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Electron Ion Collider in China, EicC
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▪EicC highlighted physics

▪Why do we need both EIC in China (EicC) and EIC in
the US (BNL EIC)

▪EicC project status
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2013 Nobel prize in physics

… for the theoretical 

discovery of a mechanism 

that contributes to our 

understanding of the origin 

of mass of subatomic 

particles …

However… do we really understand the building blocks of our visible world?
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Spin structure

Mass structure

spin mass Higgs mechanism

夸克质量
~1%质子质量

~99%
质子质量

Dynamics of gluons



▪ Spin structure of the nucleon: 1D, 3D 
➢ polarized electron + polarized proton/light nuclei

▪ Partonic structure of nuclei and the parton interaction with the nuclear environment  
➢unpolarized electron + unpolarized various nuclei

▪ Exotic states with c/cbar, b/bbar

▪ Origin of the proton mass study via heavy quarkonia near-threshold production
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▪Spin structure of the nucleon: 1D, 3D 
➢ polarized electron + polarized proton/light nuclei

▪Partonic structure of nuclei and the parton interaction with the 
nuclear environment  
➢unpolarized electron + unpolarized various nuclei

▪Exotic states with c/cbar, b/bbar

▪Origin of the proton mass study via heavy quarkonia near-
threshold production
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▪ How do quarks/gluons + their dynamics make up the proton spin?

▪ How is proton’s spin correlated with the motion of the quarks/gluons?

▪ How does proton’s spin influence the spatial distribution of partons?
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Deformation of parton’s

confined motion

When hadron is polarized?
TMDs!

GPDs!
Deformation of parton’s

spatial distribution

When hadron is polarized?
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[1]

[2]

[3]

Observe scattered electron/muon          [1]

Observe current jet/hadron                     [1]+[2]

Observe remnant jet/hadron as well      [1]+[2]+[3]

→ inclusive

→ semi-inclusive

→ exclusive

⚫ QED probe is clean

⚫ αEM ~1/137 with broad Q coverage

⚫ One-photon exchange approximation: 

~1% accuracy

⚫ Detection scale is determined by Q2: 

1GeV2 ~ nucleon size
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Fundamental question: An effort of more than 30 years

Finally, EIC is approaching…
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1D polarized helicity PDFs

3D-Tomography, Sivers TMDs

50 fb-1: around 2 years of running
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1D polarized helicity PDFs
3D-Tomography, TMDs

SIDIS

非极化碎裂函数
e+/e-对撞机上直接高精度测量
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非极化碎裂函数+Collins碎裂函数

A golden channel

for spin structure study
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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

▪Origin of the proton mass study via heavy quarkonia near-
threshold production

13



14

• Nuclear parton distribution functions

➢ Data far away from precise

➢ Especially for different quark flavors and gluon

• Probe nuclear gluon distribution in large-x region

➢ J/psi tagged DIS at EicC could provide 

precise probe of nuclear gluon 

distribution in the region 0.4< xb <0.8. 

核介质效应

同的区间 ： x > 0.7 费米运动区； 0.3 < x < 0.7 效应区； x ∼ 0.1， 反遮蔽效应区；

x < 0.01， 核遮蔽效应区。 对这个普适核修正现象的解释迄今为止尚未有定论， 由此造成了我们

理解原子核内部夸克胶子结构及其形成机制的极大困难。
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图 左图： 电子 重核与电子 氘核的深度非弹性散射反应截面之比， 为比约肯动量份额。 图中

实心圆点代表的实验数据来源于 ， 空心方形点代表 实验数据 ， 星号代表

实验数据 。 图片来源于 。 右图： + 碰撞中 J/ψ产生的核修正因子。

受制于现有实验数据不足和动力学覆盖区间小的限制， 对 的研究远不及自由核子中的

精确。 尤其是对于原子核中胶子分布的提取还存在很大的不确定性， 成为亟需解决的问题之

一。电子 离子碰撞过程中的重味夸克偶素产生主要来源于光子 胶子融合过程，因此对于原子核中的

胶子分布非常敏感，是研究胶子分布的一个非常重要的观测通道。图 给出 能区 + 碰撞

中 J/ψ产生的核修正因子

R eA =
dσeA /dxdQ 2

dσep/dxdQ 2
.

基于非相对论量子色动力学（ ） 次领头阶计算，并考虑部分子分布函数的核修正效应，可以

给出 能区的理论预言。 图中蓝色区域来源于原子核中部分子分布函数参数化形式 的

不确定度， 红色曲线是 的中心值， 并由实验设计亮度估算的统计误差， 灰色曲线是初态胶

子的贡献。由图中结果可以看出核修正因子主要来源于胶子的贡献， 高亮度设计给出近乎忽略

不计的统计误差， 而现有的 给出的不确定度非常大。 由此在 实验测量 J/ψ的核修正

因子可以精确约束原子核中大 x 的胶子分布。

除了研究原子核内部分子的一维纵向动量分布特性， 我们也可以采纳自由态核子的 因子

化理论框架来描述 对撞中的 反应， 将原子核结构研究扩展到核子三维分布函数的核介质

修正效应。 现有关于原子核的 实验数据非常有限， 未来几年的 实验也将只集中在价夸

克区间的测量。 未来 上采集的含有多种末态强子的 数据可被用来提取价夸克和海夸克

在不同重核内部的三维分布 。

➢ Nuclear modification factor:

Power of EicC
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Parton energy loss

(solid lines)

❖ Pin down the mechanisms of a color charge propagating in nuclear medium.

❖ Measure transverse momentum broadening in SIDIS and DIS-J/psi, extract medium 

property as characterized by jet transport coefficient →related to heavy ion physics

 [G eV ]n

0 10 20 30 40 50 60

(P
b
/D

)
M h

 R

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

E icC  proj
+p
+

K
+p

, 0.1<y<0.852>4 G eV2W

<0.35
B

, 0.25<x2>1 G eV2Q

/A
-1

 L dt=50 fbò

<0.4
h

0.2<z
H T E loss

G iB U U

Hadronization in medium
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Transverse momentum 

broadening

Two mechanisms of parton propagating in nucleus

Power of EicC
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▪ Larger cross-section compared to e+e- collision

▪ Smaller background compared to pp and ppbar collision

▪ Polarized beam → pin down the quantum numbers

▪ Gamma-P invariant mass, i.e. W,  is a window in ep collision

▪ No triangle singularity for kinematics 
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You are the expert

We want you !!!
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• EicC: production and decay of 

heavy flavor hadron

• We know little about hidden 

charm&bottom photo-/electro-

production
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Covariant Decomposition of the Energy Momentum Tensor (EMT)

QCD trace anomaly Light quark mass

Proton Mass:

Could be studied via heavy quarkonia

near threshold production

JLab-12 GeV:  J/Psi

EicC:  Upsilon

SoLID at Jlab:  J/Psi

EicC:  J/Psi EicC:  Upsilon

Potential breakthrough …
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Spin physics

US-EIC: Optimized for gluon related physics

Optimized for sea quarks, orbital angular momentum

Quark spin Gluon spin Orbital angular momentum

EicC

Nuclear PDFs

US-EIC: Saturation at small x

Systematic & precise studies at moderator x LHC physics

QCD Phase

Proton mass EicC: near threshold b/bbar production

Complementary with JLab measurements
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24EicC白皮书正式发表：物理+加速器+探测器

Next steps:

• English version of EicC white paper (summer 2020)

• Detailed simulations involving detector design and optimization

• Detector Hardware R&D, such as EMcal, tracker R&D

• Accelerator design optimization and R&D

…

Looking for collaboration…

Accelerator Conceptual design→ Jiancheng’s presentation

Detector Conceptual design →Yutie’s presentation
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CY 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

5-year-
plan

5-year-plan 5-year-plan 5-year-plan

HIAF

EicC-I
R&D

√s  ~ 17GeV, 2x1033/s/cm2

R&D and construction

In operation
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Understand the vacuum excitation

Electron Ion Collider in China, EicC
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