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Serials of X-ray Imaging Systems Developed by Tsinghua

University and NUCTECH company

O In the past 30 years, Acc lab of THU has been devoted to develop accelerator
based x-ray technologies and made great contribution for industry applications

v Cargo Inspection systems v Baggage & Industry CT
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Advanced applications demand better x-ray sources. Thomson

scattering x-ray Is one of the candidates.

O Principle of TS

v
v

Relativistic electron bunch

Ultrafast laser pulse
y=Ez/m,c?=10-200

~ (Ultimate time scale limit)

T, Scattered photons are ‘/
~— . upshifted i2n energy
B, - 2 g IV scat=27° I jaer \/
Inverse Compton scattering \\\\ ’
of laser photons by ‘/
relativistic electrons \ 2
Scattered pulse duration
dfe}ermined by tr?nsit time \/
of laser across electrons
X-ray photons emitted in a / ‘/
forward cone with angle ~ 14
v
Head-on configuration: v

Ex[keV] =19 x 1072 E_*[MeV]/A;[um]
50keV @ 46MeV and 800nm

0 Advantages of TS

Quasi-Monochromatic spectrum
Engergy tunability (keV~MeV)
Radiation in a small angle (~1/y)
Ultrashort bunch length(ps or sub-ps)

Good synchronization for pump-
probe experiments

Small source size(~10 pm)
High Peak Brightness
Polarization controllable
Compact and affordable

4y?

Ex(0) =
x(0) 1+ a2/2 + y262

Ey



Milestones on the road to develop Thomson scattering X-ray

source at Tsinghua University

high peak flux quasi-energy
y-ray and high average flux
X-ray sources
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2016

TTX source
Improvement

* Application study with
the TTX light source (20-

50keV, 2.0¥107)

15t hard X-ray generation on TTX

51.7keV, ps, 1*10°
2006 ( P )

Soft X-ray generation by photocathode e beams
interaction with fs laser (290eV, 1ps, 6.4*103)

15t TS signal detected based on a Q-
Started TS Collaboration with  switched YAG laser interaction with a
Study@THU CAEPoONn TS industrial accelerator(4.6keV, 1.7*10%)



Tsinghua Thomson scattering X-ray source (TTX)

High Peak Brightness High Average Brightness
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The 50MeV Electron beam line of TTX

Screen3

T

Interaction Deflecting Di ole
Chamber cavity

RF Gun Buncher -_ Coil2 S-band Linac Triplet1 Chicane Triplet2

Screen4d

v The bhotocathode RF gun gradient is ~110MV/m and the
bunch charge from a few pc to ~1nC;

v An S-band TW cavity (buncher) was installed for ballistic
bunching before the acceleration.

v A 4-dipole chicane has been installed after the linac.

v" It's able to generate ultra-short (20fs) and high intensity (10kA)
beam with ballistic bunching and magnetic compression.




Two new laser systems were installed for stable and

high quality beam generation

O A new laser room with stable temperature control was built

O A new driving laser system from Coherent was installed
v The UV pulse energy jitter is reduced to ~1%

O The 20TW laser system was upgraded with a new front-
end(oscillator and preamplifier) from Amplitude Technology

v Much stable: <~

v High beam qua

% enerqy jitter and ~2urad pointing jitter
ity: focused to ~5um, ~25fs




A new synchronization system was developed to reduce

the timing jitter between the electron and laser

O A new laser-based timing distribution system was developed.
~50fs additional timing jitter for laser and RF drivers.

O The LLRF system and Laser-RF synchronization system were
installed with lower jitter: <80fs

O The timing jitter between the laser and the electron beam at
interaction point is achieved to be less than 300fs.

Laser-based
timing distribution

5Qfc ! 4 ‘ = Rrvreiis 2R ‘} ’, J . { \v R z
. - 2 i ! e
cattering S ‘|l g QE \f\w-u‘
BAM aser e’ LI 7 -  _“Faeee
- i it L T s
rJ_l()(‘)is <100fs & N W L= AN = 2 2 5
@3 Gun [ Linac module I Buncher [] Bunchcompressor

[ Beam Amival time Monitor @ Interaction chamber "1 Experiment end station




Emittance measurement and optimization

O QE scan technique to measure the beam emittance
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O Emittance optimization results for 200pC and 500pC
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X Photon yield measurements with an MCP
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Reconstruction the Spectra of X-ray by the
attenuation curve through silicon folls
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O By measuring the attenuation through silicon foils with different
thickness, we reconstructed the spectra of X-ray



Reconstructlon the Spectra of X-ray by the Bragg diffraction of
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Spectral bandwidth of X-ray was measured and agree well

with the total contributions of the four factors

(a) X-Ray Energy (keV) (b) Bandwidth __(keV)
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Y. Du et al, Rev. Sci. Instrum., 2017



In-line phase contrast imaging with TTX
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Experimental Setup for PCI:
X-ray penetration, detection by imaging plane at proper distance.

fish peanut shrimp




Edge-enhancement can be clearly observed
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O We optimize the distance between the imaging plane and the
sample(shrimp), to find the highest contrast for the edges.



Mono-energy X-ray CT imaging with TTX
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X-ray Central Energy/keV 23.96
Beam Divergence/mrad 9.2 (filtered by aperture)
Repetition Rate/Hz 10
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O After enlarging the PCI image of the peanut

peanut can be clearly resolved.



Plan to develop a very compact y-ray source for Nuclear

Resonant Fluorescence Imaging

_Experimental

Interaction e '
tatlon

chamber

. g
High gradient main j
accelerator(6 X-ban

njector: S-band
ohotocathode+
pbunhcher+acc-
Tube

Laser system
1.5m*1.6m

O Photon energy: 0.2-4.8MeV O Photon flux: >1.0x108photons/s
O Spectral bandwidth: <1.5% O Compactness: 12.24m



The very compact quasi-mono-energy y-ray source for Nuclear
Resonant Fluorescence Imaging

Main structures can be installed into a standard container.



Summary

0 Thomson scattering x-ray sources can generate x-ray pulses
with excellent performances, such as monochromaticity,
continuous energy tunability, high brightness, small source
size, controllable polarization, and ultrashort pulse length,
which would find important applications in scientific research.

OBased on a 50Mev high-brightness linac and a TW laser
system, Tsinghua University has built up TTX. With TTX
delivered hard X-ray, preliminary experiments have been
carried out, i.e. monochromatic CT, dual-energy, K-edge, and

phase contrast imaging et al.

O In the next few years, we plan to develop a very compact y-ray
source with a specially designed compact accelerator for
Nuclear Resonant Fluorescence Imaging applications.
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