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<> Infroduction

From 1D to 3D picture of hadron & nuclei

TMD: Transverse Momentum Distributions (k - & longi. Momentum):
How is proton’s spin correlated with the motion of the quarks/gluons?
...... probed by the semi-inclusive process

® GPD: General Parton Distributions (trans. spatial position b & longi. Momentum)
TDA: Transition Distribution Amplitudes (nucleon-to-A & nucleon-to-meson)

® How does proton's spin influence the spatial distribution of partons?

o ... probed by the exclusive process

® Origin of the Proton/Meson mass & spin: from hadron tomography to spectrum
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- Introduction
® The Electron-ion collider (EIC) at BNL (~ 2030-2034)

® Energy: Eur. Phys. J. A 52, 268 (2016)
electron: 5 ~ 18 GeV Nucl. Phys. A 1026, 122447 (2022)
proton: 41 ~ 275 GeV, also 3He, d, Pb, Au (RHIC exists!) —

® Luminosity:
Instantaneous Lumi: 1033 ~ 1034 cm-2 s
Integrated Lumi for simulation = 10 or 100 fb-*

® Polarization:
electron: 70% L
proton&3He: 70% L&T

® Phase space coverage
\s ~ 20 — 140 GeV
104< x < ~ 0.01
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IMP,

Introduction
® The Large Hadron-Electron Collider (LHeC) at CERN
® Energy: J.Phys.G 39 (2012) 075001
electron: 50 or 60 GeV LH C J.Phys.G 48 (2021) 110501
proton: 7 or 14 TeV (CERN exists!)
Pb:

0.574 PeV (CERN exists!)
® Luminosity:

{x (02=2 GeV2) 5x10-3 5x10-4 5%10-6
Instantaneous Lumi: 1033—103% cm2 s s . ___ SRR
Integrated Lumi for simulation =1 ab-'5 - EicC o ®®
('?e 1033 oo . ® ] EIC m . .
()
® Polarization: g - - LHeC
electron: 80% L é 107 oy COMPARS ~~~~""""TTTTTTTTTTe
proton&ion: unpolarization 3 - HERMES Hl/ﬁEUS
A ) 1 S
® Phase space coverage Doubly polarized beams Unpolarized beams
Vs <~ 1.7 TeV (—3.5 TeV if FCC) 10 100 1000
105< x < ~ 0.01 Center of mass energy+/s (GeV)
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IMP,

Introduction

® The Polarized Electron-ion collider in China (EicC)
® Energy:

P ERFE: WEFEHFEXIEFE, 50: 112005 (2020)
electron + proton: 3.5 GeV X 20 GeV B, 43(2): 020001 (2020)
electron + 3He: 3.5 GeV X 40 GeV (nucleus energy)

Front. Phys. 16, 64701 (2021)
® Luminosity:

{x (02=2 Gev?) 5x10-3 5x10~4 5x10-6
Instantaneous Lumi: 2 x 1033 cm-2 s-1 1O e SRR .
Integrated Lumi for sim. = 50 or 100 fb-f ] EicC o ®®

Y103 Lo e /] EIC m . .
- - CE) I ® O LH C
® Polarization: = - ©
electron: 80% L é 1032“f “““““ COMPASS ~~~~~~ Tt
proton& 3He: 70% L&T g | HERMES H1/ZEUS
o T ] P
® Phase space coverage Doubly polarized beams Unpolarized beams
Vs ~ 16.7 (15 ~ 20)GeV 10 100 1000
4x103<x <~ 0.1 Center of mass energy /s (GeV)
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i Introduction
® The Polarized Electron-ion collider in China (EicC)

® Energy: thERE: YIS HFEXICE, 50: 112005 (2020)
electron + proton: 3.5 GeV X 20 GeV R, 43(2): 020001 (2020)
electron + 3He: 3.5 GeV X 40 GeV (nucleus energy) Front. Phys. 16, 64701 (2021)

= - ]03_ TIX T L Po e o e  w T}
¢ Luminosity: : U.S.EIC 10X 100 G vj j :
_ e S = e

Instantaneous Lumi: 2 x 1033 cm-2 s-1 [}~ EicC 3.5X20 GeV?
: A o~ 100 fa1 P Lab 12 GeV v
Integrated Lumi for sim. = 50 or 100 o'~ | e v
o B Cay

® Polarization: S f " v f

electron: 80% L o )
10" /Q}co £
proton& 3He: 70% L&T : o /gal/ :
i o £ //:&o\r\' // i
- 7 x -
® Phase space coverage » o /
| S e e o e S S R T R e
Vs ~ 16.7 (15 ~ 20)GeV 104 = 102 10 10r
4x10_3 < X<~ 0 1 Fraction of Momentum x
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St Status&Agenda of EicC
ONNRRRRE O EOENEE R R E

HIAF Construction Operation
HIAF-U
White paper CDR TDR Construction
I * t Hyperon-Nucleon Spectrometer (HNS)

2020.02 2021.06 2025.12 CDR
: + Upgrade of HIAF (HIAF-U): 9.3 GeV to 25 GeV

Frontiers of o

Physics

| K

| NUCLEAR TECHNIQUES NUCLEAR TECHNIQUES

Fundings for detector and accelerator R&D:
Forward detectors: ZDC, OMD, EDT

proton polarimetry

Polarized proton beam
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s (Semi-)Inclusive Process

dott —dot™

; : 1 =0.0036 (i=0 + EMC
® Double-Spin-Asymmetry = — T §=0 v
do + do 1 | 2Q.0045 N E%gg
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Fie a7, 5)— 72 2[q(z, @1)DFM(Q?, 2) % Ag(z, Q1) DTH(Q2, 2)} s =0NQ55 - COMPASS 07 (160 GeV)
24 B «  CLAS 2.5 GeV
__L,'_,|r—- x=0. - COMPASS 11 (200 GeV)
* ——— COMPASS NLO fit

x=0.0
x=0.01 * EicC 3.5 x 20 GeV?

di(z, Q% z) QZ [Agq(z, Q1) DITH(Q?, 2) # AF(w, Q) DTMQ?,2)] 10 e
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8 c=12.1-0.7i
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g i -~ x=0.035
: ev’, vv’)u;uev’,;u.uw}y &
= x=0.049
Q) 6
_______________ =
=

¢ x=0.07%  (i=10)

P N B .*'“‘x=01

PO B v P L " ’
4, G = \ ra- A _— [ X:O.

‘x:0.2
« x=09
""""" 2 . . x.41
.............. 57
....... ..........4..-‘.....%)(7: 74
1072 ' i Y ‘
B 1 10 10
Fraction of Momentum X 02(GeV?)

EicC_FRYYIRLSIA BB YR Ohe s 10/27



L} L}
e (Semi-)Inclusive Process
® Flavored Helicity PDF@EicC: reweighting Hessian PDF sets by ePump
® D. P. Anderle, Tie-Jiun Hou, Hongxi Xing, Mengshi Yan, C.-P. Yuan, Yuxiang Zhao, JHEP08(2021)034
0.6 premmgmreeneey r — T 0.06 prommprr—r r — r—r sy r — —
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S Semi-Inclusive Process

® TMD: Transverse Momentum Distributions (k - & longi. Momentum)

® Sivers function: the correlation between quark transverse momentum and the
transverse spin of the nucleon

do _

drdydy d>dop dPE,

2

# 2(+:) (1 + 2—:) {1‘(-(-1 +cFyup + v/2e(1 +¢) cos oy Fryp ™
+ £ cos(2¢n) Fy "+ A \/22(1 — <) sin oy, Il'l""

+ 5 [ 2e(1+¢) singy F["L‘ b+ csin(2 ),,)F[”L‘) :|

+ 5 {\/1_ Fui +V/2e(1—¢) cosép FiT O,}

. . ~sin(@p —ds) _ psin(@p—ds)
+151 [“lll("il — ¢s) (['1'1’11“.7" +eFopt )

. sin(@p +ds) . fe ~sin(3¢, —ds
+ ¢ sin(op, + og) 1<[-l»})-' ! + ¢ sin(3dp — dg) 1‘[-]»1,’-' Ph=0s)

+ V21 F0) sinds FSR95 4 \/2o(1 5 2) sin(2ey — bs) Finon—ss) A. Bacchetta, M. Diehl, et al., JHEP 0702:093(2007)
A. Bacchetta, U. D'Alesio, Phys.Rev.D 70 (2004) 117504
+ S 1|\ [\/1 — 22 cos(on — ¢s) F;};?""“'*"'” +22(1 —¢) cos g F{ 7 %%

T 0 = [Pnr|/(2Q)
+v/2e(1 =) cos(26n ]}

20 — os) F LT
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o Semi-Inclusive Process

® TMD: Transverse Momentum Distributions (k - & longi. Momentum)
® Sivers function: the correlation between quark transverse momentum and the

transverse spin of the nucleon
® Chunhua Zeng, Tianbo Liu, Peng Sun, Yuxiang Zhao, PhysRevD.106.094039 (2022)

Fit world data
B EicC (stat.)

Evolution i 3
Included.
Constrained T

Up quark Sive
Down quark Siver:

Strange quark Sivers

by COMPASS,
HERMES

Jlab data &
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é;{% Exclusive Process

MPGD: Micro Pattern Gaseous Detector
ToF: Time-of-Flight

Pixel + MPGD Coil RICH DIRC: Detection of Internally Reflected Cherenkov ZDC
RICH: Ring Imaging Cherenkov Detector
ECal: Electro-Magnetic Calorimeter
EDT: Endcap Dipole Tracker

RP: Roman Pot

ZDC: Zero Degree Calorimeter

OMD: Off-Momentum Detector

N
5
N
S
=
s
=
=
|
|
1
¢

e ———— K ] [ — —
_—
electron
far-forward
detectors
ECal DIRC ToF EDT
B IP 5m 10 m 15 m

lon far-forward detectors

® effort from: ILZRXE, PERFERARKE, LRIFEXE, BEXE ...
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54 Exclusive Process |

® From conventional to exotic spectrum of Hadrons:
X.C, Front. Phys. 18 (2023) 44600

o Heavy Charmonium Production < 1 nb Electron /

® From quasi-real to deep virtual photon ¥ \

o

o Exotic States Production < 10pb - | ég,;,g
7T a%

® Semi-inclusive electroproduction gives another upper limit of exclusive production

z — £(3900) //
_ B ccqg
-g e E‘ (4020)°
= 100 B cc(qn) S 00 )
o = X:(3872) 5
= _ o 7.,(3985)
E o W ccos 2 -
A @ o
»n BN - P(4457)
2 2 W cacq g P31 p (g5t
a i S 4] 1 Pe(4338)°
o < = _ <}
8] s B ccqqq I3
o 3 )
= = = e
] ) cesqq z
2 ooL 3 ool
@ £
Tel3875)"
1 I 1 / / 1 1 1 1 1 1 - 1 1 // 1 1 1 1 1
3800 3900 4000 4300 4350 4400 4450 4500 3800 3900 4000 4300 4350 4400 4450 4500
Mass [MeV] Mass [MeV]

courtesy : Panpan Shi & Fengkun Guo
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S Exclusive Heavy Flavor

® From light quarks to charm and up to bottom:
Photo- and electro-production of narrow exotic states
® Generated by IAger and eSTARIight: x.C, Front. Phys. 18 (2023) 44600, see also PhysRevD.101.074010

4 T T T T 102 3_ T T 1 T T 102
10?' 'l ep > epJiy 3.5 GeV x 20 GeV | 19 g |ep —>epr3.5GeV x20GeV |
10°F 0.055<y<0.96, Q> < 1 GeV? 0.383<y<0.938, Q < 1 Geo\8/25 varr 038 10
o 0.66
102k 02s2 03T 0on 0546 10°E E
L 1ol° L ot d
® 3 [0}
O F N & q{oFr=a — 10
- 1 - § ] g ]
10 i
g 1E
102 -
10_3_I . I L I I . | 1 10_1 L L 1 1 I 1 L 1 L | L L 1 1 | L 1 1 1 I L 1 L 1 I L L 1 1 I L L 1 1 1
c 6 8 10 12 14 10 11 12 13 14 15 16 17
W/ GeV W/ GeV
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> Exclusive Heavy Flavor

® Exclusive Heavy Quarkonium Production probes several interesting topics
® ec.g. pentaquarks, cusps, Charmonium-nucleon interaction, Gravitational Form Factors ...

X. Wang, X. C et al., 2311.07008, EPJC (2024)
AW = 25 MeV, 480 bins

1.0 i
0.0f— o 102} v P~ J/yp, Q?<1GeV?
. == EDQMIGV: - ~
0. 8 == EED_IQPI0GV? == T T T \\ { i I i
[
o'
=
5 109} ! GlueX 2019
I GlueX 2023
Lol I SLAC
i Data before 2002
! Photoproduction
=t 75 G 1072 15 20
W [GeV] W [GeV]

® Optimization the efficiency and resolution of detector
will helpful for approaching close to the threshold region W<5.0 GeV
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M Exclusive Process ||

® From 1D to 3D structure of proton & nuclei:
® GPD: DVCS, TCS, DVMP, DDVCS
® TDA: backward (u-channel) meson production

® Deeply Virtual Compton Scattering  § =x8/2—xp)
® Timelike Compton Scattering
° , L share the same final states with nucleon-to-photon TDA
z— &4 o+ & .
° but with backward u-channel E=1t/Q2—-1)
(’/ (() llll'.\\l]l/
x
[ (@ Deeply Virtual Meson Production
° s ol share the same light meson with nucleon-to-meson TDA & hadron physics
o ' o heavy quarkonium: gravitation form factors or proton mass?
o fully construction of all particles & kinematics
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i Proton DVCS

® Worldwide data VS. pseudodata @ EicC detector generated by MILOU

® ... statistical precision 1.0 ~ 1.5 %, ~ 1day running surpasses old data of At
® reweighting the replicas from PARTONS(EPJC79:614), see X. C, Jinlong Zhang, EPJC 83 (2023) 505

=060 GeV? -t/ GgV?
I CFF@EicC 0.12fb" A,;, @ = 4.0 GeV*

& PARTONS neural network
10 PARTONS reweighted

3 5] Future EicC DVCS asymmetry measurement
10 ElJLAB 12 GeV

Current DVCS data at colliders:
ZEUS-total xsec

ZEUS-do/dt

H1-total xsec

H1-do/dt

H1-Acy S
Current DVCS data at fixed targets: ~%
HERMES- 4 (9/'\ =L Qi =100 GeVY e e e -

HERMES-A,
HERMES-A,, At

HERMES-A,
CLAS-A,,
CLAS-A,
CLAS12-A,,
HALL A-JLab12

-t =0.40 GeV? -2

0.05 0.1 015 0.2

1
EENeO

4=0.20 GeV? -

Elm &

10*

0.05 0.1 015 0.2

x Kk kKPP P>

w0

3
10 4=0.1GeV?

005 0.1 015 0.2

Q2> 1.5 GeV?, [t/Q2| < 0.2

0 0.05 0.1 0.15 0.2

’
4
! ur PR, 482

107 10° 107 10™ 1 € = x/(2-x)

® A,rin69(Q2, xg) bins: [10.16]. [1.6.2.6]. [26.43). [43.7.0L [7.0.185] [18.5,30.0]. CB0.0.80.0] GeV?
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S Proton DVCS

A

® Impact of the pseudodata of all asymmetries at EicC (Gepard + PyTorch)

JLab+HERMES+H1+ZEUS

2.0 ) 1.0
JLab+HERMES+H1+ZEUS+EicC
1.5 0.6
T 1.0 T 02
=3 g : - <
& os W -0.2
0.0 e 0.6
-0.5 1.0
4.0 4.0
2.4 2.8
0.8 w 1.6
v
\3‘—0.8 W04
-2.4 -0.8
4.0 -2.0
1.25
0.75 1
= o2
g £
8 025 YV
-0.75 1
1.25

10~ 1074 1073 1072 1071 10°
3

Yuanyuan Huang, XC, Taifu Feng, K. Kumericki, Yu Lu, Neural network extraction of CFFs + LQCD data, to appear
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Exclusive Process |

® From 1D to 3D structure of pions & kaons:

Pions/Kaons as the approximate Nambu—Goldstone bosons of spontaneously broken chiral
symmetries associated with the (near) masslessness of quarks

Probed by Drell-Yan process and Sullivan process

Detection of leading neutron/Lambda?

gt
A

Structure function
Sensitivity to elastic form factor and Parton Distribution Functions

n"-DVCS
quarks and gluons interfere destructively
see J. M. Morgado Chavez et al., Phys.Rev.Lett. 128 (2022) 202501
Y. Hatta, J. Schoenleber, Phys.Rev.Lett. 134 (2025) 251901
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o(black), o (red), o_(blue)

30  20.0<W? <30.0

C 8.0<Q” <10.0

20—

10

0:_ "—.—--+-—4-—§--|—-—F-—§—-1—-+"'?--4-—|—§-|
T
—0-3 _0_2 _0.

1the\ll)
* In hard scattering regime, QCD
scaling predicts -6 8

* 100% uncertainty in R = o{/ o, from
model subtraction

+ 2.5% point-to-point syst. uncertainty
12% scaling syst. uncertainty

S Meson Form Factor

NNLO pQCD kr pQCD ¢ Lattice $  JLabl2 proj.
------- VMD — BLFQ $ EicC proj. { NA7
O' 1 I DSE dispersion ¥ EIC proj. JLab
0.0 ' ' ' - ‘ '
0 5 10 15 20 25 30 35
Q%(GeV?)

Significant contribution from theory and lattice:
Hengtong Ding, Shan Cheng, Longbin Chen, Yuming Wang,
Jiangshan Lan, XIngbo Zhao
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<p> Meson Form Factor
0.7
 energy setting: 3.5 GeV e x 20 GeV p 0.6/ T hrqelt N
0.5
* Integrated luminosity: 50 fb-1 &>‘
w 0.4
* Include full detector acceptance %
0.3
o

* 100% uncertainty in R = o/ o_ from 0.21
model subtraction

kr pQCD —— BLFQ $  JLabl2 proj. JLab
01 ------- VMD 771 NNLO pQCD { CERN {  Lattice
. . . [ DSE § EicC proj. {  FANL
» 2.5% point-to-point syst. uncertainty 0.0 ‘ | , , , ,
12% scaling syst. uncertainty 0 L - T A
Q*(GeV?)

Significant contribution from theory and lattice:
Hengtong Ding, Shan Cheng, Longbin Chen, Yuming Wang,
Jiangshan Lan, XIngbo Zhao

WeiZmjo& ¢ mesiA SRR ER s 23/27




é;,% pion DVCS

® 7*-DVCS through Sullivan process: detecter coverage of EicC
in collabration with M. Defurne, C. Mezrag, J. M. Morgado Chavez

5 LN LI + T T 3
; | '|ep—>emry3.5><2l]GeV2| | 10 22—| - " ep —>enrt*y35><2[lGeV2|I o
[ 2 2 2 L
4.558n<25mrad,Q >1.0GeV", |t | <0.6 GeV ook <25 mrad, Q%> 1.0 GeV? [t|<06GeV
4? - r!r-—'-"""h e r—— _
E 18- ]
2 N
10 ? 5
> 16—
® N
R
:14_
o B
10 =
121
10
1 : L L | L L L L ‘ L L L L | L L L L | L L L L | L L L L | L L L L
2 &01 002 003 004 005 006 007 0.08

n
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> pion DVCS

® 71*-DVCS through Sullivan process (filtered by detector at EicC)

® Over eff. ~35.0% Asy. 0.003X0.006
~36.0% 0.064%£0.006
~33.9% 0.095%0.008
1 I T T T T | T T 1 1 | T T T T T T T I I T 1 1 1 1 1 T T I T 1 1 1 1 1 T T I """ ;t """"" I_
0.10 < x% < 0.50 . C 0'10<XB<20'502 2 -
. ° —o— 1GeV2< Q<2 GeV? A= =] eV <Q<2Gev—_
L Z_. —=— 2GeV2< Q%<4 GeV? ._: K +ZGeV2<Q2<4GeVZZ
- i —— 4 GeV? < Q%< 12 GeV? ] [ T 4GV << 12GeVY
H-g | o e} : - B
) = u R
© o I B
g : o . 1 -
= o o B
(= — L o o o u _ :
L u - ] | —
3 _ B I} ]
L B i —0.1_— | i —
_I L L 1 I L L L L | L 1  § 1 I L 1 1 1 | 1 1 1 1 I I} 1 1 1 | 1 1 1 Il I_ 0 1 1 L L I L L L 1 I 1 L L L I L L 1 1 I L L L L I L L L L I L L L L I
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
¢_[deg] ¢_[deg]
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i Challenge
® What Q2 is deep enough for DVMP?
® From CFFs to GPDs, for example, in the case of DVCS:

1. Determination of form factors, more or less directly, from experimental observables

2. Determination of GPDs from the corresponding form factors.

L dr 3
H(zp,t,Q%) = = T8ves(a, €, Q%) H(z,6,t, Q%)
Joig D€

a=u,d,...,q

® inverse problem!

® Deep Neural Network?
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i Summary

® Fruitful measurements are expected at the EicC.
Selected topics are present:

® SIDIS: PDF and TMD

® Proton/Pion DVCS: GPD

® Exclusive Heavy Flavor: quarkonium production

® Not cover here: ® Common interests in the field:
® Exotic hadron states ® Detector design&technology

® charm physics ® polarized electron/positron beam

® DVMP, TCS, DDVCS ® Fragmentation functions

® Nuclear medium effects

Many efforts from detector group: CDR ~250 authors, ~70 affiliations

Thanks to EicC Working Group
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%{% Meson Structure

n momentum v.s. 8

20

« Scattered electron and meson very well covered by 18
central detector: Eff. > 95% 16

« “Spectator” neutron and move very close to the g 1ol
initial p-beam: far-forward detectors S 120
10—

« Pion FF and SF require ZDC for neutron detection o
» Kaon FF and SF need all detectors in far-forward oF

O

region for neutral & charged decay

A momentum v.s. 0
20

(Ecal | [ Pixel+MPGD | [ coil | ((ecal | E i

16

o

14

a|bue Bulsso.o Jw G

12

P, [GeVic]

10

o
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® 71*-DVCS through Sullivan process

- Meson Structure

® (J. M. Morgado Chavez et al., Phys.Rev.Lett. 128 (2022) 202501)

:.2— { { %NLO
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Status&Agenda of EicC

® ec+p, e+d, e+3He ......
® Effective tool for flavor separation

Particle e d 3Hett Vi 12@8+ 40@x20: 19T Kni T 208 pp82+

Kinetic energy (GeV /u) 3.5 12.00 16.30 10.16 12.00 12.00 9.46 9.28 9.09
Momentum (GeV /c/u) 3.5 12.90 17.21 11.05 12.90 12.90 10.35 1017 9.98
Total energy (GeV/u) 3.5 12.93 1723 11.09 12.93 12.93 10.39 1021 10.02
CM energy (GeV/u) - 13.48 15.55 12.48 13.48 13.48 12.09 11.98 11.87
frollision (MHz) = 499.25 499.82 498.79 499.25 499.25 498.54 498.47 498.39
Polarization 80% Yes Yes No No No No No No
Bp (T-m) 11.67 86.00 86.00 86.00 86.00 86.00 %6.00 86.00 86.00
Particles per bunch (x109) 40 6.1 3.0 2.04 1.00 0.30 0.07 0.065 0.055
£g/ey (nm-rad, rms) 20 100/60 100/60 100/60 100/60 100/60 100/60 100/60 100/60
;’3;"/;’3; (m) 0.2/0.06 0.04/0.02 0.04/0.02 0.04/0.02 0.04/0.02 0.04/0.02 0.04/0.02 0.04/0.02 0.04/0.02
Bunch length (m, rms) 0.01 0.015 0.015 0.02 0.015 0.015 0.02 0.02 0.02
Beam-beam parameter £/&y 0.007 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
Laslett tune shift - 0.07 0.06 0.04 0.06 0.06 0.06 0.06 0.06
Current (A) 3.3 0.49 0.48 0.49 0.48 0.48 0.44 0.43 0.40
Crossing angle (mrad) 50

Hourglass - 0.94 0.94 0.92 0.94 0.94 0.92 0.92 0.92
Luminosity at nucleon level (em—2.s71) - 8.48 x 1032 620 x 1032 0.75x 1032 835 x 1032 835 x 1032 037 x 1032 022 x 1032 §8.92 x 1032

® The Luminosity is under optimization

® |ever arm Q2 > 30 GeV?2
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> Current Design for EicC Far-Forward (FF) Region

Forward Dipole Trackers

Interaction point and
the central detector
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% Current Design for EicC Far-Forward (FF) Region

Roman Pot Station:

* Located inside the ion beam pipe

* Positive Charged particle with E ~ E ..,
* 5mrB <16 mraround ion beam

Zero degree calorimeter (ZDC):
» Neutrons and photons with 8 < 15 mr
around ion beam

Endcap Dipole Tracker (EDT):
» Detect charged particles and photons with |
15mr < 6 < 60mr around ion beam

Off Momentum Detector (OMD):
« Detect positive charged fragments
(spectators) with 0.4 < p/ppeam < 0.8
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S Neutron Detection for Pion FF and SF
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« Main detector for neutron is ZDC: F
* 15 mrad acceptance around the ion beam
* Nearly 100% accept rate for neutrons of interest
* Energy resolution : 1.9% + 48.5%/sqrt(E [GeV]) ~
« Position resolution : 2.4 mr /sqrt(E [GeV]) i
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{,{% Detection for Kion FF and SF (Neutral Channel

I with 36% branching ratio

* Neutrons only detected by ZDC (15 mr
acceptance)

* Photons can be detected by ZDC,
EDT-ECal and EMCal on central
detector ion endcap
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> Detection for Kion FF and SF (Charged Channey

vNJ

« — = with 64% branching ratio

~ can only be detected by EDT (16 — 60 mr)
Proton will be detected by EDT, Roman pots
(~5-16mrad) as well as OMD

EDT resolution: ~0.6% for p, 0.2mr for 6
RP resolution: ~6.0% for p, 1.2mr for ©
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> Exclusive Heavy Flavor

® Exclusive Heavy Quarkonium Production probes several interesting topics
® ec.g. pentaquarks, cusps, Charmonium-nucleon interaction, Gravitational Form Factors ...

X. Wang, X. C et al., 2311.07008, EPJC (2024)

AW = 60 MeV, 195 bins
' ) 10%— 2 2
103t JUmts. L Y P J/yp, QF =3.5GeV
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07 16? L0
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® Optimization the efficiency and resolution of detector
will helpful for approaching close to the threshold region W<5.0 GeV
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%{4 Inclusive Process
arXiv:2102.09222 SIDIS and TMD@EicC
Q%> 1GeV:, W > 5GeV, W > 2GeV, 0.3 < z < 0.7

n™ production from the proton K* production from the *He beam.

1072 107" 1 1072 107" 1
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Inclusive Process

©
IMP,

arXiv:2208.14620 SIDIS and TMD@EicC
02> 1GeV>, W >5GeV, W > 2GeV, 03 < z < 0.7
sin(¢p—a¢s _
Ay 0 = |Pri|/(2Q)
102
i proton data (6 < 0.3)
neutron data (6 < 0.3) : ‘- .
§ > 0.3 data \ { Lol ' :
C<1_\ />_\ - - - -«
%1@ v M ! ﬁ/ ) . . .
o -
< v A\ 2T 0.5+ " - - -
LY T T - - - -
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Proton DVCS
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® large rapidity coverage, good high momentum resolution

Proton DVCS

® Pseudo-rapidity, azimuthal angle coverage and pt coverage?
® Any requirement on far-forward detector?

® DVCS&DVMP Electron (Q2> 1.0 GeV2, n > 2.0); TCS & hadron (Q2<1.0 GeV?) need e-far-forward
® Proton: good far-forward detector; Photon: several to 15 GeV, 4n coverage
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® 1/K/n/n" /w/¢separation: /10—y y required by DVMP and TDA physics

>5mrad (previously
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i Proton DVCS

N

® Moderate Asymmetry precision < 1.0 ~ 1.5 % in all kinematic region

0.03 0.04f
I EicC 50 fb”' PROJECTION 1 | Eecs0i '_PROJEZCTION A
:1.0<QZ<1.6GeV2 s Jos [1.6<Q°<g6GeV \ los
5 A ] 0.03- ] .
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0.01+ " ! i
§ i \ A A . . .
i NP Y o [\ 4] I with large uncertainties
i : " 1 i 1 1
n L Y M L MR | L L k s — =
100 NS0 107 1 10° N\ A102 , 107 1
-t (GeV?) -t (GeV?)
0.12
I EicC 50 fb| PROJECTION ] I EicC 50 fo”' PROJECTION 4 | EicC 50 fbo PROJECTION ! %
[in 2.6 < Q%< 4.3 GeV? © ’0 5 [in4.3<Q%<7.0GeV? R Jos I 7.0 < Q% < 18.5 GeV? (solig) os
0.03 (:j & 0.041- 4 1 0- 1185 < @2 < 30.0 GeV? (o)
L B 3 4 A 1.0<QP<1.6GeV?
50 r B g5 X | 7 25 <2 0.08| ¢ 1.6 < Q%< 2.6 GeV? k 25
S I 1< 3 I 1w & E & 26<QP<4.3GeV <
¢ [ A 0 o 2 F Jdo ok Q 6<Q*<4.3Ge i o
=< | 4 2> = B I e £ | HERMES2005 = 10 4 3>
5 002 < 5 003 L] < S o006 -
o L 1 «w m L ¥ 1 w o V-V°[ HERMES2002-04 + 104T | A+ 1 w
. TR - ] i I ]
I + -0.5 i --05 0.04 + [ d0s5
1 A T | Fo
0.01- ] 0.02F 1 r .
M W Y ol L L | L P R 0.02 L T S| L P R
100 o2 107 1 1072 107 " 1 1072 107 1
-t (GeV?) -t (GeV?) -t (GeV?)

EicC_FRYYIRLSIA BB YR Ohe s 41/27



Proton DVCS

® Accessing Compton Form Factors / GPD? by all pseudo-data at the EicC
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® Re-training (less-biased) within Gepard framework in collaboration with K. Kumericki
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S Meson GPD

® 71*-DVCS through Sullivan process (filtered by detector at EicC)

® Over eff. ~45.9% 0.1320.04
~42.6% 0.11%0.04
-
ﬂ(lPTremo) = % oc Im (H) sin (WTremo),
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Meson GPD

® 71*-DVCS through Sullivan process (filtered by detector at EicC)
® Overeff. ~17.8%

Asy. -0.124%+0.003

~19.9% -0.003%0.007

~20.6% 0.07 £ 0.02
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Hard structure

Soft structure

By X. Jietal. T

Exclusive Process

® 3D structure of nucleon (TDA)
® y-channel meson production (borrowed from Bill Wenliang@WM&JLab)

"1 o TDA
Hﬂq (Backward)

« |(EIC

Collinear
factorization

Developed by B. Pire, L.
Szymanowski and K
Semenov-Tian-Shansky
in 2000

2-20-007

e+p—e+p+a’

in 1997 -
s =10 GeV?, =® u-Channel Production
e o PANDA
r ®  Jlab E12-20-007
200 ‘_PAN DA A JLab GlueX (Q%=0 GeV?)
I, A Vv ElcC
p+ﬁ—>e_+e‘+n0% e o
(g E =swmns JLab E1
";,100_—
Ng = <} vvvy v ElcC
3 50; % ssese
0: ) ¢ JLab GlueX
Q% (GeV?)
Lumi. is OK, but

15 (VS. 4.5)mRad acceptance for 2y from n0

other mesons: reduce the dead zone near the beamline
]
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<> Deeply Virtual Compton Scattering (DVCS)
| ® From 1D to 3D structure of proton & atom, and vice versa:
® GPD: General Parton Distribution
® DVCS: Deeply Virtual Compton Scattering

averages over the quark helicity

7 Y T+ 7 N i 7 w — B R
H : /?‘/é&& ﬂ/i%\m i : ﬂ/ié\m ﬂ/éD\\x

7 Y + 7 R ) 72 Y — 7 R
E:ﬂ/é\m ﬂ/(%\\\ E /7/63\& ﬂ%ﬁ\m

>Rept. Prog. Phys. 76 (2013) 066202
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Reweighting replicas @ PARTONS NN

® Given an PARTONS NN ensemble one can evaluate any quantity or experimental observable
O[f] depending on the CFFs by computing OJf] for each of the replicas, and averaging the

results: NNPDF: Nucl.Phys.B849:112,2011 (arxiv: 1012.0836)
N
© = [olP()Df = 3 Olfd
k=1
(Pseudo-)data n:|x Z{ua — wilfN)o; (v — y[f))-
i1

ui)””—”rﬂ

N Zk 1(\L)2{n Ve

mln—

AL 1

N

v
;ucw /(} Prew {f) f Z uﬂoﬁ»] i

k=1
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©
IMP,

Reweighting replicas @ PARTONS NN

Given an PARTONS NN ensemble one can evaluate any quantity or experimental observable
O[f] depending on the CFFs by computing OJf] for each of the replicas, and averaging the
results: NNPDF: Nucl.Phys.B849:112,2011 (arxiv: 1012.0836)

N

(ﬁ}}ncu - /C)[f] ’pnw.f{f) -Df — % Z 'E-L’,I;Oif;;] .

k=1

We can quantify this loss of efficiency by using the Shannon entropy to compute the effective
number of replicas left after reweighting:

_ pr{ Z wy In( \fli*k}}

If N,z becomes too low, the reweighting procedure will no longer be reliable,

1. either because the new data contain a lot of information on the PDFs, necessitating a full

refitting with more replicas. (pseudo-data: integrated luminosity)

2. or because the new data are inconsistent with the old. (pseudo-data: smeared)
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JM,,»\ Ultimate Goal: impact of EicC on GPD of proton

® Flavor seperation? CFF H, E, ﬁ E & H, E, ;4 E

Aget o T [P+ €(Fy + R - ot

A;?}f} x Im [E(Fl + F)(H + %ff ) + FiH — E(l i £F1 - #Fg)g]

4205? x Re [§(F1 + Fy)(H + ] i&_ Vel PRL — 5(1 iEFl + #Fz)g}

AE?}?_%)COS@ x Im [ — 4&2 (FyH — F1&) + &(Fy + 4;[2 ) (H+€)
—&(F + F)(H+ JPS’)]

14;?;,(;;%)5111@ x Im (F2ﬁ - F[f,g) g
l‘LlSLi;,(_fJ_QI)S)Sin{ﬁ m Re (FQH - Flg) b
A 9089 o Re (FyH — Fi€E) .
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&1 Ultimate Goal: impact of EicC on GPD of neutron

<Imr,’

® Error propagation? CFF H E H E — GPD H, E, H E

4}1}11 x Im _F1H+£(F1+F2)H— — ;e

Afmd o Im g(F1+F2)(%+%£5)+Fﬁ—5( : Fl+“pF2)5]

ATRY o Re [6(F + B)(H + 1i§ )+ FA - (o R+ g

A’E?}Efﬂmcow X Im{ WILF (FyH — F\E ) g2 (Fy + 45}25) ('H+<€')
(P, + B)(H + Jpé’v)] __

4:[:0; D—s) sin ¢ s T (FQ;EZ . Flég) '.
14’2;’(;‘)— bs)sin ¢ x Re (Fz% — Fl 5) )
AEC;E(I@*}—(;")SJ cos ¢ i [ (Fz?_[’“ N Flig) '
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ctie> Deeply Virtual Compton Scattering (DVCS)
"~ »Proejction Bins of DVCS@EicC: Assume [t}>0.01, At>0.02

®1. Only several projection points with |t|<0.01

®2. Magnitude of asymmetry is tiny with |t|<0.01, so the relative errors are usually above 50% there

@3. A big challenge for the detector design for |t|~0.002 & At~0.002: detector simulation?

the first t-bin in 1.63< Q2<2.64 GeV? absolute asymmetry: GK model for illustration only
Lo F T T 7] LI L IR N T
<70.02 — 0.041 Q2, xg, t -
& 4-fold (Q?, xg, 1, ¢) ] [ EicC PROJECTION ( o 1) -
= C ] in 1.63 < Q% < 2.64 GeV? , —10:5
>0.01 r 1
5 0.03 3
<C P B 8
= ’_;m
= 0.02 () "0
9, N 1 €5
m i s <
: ‘i) o] A_ e
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e Exclusive Process

3D structure of nucleon (TDA)
® u-channel meson production (Bill Wenliang@WM&JLab)

® Pseudo-rapidity, azimuthal angle coverage and pt coverage?
® outgoing scattered e': 0<n <3; recoiled proton: 1.5<n<4;n%: 0 <n < 3.69;
® Note: n = 3.69 is the far-forward region

® Momentum/Energy resolution?
Energy resolution (o(AE / E)) in the far forward region and forward endcap:
0.02 + 0.077+E for photon. minimum requirement 0.35*\0.35
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PID requirements? Note (n” for glue, see 2111.08965): -

Any requirement on far-forward detector? I B (] S

Excellent forward y/neutron separation o8| v
Reconstruct photon energy. 7 Loet) 2 e
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The forward acceptance: =7mrad, >£5 mrad ‘ ‘
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i GPD physics

® 3D structure of nucleon (GPDs) @ EicC
Charged current electroproduction of a charmed meson (PRD104, 094002)
® Courtesy: B. Pire, L. Szymanowski, J. Wagner

® The rates are quite small
missing mass technique: the neutrino at final states.
® Ds reconstruction: difficult
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é,:%é Conclusion & Perspective

® The exclusives of EicC (DVCS, DEMP...):

® Impact of Ay is noticeable to imaginary CFF-E (KK);
® Present data constraining power in sea CFF-E :
~ 0.01 fb-" (PARTONS-NN);

Q? (GeV?)

® Future:
® | ocal extracting of CFF
® Feed the numerical framework and models

® ... GPD impact study of electron-ion collider
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Introduction
® From 1D to 3D picture of hadron & atom:
o TMD: Transverse Momentum Distribution (k - & longi. Momentum)
® How is proton’s spin correlated with the motion of the quarks/gluons?
o GPD: General Parton Distribution (trans. spatial position b-- & longi. Momentum)
® How does proton's spin influence the spatial distribution of partons?
[ TDA: nucleon-to-photon & nucleon-to-meson Transition Distribution Amplitudes

1l
® Origin of the Proton spin /= %/_1(13;95 [H,g(z,&,t=0) + B, (x,£,t = 0)]
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