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Nucleon structure
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Atom Nucleus  Nucleon(Baryon) Meson Strong force
| _ _
4 % _ 2519 Radial densities
& 3 204 ~._ T ES
S :;4:’ 154 < 28
O N Color
e - 1 ~—___confinement
% 05 //
‘ ] Three Two _D‘io " radi;jlfm] N
\ quarks quarks ]| asymptotic
freedom
(1964-1974) hadron model Crucial to understand the
color confinement!
From DIS, more From high Lum.
complex structure Experiments, many
is found exotics states are Hybrid
found Tetraquark

Challenge to hadron model !
1974-1992 9 2003-now Pentaquark
2



Nucleon spin crisis
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Accurate measurement of the nucleon polarization structure
functions to determine the contributions of quark and gluon
spins.

Through three-dimensional tomographic imaging studies of the
nucleon structure, researchers probe the transverse motion of
quarks and gluons to investigate their orbital angular momentum.

» Understand the origin of the nucleon spin!




Lepton-Nucleon Scatterings

QED tool to study QCD nature of the nucleon

Q2= —q?= say ® QED probe is clean
2 ® o, ~1/137 with broad Q coverage
T = 2pq .
‘ ® One-photon exchange approximation:
Yy = Pq ~1% accuracy
pel

s — 4E.E ® Detection scale is determined by Q2:
e=p 1GeV? ~ nucleon size

Bay

CURRENT
JET

2] W = (q +p)?

» Observe scattered electron/muon [1] =2 inclusive .

» Observe current jet/hadron [1]+[2] = semi-inclusive > l.\‘ J'
> Observe remnant jet/hadron as well [1]+[2]+[3] = exclusive |
> Electron lon Collider (EIC), regarded as a “super electron microscope” @ L
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Electron-ion collider (EIC)
center-mass-energy~100 GeV

Status of development in US

2005: discussion in community
2007, 2015: Long Range Plan in

. the US
2019 =

Electron-Id
eRF

2015: EIC white paper
2019.12: EIC approved (BNL)
2020: EIC CDR

2021: EICTDR

2022: Detector Design Fixed
2024 Start to build

2030: Data taking
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u.
'~ COLLIDER

202243 H
Fix the detector

~1200 reserchers, ~230 institutes,
31 contries

- US national labs:
ANL/BNL/JLAB/LANL/LBNL/ORNL




Development in China- HIAF&E

R ERF - BFXEH (EicC)
2012:Discussion in community
2020.2,2021.6:white paper(CN,EN)
2021-2023:CDR
Institutes: ~45

As part of the long-term planning project for major
scientific and technological infrastructure in particle
physics and nuclear physics, the project has undergone
two international expert reviews and one domestic expert

review. Vs 16.7 GeV

® Proton & ion
® Electron

EicC's advantages (to EIC-US):

1) Theenergyisin the sea quark region, closer to nuclear physics
2) Nearer to the threshold for the production of heavy quarkonium

HIAF:

http://www.j.sinap.ac.cn/hjs/CN/Y2020/vA43/12/20001 | Completed by the end of 2025, it will provide the world's highest-
N https://journal.hep.com.cn/fop/EN/10.1007/s11467-021-1062-0 intensity pulsed heavy ion beams, creating unique conditions for

— the construction of the EicC °




Relation between EicC and EIC

EIC 10 x 100 GeV?
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plot

Wild Q2 coverage:
» QCD evolution
» Non-perturbative
~>perturbative

Gluon-dominated Gluon + sea quark Flavor quark



Unified view of nucleon structure
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Unified view of nucleon structure

Experimentally

W (x,k,r) Wigner distributions (X. Ji) 5D Dist.
di:/ \dsz dr,
TMD PDFs GPDs/IPDs
S k), .. 3D imaging
h 1 u(x’kT) dx &
Fourier
d2k d? Iy Transformation
T
- Form Factors
PDFs 1 D GE(QZ ),
ﬁu(x), oo h]”(x) | Gy(0)
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EIC 10 x 100 GeV?

EicC 3.5 x 20 GeV?

Highlighted physics topics
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JLab 12 GeV

= Spin of the nucleon: 1D, 3D
> polarized electron + polarized proton/light nuclei

Momentum Transfer Q* (GeV?)

1
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= Partonic structure of nuclei and the parton interaction with the nuclear
environment

>unpolarized electron + unpolarized various nuclei

= Exotic states with c/cbar, b/bbar (BESIII community in China)

= Mass of the nucleon

10



=
o
w
'l

EIC 10 x 100 GeV?

EicC 3.5 x 20 GeV?
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Highlighted physics topics
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= Spin of the nucleon: 1D, 3D
> polarized electron + polarized proton/light nuclei
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SIDIS processes for flavor decompositions

Electron-proton scattering

Pion/Kaon
u

&

\a
& —d C ) -

, d |
Fragmentation
Experimental observable: polarized structure functions gl Functions
1 . _
g (2. Q% 2) =3 Z ¢ {ﬂfj »’h( Q%) + Ag(z, QZ)Dh( Ug)] Leading Order picture

-

Extracted nucleon structure information: polarized PDFs (helicity distribution)



Spin of the

A NLO impact study
See arXiv:2103.10276

JHEP08(2021)034
0.04 — - T T T T
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https://arxiv.org/abs/2103.10276

Gluon helicity distribution

One can perform double spin asymmetry
ALL measurements in the etp — e’ +D0 +X
process to access the gluon helicity
distribution:

~ P.P,N++ + Nt+—’

_Ag(x, Q)+ f(g = D"0)
9g(x,Q)*f(g —» D"0)

Aé’+,~5‘—>e’+D”+X 1 N*tt - N*-
LL

=Ag/g
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Spin-dependent TMDs (Leading-Twist )

Quark polarization

Unp(():jl)rlzed Longitudinally Polarized (L) Transversely Polarized (T)
u ht=1 - (I
c Boer-Mulders
o
E - _L -
s B o hyt=r- -
S Helicity Worm Gear
c
= —_— ( l — T )
=) _L _ . } ) "\ N
= flT —\C - ° —_— - _— -
! : ' Sir = \© — ) 4
Pretzelosity
(O» Nucteon Spin (&) Quark Spin Survive the k; integration, yield 1D pdfs

Left items: The correlation between parton transverse momentum and the spin of quarks 15

A.Kotzinian, Nucl. Phys. B441, 234 (1995). Bacchetta, Diehl, Goeke, Metz, Mulders and Schilegel JHEP 0702:093 (2007)



TMDs in SIDIS Cross Section ‘*‘f\ .
do o P Ga'Q?-’JW&W%’Qi

dxdyd psd=d$,dB>. ~ xv0* 2(1-¢)

= | ® . F T +...
h= { el Unpolarized
Boer-Mulder h,~= (1| - (| T & CDE(z‘;ﬁh) . FL?;-E{E%:I + ...
huL: -’}* - - > | ! 'Fs-in{h%*:l‘l‘...
b s lesing, - ) oo polari
Transversity hﬂ = 1 - ! v i = ';léj, 5'3&5 UT Dlarized
| : sin (i, — ¢ ) Target
Sivers firr= e = e + 5m(¢h B '32‘55) ] (FLE S ) N
i . - E-iﬂ.l::sl;.’:" —ni.'fl :|
Pretzelosity }-,u"J- = :. -t + £ 5]11(3¢'h - l;ﬁg_:;) . FUT v +.. ]
o = Polarized
1 , ; Beam and
. f 2 5 —dh
Girt= (-] = (- +‘ST"}",E[ l—-¢” CDS('}?";& _?f’S]'F;;'EEﬁ %) ]} TEI'EE":

5., S;: Target Polarization; A_: Beam Polarization

Target SSA, beam-target DSA measurements



Spin structure of the nucleon-TMDs

d quark .
_— S 5
JE +E R

u/d Sivers EicC vs

LO analysis

EicC SIDS data:

Up quark Sivers function -f;
Down quark Sivers function f;

» Pion(+/-), Kaon(+/-)

/ 0,005 0 /’;J.uns
> ep: 3.5 Gev X 20 Gev (-:-!uark transverse ]Il(;].[lt‘].ltllm kT (GeV) > Quark transverse momentum krt (GeV) >
» eHe-3:3.5 GeV X 40 GeV
0.0:
> Pol.: e(80%), p(70%), He-3(70%) ~ s quark
> Lumi: ep 50 fb1, eHe-3 50 fb'! £ Red: stat. error only
EicC, precise measurements. P VA
I - S » sea quark Sivers function dynamically generated via Spin
. / oo depenendent odderon
E” 1 /om » leads to a unique predication for s-quark: quark and anit-
& / quark Sivers functions flip sign
00 ‘ 0.5 1 1‘5 e
H.Dong, D. X. Zheng, J. Zhou, 2018

Quark transverse momentum kt (GeV)
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EIC 10 x 100 GeV?

Highlighted physics topics
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= Partonic structure of nuclei and the parton interaction with the nuclear
environment

>unpolarized electron + unpolarized various nuclei
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Problems for cold nuclear matter effect

o BCDMS (Fe)
12 e SLAC E139 (Fe)
o * EMC (Cu) ‘
s L P, !
o) ] i i i? ] %
] : :i j %
I oy
0.8
T~e - h 0 011 012 013 0i4 015 0!6 017 018 019 1
PY x
-0 [ (x,k1, Qo)

Ry (x,k1,Q0) =
/p (x + QO) fu/p (X,kJ_,QO)

e |nitial state parton distribution in nucleus (NPDFs)

® Intermediate state parton propagating in nuclear
medium (energy loss, broadening...)

e Final state hadronization (hadron transport, FFs...)

arXiv:2107.12401
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Problems for cold nuclear matter effect

Luminosity at N 0 BCDMS (Fe)
Particle IE/[érrr\lfe/nt/ur;l C(hé ‘?\;l;l%y Average polarization the nucleon level Integrat(?(ti)_hlu;mno&aty | 2 e SLAC E139 (Fe)
eV/c/u eV/u (cm—2.571) ' | * EMC (Cu)
e 3.5 80%
p 20 16.76 70% 2.00 x 1073 50.5 o ] ']ﬁﬁi‘% Py }
: 32 < 1% Fr T *
d 12.90 13.48 Yes 8.48 x 10 21.4 SE P t # s %
SHet T 17.21 15.55 Yes 6.29 x 10*2 15.9 ] : :i j f
TLi3+ 11.05 12.48 No 9.75 x 1032 24.6 % ’%i i !
12056+ 12.90 13.48 No 8.35 x 1032 21.1 0.8
T T T T T T T T T
40 (15 20+ 12.90 13.48 No 8.35 x 1032 21.1 0 0.1 02 03 04 05 06 0.7 08 09 1
197 Ay 79+ 10.35 12.09 No 9.37 x 1032 23.6 "'
208 pp82+ 10.17 11.98 No 9.22 x 1032 23.3 .
23892+ 9.98 11.87 No 8.92 x 1032 22.5 RA/u (x,k1,Q0) = Julp (x, k1, Qo)
u/p ) )

fu/P (JC, kJ-’ QO)

e |nitial state parton distribution in nucleus (NPDFs)

® Intermediate state parton propagating in nuclear
medium (energy loss, broadening...)

¢ Final state hadronization (hadron transport, FFs...) LR
arXiv:2107.12401
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Nuclear PDFs study with ion beam
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Charm in-medium modification and
hadronization at the EicC

N < i‘é;ff»@\
Fragmentation and hadronization can be very ) %, .h
-

different in different system.

0.45[

Because of the shorter formation time of heavy F—acocr -~ MPICR
. . . 0.4 AQCI_J—CRATHENA —————— MP!-CRATHENA

flavor mesons, they have stronger interaction with ol S PO<IATHENA A Proji<y<s ATHENA
nuclear matter than light mesons. o
Their measurement at the EIC is expected to avoid ~ 2°#7* -
most of the heavy-ion background o2

+ 0.15

. A .
Baryon-to-meson ratio R = D—f) can be studied at i _
. . . 0.05( roj. ! both EicC an

Eicc to investigate the effect of cold nuclear |
medium ’ ° Numbepgftracks ? *

* Patron fragmentation varies with different system.
e Datais produced by pythia8 and two fragmentation
model (QCD-CR and MPI-CR) are used.
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= Exotic states with c/cbar, b/bbar (BESIII community in China)
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. . B decays S
Study of quarkonium at EicC /& -
[z X(4500) Z.(4020) (o]
IM' M
« Study the exotic states from new production mechanism xosn|  [xucm]
is crucial to pin down their nature Yoo e ==
« EicC as a unique electron-ion collider has many advantages =5eely
» Larger cross section compared to e+e- collision
» Smaller background compared to pp and pp collisions
» Polarized beams: pin down the quantum numbers Jp 2050

» No triangle singularity

Lebed, Mitchell, Swanson,
Heavy-Quark QCD Exotica,
PPNP 93, 143 (2017)

24



Physical projection at EicC

(arXiv:2009.08345)

—k
® There is cusp structures at A_D the thresholds in

/
e(p) e(r') the energy dependence cross section.
109
r)
L=} !
/
p(P) p(P’) S ,%' —— M.-L. Du et al. (Gmax=1.0GeV)
/ ——= M.-L. Du et al. (Qmax=1.2GeV)
ep —)CDJ /\V s ete- or (Ll ) _) ; ¢ Photoproduction(qmax=1.0GeV)
WA Y o o R 10— g § ¢ Photoproduction(gmax=1.2GeV)
: ¥ GlueX 2019
J// : i GlueX 2023
41 42 43 44 45
R W [GeV]

%D{l .
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Spectrometer of EicC

> Baseline design of EicC: 3.5 GeV electron beam and 20 GeV proton beam,
» Mian parts of the spectrometer: Vertex, Tracking, PID, Calorimeter, FWT, ...,

26



Spectrometer of EicC

> Baseline design of EicC: 3.5 GeV electron beam and 20 GeV proton beam,
» Mian parts of the spectrometer: Vertex, Tracking, PID, Calorimeter, FWT, ...,
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Spectrometer of EicC

Vertex and tracking
ﬂ detecter
————

> Baseline design of EicC: 3.5 GeV electron beam and 20 GeV proton beam,
» Mian parts of the spectrometer: Vertex, Tracking, PID, Calorimeter, FWT, ...,

28



EicC vertex&tracking detector design
\

The 34 generation MAPS
Pixel size: ~20x20 um
Material budget; 0.05%

The 15t generation MAPS
Pixel size : ~30x30 pm
Material budget: 0.85%

MPGD
p " Pitch size: ~150 um
_ g Material budget: 1%

29



The Monolithic Active Pixel Sensors (MAPS).

Matrix

32 readout regions

Pixels Config

1 Region Readout (1) RR (2) || RR (3) RR (32)

|128x24b DPRAM|
~ Vv ~ 4
T 321 DATAMUX 7
Configuration O
Registers  le 5 Readout | . . |chip Data Formatting
G Parallel Data Port
Module Data Management
—

i 8b/10b

Con::;t;ichus ___Triggers | u Serial Out Port
Serial Data Transmission

H PLL || serializer I> >

» Based on domestically developed technology, we have developed
the fully-functional MAPS chip MIC6_V3 with similar performance
as ALPIDE chip.

» Key features:

* high granularity: pixel size: ~¥30 um
* High speed: integration time: 5~10 us
* Low Power Consumption: ~30mW/cm? ~low material




Modularized structure

_

[¥]

* LengthinZ (M): 1477.5 mm (NICA ITS outer layer)
e HIC module No. in stave: 2 X 7 (NICAITS outer layer)
 Stave material budget: ~0.85% X,

31



Micromegas detector

Feature

 high granularity: spatial resolution: ~ 65 um
« High speed: 100~200 kHz/cm?

Electron beam test (5GeV at DESY)

 X-Y 2D readout
e Efficiency: >98%

Germanium film
Thickness: 400 nm

Stainless steel mesh Gronnded arefie

Thermal bonding \

film spacer T~ == - - = —=——=-—————f——-

Upper strip(X strip) //1 \ =

Readout PCB

Lower strip(Y strip)

Jianxin Feng, Zhiyong Zhang, Jianbei Liu et al.,
NIM-A 989 (2021) 164958.

Micromegas prototype
40x40 cm

Entries

E %2 [ ndf 98.32/ 70
700

- Consy,, 671.40 % 11,54
600[— —{ Meang,, -0.32£1.25

- Seors 88.70+1.42
500 =

- Cons,; 19.27 + 3.85
400 Mean,, 24.42 + 15.96

- Oy 325.70 + 28.94
300 — : : : :
200 F—vieo b Gx=65llm ..............
100 K

: __i__ E . ’_

200 400 600 800 1000

- 22/ ndf 86.37/64
600 f— 567.88 + 11.02
- —1.84 +1.45
500F= 89.42 + 1.85
400~ 3311+ 5.92
= 3710+ 11.74
300 274.40 £ 18.90
714 MM | S ...............
- 0y=65 pm
(111 R S S TSNS SNSRI S
%00 200 0 200 400 600 800 1000
AY (um)
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The performance

ne[-0.5,0.5] Det_v3

08

Momentum resolution

'/ ndf 189.6/85
Constant 633 £ 8.6
600 Mean 1£0.0
Sigma _ 0.01168 = 0.00010

T IR AR PR
H.B 092 094 096 098 1 102 104 106 1

.08 1.
P(Gevic)

03 e n
—+ K
—p
02 ; ; , : | | i
0 2 4 6 8 10 12 1 16
P [GeV/c]
ne€[-0.50.5]Det v3
Y
= ® e —4— e
S 100 1 DCA FESO|UtI0n u
m
/ K
CAro P
; —
£
=
S
a
0 2 a 6 8 10 1 16
P: [GeV]

Events
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4000 A

3000 ~
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1000 A

Primary vertex residual

0.00 0.02

AVz [cm]

—0.04 —0.02

0.04
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Spectrometer of EicC

I PID system

:i:~

> Baseline design of EicC: 3.5 GeV electron beam and 20 GeV proton beam,

» Mian parts of the spectrometer: Vertex, Tracking, PID, Calorimeter, FWT, ...,



Barrel DIRC for PID

Detector of Internal Reflection Cherenkov lights (DIRC):
DIRC achieve PID through reconstructing their Cherenkov
angles, by measuring the transit time and exit position/angle

of Cherenkov photons induced by different particles.

» Consisted of fused silica(n=1.47) as Cherenkov radiator

'T \
' o e T s w3 e s ]
% fom

Expansion
/ Volume :l

Focussing
Optics

Cherenkov Photon

Trajectories \\

Mirror

Particle
Track

0, =cos(1/nS)

Reference from “Simulation, Reconstruction, and Design Optimization

for the PANDA Barrel DIRC”, 2016

and MCP-PMTs as photosensor array g >
%eno
» Compact structure as barrel detector TS0
700[ ||
C electron
> Achieve 30 /K separation up to 6 GeV/c with angle 650/ —pion
. s —k
resolution ~ 1mrad 600} proton
50 05 118 2 a5 385 4

momentum [GeV/c]

refractive index of synthetic
fused silica with n = 1.47

'

Focusing lens

50

)

bl
o

-
<

plon-kaon separation (s.d.
~
o

1=
o

Fused silica Fused silica
prism R\ / bar
' . //"/’
oy 5 /,, &
~~~~~~ 0@

Photon sensor

/.

Track Cherenkov
angle resolution

—6‘5 mra;i
==1.0 mrad
==1.5 mrad
2.0 mrad

=25 mrad

BaBar & PANDA

EIC

<
I

1 2

[

q 5
particle momentum (GeV/c)

Reference from PANDA & EIC
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DIRC Prototype setup

NLAK338/PbF

Fused silica radiato
n=1.47

iy
/ ‘ \ : 3 ,

>

DIRC protype consisted of

* Fused silica radiator (HERAEUS SUPRASIL),
e Optical focus system ; —
e MCP-PMT array. Timing resolution ~ 10ps, developed by USTC-STCF group.

Hamamastu
R10754 (available)

6T AN N6021

2025/9/24 36



MRICH: Lens-based Focusing Aerogel Detector Design

Lens-Based mRICH
e Modular RICH is a Cherenkov detector based Design Sensor plane

on aerogel radiator.

60

(mm)
|

Aerogel Air I T
* It uses a Fresnel lens to generate focusing T i

effect to improve position resolution. e p | 2"? \K_ N
* It has compact and flexible structure, and e 16 o

PID power with large momentum coverage. |

-20

Aerogel

Fresnel lens

Mirror set

Sensor plane




MRICH Design and Simulation

hpDIRC frame
inner radius

i

e Composed of 64 aerogel modules (located at z=1080
~ 1380 mm, radius 100 ~ 670 mm);

e The cross section of each module is 108 X 108 mm?,
with a thickness of 25 ~ 35 mm;

* The center of each module is at z=-1230 mm and tilted
towards the collision center point;

e Fresnel lens focal length L=76.2 mm (3 inches, n=1.47,
Edmund Optics).

® pi/K separation up to 9 GeV/c at best
* ¢/pi separation up to 2 GeV/c at best

photosensor
Aerogel

15T T 1 T T | — = 15T T T 1 T T T LI B I

o L
0=0 < 1mm*1mm i < 1mm*1mm

® 0%

0 2mm*2mm 3 0 2mm*2mm ee/w

-
=)

I
=]
[ ey

® 3mm*3mm

—_
o
T T T
[m]

N, n-K separation
a
N, n-K separation
L ]
e O

4]
L
.
|

&
e
o
&
- |
=
s ol

momentum (GeV/c) momentum (GeV/c) momentum (GeV/c)

* Separation power decrease with increasing polar angle
* 3 sigma separation up to 9 GeV/c when particle launched at the center of aerogel 3
* 3 sigma separation up to 8 GeV/c when particle launched at 10 degrees 8



Spectrometer of EicC

ECal

S——

> Baseline design of EicC: 3.5 GeV electron beam and 20 GeV proton beam,
» Mian parts of the spectrometer: Vertex, Tracking, PID, Calorimeter, FWT, ...,
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Ecal Design in Simulation

» General design of whole Ecal Detector.
» Cesium lodide (Csl) crystal is applied in e-
endcap, Shashlik style is applied in both

e
Ee
F

s
e

s
=

Z=2.4m
barrel and ion-endcap
» The actual distances of the two endcaps to IP
depend on the available space of the EicC £="1.5m
design
Carbon fiber
Teflon
WLS painting
pCsl —— APD
Optical silicone
grease Csl module
EMC type z/rim] Length[cm], X, Coverage[cm] pseudorapidity Tower size
e-endcap Csl =-1.5 30, 16X, 15.0<r<128 (-3.0,-1.0) 4.0*4.0(front)
EicC barrel Shashlik R=0.9 45, 16X, -105.8<z<187.5 (-1.0, 1.5) 4.0%4.0
lon-endcap Shashlik Z=2.4 45, 16X, 24.0<r<113

(1.5, 3.0) (front)

40



Module (7x7) array simulation result  vetianwe)

Csl simulation resuit
Energy resolution

Shashlik simulation result
Energy resolution

| |
! [
| I |
! I
I : I
0.12
.g B3 c:\/a—é+2—§+c2,wherea: : | g F :
?) Bi —e—— 3.539 + 0.029 %, Original, energy I | _§ 4— = I
(0] B =1 =
X 01 > 3.665 £ 0.092 %, Full module, energy | : 2 = |
> [} -
2 L ¢ ——e—— 3.962 + 0.031 %, Original, N-Photons : I B sl I
c s = |
w B ——e—— 4.220 +0.092 %, Full module, N-Photons I 1 Lqﬁ -
0.08 : - I
L § | L |
B :v ¢ I : 3__ - |
= [ I | - I
0.06 ) L F 1
B bis, Lo 22 :
ey ! - : :
0.041- 33 T : : : ) :
L oiigi*“ R . | : 2_— |
I~ [
T TTTVREN | - . :
0-02 'g! ‘ ‘ : .'...7 I I L 1 1 1 I 1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 I 1 I
i P T 0.2 0.4 0.6 0.8 1 I
- | | Energy[GeV] I
10 og o 1 ° éprGeW | | ep o ° I
Position resolution Lo Position resolution :
I = o H H H H H o
R : T [ I g B P k k k P I
1.4 o T P! c Ar Position resolution: ¢ [cm] I
E Position resolution: o [cm] | 1 % - I
I I — I~
B ' 312 —— e-:0456 \E®0.092 I
1.2 —+— e-:0502 \E®0.080 P! et :
L I c C
_ | S —— y:0448 [E®0.094 .. !
E | ——y:0480 [E®0.125 .. P 3 0T v :
s L . * F ;
s [ 0.8
3 [ I B 1
c - \ | I 0.6 |
S06 \ P - N I
E=S L i\ o N
o = 3 | | B NI\ I
& oAb N I 0.4 ~
0.4 B \.‘\ I ~a 1
1 - ~
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02k ~ ! 0.2 I
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Shashlik ECal cosmic ray test result vetianwve)

Trigger scintillator

N counts / (25 channles)

180

160

140

120

100

80

60

40

20

Shashlik module measuring
with cosmic ray

—— original fiber
— pn= 586,6= 117
o/u = 20.0%
— fiber end with mirror
-------- n= 90506 170
o/ = 18.8%
end mirror and ESR coating
—=—- u=1578, 6 = 207
o/p =13.1%

I e o |
3000 3500
ADC channel

4000
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The far forward detector

2 PbSci detectors:

* Energy measurement for neutron

« each layer 25.6mm lead + 6.4mm scintillator

« 15 layers for each detector

« in total 60cm x 60cm x 48cm for each detector

WSi detectors:

Imaging calo., pos recon., PID
each layer 3.5mm W + 320um Si

« intotal 42 layers
» Silayer readout 1cm x 1cm for now
« intotal 50.6 cm x 50.6 cm x 22.5cm/;

60.0 cm

PbWO4 detectors:

) g » For photon detection

]’, ' » each module 2.2 cm x
22cmx10cm

* intotal 50.6 cm x 50.6
cmx 10.0cm

wo 90§

'eizhi Xiong

Photon and Neutron
detection

Charged particle
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Luminosity and polarization monitor

Ultra small angle

Small angle . .
Central detector forward detector

forward detector

- Luminosity monitor and
polarimetry are largely
independent and
essentially supportive
“experiments”

.i I | i i i
ryY ¢ ¥ 1 | | 1 Y L

Small angle
forward detector

al detector installation region | _-__
I — L L

T =

~accelerator facility.

- Relatively simpler
subsystems but complex
requirement overall e.g.
coordination with
accelerator, specific
calorimeter and DAQ
systems, etc.

- Geant4 simulation is 7 %

. Luminosity Specific
ongoing Spect

35m 30m 25m 20m from IP

Possible location for
crab cavity




Lab developement

Clean rooms of ISO6 and ISO7 (in total of 200 m2) for detector

assembling @ lanzhou '

& 7 5 s

~200 m2lab in Huizhou
Budget: ~2M/per year from IMP



Preliminary Timeline of EicC

[ HIAF
Accelerator < HIAF+
I EicC
>

CEE

CEE"*
CHNS

X EicC

Detector <

> HIAF is half way through its construction,

» 2021: EicC white paper published,

» 2024: Aim to finish the Conceptual Design Report (CDR) of EicC,
» 2026-2030: Hope to get support by the next five-year plan.



Summary

»An electron-ion collider has been proposed in China, based on the
further upgrade of HIAF

»Moderate energy (electron beam 3.5 GeV, proton beam 20 GeV)
covers the region (x) between us-EIC and JLab

»High precision measurements of nucleon structures

»Many interesting physics topics are under development and
studying

»Research and development of the EicC detectors are ongoing,
»The Concept Design Report (CDR) is expected in 2024.

Thanks!



e
Q
(Vg
>
()

O
O

=
>

o)
(q0]
Q
| -
o]0
C
O

O
o]0
C
(q0]
>

O

Huizhou,

N

ICE aléd

Off




Backup



Key features of Eic

»Complementary to JLab@12GeV and US-EIC:

— — —
o o (@]
w w W
N & B

Luminosity (cm™s™)

v" Luminosity: 103cm2s;

v" Polarization: electrons =70%, 2D & 3He

I III[III I

x (Q%=2GeV?) 5x10°°

5

5x10*

doubly polarized beams unpolarized beams

- EICC. ° 5
EIC | | E’-

- e | LHeC 3

E T COMPASS ~CTTTTTTTTTTToTmmTTmTmmmmmmmmmmmmTmes =

- HERMES H1/ZEUS T

:
o \
[N}

Momentum Transfe
o

10 100 1000
Center of Mass Energy Vs (GeV)

-
o
w

EIC 10 x 100 GeV?

[' EicC 3.5 x 20 GeV? D

JLab 12 GeV

(GeV?)

Iy IIIIII|

—
II|

104 1073 102 10"
Fraction of Momentum x

Vs ~ 17GeV, 2x10+/s/cm:
€ Some overlap with JLab@24GeV
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Spin decomposition

1 |1
5 T 5 AZ(H)|+ AG(p) + Lo+c(p),
quarks gluon orbital angular momenta
2.0

1.5
» By DIS, we can measure the nucleon parton

distribution function in momentum space:
F(x)

» Similarly, to measure the AX(u), we need
to know the parton distribution function in
spin space: g(x)

0.5

CT18 at 2.0GeV
— s

0.0
10% 107 107

107 0.2 0.5
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Structure functions and PDFs : Polarized case

(ll V \
—+ l - /(—r - /\
€ i ~ (Z°, W) ~ o
q = Only scattered leptons are detected
B —— \&M
A

Experimental observables PDFs
[0 @t ] amar OGP Polarized pdfs
2 |drdQ?  dxdQ?| — Q! v(2=y) ol Q7) Helicity distribution

Ag=q'(x) - g*(x)
beam/target helicity flips o(z) = = S e2Aq(z)
‘ 5 D cala(z)



Flavor decompositions

«  With pure y exchange in inclusive DIS: Hmm ... No third kind
of nucleon ... No...

1

4
P _ 12 A7
g = Q(Q(Au—%,_\u)

1

(Ad+ Ad) + 5(As + Aﬁ))

(_\.d + Ad) +

@IH— ~.C:|||—L
@Il—l ~.DI'—L

(_\5 + &5))

e  Assumption: SU(3) flavor symmetry
v' Additional inputs from B-decay of neutron and hyperons

Au + Ad -2 As Au + Ad

A way out:

SIDIS measurements: with the initial quark flavor tagged
Fragmentation Functions needed
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Probing gluon distributions

1 1
5 — EAZ.(;L&) +AG(u) + LQ+G(P‘) y

quarks gluon orbital angular momenta

« Heavy-flavor quarks produced at leading-order via
boson-gluon fusion

* Investigate charm production + constraints to gluon
(n)PDF

- High-xg charm production offers more constraint
w.r.t. inclusive-only measurements




Impact on the proton gluon PDF

5

. — singlet
+ Impact on the unpolarized proton gluon Al | awalghited
PDF g(x, Q2) using reweighting —— gluon
techniques. G| FeWepnLed
x
» We focus on the most recent CTEQ T 2 —
PDF set .
1+
In the context of collinear factorization, the structure 010
functions can be computed as a convolution of (p)PDFs 0.05
(A)f; and perturbative coefficient functions (A)c; ;: 5 oo
—-0.05

Fiae )= 3 [0 (5 et 0 0

i) = 3 [T Lar(Hac, 0 ® %EA

J=9.9.9

1072 10-1
X

Impact on CTEQ singlet 2 and gluon g PDFs using a NLO computation.
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Gluon helicity distribution

One can perform double spin asymmetry

ALL measurements in the e+p — e’ +D0 +X
process to access the gluon helicity
distribution:

AT+ +DO X _ 1 Nttt —-N*-

LL P,P, Nt+ + N+-’
_Ag(x, Q)+ f(g = D"0) _ Ag/g
g(x,Q)*f(g »D"0)

With lower center-of-mass energy, the EicC
will push the measurement in the relatively
high-x region, where Ag/g is supposed to be
larger compared to the small-x region.

0.20

0.15f

0.10
0.05
0.00

xAf(x, Q)

-0.05

-0.10F

-0.15
~0.20

0.025
D 0.000

-0.025

e
=)

O[Oy
5

ey
o

Ag/g(x, Q)

o
-
oo

—— singlet
reweighted

— gluon
reweighted

-_ |

reweighted
/,
l’

10
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0.0

Standard collinear F’DFA

The TMDs

PDF 1D

0.4 0.6 0.8 1.0

x

TMD PDF 3D

hkl
-~ xF,
S > P
ou
k.,
d

. 1TMD
. Bacchetta, F. Conti, M. Radici, Phys.Reuv.

D78 074010 (2008)
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Separation of Collins, Sivers and Pretzelosity
through azimuthal angular dependence

1 NT-N*

PN"+N*

= A(?;llms sin(@, + @) + A(le;}m sin(¢, — @)
+ A sin(3¢, — )

Ayr (gﬂii ) QIS) =

UT: Unpolarized beam + Transversely polarized target

Aé?;zzms x <Sin(¢h T ¢S)>UT oc Iy @ Hy > TMD: Transversity k“
Ay o (sin(g, =), o [ @D, STMD: sivers |

A(]j’;etzeZOSily o <sin(3¢h — ¢S)>UT oC hlLT X [—[1l > TMD: Pretzelosity



J/Psi production at EicC

1l
) Effﬁf yp—ccX
102
3 : R =4
= i
s 1013
b E X CIF (1979)
_ $ Fermilab (1980)
100 ¥ EMC (1982)
E $ SLAC (1986)
® CERN/WAS8 (1987)
@ JAap data before 2002
" ¥ GlueX (2019)

101 | | II102
Wyp (GeV) Figure from D. P. Anderle et al. Front.Phys.16(2021)64701
For W=10-20 GeV,

® Photoproduction: a(yp — J/Yp)~ 0(10 nb), (no resonant enhancement considered),

a(yp = ccX)~50a(yp — J/Yp)
® Leptoproduction: cross sections are roughly two orders of magnitude (a) smaller

® For an integrated luminosity of 50 fb!, no. of J /i is ~ 0(107 — 108); many more open-
charm hadrons D and A,
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J/Y production at EicC

» J/y production is important to study /
* Multi- quark states (Pc) ¢(p) (')

(nb)

4.50
Vs (GeV)

+ Kinematic effect (CUSP)

p(P) p(F)

ep —epJ/y —ee or (uu)
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SimU|ati0n Setup Detection efficiency

. . — Q%<1 GeV?
- We adopt eSTARLight event generator with two 0.7} — 1<q2<10 Gev?
improvements at near-threshold 0.6}
: : : 0.5
» With the input of -dependent photoproduction cross 2
sections, the differential cross section of exclusive 2 0.4
meson electroproduction: =05
0.2}
do, do
p—oeVp 2y ~%yp-eVp _
———— =I+(1 + eR)f(Q%) 0.1
2 T L
dQ4dydt dt : s s
104'5 T T —— T T3 102 W[GGV
ep — epJ/y 3.5 GeV x 20 GeV t dependence of the yp — J/yp differential
10° 0.055<y<0.96, Q@ < 1 GeV? 2 cross section as indicated on the figure.
& 038 096%
i : g ¢ 54 = ’ y g H 10% (7.10,7.16) (8.06,8.12)
PN [ "':i'i"-'i L
o E -s-'il-!li-ﬁﬂlll-!llnli -Illi g 1000
(D N | | 10
= 1F i %
- ml )] 1 ; : i
10! 1L i 5107 (10.6,10.66) (15.48,15.54)
5
102 S
S = 10
3|1 | | | L | N
W"~%—"% 8 10 12 14 16

|| [GeV]



Upsilon production at EicC

103 E Favart et al.: W?
3 Gryniuk ef al. i B
5] Brodsky et al.: 2-gluon ’ - i
10 g — Martynov et al.: 02 =0 GeV? e
J ---- Martynov et al.: 0? =10 GeV2 ,-""/)/[)—J)FX
101 | Martynov et al.: 0? =50 GeV?2
5
£ 0]
S .
10-1 -
10—2—; @ EMC(1981) s HI (2000)
3 @ H1 (1999) ® ZEUS (2009)
10-3 1 . B ZEUS (1998) M CMS (2016)
- U T T T T T T T | U
101 102

Wyp(GeV)  Figure from D. P. Anderle et al. Front.Phys.16(2021)64701
For W=15-20 GeV,
® Photoproduction: a(yp — Yp)~ 0(10 pb) (no resonant enhancement considered),
a(yp — bbX) is about two orders higher
® Electroproduction: roughly two orders of magnitude (a) smaller, ~ 0(0.1 pb)
® For an integrated luminosity of 50 fb', no. of Y is ~ 0(10%);
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Exotic states production at EicC

® Cross section estimates for exclusive reactions assuming VMD (highly model-dependent)

o(y p = Xp) [nb]

:l T T 1T T T 1T T T I L T T T I T T 7T 1
E PAC A
Q - J :
NG 4 g 10° E
q V77 - i
2 10p E
£ lk = F -
: > i 7
. L _
P el T E E
(S8 F 3
/ B \ > f //
o] i |
107 E E
N ; - lrl(”JJ ;
. 10 ;_ — X(3872) _;
- : ‘ 1 1 ‘ 1 I Il 11 1 1 I 1 L L Il jl
4.5 5 5.5 6.5 7
-1 |
10 W, [GeV]
- — X(3872) E
107 E
107 E
107 E
—5 I 1 [ | I 1 1 I | 1 I P TR |
10 20 30 40 50 60
W,, [GeV]

JPAC, PRD102(2020)114010

» Estimated events for EicC (50 /fb)

Exotic
states

Production/decay
processes

Detection
efficiency

Expected
events

P.(4312)

ep — ePp(4312)
P.(4312) = pJ /v
J/p — 1+

~30%

15—1450

P, (4440)

ep — eP,(4440)
P-(4440) — pJ /v
T/ — 1T~

~30%

20—2200

ep — eP.(4457)
P.(4457) — pJ /4
T/ =11~

~30%

10—650

Py (narrow)

ep — ePy(narrow)
Py(narrow) — pT
T =it~

~30%

Py (wide)

ep — e Py (wide)
P, (wide) — pY
T It

~30%

0—-200

Xc1(3872)

ep — exc1(3872)p

el (3872) — wta—J /4

J /b — 11—

~50%

0—-90

Z.(3900)T

ep — €Z:(3900)n
Z3(3900) — 7t+J /¢
Jfib =11~

~60%

90—9300
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Proton mass study

Mass decomposition [Ji, 95]
M — Mq ‘|—Mm‘|‘Mg —I_Ma

hd

Gluon

Quark
M, : quark energy
M,, : quark mass (condensate)
M, : gluon energy

M, : trace anomaly

o (nb)

M, and M, constrained by PDFs.
M,, via ™N low energy scattering.

M, via threshold production of J /W
(8.2 GeV; JLab) and Y (12 GeV);

Threshold requires low CoM energy.
(Low y at EIC).

Complementarity between EicC (and
EIC) and lattice. Guideline

Proton Mass Decomposition
23(1)(1f% —~

Lattice QCD
calculation by Yang et
al, 2018

32(4)(4)%

36(5)(4)%

w Quark Mass w Quark Energy « Glue Energy -' QCD Trace Anomaly

Gryniuk et al. i )

Brodsky et al.: 2-gluon '/./‘J_!
f —— Martynov et al.: Q2 =0 GeV? P 3
[ e . 9 9 ) -
: Martynov et al.: Q° =10 GeV P ,-)/p_>be

Favart et al.: W*° E

EMC(1981) H1(2000) 4

i

EicC coverage

i H1(1999) i ZEUS(2009) 3
KX ZEUS(1998) M CMS(2016) |
104
W., (GeV)
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Luminosity and polarization monitor

- Luminosity monitor and
polarimetry are largely
independent and
essentially supportive
“experiments”

- Relatively simpler
subsystems but complex
requirement overall e.g.
coordination with
accelerator, specific
calorimeter and DAQ
systems, etc.

- Geant4 simulation is
ongoing

Small angle
forward detector

Central detector

Ultra small angle
forward detector

.1. |
Y ¢ 1
Small angle
forward detector

prom—
Luminosity Specific
dipole
35m 30m 25m 20m from IP

=

Possible location for
crab cavity
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Cosmic Ray Platform

2025/9/24

*Cooperation with the EicC USTC group

1 Il
00 20000 30000 40000 50000 60000

T B R A HRAR 6 K i$

o FHEMKXFE: NIRAK +SiPM, 8 layer (4

layer for x, y each), 3] & #2 50cm x 50cm

e One layer: 3 module + 1 electronics
e One module: 163%EJ-200 + 324k £ 4F + 8 SiPM
o {iE 5 #H~1mm, a5 #<100ps
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Barrel DIRC Concept Design

-
s
o
|

Multiplicity

75_ | |V e/m@1.4GeV/c
: = « /K @6GeV/c

——
- —— - i
separation(s.d.]

Q.
o
S
AR RRES RS RARE RRRE RRRE RE
—.—
——
—— i %

40 { { 2;.
31511111 20 & i i i 15_ ‘
<N L I s s
polarangle [deg] polar angle [deg)
R,,=750mm
Rm=700mm;/
N X2 Definition of measured DIRC angular resolution:
*  Quartz radiator bar: 15 17 3300 oy (photo) = |o? + 02, .+ 02, + 02, + OF
uartz ra Iator ar. mm X mm X mm GC p - chrom foc bar trans rec

*  Expansion volume(EV): 208mm x 340mm x 300mm
*  Ogom: the dispersion contribution of the quartz radiator

*  MCP-PMT: Hamamatsu R10754 (pixel size: 5.2mm x 5.2mm) or Photek (wavelength: 300-700 nm)

MAPMT253 (pixel size: 1.6mm x 1.6mm) * O error from the optical focusing lens and the pixel size of
_ . photosensors

*  Trayboxsize: 50mm x 320mm x 4000mm with 6 bar+EV * 0, the influence of radiator thickness (flatness) on photon

e 12traysforms a barrel detector with a minimum radius R =0.7m yield and transmission efficiency;

_ ' - . *  Ouans transit fluctuation due to the roughness of the radiator
Focusing: spherical 3-layer lens (Fused silica N-LAK33B ) curvature radius: o, error from incident particle tracking

30cm, Thickness: 10mm
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dRICH: RICH with “dual” radiators

Dual RICH contains “dual” radiators with different refractive index, which largely expands its PID momentum
coverage. The C,F, gas and aerogel are ideal dual radiator options for the m/k identification in large momentum
region. The particle passes through the aerogel and the gas sequentially, the induced Cherenkov radiation is
focused by the spherical reflector (gray) and forms a halo image at the focal plane, finally readout by the
photosensor array. “dual” radiators.

i : . =0.5mrad
1 1
Photon Detectors 2 3 | OBy 1l - ; mfag
. 1 = uanz ., 47 A ¥ 2 mra
Ry Spherical T E , !
hp . P | 1
__Mirror s . L | 15 GeV
T — 1 ' erogei \
ot Py n=1.03) Py
S = 1 17N
8 : h C2F6_; o008)
(2] E i = AN
B [ : NS A .
E I 3 o 1 © [ N N X
e . s e te + AOORg - N=- - =]
I NOEORR R X
| : S \‘\
1 [ | I 4 1 L *\ \)
1 10
Momentum (GeV/c)
Threshold (GeV/c)
—_——— = Radiator Index e n k P
— e— _———— Fused Silica(DIRC) 1473 0.00047 0.13 0.46 087
5 : Aerogel(mRICH) 1.03 0.00213 0.58 2.06 392
Beam pipe(s) region Acrogel(dRICH) 1.02 0.00254 0.69 2.46 467
C2F5(dRICH) 1.00080 0.0128 3.49 12.34 2345
CF4(dRICH) 1.00056 0.0153 417 14.75 28.03
C4F10(RICH) 1.00014 0.0305 8.34 29.50 56.07
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dRICH Design and Simulation

Aerogel Gas

Geometric:

— Length: 2160 mm

—Inner radius: 100 mm

— Outer radius: 1500 mm

— Coverage angle 5-25 degrees

Focus
mirror

Cherenkov radiator:

— Refractive index: n =1.03/1.02 (aerogel, 400 nm); n = 1.0008 (C,F;)
— Thickness of radiant body: L =40-50 mm (aerogel), 1600-2000 mm
(C2F6)

In GEANT4 simulation, the reflectivity of the spherical
mirror is set to be 50%, the quantum efficiency of the
plK photosensor is 20%, and its pixel size is 3mm X 3mm.
Approximately 60 photons are generated by the aerogel
e radiator per track. Considering the detection efficiency

" of the photosensor array, the actual measured number
h —— full simulation 1 is 3 ~ 5pe. Meanwhile, approximately 200 photons are
__— parameterisation | generated in the gas, with an actual measured number

© 0of30~40 pe.

10+

Yol CF;

-

p (GeV/c) p (GeV/c)
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