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Scientific goals at EIC worldwide
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“Old” and long standing problems of nuclear partonic structure

4+ One-dimensional nuclear partonic structure

Four Decades of the EMC Effect
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“Old” and long standing problems of nuclear partonic structure

4+ Three-dimensional nuclear partonic structure

Cronin effect

e Naive Gaussian model
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How to probe the nucleon/nuclear partonic structure?

4+ Indispensable joint efforts from experiments and QCD theory
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Experimental Hard part
NEESIENERS controlled by pQCD theory

Nucleon partonic structure




Nucleon partonlc structure 3D |mag|ng
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Nucleon partonic structure - 3D imaging

Unpolarized proton Transversely polarized proton

Repl. 105 (Q*=1 GeV?)
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0.15

Transversely polarized quark distributionis distorted!

Tianbo Liu, Aug. 7



What if the nucleon is bounded in nucleus?

Nuclear partonic structure Parton propagating in nuclear medium

Two mechanisms leading to nontrivial nuclear effects !



Observable 1: nuclear modification with one hard scale (mass)
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Generalized factorization formalism

perturbative expansion

. * Nuclear enhanced power correction
s = 220 +alCM + 020 +...| @ Ty(z) J. Qiu, G. Sterman, NPB 1990
+ L1a%CO 4 alo® 4 020® 4 leTy@) U QU X Luo, PRD 1998
Jower expansion ?- o Kang, Wang, Wang, HX, PRL 2014
v IQQ [04304 + a,C; 7 + asC) —I—...]®T4(a:) | \ A1/3
+ ... Q)2 ’ Q2

. Only one hard scale: 07

* High twist collinear factorization - nuclear modification from multiple scattering
o SIDIS: A direct probe of the nuclear quark-gluon quantum correlation
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. . d B 1T 1 N d —d > 1T 2  —Yo 1T3 ” = = =
o Twist-4 matrix element: Tu(a1,z2,25) = [ 5 e / L2 gian v ) einsn v gy )0y — )

X (Alhg(0)y* F (y5 ) F7 (y1 )be(y7)|A).
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Global extraction of nuclear partonic structure - g
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Observable 2: nuclear modification with two scales

4+ Transverse momentum dependent PDFs (TMDs)

Sp

f(il)') f($,k_|_)

Collinear PDFs — Transverse momentum distributions (TMDs)

® Probing nucleon 3D structure requires two momentum scales

e Hard scale J; > 1/fm localizes the probes (particle nature
of quarks/gluons)

e Soft scale O, ~ 1/fm accesses the transverse motion of
quarks/gluons SIDIS: Q>>P;
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Nuclear partonic structure - 3D imaging

4 TMD factorization for cross section

do” ° bdb . [ bP
dXdQ2 dZ d2PhJ_ = g H(Q Z / _]O ( = > fq/n( b7 Q) Dﬁ/q(z, b, Q)
4+ TMDs

f;/n(x, b; Q) — :C4<—i ® .ﬁjn] (x7 ub*) €XPp {_Spert (ﬂb* ; Q) — Sjl:TP (b, Q,A)}

1 ra-
D‘];l/q (Z, b; Q) — Ci(—q X Dll;l/z] (Za Hp., ) eXPp {_Spert (ub* ; Q) _ SgP (b7 <y QaA)}

¢ L

Our assumptions

® Perturbative information is left unchanged by the nuclear medium.
Cyi, Ci—g, and Spert are unchanged.

o Non—perturbative information is modified.
i s DA SRp, and S4 are altered.
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Nuclear partonic structure - 3D

* TM DS f;/n(xa b; Q) — :Cq<—i & f;f}n] (x7 Nb*) EXp {_Spert (Nb* ; Q) — S{:TP (b7 QaA)}

Djyg(2,5;0) = =5 |Cicq ® D] (2, Ms.) exp {—Sper (1o, @) — SRp(6,2,0,4)}

Collinear Distributions
We use the EPPS16 parameterization for f;‘}n (NLQO). EPPS,EPJC 2017

We use the LIKEn parameterization for D}, (NLO). zurita, 2021

Perturbative order in our analysis
Work at NLO+NNLL for the TMDs.

Non-perturbative parametrization
Slip (b, Q,A) = SLp (b, Q) +ay (A2 — 1) b°

2

SR (2.5, 0,4) = SR (2,5, 0) + by (472 —1) %

22
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Nuclear partonic structure - 3D
4 From collinear (1D) to TMD (3D)

® do/dq. (pPDb)
ATLAS
CMS

® RAB — doy /dO’B

-ET772
-Prelim. RHIC

SIDIS Measurements

e Multiplicity ratio R = M, /M;, .
-HERMES 2007
-Prelim. JLab
-Planned JLab
-Possible EIC.

Collaboration Process Baseline Nuclei N 4t )(2
HERMES [36] SIDIS () D Ne, Kr, Xe 27 16.3
RHIC [44] DY p Au 4 2.0
E772 [42] DY D C,Fe, W 16 20.1
E866 [43] DY Be Fe, W 28 433
CMS [45] v*/Z NA Pb 8 9.7
ATLAS [46] v*/Z NA Pb 7 13.1
Total 90 105.2
- CMS 5 TeV
\ ATLAS 5 TeV
E’66
| E772
RHIC
EIC
HERMES
JLAB 12 GeV
....1.(.),_4 : 10—3 : 10_2 : 10—1 : 100




nuclear 3D imaging - global extraction from world data
Alrashed, Anderle, Kang, Terry, HX, PRL 2022
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Three-dimension imaging in nuclel
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Impact from JLab measurements
Alrashed, Kang, Terry, HX, Zhang, arXiv: 2312.09226
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Neutron skin

4 Woods-Saxon nuclear distribution
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Neutron skin from elastic scattering

4+ Current knowledge on neutron skin — R —
g AR, =R,—R,
TABLE I. Values of the neutron skins in ?°®*Pb from a variety of experimental methods.
Type of measurement Extracted neutron skin in “°°*Pb
Proton-nucleus scattering 6] 0.083 - 0.111
Proton-nucleus scattering (7] 0.20 £+ 0.04
Polarized proton-nucleus scattering [8] 0.16 = 0.05
Polarized proton-nucleus scattering 9] 0.211 33:255
Pionic probes [10] 0.11 £ 0.06
Coherent 7 photoproduction [11] 0.15 =£°0.08" ¢ o3
Coherent 7w photoproduction [12] 0:20 e
Antiprotonic atoms [13] 0.20 (% 0.04) (£ 0.05)
Antiprotonic atoms [14] 0.16 (4 0.02) (& 0.04)
Antiprotonic atoms [15)] 0.15.4:0.02
Electric dipole polarizability [16] 0.13 - 0.19
Electric dipole polarizability [17] 0.165 (40.09)(£ 0.013) (£0.021)
Electric dipole polarizability
via polarized scattering at forward angle [18] 0.156 Faos-
Pygmy dipole resonances [22] 0.18 + 0.035
- Ao 0 GDRRO NV 28, e O e ——
1 parity-violating electron scattering[19] 033 255
' parity-violating electron scattering[20] 0.283 + 0.071

— —— —
— —_— — —— — E —

~ —

~

crucial for constraining the fundamental properties of cold nuclear
matter and the equation of state of neutron star
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Neutron skin from heavy ion collisions

4+ New idea using heavy ion collisions Giacalone, Nijs, Schee, PRL 2023

(a) v '

ré

— LHC [Trajectum] [0.217 £ 0.058 fm]

— PREX
— ab initio

A, -

0.0 0.1 0.2 0.3 0.4

Atry, = r, — 1rp [Im]

<
p(Ar,,)

Extract neutron skin thickness of Pb using soft probe + hydrodynamic model at LHC
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Neutron skin from deep inelastic scattering

4+ A new proposal in deep inelastic scattering at EIC

Zhang, Wang, HX, arXiv: 2408.xxXXXX

Linking physics phenomena at both low and high collision energies
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Neutron skin from deep inelastic scattering

4+ Jet charge in deep inelastic scattering

e TMD factorization L
do i 0°6§_ eA\/5 = 105 GeV
dQ; >ieF -T-{fz'/A(fv, br)Ss(br, R) 5F anti-ky, R = 1.0
b §

XHez’—)ez’ (Q)gz (QJ) pZJ*R) } ’

Qr= ) (&)RQh

J
heEjet Pr

Intrinsic correlation between final-state jet charge distribution and
Initial-state partonic distributions in nucleons




Neutron skin from deep inelastic scattering

4+ Using PDFs to tag flavor information of nucleon

2.0

CTI18 at 2 GeV

S

T I

0.0 ~ ——
10° 10% 10° 107 10! 02 05 0.9

* Correlation between struck nucleon and PDFs using isospin symmetry
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Neutron skin from deep inelastic scattering

+ Centrality-dependent nuclear modification RC(2.Q.) doC/dzdQ
XL J) —
’ doMB /dzdQ ;
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- (a) Al Qy . 0— 60% (b) Qs > 0.25 . 0—60% (c) @7 < —0.25 -
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0.9

surface

B hit on

- = 60 — 80%
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Y O O |

0.8 T
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1071

L

* Positive (negative) jet charge suppression (enhancement) in e+Pb collision

* A proxy for the spatial position of the struck nucleon within the nucleus
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Neutron skin from deep inelastic scattering

4+ Centrality-dependent nuclear modification: double ratio

R0 <-0Q) dGC/ddeJ\Q] o doMBraxdg,l, .,

R=—o Zhang, Wang, HX, arXiv: 2408.xXxXXXX
RC(x, 0,20,  doCrdxdQ,| 050 doMBdxdQ,| 00
1.4_ e ‘ 2 WL o fF A I L T L I & 7 3§ B T T 1T 1 1 1 T 1 il
- = AR, =0.0fm ! I e+Pb 0-60% ® et+Zr /s=105GeV .
{ 35 — AR, =0.15+0.03 fm i 1.3 =-rrr etPb6080% Kk etRu  z=0.05
Ol — AR, = 0.28+0.071 fm H B GhPLIBGLI0S :
12; s = 105 GeV L’_ : [ /””” i
% - X+ 0.05 | | ] % 12: .,/”’ :
1.1; ﬁ _ : ,,,/ _f
E = E LIE 2T | e
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Centrality AR

 Jet charge distribution in eA DIS: a novel probe for high precision
determination of neutron skin thickness
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Summary

* Focus on nuclear partonic structure in high energy nuclear collisions.

 For one scale observables, we use high-twist factorization formalism
to extract the twist-4 quark-gluon correlation in nucleus.

e For two scale observables with distinct difference, we use TMD

factorization formalism to extract for the first time the 3D partonic
structure of nuclel.

* New proposal to probe neutron skin thickness using jet charge
measurements in eA DIS at EIC.
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Summary

* Focus on nuclear partonic structure in high energy nuclear collisions.

 For one scale observables, we use high-twist factorization formalism
to extract the twist-4 quark-gluon correlation in nucleus.

e For two scale observables with distinct difference, we use TMD

factorization formalism to extract for the first time the 3D partonic
structure of nuclel.

* New proposal to probe neutron skin thickness using jet charge
measurements in eA DIS at EIC.

Thanks for your attention!
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Backup

4 Nuclear PDFs

b A n/A
fisa(m, usb) = 728 214 (z, ) + TAQ £/ (, )

Thickness function: T'4(b) = [ dzpa(r)

4+ Woods-Saxon parameters

TABLE I. WS parameters and neutron skin thickness for
25°Pb, 33Ru and 79Zr used in our numerical calculations.

nucleus ¢, [fm]| ap [fm]| ¢, [fm]  a, [fm] ARy
22°Pb [7]  6.68 0.448 6.69 0.448 0 Pos
2%Pb [7] 6.68 0.448 6.69 0.5661 005 0.15+ 0.03 Prp(T) = r—cn.p

2°8Pb [10] 6.68 0.448

6.69 0.654700%c 0.284+ 0.071

1—|—exp( -

2aRu [21] 5.06 0.493 5.075 0.505 0.03
ZSZr 21] 4.915 0.521 5.015 0.574 0.16




