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Introduction

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
...

Nucleus

Electron

Jet or hadron p spectrum at an EIC
L1 to go as low as possible in p,-to ensure enough statistics

L1 to go as high as possible in pr for substructures to avoid large NP

B to identify kinematic region where nuclear matter effect is relative large

Main Motivation B to disentangle the effects from nuclear PDFs and final state interaction

B to identify the mass effects using heavy flavor jet and hadron production
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Introduction

Jet

Nucleus

Electron

Difference between e+p and e+A collisions

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

B T TTTT T IIIIIII] | IIIIIIII T IIIIIIII | IIII'T B T TTTIT | IIIIIIII | IIIIIIII I IIIIIIII T TTTIT B I TTTIT T IIIIIIII T IIIIIIII T IIIIIIII I II TTTIT
(A,Z) p/A A—Z n/a 218 | —— EPPS21 S 18 | —— EPPS21 N - —— EPPS21 |
f (33 Q) f 7 (.CU Q) A f 7 (x ) ) % B --—- nCTEQ15HQ % I --—- nCTEQ15HQ ik % B ---- nCTEQI15HQ |
O 14 L == uNNPDF3.0 i O 1,4 L[ ‘== nNNPDF3.0 O . == nNNPDF3.0 |
- . o ] - ) = i — —
14 Lq Te — . My — S o L
. I | || IIIII I I L I | L L II I | L | L — i I~ =
-EPPS16 : a1 o 1o o i
& L3 : N & : g < ., N
AP o . 5 - | 5 0.6 1 =06 = '\
g L2 antishadowing maximum : : H = 4 = = e o\
~— B : - | - - ~ - - B il
<o \ ''''''''''''' %S 092 1 %5 09 ZE 09 |
m 1'1 -_ "/ g g +_ ya m B llll[llll IlIIlIllI lllllllll lllllllll lllll—ﬂE m m i lllllllll IIIIIIIII lllllllll Illllllll \Illlllll
1.0 |- - H 107 10" 107 107 100 1 107 10" 107 107 1001 107 10" 107 107 100 1
09 Y ol Ye t . .
- : - Py [ IIIIIII [ IIIIIII [ IIIIII| [ |I||II| II | Iillll B P Trrn [ ||||II| [ IIIIIII [ IIHIIIII '[l LI Py [ IIIIIII [ IIIIIII Il IIIIII| [ |I||II| I I ‘
0.8 - small-x shadowing — 18 — = EPPS21 i 18 - == EPPS21 / h
: - = [ ———- nCTEQI5HQ < [ ———- nCTEQI5HQ ot
0.7 - l EMC minimum = g 1.4 == nNNPDF3.0 = [ == nNNPDF3.0
A A L
0.6 """"""""""""""""""""""""""""""""""""""""""""""""""""" = Y0 I I -
0.5 - o >
0.4 1 1 1 1 IIIII 1 1 1 1 lIl|| 1 1 1 1 |l||| L1l \S/ 5
10 10° 10 10™ 1 2 | B
v = I I I [ 14 =
10° 10" 100 107 10" 1 10° 10" 100 107 100 1 10° 10" 10° 10~ 10'1 1
nCTEQ15, EPPS21, nNNPDF3.0, TUJU21, KSASGZ20 et al T z iL’

Klasen, Paukkunen, arXiv: 2311.00450



Introduction

Difference between e+p and e+A collisions

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

In-medium parton showers for parton propagating through medium

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

o < ‘ In our works, we used the functions with SCETg

Nucleus 7 .

\ al ~ CF—v—<|' ®—<+ Q—Q
ar | I

\6_ _ _

For example g — gg splitting function + oR

Ovanesyan, Vites, arXiv: 1103.1074, 1109.5619
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Difference between e+p and e+A collisions

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

In-medium parton showers for parton propagating through medium

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

0! ;3 In our works, we used the functions with SCETg
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Jet@EIC

Comparison between NLO ang factorized cross section

Jet Inclusive cross section
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Jet Inclusive cross section

scales

. L . . . fth ™~ PT
The inclusive jet cross section can be expressed in a factorized
form with the help of semi-inclusive jet functions wi ~prR
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Jet Inclusive cross section scales
. L . . . fh ™~ PT
The inclusive jet cross section can be expressed in a factorized
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Jet Inclusive cross section

1.1
- 18 GeV x 275 GeV e+Au Anti-kT 2<n<4 R=0.5 ]
S — :
< 0.9 1 ]
=~ - |
0.8~ -
Modifications defined as - Full :
0.7 — Initial only _
~ Finaloply |
5 10 15 20 2

Jet P, (GeV)

o 1 fnn12 da/dnde|e—|—A
A f:lz do / dnde\

Rea(R)

e+p

Bjorken x n the anti-shadowing and EMG region

il Final State effects decreasing with p; increasing

| Bands are scale uncertainties ;‘_

Light jet, HTL, Vitev, arXiv:2010.05912



Jet

Jet Inclusive cross section

Modifications defined as

1 fnn12 da/dndeLz—l—A
A f:lz do / dnde\

Rea(R) =

e+p

Biorken x in the anti-shadowing and EMG region

{ L] Final State effects decreasing with p; increasing

3‘ (] Bands are scale uncertainties

Light jet, HTL, Vitev, arXiv:2010.05912

t produce the largest nuclear effects. :
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Jet Inclusive cross section

Modifications defined as

1 fnn12 da/dndeLz—l—A
A f:lz do / dnde\

Rea(R) =

e+p

CiBiorken xim the anti-shadowing and EMG region |

{ L] Final State effects decreasing with p; increasing

| Bands are scale uncertainties !

Light jet, HTL, Vitev, arXiv:2010.05912

t produce the largest nuclear effects. :
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Jet Inclusive cross section
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()12, ~ (q)/4,Cp/Cy = 0.05 GeV’/fm  Uncertainties by varying transport parameter

Jet Inclusive cross section
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Jet Inclusive cross section

Jet@EIC

()12, ~ (q)/4,Cp/Cy = 0.05 GeV’/fm  Uncertainties by varying transport parameter
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Jet structures

et@EIC

min(pr, Pra) .
Zg — Pri-Pra with Zg > Zeut
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Hegazy et al 2411.07963 (b)
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Jet@

Centrality-dependent modification

Centrality ||0 — 1%|0 — 3 %|0 — 10 %|60 — 100 % |80 — 100 % |90 — 100 %[0 — 100 %
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average interaction length of a parton in a Pb nucleus as a
function of centrality obtained in BeAGLE
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In collinear factorization, the inclusive cross section for hadron production is
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In collinear factorization, the inclusive cross section for hadron production is

dotN=hX ] dx ; i —t ;
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(g2, = (q,)/2,CplCy = 0.05 GeV’/fm

Uncertainties by varying transport parameter

HTL, Liu, Vitev, arXiv:2007.10994
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Energy 5 GeVx40 GeV 10 GeVXx100 GeV 18 GeVx275 GeV
p [GeV] [2.3] [5,6] [2.3] [5,6] [2.3] [5,6]
+ | LO 53x10° | 24x10* | 1.4x 10" | 3.0x10° | 29x 10’ | 9.6 x 10°
NLO | 1.1x107 | 6.9x10* | 2.8%x 107 | 6.1 x 10° | 5.6 x 107 | 1.9 x 10°
o | LO 1.4x10° | 3.2x10° | 8.6%x 10° | 9.0x 10* | 3.1 x 107 | 6.6 x 10°
NLO | 3.7x10% | 85x10% | 2.1x 107 | 2.1 x10° | 72x 107 | 1.5x 106
g0 | LO 3.7x10° | 1.2x10° | 24x 10° | 2.8 x 10* | 9.0 x 10° | 2.0 x 10°
NLO | 1.1x10° | 3.3x10% | 6.2%x10° | 72x 10* | 2.1 x 107 | 4.7 x 10°
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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~!
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Liu, Zhu, arXiv:2209.02080

17" D;
Nucleon Energy Correlators ~ En(Q%6%) =) / do(zp,Q% pi)wg~ —5 6(6° —07)  Cao, Liu, Zhu, arXiv:2303.01530
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I R Two-Point Energy Correlator
 free hadron gas transition TFR resum hard Lr‘;'l?m = 3 <gn5n>
102 ¢ QO n=0.5
: ~ _
E 2+ =‘__I_|=——==: |
Hard 103 L S’j - _.q=8q_._ _
i 8 e ——t—e—
TFR o | ‘ O 9qF e -
10 ¢ EIC: e(18GeV)+p(275GeV), Q=20GeV - ' e+Dp I
0=0 0=r A pythia —— free particle Lﬂ _§_ e -+ 197Au’ K =29 D
105 O pythia had. —— free hadron gm + e + 197AU_’ K =14 eHIJING
K . . . | - o 0.5 + e+19"Au, K =10 e+ A, 10 x 100 GeV, 4 x 108 events il
-8 -6 -4 -2 0 2 4 I 1.0 <n < 3.5, 20 < pr < 30 GeV
y=In(tan[6/2])
. 005  0.10 ' 050 1
TFR: the correlation of the energy flows from the initial nucleon. 0
Hard: measures the perturbative behavior of QCD
TMD: measures perturbative and nonperturbative TMD physics Devereaux, Fan.Ke, Lee, Moult, arXiv: 2303.08143
Fu, Muller, Sirimanna, arXiv: 2411.04866
HTL, Vitev, Zhu, arXiv:2006.02437 Andres, Dominguez,Holguin,Marquet, Moult, arXiv:2411.15298

HTL, Makris, Vitev, arXiv: 2102.05669
Cao, HTL, Mi, arXiv:2312.07655
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Liu, Zhu, arXiv:2209.02080

Di
Nucleon Energy Correlators  En(Q% 6%) = Z / do(xp, Q% pi) Ty~ T5(92 —07)  Cao, Liu, Zhu, arXiv:2303.01530
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EIC: e(18GeV)+p(275GeV), Q=20GeV
6=0 A pythia — free partile 4 Light Quark N =7
O pythia had. —— free hadron di T
— 0 = 600 GeV
y=In(tan[6/2]) R

: e Dai, Kim, Leibovich, arXiv: 2410.11614
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

HTL, Vitev, Zhu, arXiv:2006.02437 Bottom Quark

HTL, Makris, Vitev, arXiv: 2102.05669
Cao, HTL, Mi, arXiv:2312.07655
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Conclusion

] 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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Conclusion

] 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

Thank you!
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