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  Collisionse+e−

sum over all the jets for each event

sum over all the particles for each event

observable

Ali et al 1984 
Gao, HTL, Moult, Zhu, PRL, 2019  & JHEP 

weighted cross section

the soft radiation does not contribute 

directly to the observable at leading power

soft gluon contributes only via recoil 
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Hadronic initial state

Basham et al 1978 
Moult, Zhu, 2018
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Gao, HTL, Moult, Zhu, PRL, 19  & JHEP 24
ATLAS， 2023

TEEC in pp
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A

n3 = (1, sin ✓, 0, cos ✓), n4 = (1,� sin ✓, 0,� cos ✓)
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n1 = (1, 0, 0, 1), n2 = (1, 0, 0,�1)
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1 + cos�

2
=

⇣
k3,y

⇠3
+ k4,y

⇠4
+ k1,y + k2,y � ks,y

⌘2

4P 2
T

+ . . .
<latexit sha1_base64="q0Uh30GGwzeAky3iA8omlu/t3V0="></latexit><latexit sha1_base64="q0Uh30GGwzeAky3iA8omlu/t3V0="></latexit><latexit sha1_base64="q0Uh30GGwzeAky3iA8omlu/t3V0="></latexit><latexit sha1_base64="q0Uh30GGwzeAky3iA8omlu/t3V0="></latexit>

The factorization formula in the back-to-back limit is 

The azimuthal angle distribution

1 + cos(�) ⇡ 2⌧
<latexit sha1_base64="sCkxJJt1X0wnzEEF6v7HnO4P5oc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahIpSZKuiy6MZlBfuAzlAyaaYNzSQhyYilFNz4K25cKOLWn3Dn35i2s9DWAxcO59zLvfdEklFtPO/byS0tr6yu5dcLG5tb2zvu7l5Di1RhUseCCdWKkCaMclI31DDSkoqgJGKkGQ2uJ37znihNBb8zQ0nCBPU4jSlGxkod98A/DbDQpUD26QkMkJRKPMBKYFDacYte2ZsCLhI/I0WQodZxv4KuwGlCuMEMad32PWnCEVKGYkbGhSDVRCI8QD3StpSjhOhwNP1hDI+t0oWxULa4gVP198QIJVoPk8h2Jsj09bw3Ef/z2qmJL8MR5TI1hOPZojhl0Ag4CQR2qSLYsKElCCtqb4W4jxTCxsZWsCH48y8vkkal7J+VvdvzYvUqiyMPDsERKAEfXIAquAE1UAcYPIJn8ArenCfnxXl3PmatOSeb2Qd/4Hz+AEwnlqo=</latexit>

d�(0)

d⌧
=

pT
16⇡s2(1 + �f3f4)

p
⌧

X

channels

1

Ninit

Z
dy3dy4dp2T

⇠1⇠2

Z 1

�1

db

2⇡
e�2ib

p
⌧pT tr

⇥
H

f1f2!f3f4(pT , y
⇤, µ)S(b, y⇤, µ, ⌫)

⇤

·Bf1/N1
(b, ⇠1, µ, ⌫)Bf2/N2

(b, ⇠2, µ, ⌫)Jf3 (b, µ, ⌫) Jf4 (b, µ, ⌫) .
<latexit sha1_base64="wWyOCdoD5x+2pUCozMPND6mCP+Q="></latexit>

In the back to back limit 
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NNNLL accuracy for a hadron collider diet event shape for the first time.

ℒ(0) = ℒ(0)
B1

+ ℒ(0)
B2

+ ℒ(0)
J1

+ ℒ(0)
J2

+ ℒ(0)
G   

Such as violation in collinear factorization 

Whether rapidity factorization is still valid  

RG invariance of the cross section 

in pp collisions

Gao, HTL, Moult, Zhu, PRL, 19  & JHEP 24
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Definition

energy weightedsum over 

all hadrons

TEEC =
X

a

Z
d�lp!l+a+X

ET,lET,a

ET,l
P

i ET,i
�(cos�la � cos�)

<latexit sha1_base64="nUrASzNwF+Hgdzb83kOZNvBNKuk="></latexit>

measure azimuthal

angle correlations

HTL, Vitev, Zhu, JHEP, 20

Simulation by Pythia

TEEC in DIS
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pn̄? = pn? � ps?
<latexit sha1_base64="LdGEfhl41Jhx6HUfpKoBNLu4stM="></latexit>

ka?
<latexit sha1_base64="U8XF9VF/WfXkfRUEHc/DhCNbuQU=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWARXIUktrbuim5cVrAPaEKYTCbt0MmDmYlQQt34K25cKOLWv3Dn3zhpK6jogWEO59zLvff4KaNCmuaHVlpaXlldK69XNja3tnf03b2uSDKOSQcnLOF9HwnCaEw6kkpG+iknKPIZ6fnjy8Lv3RIuaBLfyElK3AgNYxpSjKSSPP3A8RMWiEmkvnw89XIEnZTwdOrpVdM4O69ZVhOaRt1WzFbEthu1ugUtw5yhChZoe/q7EyQ4i0gsMUNCDCwzlW6OuKSYkWnFyQRJER6jIRkoGqOICDefXTCFx0oJYJhw9WIJZ+r3jhxFolhSVUZIjsRvrxD/8gaZDJtuTuM0kyTG80FhxqBMYBEHDCgnWLKJIghzqnaFeIQ4wlKFVlEhfF0K/ydd27BODfu6Vm1dLOIog0NwBE6ABRqgBa5AG3QABnfgATyBZ+1ee9RetNd5aUlb9OyDH9DePgHS0pfJ</latexit>

ps?
<latexit sha1_base64="zEDJPvOFyRm4ToTVGKzDf82+1DY=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWARXIWkVuuy6MZlBfuAJpTJZNIOnUzCzEQooW78FTcuFHHrX7jzb5y0Earogcs9nHMvc+f4CaNS2fanUVpaXlldK69XNja3tnfM3b2OjFOBSRvHLBY9H0nCKCdtRRUjvUQQFPmMdP3xVe5374iQNOa3apIQL0JDTkOKkdLSwDxw/ZgFchLpliXTQSahmxChmVl1LHsGaFtnjfN6w9GkUL6tKijQGpgfbhDjNCJcYYak7Dt2orwMCUUxI9OKm0qSIDxGQ9LXlKOISC+b/WAKj7USwDAWuriCM3VxI0ORzI/UkxFSI/nby8W/vH6qwgsvozxJFeF4/lCYMqhimMcBAyoIVmyiCcKC6lshHiGBsNKhVRZD+J90apZzatVu6tXmZRFHGRyCI3ACHNAATXANWqANMLgHj+AZvBgPxpPxarzNR0tGsbMPfsB4/wK5V5e2</latexit>

pn?
<latexit sha1_base64="oIybTi1+lLfeipiZzerC8XDCl2w=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXIWkra9d0Y3LCvYBTSiTyaQdOpmEmYlQQt34K25cKOLWv3Dn3zjpA9R6YJjDOfdy7z1+wqhUtv1lFJaWV1bXiuuljc2t7R1zd68l41Rg0sQxi0XHR5IwyklTUcVIJxEERT4jbX94nfvteyIkjfmdGiXEi1Cf05BipLTUMw9cP2aBHEX6y5JxL+PQTYjQzCzblj0BtK2z6mnlsgaduTInZTBDo2d+ukGM04hwhRmSsuvYifIyJBTFjIxLbipJgvAQ9UlXU44iIr1scsEYHmslgGEs9OMKTtSfHRmKZL6kroyQGsi/Xi7+53VTFV54GeVJqgjH00FhyqCKYR4HDKggWLGRJggLqneFeIAEwkqHVtIhLJy8SFoVy6laldtauX41i6MIDsEROAEOOAd1cAMaoAkweABP4AW8Go/Gs/FmvE9LC8asZx/8gvHxDbAOl7A=</latexit>

✓ap
<latexit sha1_base64="aWkiLwNGMPsVrsPBjqXXrO9VguM=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQtJWW3dFNy4r2AekoUymk3boJBNmboQS+hluXCji1q9x5984aSuo6IFhDufcy733BIngGhznw1pZXVvf2CxsFbd3dvf2SweHHS1TRVmbSiFVLyCaCR6zNnAQrJcoRqJAsG4wuc797j1Tmsv4DqYJ8yMyinnIKQEjeX0YMyCDjCSzQans2PXLC6fewI7t5n/NkFqjUj2vYtd25iijJVqD0nt/KGkasRioIFp7rpOAnxEFnAo2K/ZTzRJCJ2TEPENjEjHtZ/OVZ/jUKEMcSmVeDHiufu/ISKT1NApMZURgrH97ufiX56UQNvyMx0kKLKaLQWEqMEic34+HXDEKYmoIoYqbXTEdE0UomJSKJoSvS/H/pFOx3apdua2Vm1fLOAroGJ2gM+SiOmqiG9RCbUSRRA/oCT1bYD1aL9bronTFWvYcoR+w3j4BMweR3g==</latexit>

✓̄a
<latexit sha1_base64="fIe1gyl07/hBGGiRmE+xQjktaqo=">AAAB+XicdVBNS8NAEN3Ur1q/oh69LBbBU0hqW3MsevFYwdpCE8pmu2mXbj7YnRRK6D/x4kERr/4Tb/4bN20FFX0w8Hhvhpl5QSq4Atv+MEpr6xubW+Xtys7u3v6BeXh0r5JMUtahiUhkLyCKCR6zDnAQrJdKRqJAsG4wuS787pRJxZP4DmYp8yMyinnIKQEtDUzTC4jMPRgzIPNBrsus2pa9ALatZsN1a/WCOI2m28TOyqqiFdoD890bJjSLWAxUEKX6jp2CnxMJnAo2r3iZYimhEzJifU1jEjHl54vL5/hMK0McJlJXDHihfp/ISaTULAp0Z0RgrH57hfiX188gdP2cx2kGLKbLRWEmMCS4iAEPuWQUxEwTQiXXt2I6JpJQ0GFVdAhfn+L/yX3Nci6s2m292rpaxVFGJ+gUnSMHXaIWukFt1EEUTdEDekLPRm48Gi/G67K1ZKxmjtEPGG+fiauUQw==</latexit>

proton�
<latexit sha1_base64="Aby3fNMKRv/ZGBN8LQcSzUlF57g=">AAACBHicbVDLSgMxFM34rPVVdekmWAquykwVdFl047KCfUA7lEyaaUOTzJDcEcvQrXu3+gvuxK3/4R/4GWbaWdTWA4HDuY9zc4JYcAOu++2srW9sbm0Xdoq7e/sHh6Wj45aJEk1Zk0Yi0p2AGCa4Yk3gIFgn1ozIQLB2ML7N6u1Hpg2P1ANMYuZLMlQ85JSAldq9CLhkpl8qu1V3BrxKvJyUUY5Gv/TTG0Q0kUwBFcSYrufG4KdEA6eCTYu9xLCY0DEZsq6lilgTP52dO8UVqwxwGGn7FOCZujiREmnMRAa2UxIYmeVaJv5X6yYQXvspV3ECTNG5UZgIDBHO/o4HXDMKYmIJoZrbWzEdEU0o2ISKlUWbbHkM8mlqo/GWg1glrVrVu6jW7i/L9Zs8pAI6RWfoHHnoCtXRHWqgJqJojF7QK3pznp1358P5nLeuOfnMCfoD5+sXZgKZOg==</latexit>

hadron-a
<latexit sha1_base64="USvsthH8RfaaCh3vkcIn9Dh9OJM=">AAAB+HicbVBNSwMxEM36WetHVz16CRbFi2W3CnosePFYwX5Au5RsNm1Ds8mSzIp16S/x4kERr/4Ub/4b03YP2vpg4PHeDDPzwkRwA5737aysrq1vbBa2its7u3sld/+gaVSqKWtQJZRuh8QwwSVrAAfB2olmJA4Fa4Wjm6nfemDacCXvYZywICYDyfucErBSzy11gT1CNiSRVvJ8Qnpu2at4M+Bl4uekjHLUe+5XN1I0jZkEKogxHd9LIMiIBk4FmxS7qWEJoSMyYB1LJYmZCbLZ4RN8YpUI95W2JQHP1N8TGYmNGceh7YwJDM2iNxX/8zop9K+DjMskBSbpfFE/FRgUnqaAI64ZBTG2hFDN7a2YDokmFGxWRRuCv/jyMmlWK/5FpXp3Wa6d5nEU0BE6RmfIR1eohm5RHTUQRSl6Rq/ozXlyXpx352PeuuLkM4foD5zPHx/fk0w=</latexit>

zaq?
<latexit sha1_base64="Qd7eaW1BdxfsFsctp53W3asHh1w=">AAAB9HicdVDLSgMxFM3UV62vqks3waK4GmbG1tZdwY3LCtYW2mHIpJk2NJNJk0yhDv0ONy4UcevHuPNvTB+Cih64cDjnXu69JxSMKu04H1ZuZXVtfSO/Wdja3tndK+4f3KkklZg0ccIS2Q6RIoxy0tRUM9IWkqA4ZKQVDq9mfmtMpKIJv9UTQfwY9TmNKEbaSP59gOAoyLqCSDENiiXHvrgsu24NOnbFM8wzxPOq5YoLXduZowSWaATF924vwWlMuMYMKdVxHaH9DElNMSPTQjdVRCA8RH3SMZSjmCg/mx89hSdG6cEokaa4hnP1+0SGYqUmcWg6Y6QH6rc3E//yOqmOan5GuUg14XixKEoZ1AmcJQB7VBKs2cQQhCU1t0I8QBJhbXIqmBC+PoX/kzvPds9t76Zcqp8u48iDI3AMzoALqqAOrkEDNAEGI/AAnsCzNbYerRfrddGas5Yzh+AHrLdPUSSSYg==</latexit>
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Nucleon Energy Correlators
Liu, Zhu, arXiv:2209.02080 

Cao, Liu, Zhu, arXiv:2303.01530 

TFR: the correlation of the energy flows from the initial nucleon. 
Hard: measures the perturbative behavior of QCD
TMD: measures perturbative and nonperturbative TMD physics

NEEC in DIS
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In DIS

For Dijet

For V+Jets dσ
d cos ϕ

= ∑
a

∫ dσpp→V+a+X
EVET,a

EV ∑i ET,i
δ (cos ϕVa − cos ϕ)

For Drell-Yan dσ
d cos ϕ

= ∫ dσpp→l++l−+Xδ (cos ϕl+l− − cos ϕ)

EEC/TEEC is a class of obsverables which can be studied for 
various processes 

From the definition, for TEEC 
contribution from soft radiations is 
suppressed by construction


TEEC is simply defined in comparison 
with other event shape observables 


It is calculable at high orders 

Universality of QCD in the infrared regime 

TEEC =
X

a,b

Z
d�pp!a+b+X

2ET,aET,b

|
P

i ET,i|2
�(cos�ab � cos�)
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Jets as input

The jets are usually defined through an angular 
resolution parameter R and a transverse 
momentum cutoff

Less contamination from underlying events

Introduce new cutoff scale 

Problem of globalness, i.e. non-global logs

Measurable at LHC and EIC

Particles as input

Simpler defined observable 

relative larger effects from underlying events

NO new cutoff scale introduced 

Global event shapes

Measurable at LHC and EIC

TEEC =
X

a,b

Z
d�pp!a+b+X

2ET,aET,b

|
P

i ET,i|2
�(cos�ab � cos�)
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In jet, soft and/or  collinear radiations do not change 
the opening angle of the jets

Outside of jet, soft radiation would shift the angle 
away from back to back region
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EEC in the back to back region has a similar factorization formula  
  is the back to back limitθ → 0
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EEC in the back to back region has a similar factorization formula  
  is the back to back limitθ → 0

Free Hadron Gas
Obtained by perturbative calculations 

resummation 
region  

Free Hadron Gas
Obtained by perturbative calculations 

resummation 
region  
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He, HTL, Shao, in preparation

scale at the peak

scale at the peakBack to back region 
TMD resummation Collinear Region 

Collinear resummation



EEC with jets 

17
Feng, Gao, HTL, Shao, JHEP 25

Jets are defined by the anti-kT clustering algorithm and the winner-take-all recombination scheme.
WTA jet axis in ee and DIS
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Subjet 1

Subjet 2

Original jet with radius 

Undo last stage of C/A clustering

Define

If redefine j to be the harder one,  


else we have the two-prong subjets 

zg < zcut ( ΔR12
R0 )

β

zg =
min (pT1, pT2)

pTG1 + pT2
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Pythia simulation in back to back region
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In back to back limit

In jet, soft and  collinear radiations with small energy 
will change the opening angle of the jets

Outside of jet, soft radiation would shift the angle 
away from back to back region

Groomed Jet
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EEC with groomed jet
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• EEC/TEEC in the back to back limits as TMD probe


• Particle level EEC/TEEC has been discussed


• EEC with jets and groomed jets shows interesting perturbative and 
non perturbative properties


• It is promising to apply EEC with jets to heavy ion collisions
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Thank You！


