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电子核子碰撞实验
第三节:未来展望



➢ 第一节：物质结构概要

➢ 第二节：实验方法详解和实验分析实例

➢ 第三节：未来展望

推荐读物（请联系本人索取英文版PDF）：
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Density Functions

Transversity FunctionsHelicity Functions

d/u at 

high-x

Saturation 

at low-x

✓ Form Factors

✓ Most Recent Global Fit (Phys. Lett. B 777 8-15 (2018) )

✓ New Radius extraction (Phys. Rev. C 99, 044303 (2019) )

✓ New data: PRAD Experiment and E12-11-112 (Tritium)

✓ Three types of Parton Distribution Functions (PDFs):
✓ Density (well measured)

✓ New data from MARATHON  (Tritium)

✓ Helicity (Spin puzzle)

✓ Transversity (need 3D info)

未来展望

➢电子-核子碰撞的未来目标→核子三维结构
❑ 核子的一维结构已经精确测量（Form-Factors，PDFs）
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未来展望

➢电子-核子碰撞的未来目标→核子三维结构

❑ 核子的3维结构测量（TMD,GPD）需要高能极化电子加速器，极化靶
技术和全新的探测器系统（高流量，全方位角，多粒子）
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Hall-A

Hall-B Hall-C

Hall-D

CEBAF：超低温超
导加速器， 12GeV
电子能量，可控电
子自旋极化方向

SoLID

Thomas Jefferson Lab

➢美国Thomas Jefferson Laboratory (Jlab): ：
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❑ Hall-A: HRS, then Super-BigBite Spectrometer (SBS), then MOLLER are for dedicated purpose experiments

❑ Hall-B: CLAS12 is a multiple purpose 4 𝝅 detector (low luminosity, large acceptance, limited resolution)

❑ Hall-C: HMS and Super-HMS are high-luminosity, limited acceptance, for precision measurement at limited region.

❑ Hall-D: GLUX detector system is for real-photon production experiment to search exotic gluon states

Hall-B CLAS12

Hall-A HRSs

Hall-C HMS and SHMS
Hall-D GLUX

SBS MOLLERSoLID

Thomas Jefferson Lab

➢四个实验大厅→四种探测器系统
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3D Nucleon 

Structure

Hadron & 

Cold Matter

Transverse Structure 

of Hadrons

Longitudinal 

Structure of Hadrons

Low-Energy Test 

of Standard Model Hadron Spectra as 

probes to QCD

❑ Many approved experiments in SBS & SoLID (Hall-A), CLAS12 (Hall-B), HMS+SHMS (Hall-C)

➢3D Nucleon Tomography is the major Program at Jlab 12GeV Eva: 
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SoLID

(start in 2025~2017)

MOLLER

(start in 2025)

Super-BigBite

(start in 2020)

HRS-L

(done in 2019)

HRS-R

(done in 2019)

➢Hall-A: 
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❑ Unique advantages:

✓ High Intensity (1037 ~ 1039 cm-2s-1),

✓ Large Acceptance, 4Pi Coverage

✓ Both polarized proton and “neutron” targets

❑ Three initial topics:
✓ SIDIS w/ long.- & tans.-pol. proton & He3 

✓ PVDIS w/ unpol. protons

✓ J/ψ w/ unpol. protons

❑ Approved GPD experiments:
✓ TCS with J/Psi 

✓ DVMP with polarized He3 target & SIDIS

❑ DVCS & DVMP with polarized p& He3, Doubly DVCS, etc.

SIDIS &J/Psi& GPD
❑ SoLID will maximize the science return of the 12-

GeV CEBAF upgrade by combining...

Hall-A SoLID

➢Solenoidal Large Intensity Detector
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Duke+Regina

Shashlyk量能器

MRPC时间飞行仪

重气奇伦科夫

轻气奇伦科夫

Tsinghua+Shandong+UVA

Tsinghua+USTC+UICArgonne+Temple

GEM径迹测量仪

USTC+Lanzhou+CIAE+UVA

Hall-A SoLID

➢Solenoidal Large Intensity Detector
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Hall-A SoLID

➢SoLID TMD
❑ Much wider phase-space to cover the valance quark region 

❑ Full 2𝝅 azimuthal acceptance: 

❑ Polarized beam & targets:

❑ Detect 𝝅±, and adding Kaon detections (sea quark contribution)

❑ High statistics for 4D binning in (x, pT, Q2, z)

❑ Overall >1000 bins for neutron and >600 bins for proton

Z. Ye, et. al., Phys. Letter B767, 91-98 (2017) 
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➢SoLID GPD

Hall-A SoLID

SoLID DVCS with Polarized He3 

Projection: one (Q2, x, t) bin out of 1000+ 

bins
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Hall-A SoLID

➢SoLID GPD
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borrow the DarkLight Detector Layout

A Recoil Detector with a Polarized He3 Target

Beam

High Power Polarized 
He3 Target System

Recoil Detector in Target Region

Gas pipe

Gas pipe

R
e
co

il
 D

e
te

ct
o

r

❖ Add a recoil detector near the target region to detect 

outgoing protons and neutrons

❖ Improve performance of Electromagnetic 

Calorimeters for photon detection

❖ Add a muon detector for DDVCS

Hall-A SoLID

➢SoLID Dedicated Upgrade for GPD
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❑ Jlab实验→研究物质的价夸克结构(u,d)

❑ 更高能量→研究物质的海夸克+胶子结构
✓ 加速极化电子+极化质子或离子

❑ 中国电子离子对撞机（EicC）

❑ 美国电子离子对撞机（eRIHC）

✓ 3.5GeV 电子 + 20GeV质子
✓ 探测物质的海夸克结构
✓ 地点：广东惠州
✓ 质子加速器在建中
✓ 项目申请中

✓ 20GeV 电子 + 100GeV质子
✓ 探测物质的胶子结构
✓ 地点：布鲁克海文国家实

验室
✓ 项目以批准，设计中

Electron-Ion Collider, EIC

➢From Quarks to Gluons
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❑ Unlock the full power of DVMP
❑ Large Q2 to go beyond the x=ξ limit 
❑ From valance to sea+gluons
❑ Solve spin- puzzle : JLab12 + EicC + EIC+COMPASS + Theories

Gluons Sea-Quarks Valance-Quarks

U.S. EIC Yellow-Report

Electron-Ion Collider, EIC

➢From Quarks to Gluons
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US EIC Roadmap

2015, NPAC Long-Range 
Plan highly recommended

2010, White Paper

2018, NAS Review

Mar. 2021, Yellow Report

(Physics & Detector)

2007, NPAC Long-Range 

Plan recommended

~2000

✓ Dec 2021, 

CD-1

✓ Dec 2019, 

CD-0

✓ Jan 2020, 

Select BNL

Feb. 2021, 

CDR 

(Accelerator)

ATHENA
CORE

ECCE

Dec 2021, Accept Detector 

Proposals

✓ 2010, EIC Detector 

R&D started

2016, EIC Users Group formed 

(1300+ from 260+ institutes)
✓ 2023, CD-2?

TDR

Reference

JLEI

C

eRHIC✓

✓
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EPIC Detector

➢Detector Layout:
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➢BaBar Manget:

Currently refurbished and to be used by sPHENIX (an option to build a brand new one, to be decided in 2023)

EPIC Detector 19/46



➢Tracking System:

 Si Tracker (MAPS)

 uRwell (only gas detector)

 AC-LGAD

EPIC Detector 20/46



➢Particle-Identification:

 AC-LGAD

 mRICH

 DIRC

 dRICH

EPIC Detector 21/46



EPIC Detector

➢Calorimeters:

sPHENIX reused
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EPIC Detector

➢Forward/Backward Detectors:

 B0 system measures charged particles in the 

forward direction and tags neutral particles. 

 Off-momentum detectors measure charged 

particles with different rigidity than the beam, 

e.g., those following decay and fission. 

 Roman pot detectors measure charged 

particles close to the beam envelope. 

 Zero-Degree Calorimeter measures neutral 

particles at small angles
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EPIC Detector

➢DAQ:

 Trigger-less streaming readouts
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EPIC Detector

➢China-EIC Consortium Involvement:

 Si Tracker:  CCNU, CIAE, IMP 

 uRwell: USTC, IMP

 EM Calo: Fudan, SDU, Tsinghua

 RICH:  Tsinghua 

 DAQ: CCNU

 Forward EM Cal: SCNU
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➢High Intensity heavy-ion Accelerator Facility (HIAF):

HIAF

Daya Bay

CSNS

HIAF
China initiative Accelerator 

Driven System (CiADS)

JUNO

150km

◼ Run by Institute of Modern Physics (IMP)

◼ First phase ~0.6 km2 ; Construction area ~ 0.12 km2

◼ +2 km2 is reserved for future development 

◼ Total budget:~ 6.8 billion CNY (~1billion US Dollars)

✓ 3.5 billion comes from the central government. 

✓ 2.35 billion from local government for infrastructure 

✓ 1.0 billion from The China National Nuclear 

Corporation (CNNC) for CiADS 

HIAF/CiADS/EicC
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HIAF

➢Accelerator complex design:

Fixed target 

experiments 

(Mid/High-E NP)

Fixed target experiments 

(Low-E NP)

RIB

REDTOP?
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Proposal
Into 12th

“5-year-plan”

Site Selection and 

fully approved

TDR 

approved
Started!

 Road Map:

 Construction Plan:

➢Timeline:
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➢Accelerator Site Construction:

2018-08

2020-06

2021-06

2022-06
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➢IMP Office Site Construction:

HIAF

New IMP branch in Huizhou downtown (73km from HIAF)
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HIAF currently under construction

*NEW*: Electron injector and collider rings
➢Upgraded Accelerator complex layout :

EicC

√s ~ 17GeV, 2x1033/s/cm2
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EicC

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

✓ Luminosity: 2x1033cm-2s-1 ; 

✓ Polarization: electrons →70%, 2D & 3He

◆ Some overlap with JLab@24GeV

33/46



EicC

➢Complementary to JLab@12GeV and US-EIC:
◼Spin of the nucleon: 1D, 3D 

• Polarized electron + Polarized proton/light nuclei

• Valance and see quarks TMDs and GPDs

◼Partonic structure of nuclei and the parton interaction with the 
nuclear environment  

• Unpolarized electron + unpolarized various nuclei

• Well developed heavy-ion community 

◼Pion/Kaon Structure

◼Mass of the nucleon

• J/Psi and Upsilon Production

◼Exotic states with c/cbar, b/bbar

• Strong BESIII community in China
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➢Spin of the nucleon-helicity distribution

EicC white paper

EIC Yellow Report

arXiv:2103.10276
JHEP08(2021)034

Physics Highlight

EicC coverage

EIC coverage
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➢Spin structure of the nucleon-TMDs

Green: Current accuracy
Red: stat. error only
Blue: sys. Error included

H. Dong, D. X. Zheng, J. Zhou, 2018

EicC SIDIS MC Data:

➢ Pion(+/-),   Kaon(+/-)

➢ ep:   3.5 GeV X 20 GeV

➢ eHe-3: 3.5 GeV X 40 GeV

➢ Pol.: e(80%), p(70%), He-3(70%)

➢ Lumi: ep 50 fb-1, eHe-3 50 fb-1

Physics Highlight 36/46



➢Spin structure of the nucleon-GPDs

Only with this azimuthal 
angular modulation

The extraction of CFF with neural network methods

Physics Highlight

[ Kumericki, 19]

Strong support from PARTONS collaboration
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➢Nuclear medium effect

Physics Highlight

eA Physics:

➢ EMC / Anti-shadowing

➢ Nuclear-PDF

➢ Hadronization

➢ Nuclear-TMD, Nuclear-FF, Nuclear-GPD

EicC coverage

EicC coverage
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IP Detector Layout

➢Very Preliminary Design: Ongoing full Geant4 simulation
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Detector Designs and R&D

➢Tracking

Micromegas

uRWELL
GEM (self-stretching) 

Nupix-A1: First Protype MAPS in China
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Detector Designs and R&D

➢PID

Sealed MRPC Beam Test at 
FermiLab

MRPC

AC-LGAD                  MRPC                MCP

Aerogel R&D

MCP+LYSO

MCP+LYSO Beam Test at 
FermiLab

R&D→ < 20ps

Prelim:<100ps

Cosmic-Ray~20ps

Yes?
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Detector Designs and R&D

➢Calorimeters

Shashlyk ECal

Front End Board for 

SiPM-based Ecal

W-Powder+ScFi

Strong mass production capability

ECal Beam-Test at JLab
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CY 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

13th 5-year-plan 14th 5-year-plan 15th 5-year-plan 16th 5-year-plan

HIAF

EicC
R&D

√s  ~ 17GeV, 2x1033/s/cm2

R&D and construction

In operation

We are here EicC CDR

Projected Timeline

➢Discussion started in 2012:
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Collaboration

➢An International Effort:

EicC Current Collaborators:

➢ 102 scientists

➢ 47 institutes

➢ 8 countries

➢ Need strong supports from 

international collaborators!

EicC White Paper (arXiv: 2102.09222)
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总结

➢ 展望未来电子-核子碰撞的实验计
✓ SoLID
✓ US-EIC
✓ China-EIC

➢ 本课堂没有涉及的其他重要电子散射物理课题：
➢ 质子质量
➢ 奇异强子态
➢ 原子核结构
➢ 强子化（Hadronization）
➢ 核子的介质效应（Nuclear Medium Effect)
➢ 介子的部分子结构
➢ Jets
➢ 小x物理
➢ 等等…
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Baby DNA Molecular Atom

Nucleus

Nucleon

➢历经5000年探索的物质终极结构

结语
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