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December B = Spin structure of the nucleon: 1D, 3D

» polarized electron + polarized proton/light nuclei

= Partonic structure of nuclei and the Parton interaction
with the cold nuclear environment

»unpolarized electron + unpolarized various nuclei

= Quarkonium with c/cbar, b/bbar

= Origin of the proton mass study via J/Psi and Upsilon
near-threshold production
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45 institutes and >100 physicists @

@ Springer
.




Electron Ion Collider in China...Huizhou{Z /) in Guangdong province
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ocation: Huizhou, Guangdong
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High Intensity heavy-ion Accelerator Facility (HIAF)
HIAF total investment: 2.5 billion RMB (Funded)

Booster Ring:
Circumference: 569 m
Rigidity: 34 Tm
Accumulation
Cooling & acceleration

7 \'

HIAT for atomic physics,
nuclear physics, applied
research in biology and
material science etc.

Superconducting Ion
Linac:

o Length: 180 m
Two-plane painting injection schenre

g i Energy: 17 MeV/u (U3*")
Fast ramping rate operation CW and pulse modes @




EicC Accelerator complex layout
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EicC detector design
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EicC parameters
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* EicC covers the kinematic region between JLab experiments and EIC@BNL
* EicC complements the ongoing scientific programs at JLab and future EIC project

* EicC focuses on moderate x and sea-quark region
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EicC and EIC-helicity distribution via SIDIS (1D spin)

D. Anderle, T. Hou, H. Xing, M. Yan, C. -P. Yuan, Y. X. Zhao, JHEP08, 034 (2021)
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Leading-Twist TMDs

Quark polarization

Unpolarized Longitudinally Polarized Transversely Polarized (T)
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Transversity distribution

h . e Chiral-odd:
1 B (Collinear & TMD) No mixing with gluons
Valence dominant
A transverse counter part to the longitudinal spin Couple to another chiral-odd function.
structure: helicity g4, but NOT the same. 2 1 2
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Question: Is the assumption of vanishing sea quark transversity justified ? @




Our phenomenological analysis

C. Zeng, H. Dong, T. B. Liu, P. Sun, and Y. X. Zhao
Phys. Rev. D 109 (5), 056002 (2024)

Theoretical framework

« SIDIS and SIA at low Pt

TABLE II.  The precision of the factors in powers of a; in this
work.

« TMD factorization, include TMD evolution ({-prescription) Few  7v  Duwm O™ % ()
* No assumption of vanishing anti-quark transversity distributions 7w« < < a0 o
Data sets
SIDIS Target Lepton beam Hadron # data
COMPASS ¢LiD 160 GeV m, K= 92
COMPASS NH; 160 GeV m, K 92
HERMES H> 27.6 GeV m, K= 80
JLab SHe 5.9 GeV m, K= 13
SIA Energy Hadron pair # data
Belle 10.58 GeV nn 16
BaBar 10.6 GeV T 45
BaBar 10.6 GeV nn, K, KK 48
BESIII 3.68 GeV T 11 @




Fit methodology

data replica 1

data replica 2

fit result 1

fit result 2

| Experimental
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Monte Carlo representation
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Comparison with data

COMPASS (proton) COMPASS (deuteron)
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Comparison with data

HERMES (proton) JLab (neutron)
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Comparison with data

BaBar (2014) BaBar (2016)
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Comparison with data
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Extracted Transversity distribution

xhi(x)
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» U quark favors negative distribution?
» d quark hints a positive distribution ?
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C. Zeng, H. Dong, T. B. Liu, P. Sun, and Y. X. Zhao
Phys. Rev. D 109 (5), 056002 (2024)
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EicC impact on Transversity
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EicC can significantly improve the precision of transversity distributions,

especially for sea quarks
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Results on Tensor Charge

« Dyson— Schwinger equation » Lattice QCD «  Dyson—Schwinger equation = Lattice QCD
¢ Phenomenology + Phenomenology
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Larger uncertainties when including anti-quarks (less biased)
Compatible with lattice QCD calculations

C. Zeng, H. Dong, T. B. Liu, P. Sun, and Y. X. Zhao, Phys. Rev. D 109 (5), 056002 (2024) @
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Something more

COMPASS 2022 data, arXiv: 2401.00309
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Fig. 2: Results for the Collins (top) and Sivers (bottom) asymmetries for deuterons from 2022 data as a function
of x, z and Pt for positive (red circles) and negative (black triangles) hadrons. The error bars are statistical only.
The bands show the systematic point-to-point uncertainties. @




Something more
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EicC impact
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C. Zeng, T. B. Liu, P. Sun, and Y. X. Zhao, Phys. Rev. D 106, 094039 (2022)




EicC impact on Worm-Gear functions

Fit world data
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More words on TMDs study
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For TMDs studz: We need a moderate-energ EIC but with high luminosity




Summary

» A new global analysis framework is set up for TMDs study
»EicC can significantly enhance our knowledge of TMDs, especially for sea quarks

»For TMDs study, a moderate-energy EIC with high luminosity is preferable

Please refer to the following papers for more details:
Frontiers of Physics 16 (6), 64701 (2021), Phys. Rev. D 106, 094039 (2022), Phys. Rev. D 109, 056002 (2024), and arXiv: 2403.12795 (2024)

Special thanks to Hongxin Dong, Tianbo Liu, Bogiang Ma, Peng Sun, Ke Yang, Chunhua Zeng, and the EicC Team
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EicC Accelerator complex layout

HIAF + HIAF-U
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" Planed facility
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Parametrization

Transversity distributions
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EicC and EIC-gluon polarization (at large x)
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EicC and EIC-gluon polarization (at large x)
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EicC detector design

SR




R(cm)

3.30

435

540
34.85
38.15

65.50

67.50

In R(cm)

3.18
3.18
347
5.08
6.58
8.16

In R(cm)

3.18
3.18
3.18
3.95
5.26

EicC detector design

Material Budget
(X/X0 %)

Length(cm)

28.0
280
28.0
90.61
90.61

174.88

174.88

Out R(cm)

18.62
36.50
55.00
67.50
67.50
150.00

Out R(cm)

18.62
36.50
55.00
67.50
67.50

Pixel Pitch(um)

20
20
20
25
25

150(rh)x150(z)

150(r¢p)x150(2)

Z(cm)

25

49

73
103.65
134.33
165.00

Z(cm)

-25
-49
-73

-109.0

-1450

Pixel Pitch(um)

Pixel Pitch(um)

25

25

25

25

25
50(r¢h)x250(r)

25
25
25
25
25

0.05
0.05
0.05
0.85
0.85

0.40

0.40

Material Budget
(X/X0 %)

Material Budget
(X/X0 %)

0.42
0.42
042
0.42
0.42
0.26

042
0.42
0.42
0.42
0.42

Tech

MIC7
MIC7
MIC7
MIC6
MICE

MPGD

MPGD

Tech

MIC6
MIC6
MIC6
MICE
MICE
MPGD

Tech

MICE
MICE
MICE
MICE
MICE

Tracking: Silicon + MPGD
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CXOPSRPERAKARRL

355
55
555

mRICH
dRICH

ToF + (DIRC + RICH)

PID Detector Kinematic Coverage

|
|
TOF
““DIRC

PID

EicC detector design
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PID Detector Kinematic Coverage

|
|
TOF
““DIRC

PID

=S

DC Bias Pad

AC pads

AC-LGAD

Thin coupling
dielegtric layer

Pixel 2
psubstrate |

DC-LGAD

EicC detector design




EicC detector design ~ PID: ToF + (DIRC + RICH)

foam holder of aerogel
_ 3.3cm thick aerogel

Cherenkov Photon Aluminum box

Trajectories

Mirror Focussing
Particle Optics
Track

Expansion
Volume

6” focal length
Fresnel lens

Focusing mirror

beam >
pipe  radiator
gas: C4F 4o

Photon sensor

@




EicC detector design Ecal: Shashlik + Csl crystal

Shashlik
R

m Pixel + GEM m



Pixel + GEM m




Proton mass study

Lattice QCD calculation
Phys. Rev. Lett. 121 (2018) 21, 212001

Proton Mass Decomposition

23(L)(1)% ——— 9(2)(1)%

36(5)(4)% 32(4)(4)%

® Quark Mass

w Quark Energy

™ Gluon Energy 41QCD Trace Anomaly

* Quark energy and gluon energy constrained by PDFs
* Quark mass via TN low energy scattering

Q One of the hot topics under discussions

Near threshold ]J/Psi production
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Near threshold Upsilon production

1 03 3 Favart et al.: W*
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do ,
Ohaa dp

Multiplicity:

/ (GeVic)'

0

Multiplicity measurements at BESIII

1

do(ete” - h + X)

Oior(€Te™ = hadrons)

N b O 0

2.2324 GeV

. NNFF1.0 NNLO

MAPFF NLO
=== AKRS NNLO

=== ARS NNLO

3.0500 GeV

N B O

N b O

3.4000 GeV

d Py,
h is a particular type of hadron such as n?, m*/-, K*/- ...
03 2.2324 GeV _ 3.0500 GeV
E + - NNFF1.0 NNLO
0.2}
i ++
0.1 +. +
% 1 1 |
S . 2.4000 GeV r 3.4000 GeV
(aDJ 0.3} -
Sy 3 +
24 P +
'8 |'8' 0.1 ++ q
3 it
‘_bz 1 el Y . S A B AT A B s i

3.6710 GeV

3.6710 GeV

o(e'e— qq)o(ee— u'n)

R =

at LO

» First precision measurements at
BESIII: Phys. Rev. Lett. 130, 231901 (2023)

» Analyses of many other final states
are ongoing = provide inputs for
future EIC
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TMDs in SIDIS Cross Section « @

N\ [
do __ o 2 yo © e_-yN/@\/]V\fLi
dxdyd sdzd¢,dF;,  xy0~ 2(1-¢)
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= "'.. F T +...
h= s Unpolarized
Boer-Mulder h~= 7 = (| T+ £ CDS(z‘;ﬁh) . FL?E.}{E%} +...
b= (A= (= ). o) o
' : . — |
Transversity b= (4 - (1 +S-[esin(g, + ¢, ) Fnerss) Polarized
i : in(, —gc ) Target
Sivers fir= | * - . +5m(¢h _gﬁS} ) (FLE;,I R } -
i . - 5l..ﬂ.|:3|;.'5' —ni.'fl :|
Pretzelosity }-,."J- = i -t + & Sm(‘1¢h o ‘;ﬁS) ) FUT SR ]
o = Polarized
' : : Beam and
Gri= el = - ]} Target

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

Target SSA, beam-target DSA measurements ()




Separation of Collins, Sivers and Pretzelosity

through azimuthal angular dependence

1 N T N \’ , \_\\\\\
AUT (qoh (05) B P N T +N \: 7 mtr Sj qbs Y
= 'A\(J:?”ins Sin(¢h + ¢s) + Ajyers Sin(¢h - ¢s)

+AJ Pretzelosity S n(3¢h ¢s )

UT: Unpolarized beam + Transversely polarized target

Colllns <Sln(¢h 4+ ¢s)> oC h1 X H . =2 TMD: Transversity

Slvers <sm(¢h ¢S)>UT oc £ ®D, >TMD: Sivers

PTfetze'OS'W o (sin(3¢, — ), o hy ® Hi >TMD: Pretzelosity




sTGC detector

~55cm * 55¢m pentagon

Detector R&Ds

* 25cm x 25 cm Micromegas
mass production
* R&D on 0.4m x 0.4m

Clean rooms of ISO6 and ISO7 (in total of
200 m?) for detector assembling

: x ﬁﬁ-ﬁg
1m x 0.5 m GEM (self-stretching) e

Inner frame

Window(Mylar) Main frame

s ™ AN , DIRC prototype

GEM foils




