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4+ Introduction to Electron lon Colliders

4+ Selected topics for nucleon/nucleus structure
» proton 1D structure
» proton 3D structure
* nuclear effects

4+ Summary



What holds us together?

standard model
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Nuclear Femtography: search for answers to the most
fundamental structure at Fermi scale!



Nucleon partonic structure

4 Revolution in our view of nuclear structure

Atom: Dalton 1803
Nucleus: Rutherford 1911
Proton: Rutherford 1919
Neutron: Chadwick 1932

e+tp D e+ X

)7

1968 »

Modern Rutherford scattering

Quark model: Gell-Mann and Zweig 1964
Parton model: Feynman 1969
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Fig. 5. Elastic electron scattering cross sections from hydrogen compared with the Mott

scattering formula (electrons scattered from a particle with unit charge and no magnetic
moment) and with the Rosenbluth cross section for a point proton with an anomalous magnetic
moment. The data falls between the curves, showing that magnetic scattering is occurring but
also indicating that the scattering is less than would be expected from a point proton.



Modern machines to probe the nucleon partonic structure

Lepton-lepton colliders
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BEPC, SuperKEKB

» No hadron in the initial-state

» Hadrons are emerged from
energy

» Not ideal for studying hadron
structure

Hadron-hadron colliders

RHIC, LHC

» Hadrons in the initial-state

» Hadrons are emerged from

energy

» Currently used for studying

hadron structure

lepton-hadron colliders

hadrons

HERA, JLab

» Hadrons in the initial-state

» Hadrons are emerged from

energy

» Ideal for studying hadron

structure



The modern experiments for nucleon structure

1980 1990 2000 2010 2020 Electron lon Collider
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Electron lon Colliders -> the next generation facility specifically for nucleon structure!
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Proposed Electron-ion
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Time evolution of US EIC

Facilities

March 14,2013

OPPORTUNITIES IN NUCLEAR SCIENCE

2002 Long Range Plan in the US

The Electron-lon Collider (EIC). The EIC is a new
accelerator concept that has been proposed to extend
our understanding of the structure of matter in terms of
its quark and gluon constituents. Two classes of

» Gluons...generate nearly all of the visible mass in the universe.
Despite their importance, fundamental questions remain.... These
can only be answered with a powerful new electron ion collider
(EIC). We recommend a high-energy high-luminosity polarized
EIC as the highest priority for new facility construction
following the completion of FRIB.

Major Nuclear Physics Facilities
for the Next Decade

Report of the NSAC Subcommittee on Scientific

The 2013 NSAC Subcommittee on
Future Facilities identified an Electron-
lon Collider as absolutely central to

the nuclear science program of the
next decade.
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Time evolution of EicC
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Electron-lon Collider in China (EicC)

High Intensity heavy-ion Accelerator Facility (HIAF)
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Electron-lon Collider in China (EicC)
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Scientific goals at EICs
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Complementarity between EIC and EicC

N 3 (1
- R - | |eic10x100Gev?
4034 0 D
N B = | DElcC35x206eV2
' &
§ 10% 3 10°F JLab 12 GeV
> é i
ot © E
w -
B 10> COMPASS Ig
= s 10
“— HERMES - -
- "
5 0¥t e
= e [
=
5 doubly polarized beams unpolarized beams) :
1F1 cataal ettt sl ettt el d by
10 100 1000 10—4 10—3 | 10—2 10—1 1
Center of Mass Energy |s (GeV) Fraction of Momentum x

Mapping out the nucleon structure
via EICs worldwide

13



How to probe the nucleon partonic structure?

4+ Indispensable joint efforts from experiments and QCD theory

Experimental Hard part Nucleon partonic structure
measurements controlled by pQCD theory b

14



Nucleon partonic structure - momentum distribution

4+ Multi-dimensional view of nucleon partonic structure

W(x,b,,k,)

Wigner distributions

[db, / Z <\\ [d’K,
7

X %
S (x,k;) f(x,b;)
transverse momentum impact parameter
distributions (TMDs) distributions

semi-inclusive processes
V 4 AN

S
fdzlék //fdzbr
R T
Wigner distribution ..
5D view

inclusive and semi-inclusive processes
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1D momentum distribution: Parton distribution functions (PDFs)
4+ Operator definition of quark PDF

= odyT T - - k) | _\k
o) =J ™ (plyO)—7 0.y Hw(y ) |p) L
oo 21 2 P,S A P,S

e Light cone momentum fraction: x = k™/p™

e \Wilson line to ensure gauge invariance

W(0,y7) = g»e—igfé_dn‘ﬁ(n‘) T
4+ Probability interpretation |
e The probability density of finding a parton
INside a proton 1 . - PN
e Satisfies energy conservation Z J dxxf,,(x) =1 \0/
0

a=4,8
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Parton distribution functions

4+ PDFs are key ingredient in high energy and nuclear physics

e Understand the fundamental structure of QCD bound states (JLab, EIC, EicC...)
® Provide essential baseline for hard probes in heavy ion collisions (RHIC, LHC)

® Precision test of standard model (LHC)

e Compute backgrounds in searches for BSM physics (LHC)

4+ Methods to obtain and understand PDFs

e Nonperturbative models (DSE, yEFT, LFQ, Ads/CFT ...)

e QCD global analysis (measurements + pQCD)
e | attice QCD (lattice QFT + high performance computing)
e Quantum information science (Quantum computing)

17



QCD global analysis of world data

0.91

4+ Current knowledge about proton PDFs

| P llll” I [} llllq

- NNPDF3.1 (NNLO)

I e

p— —
—
—

xf(x,u2=10 GeV?) :

107" 1

10

X

NNPDF:1706.00428

1 QCD l
evolution

1r
0.9F
0.8f
0.70
0.6F
0.5
0.4F

0.3F

| l”

g/10

0.2f ‘
0.1

I | | llllq

xf(x,u2=10" GeV?)

1 rrrrrn
-

A
-—
-
-
-

107

X

107"

d20/dpr/dly| (fb/GeV)

Predictive power of pPQCD *

107

104_

101_

105_

102_

10°

[
o
N

=
o
Ry

NNLO]ET Vs =13 TeV

0.0<[y]<0.5 |

"
T +

' | L 0.5<|y| <1.0

3
T T

| e 1.0<|y|<1.5

T +

\'\myl =2.0

I "
T +

--E4H-h14H=hEhE=E=Ehhheﬁ*1+2a_u;hgiﬁexﬁiu12J)<:.y|<:2'5
;

2.5<|y|<3.0
32<|ly|<47  [mmm LO
=== NLO 5
t'k(R“T)% —— NNLO FC
anti-k7(R = 0.
T NNPDF40_nnlo_as_01180 ¢ e
200 300 400 600 800 1200 2000
pr (GeV)

X. Chen et al, JHEP, 2022

18



QCD global analysis of world data

4+ Current knowledge about proton PDFs See video at: http://eicug.org/

T ]
V

gluon sea valence

Nucleon structure: quantum probabillty, there is no stil picture for |
partons inside nucleon.
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PDFs on lattice

4+ Traditional lattice calculation: using OPE to
provide moments

1
(x" 1y = [ dxx"1 a/p(X)
-1

® PDFs can not be directly calculated on lattice

e | attice results are not compatible with their global-
fit counterparts

4+ New strategies in lattice calculation - finite
boost parton distribution

® quasi-PDF using LaMET (Ji, 13)
® Pseudo-PDF (Radyushkin, 17)

e | attice cross-section (Ma and Qiu, 14, 17)
°o ..

Progress in Particle and Nuclear Physics 100 (2018) 107-160

quark field 1
gluon field § L
X;)’; Z
\ 4
t
Unpolarized moments
<X>u+ d }.“' ; I .
attice QCD +»——a—
global fit (PDF4LHC) =---@----!
global fit (uw avg) - - & == =
Xy -
(X>g+ :
- {X)s
e T
<X>g :.A.:i
u2=Q%=4 GeV?
0 0.1 0.2 0.3 0.4 0.5 0.6
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1D collinear PDFs from Quantum computing

4+ Strategies in our quantum computing QuNu Collab. PRD(L) 2022

MEASURE
VARY PARAMETERS#

\,Q

§ i“»‘." — @ QUBIT N
Idl— z g e~ ; — QUBIT 0
AH z 2 T — QUBIT I
e : m% | - S =3 i QUBIT m
o S = —mOm :

@— = CZ) < — QUBITN - 1

PREPARE |A) ! QUANTUM CIRCUIT FOR S, (1)

" " dz —rx My, z tHt 7. —H
1. Map quantum field to qubits fa/n(@) :/Ee +#(hle" (0, —z)e Ty T(0,0)|h)

2. Prepare the initial hadronic state
3. Evaluate the real-time dynamical correlation function

4. Measurement of relevant observable
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Numerical results from quantum computing in NJL model

4 Measurement of hadron mass

0.2

0.4

0.6

0.8

1.0

1.002

1.810

2.674

3.034

4.352

1.001

1.801

2.609

3.009

4.342

M, = (h|H|h) —(Q|H|Q)

ma = (0.2

e Considering the current limitations of using real quantum devices, the
results are generated using a classical simulation of the quantum circuit

N=12

~ 99% of proton mass

e Measure the mass of the lowest-lying ud-like hadron in NJL model with 2

flavors

e QCD dynamics generates majority of the hadron mass
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Numerical results from quantum computing

Nu Collab. PRD(L) 2022
4+ quark PDF of the lowest-lying zero-charge hadron <l Colla (L) 20

L A —
e Good agreement between quantum e
computation and numerical RN N -
diagonalization 5 | / . ‘
:é O._ \Et-ﬁ——g——ﬁ—"ﬁ'_ﬁ_
® [he non-vanishing contributions in /
o —0.51- —— NUM, g = 0.6 A QC,g=06 =
the x > 1 are partly due to the finite | NUM,g = L0 =10
volume effect e A

® \We observe the expected peak

around x = (.5 and qualitative

agreement with pion PDFs =
=
=

JAM Collaboration, PRL, 2021
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Nucleon partonic structure - spin configuration

4+ Naive parton model

P18 =2{GE-2+H+(-3+i+H+43 +1 - D)

proton spin 1/2 is consistent with naive parton model, but contradict with experiments.

4+ Proton spin decomposition Jaffe, Manohar; Ji

1 1 1
%h=<P,%|JéCD |P,;>— édexAZ(x,Q2)+fodxAG(x,Qz)_l_dex(;Lg_l_Lé)

total
quark spin

angular
momentum

" Spinisone of the fundamental properties of matter
" We don’tknowyet how the spin of proton arisesin terms
of its quarks and gluons - spin crises.

24



what do we know about the proton spin?

0.4

0.2

— DSSV 2014
with 90% C.L. band

DSSV 2008
90% C.L. band

Quarks ~ 30%

[dx Ag(x,Q%)

[
n

[

min

0.5

IIIIII | IIIIIIII LA | IIIIIIII | IIIIIIII L L L
DIS + SIDIS data — DSSV 2014
no pp data in fit with 90% C.L. band
RHIC spin

projected data up to 2015

Gluon ~ 40%

min

1/2- [ dx [1/2 AZ + Ag] (x,Q%)

= = >
~ @)\ o0
I

=
)

min

4+ Current knowledge about proton spin decomposition from world data

-
| |

DSSV 2008
90% C.L. band

— DSSV 2014
with 90% C.L. band

Orbital angular
momentum ?

It is more than the number 3 | It is the interplay between
the intrinsic properties and interactions of quarks and gluons

min
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What can we do in future to pin down the proton spin?

4+ Polarized structure function measurement g,

Pion/Kaon

(u

=y >\ C \/\~ Qy’ c

d

%, hadron fragmentation

e | eading order cross section .
J f Polarized PDFs

g, Q) =53 e [Aq(.l.. QYD (=, Q%) + Ag(x, Q*) D=, Q?)]

—

q

Extracted nucleon structure information: polarized PDF's (helicity distribution)
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What can we do in future to pin down the proton spin?

4+ SIDIS for flavor decomposition
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EicC white paper
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What can we do in future to pin down the proton spin?

A (z, Q)
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4+ Parton spin contribution to proton spin

Anderle, Hou, Yuan, HX, Zhao, JHEP 2021
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Clover:

020 025 030 035 040 045

my [GeV]
Lattice QCD simulations

PRL119.142002, 2017
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Nucleon partonic structure - 3D imaging




Nucleon partonic structure - 3D imaging

4+ Transverse momentum dependent PDFs (TMDs)

Sp

f(m) f(xa kJ_)
Collinear PDFs — Transverse momentum distributions (TMDs)

® Probing nucleon 3D structure requires two momentum scales

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

e Soft scale J, ~ 1/fm accesses the transverse motion of quarks/ SIDIS: Q>>P
gluons ' !
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Nucleon partonlc structure - 3D |mag|ng

Nucleon Polarization

c

Quark polarization

Longitudinally Polarized

(L)

Transversely Polarized (T)

{ o——]

hl-‘—'T - ( j:
Boer-Mulders

Fil P — [
Worm Gear

} N
gir=® -
Worm Gear

Pretzelosxtv

O Survive the ky integration, yield 1D pdfs
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Nucleon partonic structure - single transverse spin asymmetry

4+ Transverse polarized proton + unpolarized electron

1 do(dy, §,) — do(Py, s + 7)
St do(Pp, @) + do(pp, s + 7)
— Ag;llinssin(¢h 4 ¢S)_|_Alé}l¥erssin(¢h _ ¢S)+A5;etzelosif}’sin(3¢h _ ¢s)

Ayr( Py, @) =

4+ Quantum correlation between proton spin and parton motion

bz <Ta Observed particle Sivers function fllT: proton
‘ : ~— spin influences parton’s
: ’ 4 ~ transverse motion

Polarized hadron

Ay ™ oc (sin(@, —¢y)),,, & fir ®D,
4+ Quantum correlation between proton spin and parton spin

s Observed particle Pretzelosity function hllT: proton
m\ spin and parton spin influence
é _ é ‘ e — parton’s transverse motion

32
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Nucleon partonic structure - 3D imaging

By Andrea Signori

Unpolarized proton Transversely polarized proton

Repl. 105 (Q%=1 GeV?)
_0.05

_(-J : .1 -[—J X p(Gev—l’)

14

12
~..0.20
1.0 10

Transversely polarized quark distributionis distorted!

0.15
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Nucleon 3D imaging at EicC - Sivers effect

Up quark Sivers function -xfiv(x,kr)

Fit world data
BEm EicC (stat.)
N EicC (stat.+syst.)

v-0.00s

w001

e w16
9 0ns 1 1.5

Anti-up quark Sivers function xfii(x.k1)

Quark transverse momentum ky (GeV)

w0005

a=0.01

w16

. 0= 1 1.5

Quark transverse momentum kr (GeV)

(x.kr)

i

fi

Down quark Sivers function x

w16

=0s

-0

(x.kr)

A

f

Anti-down quark Sivers function x

Quark transverse momentum ky (GeV)

) ‘ “ v 16
© 0.s 1 LS

=0 105

=0

Quark transverse momentum kr (GeV)

(x.Kkr)

' &
"

Strange quark Sivers function xf

=02

¢ ‘ x~0.16
0 0s I 15

A=0.005

x~0.01

(x,kr)

i

Anti-strange quark Sivers function xf

Quark transverse momentum ky (GeV)

=016

0 0s 1 15

0005

=001

Quark transverse momentum kr (GeV)

Liu, Zhao, Zheng, 2023

u/d Sivers EicC vs v

LO analysis
EicC SIDS data:

>
>
>
>
>

Pion(+/-), Kaon(+/-)
ep: 3.5 GeV X 20 GeV
eHe-3: 3.5 GeV X 40 GeV

Pol.: e(80%), p(70%), He-3(70%)
Lumi: ep 50 fb-1, eHe-3 50 fb-!

EicC, precise measurements.
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What if the nucleon i1s bounded in nucleus?

Initial state Final state
Nuclear partonic structure Parton propagating in nuclear medium

Two mechanisms leading to nontrivial nuclear effects.
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“*Old” and long standing problems of nuclear partonic structure

® One-dimensional nuclear partonic structure

Four Decades of the EMC Effect

(2<Q%<20 (Gav/ie)?)
.3} 0SLAC (0.9<Q%<1.6)

- Bodek-Ritchie Fermi

T

-85 [Rochesier-SLAC- MIT({E49B)

T T T T
| o] fOChester- SLAC- MIT{EBT) I <l
(3<Q? <20 (Gev/ct) ’ 4

OEMC (9<Q%<I7O(Gev/c )

“a AC (Cu/D)
{0.9<0%< ), 6(Gev/c)Y)

1,2 Smaeaoring Bodek-Ritchie Fermi -
¢ .f
% i
Op
1.Q * f
of| 1 H{ - -
0.8%'_ Pholoproduciton b -
{Ott 0' yei% GaVv) (O} -— Pho[opf“ucﬂon t ) ‘
£ | L (Q**0, ¥ = 15GaV) L
C 0.2 0.8 0.6 0.8 I 0 0.2 0.8 0.6 0428 1.0
X X

EMC Collaboration, 1983

g 13 F
5 1.2 F antishadowing maximum\

oy X

T FoEETTIT) T N R E R T T T T TTRT] T T T T 77T
I 1 s 4
- EPPS16 : :

3 ll - 2 “ ................ | Ya
[ i RA o fi/A(aj) Q ) :
Ot = p 2
(.9 -— fZ/p(’CE)Q ) ........... - s

(.8  small-x shadowing
0.7 ! EMC minimum -
1 omersmee O A G A -
0.5 B
0.4 h : Ll 1

10 10 s & 10" 1
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Power of EicC for nuclear partonic structure - 1D

® Nuclear partonic structure - nuclear quark distribution

—

xUt(x, Q

4

&
o

1073

v

S\

'\

NPDF

1.20
s NNNPDF2.0

=== NNNPDF2.0 reweighted

[Z no pseudo-data 1.15

1.10
EicC coverage
1.05
1.00
0.95
0.90

0.85

1072

t  0.80
XB

1071 1073

relative uncertainty

02=10.0GeV?

_————TrTTTTTT

1072 1071
XB

Jff =0.01 b= Only a few hours of running
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Power of EicC for nuclear partonic structure - 1D

® Nuclear partonic structure - nuclear gluon distribution

nPDF Relative uncertainty

Y.

NS

> — 1.4 ¢
8 7/ — nEEIEgII::ig reweighted 13_%
X LZ_1 no pseudo-data
“ / 1.2
J [55 =0.01 fp~! .
& 7
.
7
2= 0.8

0. 75

0.6

lll]

I I | [ I I llllll] I I L L . I I llllll] I I I—nl=—8 1 I | [ [ SRR R |
10-3 10-2 10-1 10-3 102 10-1

Xp Xp

Only a few hours of running



Nuclear partonic structure: jet transport parameter

SIDIS off nucleus
N%, 004 | —
S A&
3 }
o~ ®
% Kr
L/
0.02 |-
_ Ne
_He !Zi
0k A7) = ()4 — ()N
- ® HERMES: Phys.Lett. B684 (2010) 114

g: jet transport parameter

Peng Ru’s talk, Wednesday

YR a(XBst).(Gevzlfm) ™

N,

qu (QjBa 07 07 :uz) ~

JLab EIC (BNL)
i EicC 0.07<xp<0.09
- SIDIS () —— EIC(BNL)
—— EicC

- e-Pb = =% j=const.

Ea wa ms s ma e owa m s D1 s s s ra s pra rs 1 px onoa

[ Exp. uncertainty

_____
T e i

ral
10
Q° (GeV?)

e aaten®) [ dyTa )

The nuclear partonic structure can never be a still picture, future EICs
can precisely study the QCD evolution of jet transport parameter!
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“*Old” and long standing problems of nuclear partonic structure

® [hree-dimensional nuclear partonic structure

Cronin effect  Naive Gaussian model

! B Fiplekp) = frp0 e (k) — k), + (T )
1 | - (kz)
1 !
' ant # o T h
2 b . ‘ e
| Ea=200 GaV 1 Eun=400D GaV¥ :
9\ O e e e e e e e e e e e e e T T T .
x 1 1 .
v | 1| ‘
' af a fi' | |
& e ] v |
E=300 Gev i Emy=800 Gev
%0 za 3o e o s ®x % Tz 1.0~ -0
pr (GeV) |
| , Bdopa/ d*pr
p+ A — hadron(p) + X R(pr) =

Ado,p/d*pr

E100 Collaboration, PRD 11, 3105 (1975)
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Nuclear partonic structure - 3D
 From collinear (1D) to TMD (3D)

 [wo scale processes are necessary for TMDs

Drell-Yan Measurements

® Rap = j;i/j;f ® do/dq. (pPDb)
-E866 ATLAS
-E772 CMS

-Prelim. RHIC
SIDIS Measurements

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

GeV?)

Collaboration Process Baseline Nuclei Ny, ¥

HERMES [36] SIDIS (n) D Ne, Kr, Xe 27 16.3
RHIC [44] DY p Au 4 250
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

104_' W CMS 5 TeV
| N ATLAS 5 TeV

| e E866
107

B 772

EIC
HERMES
JLAB 12 GeV

lJ

"'16—4 : ....16_3 . .,..16_2 . ,...16_1 —

....ibo
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Nuclear partonic structure - 3D imaging

e TMD factorization for cross section

do’ 3 o [ bdb, (bPii\ 4 , |
dXdQ2 dzd?P, | = O H(Q) ; €q /0\ %JO ( 7 ) fCI/n(xa ba Q) Dg/q (Za ba Q)
e TMDs

f;/” (x7 b’ Q) = :CQ<—i & f;f}n] (x7 I'Lb*) €XPp {_Spert (Nb>l< . Q) — SJI:IP (b, Q,A)}

1 1A
2_2 _Ci<—q X Dz/z] (Za ub* ) exXp {_Spert (“b* . Q) — SlliTp (b, <y Q,A)}

D‘;}/q(za b; Q) —=

Our assumptions

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

® Non-perturbative information is modified.
ff}n, D‘,;‘/,-, SR, and S4 are altered.
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Nuclear partonic structure - 3D

¢ TM DS f;/n(xa b; Q) — :Cq<—i & ff}n] (xa Nb*) EXp {_Spert (“b* ; Q) o SJI:TP (ba QaA)}

1

Diyy(2,550) = % iy ® Dii| (2, o, ) exp {~Spert (., Q) — SR (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 3D imaging - global extraction from world data
Alrashed, Anderle, Kang, Terry, HX, PRL 2022

Rap

2.0

1.5

1.0

0.5

Reasonable good overalldescriptionon world data from HERMES, FNAL, RHIC, LHC

Prediction. ¢ A=He 4 ATLAS, -3<y<2,N=107
I A=Ne | £10'-% o©MS N =108
‘ gl T ikl 3
M I A = Xe ~~ |
i
2 f
_ _ —| —prLLLLLLLl
——— = |
P W
Q"b 100_.
- h=7" - h=n" e
| | | | | | | | | | | | | |
0.2 0.4 0.6 0.2 0.4 0.6 0:2 0.4 0.6 5 10 15 20 25 30
2 P, (GeV) q. (GeV)
¢ E866 x1.6,7< Q <8 (GeV), B=Be $ PHENIX x14, -22<y<-12,B=p
1 E866 x1.4,6 <Q <7 (GeV) 1 PHENIX x1.0,12<y <22
Y E866 x1.2,5< Q <6 (GeV) I {_,_+_, T >
¥ E866 x1.0,4 < Q <5 (GeV) 1 F i B
E772 x0.8, B=D o e ¢ .
’ S
A=C % % A = Fe %—Iﬁ_’_I A= [_ A= Au
_1 - - - - [ ]
T
l T
I | | | I | | I | | | | |
0.5 1.0 1:0 0.5 1.0 Lo 0.5 1.0 1.5 0.5 1.0 1.5 2.0
q. (GeV)
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Three-dimension imaging in nuclel

| E EIC, Q% =100 GeV2, z = 0.05, A = Au
" Hll EIC, Q=4 GeV? £=0.05, A= Au
— Il JLab, Q* =25 GeV?, 2 =04, A= Pb

First fime_quanitative determination of

- ldentification of transverse momentum

Dy)z(-l?/u (Za PL, QO)

Dn+/u (Za PL, QO)

m Au

nuclear TMDs :

|
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Parton propagation in nuclear medium

® cnergy loss vs. hadronization

NLO +

ELoss
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Parton propagation in cold nuclear medium

e cHIJING: an Event Generator for Jet Tomography in EIC
Ke, Zhang, Xing, Wang, 2304.10779

Beams: e/u,p/A
Large x (n)PDF

l

Hard

process

|

P, QCD |t = F

splittings >

Parton

ApijalJ_ > QS

Y

Recoill

Remnants <

|

TMD gluon at

Collision

small z, k ~ @),

APijalJ_ < QS l

Hadronization via
Fragmentation

APij modifies
fragmentation

1.2

0.6 1

0.4 1

0.2

1.6

14 T |
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1.0 1g
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@I—IIJING
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} HERMES, n*

0.25 050 0.75 1.00 025 050 0.75 1.00 025 050 0.75 1.00 0.25 050 0.75 1.00
Zh Zh Zh Zh

GHT He Ne Kr Xe
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Parton propagation in cold nuclear medium

@I—IIJING

e cHIJING: an Event Generator for Jet Tomography in EIC

Beams: e/u,p/A
Large x (n)PDF

l

Hard
process l
|
| Fij. QCD | = - K Parton
splittings > system
A
AP@ja lJ_ > QS
Y
5 (Recoil TMD gluon at | Collision —
=
l AP@Q? lJ_ < QS l
Hadronization via AP;; modifies
<« <«

Fragmentation

fragmentation

W,

Ke, Zhang, Xing, Wang, 2304.10779

4<Q%<6 GeV? 32<Q?%<40 GeV?

XA GHT, K=4
HT, K=4
LO formula
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Summary

 EICs are the ultimate machines to explore the inner
world of proton/nuclei at fm scale

1. Proton 1-D and 3-D imaging

2. Proton spin [ommee |
3. Nuclear eﬁeCtS % 10? ,,,,,, S A.,;H&;‘o\o /,.’
S 2 H
 Many more topics are not covered, such as gluon YRR
saturation, proton mass, GPDs, exotic states, |

detector R&D ... [

« EIC. EicC., JLab are complementary to each other

Thanks and you are more than
welcome to join EicC!




