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Introduction

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

e Recently, there has been many interests in studying observables in the lab frame
of the incoming lepton and nucleus
e Event shape Kang, Mantry, Qiu ’12; Kang, Lee, Stewart "13; Li, Vitev, Zhu, 20

o Jet production Liu, Ringer, Vogelsang, Yuan '19; Arratia, Kang, Prokudin, Ringer 19
e Hadron production Gao, Michel, Stewart, Sun 22
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Jets and 3D imaging
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Azimuthal decorrelation of dijet in pp, pA, AA-UPC

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

_ CD modes contributing to the
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Construction of the theory formalism
e Multiple scales in the problem
e Rely on effective field theory: Soft-Collinear Effective Theory (SCET)
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Numerical results in pp, pA

(Zhang, Dai, DYS, '22, Gao, Kang, DYS, Terry, Zhang ‘23)
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Nuclear modified TMD PDFs
(Alrashed, Anderle, Kang, Terry & Xing, '22 )

e NLL resummation result is consistent with
LHC data

e Open questions:
e Higher resummation accuracy? SIDIS is
known at N4LL
e Better angular resolution?
e Reduce contamination from UE?

e One possible solution:
e Recoil-free jet definition
E.g. anti-kt + p7-weighted recombination
scheme



Jet TMDs and all-order structure

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

qT = ’ Z ET,z’

i¢ jets

+0 (k1) < Q

 sum over all soft and collinear partons not combined with hard jets
 deviation from qr=0 are only caused by particle flow outside the jet regions
 non-global observables (pasgupta & Salam ’01)

Recoil absent for the pr-weighted recombination scheme (Banfi, Dasgupta & Delenda '08)

Dir = Pti T DPtj
O = (wi¢i + wj¢j)/('wi + wj) w; = py
Yr = (wiys + wjy;)/ (wi + wy)

n — 00 Winner-take-all scheme (Salam; Bertolini, Chan, Thaler ’13)

NNNLL resummation for jet gr @ ee and ep (Gutierrez-Reyes, Scimemi, Waalewijn, Zoppi *18 *19)

NNLL resummation for 0¢ @ pp (chien, Rahn, DYS, Waalewijn & Wu 22 + Schrignder '21 )

. See Bin Wu'’s talk, WG4, Wed 10am
NNLL resummation for 6¢ @ ep & eA (rang, Ke, DYS, Terry 23 )
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Recoil-free azimuthal angle for electron-jet correlation

Fang, Ke, DYS, Terry ‘23

e(t) + N(P) = e(¢') + J(P)) + X Standard TMD in back to back limit: Q >> g7~ It 0¢

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

Following the standard steps in SCET and CSS, we obtain the following resummation formula
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Hard factor Fourier transformation TMD PDF Jet function
in 1-dim



Predictions in e-p

Fang, Ke, DYS, Terry 23

TMD PDF (CSS treatment) Jet function
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Predictions in e-A

Fang, Ke, DYS, Terry ‘23
We apply nuclear modified TMD PDFs
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serving as a clean probe of nTMD PDF
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N3LL + O(as2) predictions on lepton jet azimuthal correlation in DIS

Fang, Gao, Li, DYS work in progress
o All perturbative and non-perturbative ingredients are known at N3LL+ O(as2), with the
exception of the two loop jet function j,.

e The non-log constant was extracted numerically from the Event2 generator (Gutierrez-Reyes,
Scimemi, Waalewijn, Zoppi '19)

e A preliminary numerical results are also calculated from SoftSERVE (Brune SCET2023)
e We apply NLOJET++ event generator to extract j», and find it is consistent with previous
results within uncertainties

e We also compare the resummation expanded singular contribution with the full
prediction from NLOJET++ up to O(as2). Good agreement is observed.
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NNNLL predictions in e-p

Fang, Gao, Li, DYS work in progress

e Good perturbative convergence is

observed

e The theory uncertainties are
reduced from NNLL to NNNLL
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Summary

We have studied on the lepton-jet correlation in both e-p and e-A collisions.
Utilizing SCET, we derived a factorization theorem for back-to-back lepton-jet
configurations.

In e-A collisions, we discussed the utility of our approach in disentangling intrinsic
non-perturbative contributions from nTMDs and dynamical medium effects in
nuclear environments. We find the process is primarily sensitive to the initial state’s
broadening effects.

TMD resummation accuracy has been improved to NNNLL + O(as2) 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
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