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1 Some X-ray Imaging  Systems Developed by THU and
NUCTECH



Linacs for X-ray Imaging
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Image Example and Photo Grey Image of
a Van with Different Tested Samples

Dry powder fire
extinguisher Beer Wire-tyre Small tyre Flour Fruit Cobble
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 gas cylinder

Chain hoist

Diesel oil
barrel

TV set

Mechanical
component

Pistol Salt Sugar

Pure material samples include
lead, iron, a luminum and
polythene  with dif fe rent
mass-thickness such as 70,
60, 50, 40, 30g/cm2

Two rifles and a pistol Lead blocksLead block PolytheneAluminum



Image Example and Photo Dual-Energy Color
Image of a Van with Different Tested Samples

Dual-Energy Color Image:  obtained by processing of dual-energy
material discrimination algorithm according to effective atomic
number



1 CT imaging with 9MeV Linacs in Tsinghua U.

  2.5  lp/mm

         2.0 lp/mm



1 PCI in Tsinghua U.

Grating

X-ray Tube

Courtesy of Zhifeng
Huang, “RESEARCH ON
GRATING-BASED PHASE-
CONTRAST IMAGING
UNDER INCOHERENT
CONDITION”  2008



Tunable Monochromatic X-rays
Radiation in a small angle（～1/γ)
Ultra-short X-ray Pulse
High Peak Brightness

Better Imaging needs better x-ray source. Thomson scattering x-
ray is one of the candidates.



Number of photons for arbitrary scattering angle
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   differences of electron beam’s and laser beam’s position and timing on
   the photon yields. The Max. value of       is equal to 1.

－Thomson scattering section.

－the total number of photon

                   per pulse.

－the electron beam rms sizes

                   and electron beam pulse rms

                   length.

－the laser beam rms sizes and

                   laser beam rms length.

－Thomson scattering angle.

            Thomson Scattering Configuration

off
C

e
n

ezeyex
!!! ,,

!

38 2

0
r!="

zyx lll
!!! ,,

1 Thomson Scattering X-ray Source



The above mentioned coefficient, Coff is as follows,

where                 ,               represents the transverse
differences between electron beam and laser
beam   spatial position respectively.
                    represents the longitudinal differences

   between electron beam and laser beam.
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1 Thomson Scattering X-ray Source



The Pulse Length of The Scattering X-ray
Pulse

• 90o：
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1 Thomson Scattering X-ray Source



 The influences of the non-ideal factors, such as
the jitter of position and timing, emittance,
energy spread etc. on the photon yields.

the influences of the jitter on the x-
ray length VS. scattering angle.

the influence of the jitter on the  Coff
coefficient VS. scattering angle.

1 Thomson Scattering X-ray Source



the influences of the emittance on
the X-ray energy spread.

 the influence of the emittance
on the X-ray angle distribution

1 Thomson Scattering X-ray Source



Ocilator

DAQ
 

Linac

Quadrupole

Faraday Cup

B1

CCD Camera
Computer

Collimeter  & Shielding

Detector

Laser 

Triode Electron Gun

YAG or OTR foil

Slit

2  A Primary Experiment at THU

Macro-pulse of 16MeV electron
beam about 4µs

Pulse of Laser beam about 10ns

!"#$% &'%

()*+

Electron
Bunches

Laser Pulse

Rayleigh Length



 CCD image of electron
and laser beam at interaction point
(up:electron, down:laser)

2  Experimental Setup
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2  Beam Parameters

X direction

εrms,x=15.1 π.mm.mrad

Y direction

εrms,y=12.7 π.mm.mrad
Emittance
Measured by
Quad.

Pulse Current
105mA



2  The scattering x-ray photon number simulation
    at the measure electron beam emittance



Pulse Width：                    5.8 ns    Amplitude： 6.5 mV

Efficiency of the Detector：~5%      Working Voltage： 1400 V

Amplified Factor：          ～2X105    Photon Number per Pulse：～1.7X 104

2  The Measured Scattering X-ray Signal



3 Tsinghua Thomson Scattering X-ray Source (TTX)

 *Project 10735050 supported by NSFC; National Basic Research Program of China (973
Program) (Grant No. 2007CB815102)
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RF Gun
1.5 m S - band Linac 1

Modulator

Klystron

UV laser

RF DriverOscillator x36

ΙΦΑ

Interaction 
Chamber

X -ray 
Detector

TW 
Laser

Chicane 1.5m S- band Linac 2

Synchronizer

Electron
Energy
simulated by
PARMELA

3 TTX- One Design



3 TTX-Simulated Bunch Length and Emittance



3 TTX-Simulated Parameters

2 π.mm.mradRMS Normal Emittance

2.2X106(90deg)~1.3X107(180deg),Number of photons
350(90deg)~1000(180deg) fsPulse duration
30(90deg)~59.5(180deg) keVPhoton energy

x-ray pulse
0.1 mmBeam radius

1 nCCharge/microbunch
1 psBunch duration
50 MeVEnergy

Electron beam
~0.050 mmFocal spot radius
30 fsPulse duration
600mJ (20TW)Pulse Energy (Power)
800 nmWavelength

Laser beam



3 TTX- The Latest Design

RF Gun 3m S -band SLAC Linac

Modulator

Klystron

UV laser

RF Driver 
2856MHzOscillator x36

ΙΦΑ

Interaction 
Chamber

X-ray 
Detector

TW 
Laser

Chicane
S -band 

Deflecting 
Cavity

Synchronizer

X3

Modulator
X band Klystron  

8568 MHz

X -band 
RF Acc . 

II 

X-band 
RF Acc.  

I 

IΦA



3 TTX- Emittance



3 TTX-Simulated Parameters

0.33%Energy spread

8.4X106(90deg)~5.5X107(180deg),Number of photons
160(90deg)~1000(180deg) fsPulse duration
24(90deg)~48(180deg) keVPhoton energy

x-ray pulse
0.03 mm(x),0.025mm(y)Beam radius

0.7 nCCharge/microbunch
1 psBunch duration
45 MeVEnergy

Electron beam
~0.031 mmFocal spot radius
30 fsPulse duration
500 mJPulse energy
800 nmWavelength

Laser beam



3 TTX- Mini SR

Circumference ~12meters
electron : energy 50MeV, pulse length10ps,  RMS energy
spread 0.2%
laser photon : wavelength 800nm and stored energy 1mJ.
Frequency 25MHz
X-ray Photons ~109s-1

Courtesy from Peicheng Yu, et al, Optics for the lattice of a compact storage ring for
Compton X-ray source, Chinese Physics C (HEP & NP) Vol 32, 2008



3 TTX- Mini SR

For the pulse mode, the transverse emittance right before the beam is
dumped is 2.2x10-7m.rad, the energy spread is 0.3%.



3 TTX- Mini SR

As for the steady mode, the equilibrium transverse emittance is 1.2 x10-6m.rad,
the equilibrium energy spread is 4.4%



The working point of the steady mode is (Qx;Qy) = (3:197;1:662), which is
close to the 5th order resonance. The dynamics is greatly influenced by the
node (3:211;1:685), which limits the vertical DA. Moreover, the 5th order
resonance may be further excited by the magnet errors. Nevertheless, the DA
horizontal size is sufficient for the steady mode.

3 TTX- Mini SR



3 TTX- Optics Parameters of the LESR



3 TTX in Progress-Laser System

H
o

ri
z

on
-C

O
sc

il
la

to
r

E
v

o
lu

ti
o

n
-3

0

2
0

m
J

@
1

k
H

z

S
p

ec
tr

aP
h

ys
ic

s 
P

ro
-3

50
-1

0
1

.4
J,

5
3

2
n

m
@

1
0

H
z

SpectraPhysics Pro -350 -10
1.4J ,532nm@10Hz

SpectraPhysics Pro -350 -10
1.4J,532nm @10Hz

2
5m

J@
10

H
z

E
v

o
lu

ti
o

n
-3

0
2

0
m

J
@

1
k
H

z

Far
ada

y 
iso

lato
r

Poc
kel

s ce
ll

_
 wa

vep
late

Poc
kels

 cel
l

G
r

at
in

g 
I

P
1

P
2

BB
O

B
B

O H
W

P

L
1

L
2

G
r

at
in

g
 II

U
V

 S
tr

e
tc

h
e

r

T
H

G

Oscillator

R
e

g
e

n
A

m
p

To Compressor

To Photocathode

For future updating

B
B

O
B

B
O

H
W

P

__ _ _
__

G
T

F
 S

h
ap

er

D
A

ZZ
L

E
R

TW Laser System Layout

Construction schedule
Phase I     3 TW

Phase II   20 TW

Phase III 200 TW

Design parameters for phase II
Central wavelength   800 nm

Pulse energy >600 mJ

Pulse duration     30 fs

Repetition rate     10 Hz

Energy jitter <2%rms

Duration jitter <2%rms

Beam quality (M
2
) <1.5

Beam size jitter <2%rms

Pointing jitter <15 μrad

Contrast ratio 10 7 @1ns

10
6
@100 ps

10 4 @1ps

Applications
Thomson scattering X -ray light sources

Accelerate -based THz light sources

Laser wakefield particle acceleration 

Other laser -matter interaction fields

3TW

20TW

200TW



3 TTX in Progress-Laser System

800nm, 3TW,30fs

266nm, 1mJ, 30fs



3 TTX in Progress-50MW RF Power Source



3 TTX in Progress-50MW RF Power Source



3 TTX in Progress-Installation of New RF Gun Finished



4 Photocathode RF Gun Studies in THU

The 1st
Photocathode
RF Gun
Developed in
THU,2006

Beam
Dark
Current

Energy: ~3.6MeV
Charge:~0.6nC

Aug. 2006

The 2nd
Photocathode
RF Gun
Developed in
THU, for SSRF
2006

The 3rd
Photocathode
RF Gun
Developed in
THU, for BNL
2007



Dark Current
Charge to the RF Phase

The ratio of QE between 
p- and s- polarization

Charge to the Laser
Energy

4 Photocathode RF Gun Experiments in THU



4 Laser Pulse Measurement



Courtesy of O. J. Luiten, et al. PRL, 93, 094802, 2004

4 Longitudinal distribution and the emittance



4 Longitudinal shaping of the laser pulse



4 Transverse shaping of the laser pulse



4 Thermal Emittance Measurement

I =74 A I =78 A I =82 A I =86 A

Q=2.5pC
σ=0.4mm
E=2.6 MeV
εn=0.7mm⋅mrad

Beam Spot Size for Different Coil Current

The thermal emittance phase
space by CT methode



• 缝宽 80 µm

• 缝厚 2 mm

• 漂移距离 30~40cm
• 缝间距 0.8~1mm
• 测量屏 Ce:YAG
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4 Emittance Measurement by Multi-slit



• Q = 200 pC

• Bunch Length 5 ps
(FWHM)

• ϕ = 30°

• E = 2.6 MeV

M. Ferrario, et al, Phy.
Rev. Lett, 99,234801
(2007)

4 Emittance Measurement by Multi-slit



• Space Charge Effect
Q = 25 pC

Q = 100 pC

Original Images Parmela Experimental Results

4 Emittance Measurement by Multi-slit



4 Bunch Length Measurement by CDR

Simulated σ = 0.8 ps

 Measuredσ= 0.73 ps



Deflecting-cavity under cold test

4 Bunch Length Measurement by Deflecting Cavity



4 Summary- An Electron and Photon  Multidisciplinary
Research Lab. In Future

45MW 2856 MHz 

Klystron
Modulator

Control System

Photocathode RF Gun

Ti :sapphire oscillator
800nm @ 79.3MHz 100 fs, 650mW

HP8663 , 79.3MHz, 16dBm

!36 SynchroLock

Legend amplifier
800nm @ 1kHz, 100 fs, > 2. 5mJ

THG
266 nm @10Hz ! 1kHz

>250uJ

PS shifter
1-12ps, 200uJ

Beam Diagnostics

50MeV Linac

Fs X -ray
High Peak Brightness 

& Appl .

Fs THz
THz Sources & 

Appl

Fs X -ray
High Average 

Brightness & Appl .

Fs Electron  Beam
Diffraction Exp .  

& Appl .

Fs TW Laser
Laser acceleration

&Laser Appl .

AOPDF
Spectrum Control

Chirpped Amplifier
>20TW, <30fs

Advanced Research Areas of Chemistry , Physics , Biology , Material , Medicine and Energy Science and Technology

Optical 

Cavity

Elecron 
Mini SR

CW laser

Phase I

Phase II

Phase III

Application
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