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Photon as a probe

Source: https://en.wikipedia.org/wiki/Electromagnetic_spectrum



X/γ-ray source
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Inverse-Compton/Thomson scattering x-ray

⚫ Small source size(~30 um)

⚫ Adjustable for energy of X-ray

⚫ Quasi-Monochromatic spectrum

⚫ Radiation in a small angle（～1/g)

⚫ Ultra-short X-ray Pulse

⚫ Good synchronization for pump-probe

⚫ High Peak Brightness

⚫ Polarization

⚫ compact and affordable

⚫ …
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Energy of electron Scattering angle

Frenquency of laser



TTX

CPHS

VIGAS



Electron beam line of TTX
Electron beam

Energy 45MeV

Bunch length 1~4ps

Charge ~0.7nC

Beam size 30x25um

Parameters of Scattering X-ray

Photon energy 24(90deg)

~48(180deg)kev

Pulse duration 0.16(90deg)

~3(180deg)ps

Number photons 8.4X106(90deg)

~5.5X107(180deg)

Laser beam

Wavelength 800nm

Pulse 

duration

~30fs

Pulse energy ~500mJ

Beam size ~30um 



❑ X-ray phase contrast image

Z. Chi

 Concrete diagnostics / different material

❑ X-ray CT

X-ray image examples at TTX



Compact γ-ray source

• Demand for photons above 2MeV with narrow energy spread

• One Example: NRF



ICS at Tsinghua
− TTX started on 2001 @50MeV - 50keV photons (~2010s)

− TTX has verified most of the technologies for a new higher-energy machine

− S-band Photoinjector: (Photocathode RF gun + Velocity bunching)

− Laser system setup and operation

− Synchronization Laser/RF/e-beam 

• 5 year project from NSFC: VIGAS project approved in 2020. Leader: Prof Tang Chuanxiang 

Parameters value

Beam energy 50-350MeV, tunable

Bunch charge 200 pC

Bunch length <2ps

Laser wavelength 800nm 400nm

Photon energy 0.2-2.4 MeV 2.4-4.8 MeV

Photon flux >4x108 phs./s >1x108 phs./s 



Layout for ICS at Tsinghua

1.5m x30MV/m 0.62m x 80MV/m (x6)



Beam dynamics and photon generation simulation

• S-band injector and X-band main linac
• S-band RF buncher

• 50-350MeV beam

• 0.6mm*mrad

• < 2ps, E spread <0.3%

• Size <20um 

• Transverse jitter <3um

• Rep. 10 Hz

• In simulation (CAIN)
• Photons at 200pC, 10Hz

• 2e9@800nm photons/s

• 5e8@400nm photons/s

• For 1.5% bandwidth fact of 1/100

Gamma Spectrum v.s. c angle
Case:360MeV-200pC-800nm 

Beam parameters in simul.

S-band RF buncher



S-band RF System
S-band at 2856MHz for
1) RF gun

• 1.6 cell NC 
• Copper cathode
• >200pC charge
• Same as TTX

2) Buncher
• 7-cell SW structure
• Quadruple field cancelled 

3) S-band accelerating structure
• New designed 
• Replace 3m structure with 1.5m 

RF gun



S-band structure
• 1.5m x30MV/m 

• constant gradient structure

• Similar Filling time v.s. 3-meter structure

• Lower group velocity 

Parameters Units

Length 1.5m

Mode 3/4π

Cell length 39.3mm

Number of cells 38(with coupler)

f 2856MHz

a 10.6mm-8.1mm

vg/c 0.83%~0.3%

Rs 64.6MΩ/m~71.8MΩ/m

Filling Time 960ns
Eacc(Pin=30MW) 30MV/m

D. Cao

HFSS results



First prototype
• Tuning was hard, but OK

• Installed in the test beamline

• ~23MW for 26MV/m 
• Stable operation since April,2021

• Finished another two



X-band System

X-band klystron，11424 MHz
50 MW, 1.5 us SLED-I

XC-72 XC-72

RF load

50 MeV 150 MeV

66 mm

The compact SLED-I type pulse compressor
Courtesy: Matthew Franzi et al. Phys. Rev. Accel. Beams 19, 062002 
(2016)



X-band RF system

17

• one accelerator module
• 1 klystron, 1 PC and two structures

• Circular waveguide for long-
distance transmission

• RF network
• key RF components: Prototypes has 

been tested at Test stand (TPOT-X)

• Loads, hybrids, Tee’s, DC, PC…

• Mode converter prototype soon

• Acceptable RF loss 20%-30%



X-band Linac with Pulse compressor
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• The output pulse of a SLED-type pulse compressor decrease over time, which 
makes the field higher at the end of the linac when operating.

• This effect was alleviated in a constant-impedance (CI) structure due to the 
power loss along the linac.

• As a result, the CI structure has similar effective shunt impedance with the CG 
(constant-gradient) structure when operating with a pulse compressor. 

• Considering the cost, CI structure was adopted at the beginning.

Liu, J., et al. (2020). "Analytic RF design of a linear accelerator with a SLED-I type RF pulse compressor." NUCL SCI TECH 31(11): 1-11.

A typical pulse shape of SLED

Change of distribution gradient by 
the RF pulse compressor

Assembly of the constant-impedance 
accelerating structure

Magnitude of electric field along the 
beam path 



X-band Constant Impedance structure
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• X-band Constant Impedance 72-cell travelling structure (XC72)

• Designed, fabricated and tested at Tsinghua.

• First prototype structure for VIGAS

Field distribution after tuning



X-band linac

• The structure is high-power tested with the 
pulse compressor on.

20

Travelling structure Input 
coupler

Output 
coupler

Normal waveform

Breakdown waveform



X-band linac full history
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• The structure has been conditioned with 17 million pulses and tested with 2 million pulses.

Partly filled

Testing 
period



X-band linac conditioning history
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E^22.5

• The breakdown rate versus accelerating gradient is close to the 30-power law

• The breakdown distribution is obtained from the input, transmit and reflect waveform

• Breakdown strongly corelated to field in the structure



CI v.s. CG structure
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• CI prototype #0: 77MV/m after 200hrs@40Hz, 2e7 pulses.

• The estimated (BDR) is high at 80MV/m (~10-3/pulse).

• CG: in order to condition faster and operate at a lower BDR, 

• The maximum surface field of the CG scheme is about 20% lower 
than the CI scheme.

• COST: CG 20% higher than CI

Magnitude of simulated electric field Cells for CG now under-fabrication

Constant 
impedance 
structure

Constant 
gradient 
structure

Iris aperture a [mm] 3.5 3.92 ~ 3.12

Iris thickness d [mm] 1.8 1.8

Shunt imp. R [MΩ/m] 101 93 ~ 109

Group velocity vg/c 2.20% 3.22% ~ 1.46%

Quality factor Q 6990 7020 ~6970

Filling time Tf [ns] 95 97

Es [MV/m] 224 185

Sc [MW/mm2] 5.65 4.50

β of pulse compressor 3.5 3.5

power to module [MW] 13.7*2 13.5*2



Project Schedule

• Bunker construction  

• Finalize design this year

• Key components ordered
• Klystron, modulator..



Summary
• Compact γ-ray source, 2021-2025 project

− 350MeV linac to produce photons with energy up to 4.8MeV
− S-band injector (photocathode RF gun + buncher + acc) 50MeV + X-band main linac 300MeV
− Total length 13.5m

− Key technologies demonstrated in TTX (20 years effort and new development)
− S-band high-gradient structure upgrade verified recently

− X-band high-gradient experience for 10 years
− High-gradient X-band structure at 80MV/m
− Constant-impedance prototype (XC72 620mm) possible for 65~70MV/m
− Constant-gradient XT72 as baseline

− Components selection/design finalize: 2021.12

− Start of installation: 2022.12

− Start of beam: 2023.12



Thank you for your attention!


