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Gamma-ray normally from decay of nuclei
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g\ﬁ IS X-ray normally from free or bound electrons

Tsinghua University
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rii/, Inverse Compton Scattering(ICS)
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Arthur H. Compton CS: Compton scattering is an inelastic scattering of a photon by a
Discovery: 1923 free charged particle, usually electron.
Nobel Price in Physics: 1927 ICS: a charged particle transfers part of its energy to a photon.

A.H. Compton, Bull. Nat. Res. Council (US) 20 (1922) 19, Phys. Rev. 21 (1923) 483




Q TIEEE Classical model of ICS
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Laser pulse
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Q LEEXS QED: Klein-Nishina Formula, 1929

Ts inghua Universi ty
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ICS X/y ray source
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é::i‘f?f»? The ICS X/y ray source studies at THU

Tsinghua University

2025
First Gamma-ray
J of VIGAS
_____________________________ 2016 -
TTX achieved the
2011 | design performance

J The first light of TTX

The ICS experiment with a
photocathode rf gun

The first ICS x-ray
Start of ICS The preliminary ICS experiment with an industrial linac
studies

__________________________________




@rrrs Photocathode RF gun studies at THU

Tsmghua University

3rd Generation 4th Generation
Semiconductor/ bialkali

1st Generation 2"d Generation

2002-2006 2006-2009 2009-2018
Photocathode Copper Copper Copper
Gradient ~80MV/m 80-100MV/m 100-120MV/m
Brazing Silver-Copper Gold-Copper Gold-Copper
Dark Current High Low Low
0 —m Mode
separation ~3MHz ~3MHz ~15MHz

Zheng, Lianmin, et al. NIMA 834 (2016): 98-107.
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TTX and its performance
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Tsinghua University

Tsinghua ICS light sources

Changping Campus VIGS (2025)
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grf%xé A Very Compact ICS Gamma-ray Source-VIGAS

Tsinghua University

Gamma-ray
# 1 Detector ® Photo Energy: 0.2-4.8 MeV

® Photon Flux (photon/s):
>4x108 @0.2-2.4 MeV
>1x108 @2.4-4.8 MeV

® Flux within 1.5% band-
width(photon/s):
>4x100 @0.2-2.4 MeV
>1x100 @2.4-4.8 MeV

® Polarization: linear to

X-band HG Linac

S-band photo-

&l
injector i
=

Ti:Sapphire Laser

circular.
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Simulated Performance of VIGAS
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LEEX Layout of VIGAS
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CLEEX: The electron linac of VIGAS

Parameters

: X-Band Main Beam Energy (MeV)
S-Band Injectorl - Linac =) Compact Layout | T 505
Norm. Emittance <0.6
1.5 m x 30 MV/m 0.62 m x 80 MV/m (x6) (mm-mrad)
Bunch Length (ps, rms) <2
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Beam dynamics of VIGAS Linac
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S-band injector & buncher

Zheng, Lianmin, et al.
NIMA 834 (2016): 98-107.

1 mode frequency 2856

Qo 14000
Working field strength  100-120
Emitting charge >200
Cathode material Copper

Quantum efficiency 3.5-4x107°

Emittance ~0.6

Parameters of S-band injector

MHz

MV/m
pC

um

Parameters

m mode frequency 2856 MHz
Qo 17000
Coupling coefficient 1.2

Shunt impedance 50 MQ/m
Working field strength 23 MV/m

Parameters of S-band 7-cell buncher

18
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S-band TW acc

Design Parameters

Frequency 2856 MHz
®) Phase advance 3w /4
Length 1.535 m
Cell number 39
Iris radius 10.22-8.13 mm
Input coupler Output coupler o
Iris thickness 5.7 mm
Iris elliptical ratio 1.8
ooo Filling time 1050 ns
b Group velocity 0.72-0.30 %/c
- Cc“mmd - Shunt Impedance 66-72 MQ/m
Average Gradient 25.7@21IMW  MV/m

Lin, Xian-Cai, et al. Nuclear Science and Techniques 33.11 (2022): 147.

19




CIEES S-band TW acc

. 25
H Ig h power tested (a) 033 Frrere . ] (b) 120 %, 60
al 0“2: 150 30
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* 4 million pU|SeS 5f I8 | B e & 30 35 39 5 rer gl
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Yy \ G : Parameters Measurement Simulation

Frequency 2.856 GHz 2.856 GHz

180

240 300

| 5 10 15 20 25 30 35 39
cell number

Cooling ) )
o 1 Phase advance 134.97 135

i Gradient @20.7MW 24.2 MV/m 25.7 MV/m
Filling time 1090 ns 1050 ns

Output coupler
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LEEE X-band waveguide system

Tsinghua University

* One klystron
« 50MW, 1.5us
* One pulse compressor (SLED | type)
+ Maximum rf loss due to waveguides and rf
components from klystron to Xacc is about 0.9dB
» Peak power at Xacc input is about 91 MW if power
compressor gives gain factor as 4.5
« Two X band high gradient structures
» Average gradient =2 80 MV/m
« Energy gain per structure > 50 MeV
* Filling time < 150ns

Deng, H., Zha, H., Shi, J. et al.”X-band high-gradient main linear accelerator for compact inverse-compton
light source”. Eur. Phys. J. Spec. Top. 234, 8125-8136 (2026). https://doi.org/10.1140/epjs/s11734-025-01826-2;
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gﬁﬁg X-band TW linac

74 Tsinghua University

e We switch to CG scheme with maximum w:::ﬂ
surface field 20% lower than CI ’

Curve Info

Setup? : LastAdaptive
000.00 1) |Freq='11.424GHz' Phase='"0deg'

T T T T
0000000000000000000000000

FETEICETE o Consltant Graldient
ris aperture a [mm] 3.5 3.92 ~3.12 _

Iris thickness d [mm] 1.8 1.8 )

Shunt imp. R [MQ/m] 101 93 ~ 109 1601

220%  3.22% ~ 1.46%

Group velocity v,/c B140F oo iy
Quality factor Q 6990 7020 ~6970 2 ool [~ max(Eaco) MV/m]
T . —max(Es) [MV/m]
Filling time T, [ns] 95 97 (ool [0 max(se) wimm?
E. [MV/m] 224 IEORNN 000 | e
S. [MW/mm?] 5.65 4.50 RO /’/ '
of pulse compressor 3.5 3.5 2l - ” i - =
Pin @80MV/m with pc [MW] BRI 80. Cell numbet 22




X-band TW linac

XT72 (X-band Tapered structure
with 72 cells)

COST: CG 20% higher than ClI
Same Tuning procedure

High power conditioning started
from Oct. 20,2023

Hl \M Wu W n W

I

Gao, Qiang, et al. PRAB 27.9 (2024): 090401,

.

il V h*

23



¥ %% High-gradient performance of XT72 #1
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Conditioning results
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® To reach 80MV/m, ~15 million pulses, About 100 hours of conditioning at 40Hz
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%,}*"M* The laser systems of VIGAS

Tsinghua Umversnty

266nm drive laser for 800/400 nm
photocathode rf gun scattering laser
< 100fs < 150fs
e q o o o o o o i
cross-correlation Temp(tl’tl' {0 0 0 0 %
o sy“"s’"t":"‘“ Iteration-L '
= | 4.2J 200 ps @800 nm
0 00 0|

ICS laser system

8 Compressor/SHG n _"
Virtual cathode 2-500pJ 3J 100fs @800nm | gf
momtor /0.8 @400nm :

Bl

"-\I

Photo injector ICS Chamber
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Tian, Qi-Li, et al. “Laser system of the very compact inverse Compton scattering y-ray source at Tsinghua University”. Nuclear
Science and Techniques 37.10 (2026): 208.




CIEES Synchronization and LLRF
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x10°

According to the experimental
results of TTX, the time jitter of
the arrival times of electron
bunch and laser pulse at the IP
need to be less than 500fs.

Photon Yield (photons/s)

- tmp-phase 1.0 tmp-phase L0
z hs = 0.3d - SR ’ hs = 0.03d = '
}?&J:zae.‘ig?i for2856MHz P 0.000{ fitrer = 24.58fs. for2856MH: pehs
2.01 jitter = 74.03fs, fpr11424MHz
& 0.075 08
1.5 0.0501
1.0 | 0.6 o, 0025 o0
] ‘ o
g os & 0000
0.4 [ 0.4
0.0 -0.025
-0.0501
-0.5 0.2 ‘ 0.2
-0.075/
-1.0
0.0 17:3321 173404 17:3448  17:35:31  17:36:14  17:36:57  17:37:40  17:38:24 %
14:24:00 14:38:24 14:52:48 15:07:12 15:21:36 15:36:00 15:50:24 Hirie
time
The jitter of LLRF of x-band rf The jitter between drive laser pulse

system is less than 75fs and s-band rfis less than 25fs 27
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The gamma-ray detection system of VIGAS

1
I
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I I~ 1
i m
~ [ .
: \l\ I ,' Detector 3
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| \\ 3 ,
I
: N
WG rating W Rou Mirier Shielding : “
Interaction : : Detector 1
chamber == lemmmmme—mee————— | (HPGe/He3/ Scintillator )

. Gamma ray detection
Collimator y

v" Energy detection

v" Shutt :
b v" Photon flux detection

v" Collimation o .
v" Polarization detection

Imaging

v" High Resolution
v NRF

Xuanqi Zhang, Yulan Li, Zhi Zhang et al., “A Compton scattering-d energy spectrum measurement method for high flux

gamma-ray of VIGAS facility”, Nucl. Instrum. Methods Phys. Res., Sect. A 1085, 171278 (2026).
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é‘%;mf % The energy, spectrum, flux and polarization

N S yi Tsinghua University
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Energy Spectrum: Polarization: Flux:
. Compton Scattering method * Compton Scattering method . | 5rge Nal detector
« High Purity Germanium » Nal detector with change of . Flux is proportional to
Detector (H PGe) laser polarization counts

Normalized counts vs phase plate angle with fit

1.33% )
Bandwidth

1.3 MeV Polarization Curve 29
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Y ,“. “# Tsinghua University

VIGAS got its 15t light on July 14, 2025 !

350MeV electron linac y-ray measurement

30
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The performance of VIGAS

50deg.tif | C(465.91, 485.36) a=363.09 b=166.81 ang=178.4°

Linear Polarization

95deg.tif | C(491.27,

b=200.88 ang=-164.5"

Parameters Laser Measured results
wavelength
Y photon energy 800 nm 0.198 £0.01 (MeV)
1.35 £0.01 (MeV)
400 nm 2.67 +0.03 -0.05 (MeV)
3.32+0.02 (MeV)
5.05 +0.03 -0.02 (MeV)
Spectrum width 800 nm 1.21% @1.3MeV
400 nm 1.36% @2.6MeV
1.5% bandwidth flux | 800 nm 1.66x10N7 (ph/s)@1.3MeV
400 nm 4.10x1076 (ph/s) @2.6 MeV
Total flux 800 nm 9.19x1018 (ph/s)@1.3MeV
400 nm 2.28x1018 (ph/s)@2.6MeV
Polarization Tunable continuously from linear to circular

31




TIT Spectra of VIGAS gamma ray

%5 Tsinghua University

specum— Measured at about 190keV

e Spectrum —— Fit
x10° Energy Spectra under Different Collecting Angles
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Simulation with CAIN
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Qﬁ rii/, Polarization

mean curve  ®  data
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Hongze Zhang, Zhijun Chi, Yingchao Du et al., "Monte Carlo simulation code for polarized inverse Compton
scattering sources”, Phys. Rev. Accel. Beams 27(2024), 103401




gﬁgxg Gamma-ray total flux

Tsinghua University

Photon yield (phs/s)
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Laser energy (J/pulse) Laser energy (J/pulse)

The gamma ray total flux is proportional to the energy of the scattering laser pulse.
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Summary

« Inverse Compton Scattering x/y-ray sources have very good properties
for different applications, mono-energetic , tunable energy, small focus
spot, polarized and compact...

« VIGAS is developed with 0.2-4.8MeV photon energy within 12 meters
scale, adopting s-band injector and 6 HG x-band TW waveguides.

« VIGAS is now ready for users of advanced x/ y ray imaging, nuclear
physics, NRF and other fundamental researches with MeV photons.

Thanks for your attention! )
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