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4+ Selected topics for EIC physics:
proton spin decomposition
proton 3D tomography
nuclear effects

4+ Summary and outlook



Nucleon partonic structure

4 Revolution in our view of nuclear structure
e Atom: Dalton 1803

® Nucleus: Rutherford 1911

® Proton: Rutherford 1919

® Neutron: Chadwick 1932

e Quark model: Gell-Mann and Zweig 1964
® Parton model: Feynman 1969
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* Birth of QCD

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.



How to probe the nucleon partonic structure?

4+ Indispensable joint efforts from experiments and QCD theory

Lepton-lepton colliders Hadron-hadron colliders lepton-hadron colliders
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The modern experiments for nucleon structure
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Electron lon Colliders -> the next generation facility specifically for nucleon structure!
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Proposed Electron-ion colliders ik

i 180 °
Arctic Ocean
Mew Siberian Istands

-
Wrange ng

s h < Rl ‘me . .I:#” j | \ .‘ e 60\
) 2 > _,‘Nev\ufgr\:dctfud ; “’ t -' cz:us: ”"‘UM | R
! - / ) | y .‘ -W.go?m e
/ " 4 North I T PR
.~ United States v Atlantic 1 % -
North { of America 1
Ocean \Q '

Mewtizn Idoniz
s &
Mongoia
Bulgar: Georgi Uzbskistan -~
: 0 R i Asebalod JeSiEmon AN \
Oc Fortazel ( J Gruece T Urkey Tutmieni2en  1opizan Sl \
ean p AT v S :
Pacific ] o Tunisia ) C".’.‘:}-Mm fan  Afohesten China ngﬁa \
— &an.glﬁnds . L Judan 1 °
234N RN ple f Akpria Lbya EW¢" Kuwsit - Posistan Nepal o . Ocean 20
R ‘ L i L\ Quar, A 5 J .
Hazwaiian 5 Mexico s gaudi  URE™ . Indh : »
U SN L P MawRnn har \ Arabia - oman ,
 Gudisrala Fioma e Sanggal Clag  Sudan Eme2 Yamen 1
ElSalvacor - M <= Badacos e Gombin — Eukina \ .
( ) il . Trkidud e Todrigo Grinea-Eizmu. Guinea gann Gibout
ComaRie - v 2\ G e Hiseio _
| Yerwzusld Goma S e S Ethicpia )
) Fretich Gulana, a ogo Camerion Sofmalia !
. clombia L (F) Sy Uganda !
o w 4 i - Gal Kenya
G sanzs | Ecuador =2 4 Soo Tome -+ GaRON  Avanda._
““Pmoléﬂ‘ adie) - L - & Prinope / Zalre ~— Burundl
! Cong Targah|  Seyshales
Brafil { v o
\ Peru | Angola o
\ s ! f Zamrbia Mozal rbme
1y, e Boiy ‘ y
\ French f Namibia 2o | MACagascar .
Folnesi \ B ‘ ¢ N ndian
\ ) Parsguay i { L e Lo
\ Swaziland
30 ° ) South Lesotho
| Uruguay AN
South chile | Araenting) South
Pacific Atlantic
Ocean SRy Ocean
< ¢ ] Faband Elayds
AP e by R, chines o
: 1 by Imemm (:me mq
5 (4 Su&hewlan .
I I o ladn. by bx iho) obined
L C a L I I e C &
N o —abiuh GiN 'f—
. 5 S Antarctica
s tzo ° 50 ° T e me 0° £ &0 ° ap ®

slide from Jinlong Zhang



Time evolution of US EIC
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Time evolution of EicC
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Electron-lon Collider in China (EicC)
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Scientific goals at EIC worldwide
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Complementarity between EIC and EicC
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How to probe the nucleon partonic structure?

4+ Indispensable joint efforts from experiments and QCD theory

m

e = — —

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

4+ Multi-dimensional view of nucleon partonic structure
W(x9b19kr)

Wigner distributions
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parton densities
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partons inside nucleon.
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QCD global analysis of world data - nucleon 1D structure

4+ Current knowledge about proton PDFs
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Nucleon partonic structure - spin configuration

4+ Naive parton model
118 1) ={lG—5+3) +(—3+3+3) +4(G+35—3)]
+Hz+3+43]+[3+3+43]} =3
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,%IJéCD IP,5>_ L ahS(r,0)+ [ dxAG(x,0)+ [ dx(; 1 12)

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.
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what do we know about the proton spin?
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4+ Current knowledge about proton spin decomposition from world data
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Orbital angular
momentum ?

It is more than the number 3 | It is the interplay between
the intrinsic properties and interactions of quarks and gluons
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What can we do in future to pin down the proton spin?

4+ Flip the proton spin

Anderle, Hou, Yuan, HX, Zhao, JHEP 2021
Anderle et al, PRD 2021

S 03 ~ I I I I I I I I I I I 0.7 g BB S A S S S o S e S S s i B e o s o s ey s |
! | 7 ' ;. . | A NNPDFpol11_100
— - | i . 822::3 FicC(50/b-1)DIS ' 27| o NNPDFSOIH:IOO + EIC 18 275 @ 100fb~ 1 L 5.6
B ] [ e DSSV14+EicC(50fb ( ]
. 02 F 06 F —— DSSVI4+EC(507b1)SIDIS - 5]
oY - . Q2 = 10GeV? : 175
— 01 _ 0.5 [ ] . 150
N ° - - - : : L
/é\ - - } . 5 - 1.25 L(SD;
ERRUSSY Y 4 A J F 1 3 . 3
S - - _;: i - 1.00 §
+ : : 0.3 F ] = —0.5 L 0.75 C_J'T
Z -0.1 = — 75
§ - . Vs =447 GeV . o b Y Xmin=0.000240042 | [ |
@ 02 C B Vs =44.7-70.7 GeV __ - - Q?=10.0GeV? —
\; B | eRHIC only ] i Tmin = 9 X 10— i —1.51 ~ 1 0.25
M) — - Vs =447 - 141 .4 GeV - § [ (L 7 PN S VI SV V| VA SOy U VU VS Ay CSur STV V. WSy V—rwm, v w—=— '
%I 03 1 | I I I | I I I | ] 0.16 D.18 0.20 0.22 0.24 0.26 -2.0 . . . ' : Eo.oo
02 0 02 %ff,l,m,, ASdr 0.00 0.05 o.1c1)f1 Azo(.jl5 0.20 0.25
1 -3 s X
-~ - [ dx (Quarks + Gluons) (10°< x <1) ' ' e ,
2 Light flavor hadron production Heavy flavor production
B o -~
‘The power of future EIC and EicC for proton spin i




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 partonic structure - 3D imaging

TI\/I Ds: explore the fIavor—spln motlon Correlatln

Quark polarization

Unpolarized Longitudinally Transversely
(U) polarized (L) polarized (T)
N @ hi @ _ @
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Unpolarized Boer—Mulders
CEC OB OO
v 1L <
Nucleon Helicity Longi-transversity

polarization

Ty B¢

@ gir @ = @ Transversity

T Sivers Trans-helicity 1 @ - @
hir

Pretzelosity
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Nucleon partonic structure - 3D imaging

4+ Quantum correlation between proton spin and parton motion

-

~Fra Observed particle Sivers function fllT: proton
: S spin influences parton’s
‘— ’ ' ~ transverse motion

Polarized hadron

Ay ™ oc (sin(g, — @), < fir ® D,

4+ Quantum correlation between proton spin and parton spin

s. Observed particle Pretzelosity function hllT: proton
S — spin and parton spin influence
6 6 —_— parton’s transverse motion

Polarized hadron —~ Ag;etzelosw o <Sin(3¢h — ¢s)>UT oc by ® Hy

20



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
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What if the nucleon i1s bounded in nucleus?

Nuclear partonic structure Parton propagating in nuclear medium

23



“Old” and long standing problems for cold nuclear matter effect

® Nuclear partonic structure
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Power of EicC for nuclear partonic structure - 1D

® Nuclear partonic structure - nuclear quark distribution
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Power of EicC for nuclear partonic structure - 1D

® Nuclear partonic structure - nuclear gluon distribution
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Nuclear partonic structure - 3D

 From collinear (1D) to TMD (3D)

SIDIS Measurements

Multiplicity ratio R} = M, /My, .
-HERMES 2007

-ET772
-Prelim. RHIC

-Prelim. JLab
-Planned JLab
-Possible EIC.

® do/dq. (pPb) 10*
ATLAS

CMS 10°;

&'%\ 4

S51102'5

SN

101-;

100-;

Alrashed, Anderle, Kang, Terry, HX
arXiv:2107.12401

_' . CMS 5 TeV

| = E866

B E772
RHIC
EIC
HERMES

JLAB 12 GeV -

.,.,1,(.),_4 . 10_3 10_2 , 10_1 : 100
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nuclear 3D imaging - global extraction from world data
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fA

Three-dimension imaging in nuclel
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EicC for parton propagation in nuclear medium

® Quark-gluon propagation in nuclear medium - energy loss vs. hadronization
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Summary

 EicC is one of the ultimate machines to explore the
iInner world of proton at fm scale

1. Proton 1-D 3-D imaging

2. Proton spin

3. Nuclear effect

« EIC., EicC. JLab are complementary to each other
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EicC email list:

http://lists.ustc.edu.cn/sympa/subscribe/eicc_member?previous_action=info
The 3rd EicC CDR workshop

22-24 August 2022
Shandong University (Qingdao)

Asia/Shanghai timezone

Overview y 3 5 . . - ; :
!' 1 I NOTICE : Due to the arising Covid-19 situation in some cities, we decide to postpone our 3rd EicC

Scientific Programme CDR workshop in Qingdao. We still keep the plan of having a meeting in person and will inform you the
new dates when the situation is better.

Timetable

Lepton scattering is an established ideal tool for studying inner structure of small particles such as

nucleons as well as nuclei. As a future high energy nuclear physics project, an Electron-ion collider in

Author index China (EicC) has been proposed. It will be constructed based on an upgraded heavy-ion accelerator,

High Intensity heavy-ion Accelerator Facility (HIAF) which is currently under construction, together

with a new electron ring. In 2021, the EicC white paper (English version) has been released and

.. Registration Form published in Frontiers of Physics. After reaching this milestone of the EicC project, the EicC working

group has been moving forward towards the Conceptual Design Report (CDR).

Contribution List

Registration

List of registrants

We will have the 3rd EicC CDR workshop during July 25-27, 2022 in Qingdao, with the goal of
reviewing the progress towards EicC CDR. The workshop will be hosted by Shandong University at
Qingdao. Please register by June 30, to help us with the hotel reservation. The Covid-19 related
information will be updated in advance. Hope to see you all in person in Qingdao this summer.



