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Use jet and hadron production at EIC to get better understanding of QCD and nucleon structure

nucleon and nuclear spin structure

nuclear PDFs

gluon saturation 

…..

to identify kinematic region where nuclear matter effect is relative large 
to disentangle the effects from nuclear PDFs and final state interaction 
to identify the mass effects using heavy flavor jet and hadron production

Jet or hadron  spectrum at an EIC

   to go as low as possible in  to ensure enough statistics

   to go as high as possible in  for substructures to avoid large NP

pT

pT

pT

Main Motivation
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1. Initial-state effects:  parton densities are different, included in global-fit nuclear PDFs, or from Lattice QCD

nCTEQ15, EPPS21, nNNPDF3.0, TUJU21, KSASG20 et al 
Klasen, Paukkunen, arXiv: 2311.00450

Difference between e+p and e+A collisions 
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In-medium parton showers for parton propagating through medium

Introduction

2. Final State effects from interactions between jet and nuclear matter 

Difference between e+p and e+A collisions 

Many methods to calculate the medium modified splitting process for a 
energetic parton in QCD medium

In our works, we used the functions with SCETG

Ovanesyan, Vites, arXiv: 1103.1074, 1109.5619

For example  splitting function q → qg
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Our Code

From 1806.07311

NLO results from Boughezal, Petriello, Xing, 
arXiv:1806.07311

Comparison between NLO and factorized cross section

Large Q

Small Q 
Effective Photon PDF 

from lepton

Small Q 
Quark PDF from 

lepton

Resolved

Large Corrections from photon production 
and resolved contribution in small pT

Weizsacker-Williams quasi real photon 

Lab Frame

Proton Rest Frame
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From Lab to the proton rest frame 

In-medium shower corrections vary with 
the parton energy in the nuclear rest 
frame, where the lower energy partons 
receive larger medium corrections. 

Jet Inclusive cross section
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The inclusive jet cross section can be expressed in a factorized 
form with the help of semi-inclusive jet functions 

Hard part: arXiv:1505.06415 
Light Jet Function: arXiv:1606.06732 
Heavy Flavor Jet Function: arXiv:1805.06014

scales
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Contribution to the semi-inclusive quark jet function
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Kang, Ringer, Vitev, arXiv:1701.05839 
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The inclusive jet cross section can be expressed in a factorized 
form with the help of semi-inclusive jet functions 

Hard part: arXiv:1505.06415 
Light Jet Function: arXiv:1606.06732 
Heavy Flavor Jet Function: arXiv:1805.06014
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Contribution to the semi-inclusive quark jet function
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pT

The forward proton/nucleus going rapidity region 2< η <4 
produce the largest nuclear effects.

Light jet, HTL, Vitev, arXiv:2010.05912
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Suppression is more significant  for smaller jet radii  

enhanced by the steeper pT spectra 
near the phase space boundary
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We proposed the double ratio  

single ratio 

double ratio 

HTL, Vitev, arXiv:2010.05912
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separation of jet suppression for different radius R 

Initial-state effects play an important role 

primarily sensitive to the so called EMC region 

Uncertainties by varying transport parameter⟨q⊥⟩/λq ≈ ⟨q⊥⟩/λgCF /CA = 0.05 GeV2/fm

Jet Inclusive cross section

HTL, Liu, Vitev, arXiv:2108.07809
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Medium-induced suppression is much enhanced in the forward rapidity region

proton rapidity ηp = 6.3proton rapidity ηp = 5.3

large Bjorken xlarge energy in nuclear rest frame

Uncertainties by varying transport parameter⟨q⊥⟩/λq ≈ ⟨q⊥⟩/λgCF /CA = 0.05 GeV2/fm

Jet Inclusive cross section

HTL, Liu, Vitev, arXiv:2108.07809
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Groomed jet splitting functions for c → cg and b → bg.

hQi = (fu � fū) hQu
i+ (fd � fd̄)

⌦
Qd



↵

<latexit sha1_base64="tT2YE+PhOccVWrhbO4yjiMcKx7w="></latexit>

Cancellation between u and d jet
Excellent way to constrain isospin effects and 
the up/down quark PDFs in the nucleus.

Jet structures
zg =

min(pT1, pT2)
pT1 + pT2

with zg > zcut

For 94 GeV jet in rest frame of the nucleus 

Thus, the jet momentum sharing distribution at the EIC probes a different interplay 

For inclusive jet at EIC



Hegazy et al 2411.07963
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average interaction length of a parton in a Pb nucleus as a 
function of centrality obtained in BeAGLE

Centrality-dependent modification 
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In collinear factorization, the inclusive cross section for hadron production is

Hard part: arXiv:1505.06415 
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DSS, HKNS, AKK, SGK, NNFF, MAPFF, JAM. NPC23

Gao, Liu, Shen, Xing, Zhao, arXiv:2401.02781, 2407.04422
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We used HKNS FF for pion and results from HQET for heavy flavors 
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numbers of light, charm, and bottom 
hadron produced at the EIC with a typical 
one year integrated luminosity of 10  fb−1

Compare our calculations with HERMES measurements
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EEC@EIC

HTL, Vitev, Zhu, arXiv:2006.02437 
HTL, Makris, Vitev,  arXiv: 2102.05669 
Cao, HTL, Mi, arXiv:2312.07655

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 Devereaux, Fan, Ke, Lee, Moult, arXiv: 2303.08143

Nucleon Energy Correlators
Liu, Zhu, arXiv:2209.02080 
Cao, Liu, Zhu, arXiv:2303.01530 

Fu, Muller, Sirimanna, arXiv: 2411.04866 
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Investigated nuclear matter corrections to light and heavy flavor jet  production at EIC


Presented the method to separate the initial and final state effects 


Discussed the Centrality-dependent modification


Discussed nuclear matter corrections to hadron production at EIC


Briefly discussed using the EEC to probe nuclear structure
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