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SHINE Accelerator and FEL Lines
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2. Proposal of GeV gamma beam at SHINE

Bang!

Laser-Compton scattering

Incident electrons Ee 
Incident 
Photons El

A. H. Compton
（1892-1962）

( )

( ) 

e

1 cos

1 cos
1 cos

l L

l LE
E

E

E







 

−
=

− −
− +



Model I: External laser + Electron

Laser wavelength
um/nm

Type
Power

/W
Duration

fs/ps
Frequency

/Hz
Single Pulse

/J
Gamma Energy

/MeV
Gamma flus

photons/s/W

10.64um CW 1 112.7 7.59×106

1.64um CW 1 999.8 9.49×105

355nm CW 1 2397.8 2.75×105

266nm CW 1 2908.0 1.79×105

SHINE加速器隧道

SHINE实验区

2. Proposal of GeV gamma beam at SHINE



Model II: High power pulsed laser + Electron

Laser wavelength
um/nm

Type
Power

/W
Duration

/fs
Frequency

/Hz
Single Pulse

/J
Gamma Energy

/MeV
Gamma flus
photons/s

800nm Puls 50 10 5 1277.4 1.04×1010

SHINE加速器隧道

SHINE实验区

2. Proposal of GeV gamma beam at SHINE



Model III: X-ray from SHINE + Electron

Laser wavelength
um/nm

Type
Power

/W
Duration

/fs
Frequency

/Hz
Photons
/Pulse

Gamma Energy
/MeV

Gamma flus
photons/s

0.1keV@FEL Puls 30 106 1013 7398.6 1.04×108

1.0keV@FEL Puls 30 106 1013 7937.8 1.97×107

SHINE加速器隧道

SHINE实验区
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SHINE加速器隧道
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3. Working basis and progress

⚫ National Key Research and Development Program（国家重点研
发计划）：

• 上海“东方英才领军人才” “东方学者”

特聘教授；中科院粒子协同创新中心
“青年优秀人才”“青年拔尖人才”奖。

• 主持国家自然科学基金重点项目、面上
项目多项；参与多项。

• 近五年发表SCI文章 20 余篇[多篇第一/

通讯发表在  Phys.  Rev. Lett.，Nat. 

Comm] ；H-因子33；被引>7000余次

• 主要研究领域：光核物理；暗物质探测。
19 

符长波
项目负责人
课题二负责人
复旦大学,教授

范功涛：课题一负责人，中

科院上海高研院,研究员； 强
逆康普顿束SLEGS核心骨干

赵宇翔：课题三负责人，中
科院近物所，研究员;青年千
人；核子夸克胶子结构

李数：课题四负责人，上海
交通大学,李政道学者；青年
千人；暗物质探测

Research on Detection Techniques Related to Nuclear Physics 
Experiments Based on High Energy High Current Electron Beams



3. Working basis and progress

❖Time synchronization 
technology

❖Spatial coincidence 
technology

Based on SLEGS laser system, 

achieve 10 μ m laser and 

electronic position 

coincidence technology 

through upgrading and 

transformation.

Realize laser electron 

beam time 

synchronization 

accuracy of less than 

100ps (=3cm optical 

motion)

❖Optical enhancement cavity 
technology

Offline construction of 

laser resonant cavity, 

achieving a more than 

10 times increase in 

effective laser power at 

the interaction point:

▪ Characteristics 

of Gamma Beam

▪ Wide energy range

▪ High flow strength

▪ High polarization

▪ Multiple LCS 

cutting-edge 

technologies

▪ GeV LCS ps time 

synchronization 

technology

▪ LCS specific laser 

external OEC 

technology

Main features

Topic 1: Inverse Compton Gamma Light Source



3. Working basis and progress
Topic 2: High Energy Gamma Ray Nuclear Physics Platform

❖Time Projection Chamber 
(TPC) technology

High event rate response; 

TPC-specific highly integrated 

electronics; 

TPC position resolution better 

than 2mm; 

an autonomous and controlled 

distributed acquisition system;

❖Software for gamma 
photonuclear physics

a software framework 

for the simulation and 

analysis of high-energy 

gamma photonuclear 

physics data

▪ High count rate

▪ Pure CsI crystal

▪ Expected 80kHz 

[Currently typical 6kHz

▪ Irradiation resistant

▪ for higher beam 

intensities

▪ 100krad (10 years)

▪ Highly integrated 

electronics

▪ Anticipated 256 

channels [currently 

typical 64 channels]

Main features

❖electromagnetic calorimeter

Irradiation-resistant, 

high-count-rate, 

principle prototype 

resolution: energy 

2.5% @1GeV; 

position 5mm



3. Working basis and progress

❖Microstructure Gas Trail 
Detector

Large area 

detector (0.6m * 

1.2m); expected 

position resolution

better than 100um.

❖DIRC Cherenkov detector

❖Data acquisition system
Utilizing the SAMPA chip, 

a single chip with 32 

channels of charge 

amplification, shaping, 

digitizing, and data 

packing; ATCA architecture 

readout system

▪ Wide momentum 

range PID

▪ Not yet available in 

China

▪ Momentum range 

1.5-7 GeV

▪ Simultaneous 

position + time 

measurement

▪ Large area 0.6*1.2m

▪ Relatively simple 

structure is 

maintained at the 

same time

Main features

Topic III. Hadron Physics Detection Technology for e beam 

Reconstruction of the 

Cherenkov radiation 

angle using a high-

purity quartz radiator 

and sensor; 

time resolution 90 ps; 

angular resolution 

1mrad



3. Working basis and progress

Energy 3.5 GeV

Beam Sizeσx 276.9 um

Beam Sizeσy 12.24 um

Pulse RMS 3 mm

Current 300 mA

Qe 1.44 nC

Emittanceεx/εy 2.59 / 2.59E-2 nmrad

Divergenceηx/ηy 0.207 / 0 m

βx/βy 14.86 / 5.78 m

Energy spread 0.944E-3

Pulse Number 500
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3. Working basis and progress

(1) Gamma source: electron, laser, LCS chamber(slanting mode), mirror chamber(back scattering).

(2) Beamline: Collimators,  attenuator, energy detector, position detector, flux detector and  absorber.

(3)  End station: (,n） Neutron detector， (,p/ɑ） Charged particle detector， (,） Gamma detector

Layout



3. Working basis and progress

Gamma properties – energy & scattering angle
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Gamma properties – spots
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Gamma properties – flux  
LaBr3 DetectorSLEGS light source

Coarse collimator Attenuator

Three-hole collimator

1/γe



3. Working basis and progress

Gamma properties – flux stability   

Electron current 200 mA
Laser power 5 W
Scattering angle 90o

Collimator 2 mm



3. Working basis and progress

Status - End station:3He 4π neutron detector
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Status - End station:3He 4π neutron detector



3. Working basis and progress

Status - End station: HPGe and LaBr3



3. Working basis and progress

Status - End station: TOF

Nuclear Science and Techniques, accepted (2023)



Summary

➢SHINE, a high rep-rate hard X-ray FEL facility, is being developed in Shanghai, consisting 

of an 8 GeV CW SCRF linac 10 end-stations. It started construction in April 2018, 

achieved good progress, aiming to achieve the first XFEL lasing in 2025.

➢GeV gamma-ray from inverse Compton scattering at SHINE. It will produce gamma-rays 

in the energy range of 0.11–8.0 GeV with a flux of 105–1010photons/s based on the 

inverse Compton scattering of different type lasers.

➢ The High energy electron beam with high repetition rate and the GeV gamma-rays are 

possible probes for the study of hadron physics. Several preliminary research 

preparation work are being conducted.
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 spectra

SLEGSγ-ray properties

calibration-(p,γ)experiment

多角度高能沿能量
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