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IntroducFon

• In past DIS experiments, scienFsts mainly focused on jet behaviors in the Breit 
frame—the frame of the virtual photon and the nucleon.  

• Recently, there has been many interests in studying observables in the lab frame 
of the incoming lepton and nucleus 
• Event shape Kang, Mantry, Qiu ’12; Kang, Lee, Stewart ’13; Li, Vitev, Zhu, ‘20 
• Jet producFon Liu, Ringer, Vogelsang, Yuan ’19; ArraDa, Kang, Prokudin, Ringer ’19 
• Hadron producFon Gao, Michel, Stewart, Sun ‘22

H1 collaboraDon 2108.12376
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Jets and 3D imaging

~sT<latexit sha1_base64="aYu9vrRRzJEbQd3kEUpXDOageFw="></latexit>

• Jets are complementary to standard SIDIS 
extracDons of TMDs  

• Jet measurements allow independent 
constraints on TMD PDFs and FFs from a single 
measurement 

• Azimuthal correlaDon between jet and lepton 
sensiDve to TMD PDFs

Kang, Lee, DYS, Zhao ’23

Collins type EEC

Kang, Liu, Mantry, DYS ’20 
See Xiaoxuan Chu’ talk

Jet charge

ArraDa, Kang, Prokudin, Ringer ’19 
Liu, Ringer, Vogelsang, Yuan ’19



4

Azimuthal decorrelaFon of dijet in pp, pA, AA-UPC 
(Zhang, Dai, DYS, ’22,  Gao, Kang, DYS, Terry, Zhang ‘23)

ph ⇠ Q(1, 1, 1)

pnJ ⇠ pJT (R2, 1, R)nJ n̄J

<latexit sha1_base64="y5ZLd1bdqYVFxLmpqx/w+Tp6AU8="></latexit>

pµci ⇠ pT (��2, 1, ��)nin̄i

<latexit sha1_base64="OgIf5kMdhMyiRZjZyb0Z15quxT8="></latexit>

pµs ⇠ pT (��, ��, ��)
<latexit sha1_base64="SdFQL68llXH3WFO5Vivjdn9zx9o="></latexit>

pµcsi ⇠
pT ��

R
(R2, 1, R)nin̄i

QCD modes contribuFng to the 
back-to-back dijet cross secFon 

<latexit sha1_base64="4IjHmDMZslTdtChlaGXEmXtlhPE=">AAACFnicbZDLSsNAFIYn9VbjLdqlm8EiCIWSFG/LohtXpYK9QBPCZDJpp51cmJkIIfQ93LnVl3Anbt36Dj6E0zYLbf1h4OM/53DO/F7CqJCm+aWV1tY3NrfK2/rO7t7+gXF41BVxyjHp4JjFvO8hQRiNSEdSyUg/4QSFHiM9b3I7q/ceCRc0jh5klhAnRMOIBhQjqSzXqLRcC9Zgy21AW8ZwXBvX+q5RNevmXHAVrAKqoFDbNb5tP8ZpSCKJGRJiYJmJdHLEJcWMTHU7FSRBeIKGZKAwQiERTj4/fgpPlePDIObqRRLO3d8TOQqFyEJPdYZIjsRybWb+VxukMrh2cholqSQRXiwKUgbVN2dJQJ9ygiXLFCDMqboV4hHiCEuVl67bPgmgncSphHni5jYPoeLpVFfxWMthrEK3Ubcu6xf359XmTRFUGRyDE3AGLHAFmuAOtEEHYJCBZ/ACXrUn7U171z4WrSWtmKmAP9I+fwCzHJyt</latexit>

N1 +N2 ! j + j +X

<latexit sha1_base64="0bldbEsbmTzIYTA5hws2hYvcwTY=">AAACD3icbZDLSsNAFIYnXmu8VV26GSyCq5KIt2XRjcsK9gJNLJPJpB06SYaZE6GEPIQ7t/oS7sStj+A7+BBO2yy09YeBj/8/hzn8gRRcg+N8WUvLK6tr65UNe3Nre2e3urff1mmmKGvRVKSqGxDNBE9YCzgI1pWKkTgQrBOMbiZ555EpzdPkHsaS+TEZJDzilICxHryQCSCeHHJPCLdfrTl1Zyq8CG4JNVSq2a9+e2FKs5glQAXRuuc6EvycKOBUsML2Ms0koSMyYD2DCYmZ9vPp1QU+Nk6Io1SZlwCeur83chJrPY4DMxkTGOr5bGL+l/UyiK78nCcyA5bQ2UdRJjCkeFIBDrliFMTYAKGKm1sxHRJFKJiibNt0EmFPphngXPZzT8XYcFHYph53voxFaJ/W3Yv6+d1ZrXFdFlVBh+gInSAXXaIGukVN1EIUKfSMXtCr9WS9We/Wx2x0ySp3DtAfWZ8/3EeciQ==</latexit>

�� ⌧ 1
<latexit sha1_base64="Yl/Z58DiNiRY/aw9iIl08z8gdHg=">AAACBnicbZC7TsMwFIadcivhVmBksaiQmKoEcRsrWBgLIm2lJqoc12mt2rFlO0hVlJ2NFV6CDbHyGrwDD4HbZoDCL1n69J9zdI7/WDKqjed9OpWl5ZXVteq6u7G5tb1T291ra5EpTAIsmFDdGGnCaEoCQw0jXakI4jEjnXh8Pa13HojSVKT3ZiJJxNEwpQnFyFgruAsZ8/u1utfwZoJ/wS+hDkq1+rWvcCBwxklqMENa93xPmihHylDMSOGGmSYS4TEakp7FFHGio3x2bAGPrDOAiVD2pQbO3J8TOeJaT3hsOzkyI71Ym5r/1XqZSS6jnKYyMyTF80VJxqARcPpzOKCKYMMmFhBW1N4K8QgphI3Nx3XDAUlgKEVmYC77eag4tFwUro3HXwzjL7RPGv554+z2tN68KoOqggNwCI6BDy5AE9yAFggABhQ8gWfw4jw6r86b8z5vrTjlzD74JefjG3WTmH4=</latexit>

R ⌧ 1

ConstrucFon of the theory formalism  
• MulFple scales in the problem 
• Rely on effecFve field theory: SoX-Collinear EffecFve Theory (SCET)
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Numerical results in pp, pA

• NLL resummaFon result is consistent with 
LHC data  

• Open quesFons: 
• Higher resummaFon accuracy? SIDIS is 

known at N4LL 
• Becer angular resoluFon? 
• Reduce contaminaFon from UE? 

• One possible soluFon: 
• Recoil-free jet definiFon   
E.g. anF-kT +      -weighted recombinaFon 
scheme

(Zhang, Dai, DYS, ’22,  Gao, Kang, DYS, Terry, Zhang ‘23)

(also see Sun, Yuan, Yuan ’14)

Nuclear modified TMD PDFs  
(Alrashed, Anderle, Kang, Terry & Xing, ’22 )

<latexit sha1_base64="R8BCqLV83Pbg6GE3vetAlPoMwdQ=">AAACBnicbZC7TsMwFIadcivhVmBksaiQmKoEcRsrWBiL1LSVmhA5rtNadRzLdpCqKDsbK7wEG2LlNXgHHgK3zQAtv2Tp03/O0Tn+I8Go0o7zZVVWVtfWN6qb9tb2zu5ebf+go9JMYuLhlKWyFyFFGOXE01Qz0hOSoCRipBuNb6f17iORiqa8rSeCBAkachpTjLSxPBG2H3hYqzsNZya4DG4JdVCqFda+/UGKs4RwjRlSqu86Qgc5kppiRgrbzxQRCI/RkPQNcpQQFeSzYwt4YpwBjFNpHtdw5v6eyFGi1CSJTGeC9Egt1qbmf7V+puPrIKdcZJpwPF8UZwzqFE5/DgdUEqzZxADCkppbIR4hibA2+di2PyAx9EWaaZiLMPdlAg0XhW3icRfDWIbOWcO9bFzcn9ebN2VQVXAEjsEpcMEVaII70AIewICCZ/ACXq0n6816tz7mrRWrnDkEf2R9/gDQZpi2</latexit>

pnT



• Large logarithms in jet TMDs (Banfi, Dasgupta & Delenda ’08) 

• sum over all soX and collinear partons not combined with hard jets  
• deviaFon from qT=0 are only caused by parFcle flow outside the jet regions 
• non-global observables (Dasgupta & Salam ’01) 

• Recoil absent for the      -weighted recombinaFon scheme (Banfi, Dasgupta & Delenda ’08) 

• NNNLL resummaFon for jet qT @ ee and ep (GuDerrez-Reyes, Scimemi, Waalewijn, Zoppi ’18 ’19) 
• NNLL resummaFon for       @ pp (Chien, Rahn, DYS, Waalewijn & Wu  ’22 + Schrignder ’21 ) 
• NNLL resummaFon for       @ ep & eA (Fang, Ke, DYS, Terry ‘23 )
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Jet TMDs and all-order structure

qT =
���

X

i/2 jets

~kT,i

���+O
�
k2T

�

Winner-take-all scheme (Salam; Bertolini, Chan, Thaler ’13)

<latexit sha1_base64="q8netc4eUKHmmIX0oooTMgEYe8M=">AAACC3icbZDLSgMxFIYzXut4q7p0EyyCqzIjXncFNy4r2At2hpLJZNrQTCYkZ4Qy9BHcudWXcCdufQjfwYcwvSy09YfAx3/O4Zz8kRLcgOd9OUvLK6tr66UNd3Nre2e3vLffNFmuKWvQTGS6HRHDBJesARwEayvNSBoJ1ooGN+N665FpwzN5D0PFwpT0JE84JWCthyBmAkig+rxbrnhVbyK8CP4MKmimerf8HcQZzVMmgQpiTMf3FIQF0cCpYCM3yA1ThA5Ij3UsSpIyExaTi0f42DoxTjJtnwQ8cX9PFCQ1ZphGtjMl0DfztbH5X62TQ3IVFlyqHJik00VJLjBkePx9HHPNKIihBUI1t7di2ieaULAhua7NI8GBynLAheoWgU6x5dHItfH482EsQvO06l9Uz+/OKrXrWVAldIiO0Any0SWqoVtURw1EkUTP6AW9Ok/Om/PufExbl5zZzAH6I+fzB/FfmvM=</latexit>
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<latexit sha1_base64="Lb7VQ5Xsw0AdOdHY+qSvEPEdrBg=">AAACBnicbZDLSgMxFIYzXut4q7p0EyyCqzIjXncFNy5bcNpCZyiZTKYNTSYhyQhl6N6dW30Jd+LW1/AdfAjTdhba+kPg4z/ncE7+WDKqjed9OSura+sbm5Utd3tnd2+/enDY1iJXmARYMKG6MdKE0YwEhhpGulIRxGNGOvHoblrvPBKlqcgezFiSiKNBRlOKkbFWEDIGW/1qzat7M8Fl8EuogVLNfvU7TATOOckMZkjrnu9JExVIGYoZmbhhrolEeIQGpGcxQ5zoqJgdO4Gn1klgKpR9mYEz9/dEgbjWYx7bTo7MUC/WpuZ/tV5u0puooJnMDcnwfFGaM2gEnP4cJlQRbNjYAsKK2lshHiKFsLH5uG6YkBSGUuQGFrJfhIpDy5OJa+PxF8NYhvZ53b+qX7Yuao3bMqgKOAYn4Az44Bo0wD1oggBgQMEzeAGvzpPz5rw7H/PWFaecOQJ/5Hz+AFXOmGM=</latexit>

⌧ Q
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pnT
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��
See Bin Wu’s talk, WG4, Wed 10am
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Recoil-free azimuthal angle for electron-jet correlaFon

ph ⇠ Q(1, 1, 1)

Following the standard steps in SCET and CSS, we obtain the following resummaFon formula

Effects of jet algorithm are suppressed, first 
appear at two loop

Hard factor

Lab frame

TMD PDF Jet funcDonFourier transformaDon 
in 1-dim

Fang, Ke, DYS, Terry ‘23

Standard TMD in back to back limit: Q >> qT ~ lT 𝛿𝝓

<latexit sha1_base64="X/BcGpQABQ5WmbKHvBwmPy1V/sY="></latexit>

pµci ⇠ lT
�
��2, 1, ��

�
nin̄i

<latexit sha1_base64="Ew87pL9e6YADqMaGLomTxvKz9y4="></latexit>

pµs ⇠ lT (��, ��, ��)
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PredicFons in e-p

TMD PDF (CSS treatment)

scale choice 

b*-prescripFon to avoid Landau pole 

non-perturbaFve model 

Jet funcFon

µb⇤ = 2e��E/b⇤
<latexit sha1_base64="lP6TsBBVRY0VOLLtmgQWbh3JeSs="></latexit>

μH varies between Q/2 and 2Q. μb is fixed 

Sun, Isaacson,Yuan,Yuan ‘14

<latexit sha1_base64="qp4xFSZ6YKkrO2O4ZpR/houcPeU="></latexit>

Uf
NP = exp


�gf1 b

2 � g2
2
ln

Q

Q0
ln

b

b⇤

�

<latexit sha1_base64="B6T8Sg8sWKfE3sbftQtQ/ctoM4c="></latexit>

UJ
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�g2

2
ln

Q

Q0
ln

b

b⇤

�

Fang, Ke, DYS, Terry ‘23



Collinear dynamics using EPPS16

We include LO momentum broadening of 
the jet within SCETG 

ρG : density of the medium 
ξ : the screening mass 
L: the length of the medium 

9

PredicFons in e-A
We apply nuclear modified TMD PDFs

The process is primarily sensiDve to the 
iniDal state’s broadening effects, thereby 
serving as a clean probe of nTMD PDF 

(Alrashed, Anderle, Kang, Terry & Xing, ’22)

Parameter values are taken from a recent 
comparison between SCETG in e-A from the 
HERMES Ke and Vitev ‘23

(Gyulassy, Levai, & Vitev ’02)

Opacity parameter

Fang, Ke, DYS, Terry ‘23
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N3LL + 𝓞(ɑs2) predicFons on lepton jet azimuthal correlaFon in DIS

• All perturbaFve and non-perturbaFve ingredients are known at N3LL+ 𝓞(ɑs2), with the 
excepFon of the two loop jet funcFon j2 .  

• The non-log constant was extracted numerically from the Event2 generator (GuDerrez-Reyes, 
Scimemi, Waalewijn, Zoppi ’19) 

• A preliminary numerical results are also calculated from SoXSERVE (Brune SCET2023) 

• We apply NLOJET++ event generator to extract j2, and find it is consistent with previous 
results within uncertainFes 

• We also compare the resummaFon expanded singular contribuFon with the full 
predicFon from NLOJET++ up to 𝓞(ɑs2). Good agreement is observed.

Fang, Gao, Li, DYS work in progress

-12 -10 -8 -6 -4 -2 0
0

10

20

30

40
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NNNLL predicFons in e-p
Fang, Gao, Li, DYS work in progress

• Good perturbaFve convergence is 
observed 

• The theory uncertainFes are 
reduced from NNLL to NNNLL

Preliminary

Preliminary

Preliminary
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Summary
• We have studied on the lepton-jet correlaFon in both e-p and e-A collisions. 

UFlizing SCET, we derived a factorizaFon theorem for back-to-back lepton-jet 
configuraFons. 

• In e-A collisions, we discussed the uFlity of our approach in disentangling intrinsic 
non-perturbaFve contribuFons from nTMDs and dynamical medium effects in 
nuclear environments. We find the process is primarily sensiFve to the iniFal state’s 
broadening effects. 

• TMD resummaFon accuracy has been improved to NNNLL + 𝓞(ɑs2) accuracy in e-p 
collisions. It is good to have the measurement at the HERA to make a comparison. 

• Our work sets the groundwork for future experiments at the EIC, offering a robust 
framework for measuring nTMDs. 

Thank you


