable ETPC, which measures the 
deviation from coplanarity

Energy Triple-Production Correlator

⌧p = |~ni · (~nj ⇥ ~nk)|
<latexit sha1_base64="CbS8rRpUK9K6mG07VpLcuVX876U="></latexit><latexit sha1_base64="CbS8rRpUK9K6mG07VpLcuVX876U="></latexit><latexit sha1_base64="CbS8rRpUK9K6mG07VpLcuVX876U="></latexit><latexit sha1_base64="CbS8rRpUK9K6mG07VpLcuVX876U="></latexit>• i, j, k runs over all final state 

particles


• τₚ is the volume of the 
parallelepiped


• τₚ -> 0 is the coplanar limit

A.J. Gao, M.X. Luo, T.Z. Yang, HXZ, in preparation



Constraint to three-jet event

• We are most interested in event with three well-separated 
jets, and i, j, k are from three different jets

• Two ways to impose this 
constraint


• a cut:


• y cut: use k_T algorithm with 
some ycut to select three-jet 
event, and i, j, k must not be 
in the same jet

A.J. Gao, M.X. Luo, T.Z. Yang, HXZ, in preparation



Factorization formula in the coplanar limit

• In the coplanar limit, ETPC reduced essentially to the off 
plane transverse momentum 

area of the triangle span by the jets

1

�0

d�

d⌧p
=

Z

D
dx1dx2H(x1, x2, µ)

Z 1

�1

db

2⇡⇠
cos(b⌧p/⇠)

S(b, µ, ⌫)Jq(b, µ, nu)Jq̄(b, µ, ⌫)Jg(b, µ, ⌫)
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Also sensitive to gluon TMDFF!

A.J. Gao, M.X. Luo, T.Z. Yang, HXZ, in preparation



Cross check with NLOJET++
• Factorization formula predict the leading power behavior 

at τₚ -> 0


• Can compare with 4 jet production at LO and NLO (using 
NLOjet++)

Highly non-trivial agreement!

A.J. Gao, M.X. Luo, T.Z. Yang, HXZ, in preparation



Resummation prediction

• First NNLL+NLO resummation for three-jet event shape


• Important resummation effects at small τₚ


• Opportunity to constraint gluon TMDFF in e+e-!

A.J. Gao, M.X. Luo, T.Z. Yang, HXZ, in preparation



• Very rich physics in energy correlators


• Energy-Energy Correlator and Energy Triple-Product 
Correlator


• Closely related to TMD physics


• not mentioned in this talk


• Fixed-order analytical calculation [Henn, Sokatchev, K. 
Yan, Zhibodove, 2019]


• EEC in the collinear limit [Dixon, Moult, HXZ, to appear]


• Many interesting things to explore. Stay tuned!

Summary



Thank you for your attention!


