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Linacs for X-ray Imaging
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= Image Example and Photo Grey Image of
a Van with Different Tested Samples
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Image Example and Photo Dual-Energy Color
Image of a Van with Different Tested Samples
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1 CT imaging with 9MeV Linacs in Tsinghua U.
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1 PCI in Tsinghua U.

X-ray Tube

Courtesy of Zhifeng

Huang, “RESEARCH ON
GRATING-BASED PHASE-
CONTRAST IMAGING
UNDER INCOHERENT

CONDITION” 2008




Better Imaging needs better x-ray source. Thomson scattering x-

ray is one of the candidates.

® Tunable Monochromatic X-rays
® Radiation in a small angle (~1/y)

® Ultra-short X-ray Pulse
® High Peak Brightness
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1 Thomson Scattering X-ray Source

Number of photons for arbitrary scattering angle
1
n = Al )

Ca Jor \/(U +a,y1(1 CosaXGex+G|x)+(1+CosaXGez O'Z)J

where c,—a coefficient which shows the influences of the spatial and temporal
differences of electron beam’s and laser beam’s position and timing on
the photon yields. The Max. value of C,, is equal to 1.

> =8x1; /3—Thomson scattering section.
N, —the total number of photon

per pulse. \ =
0,.0,,0, —the electron beam rms sizes X v ) Laserbeam
and electron beam pulse rms \2 LA
length. R o,
0,,0,,0, —the laser beam rms sizesand Jray
laser beam rms length. @Yy o
o —Thomson scattering angle. - s i

Thomson Scattering Configuration



1 Thomson Scattering X-ray Source

The above mentioned coefficient, C_, Is as follows,

Vo - Vi) [, + 2, Joosle/2)- (x,, - X, sin(o/2)f

2007 +07) @-cosao? +07 )+ Q+cosa)o? +o?

Coff :exp -

where (y, -vy.) .(x,-x.) represents the transverse
differences between electron beam and laser
beam spatial position respectively.

(z, +z,) represents the longitudinal differences
between electron beam and laser beam.



1 Thomson Scattering X-ray Source

The Pulse Length of The Scattering X-ray
Pulse
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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.

1.2 -
. — dxdy, 6952 1 |
1.1 - -- RE«MZ sy e
o RAEGHR m & ] | —mekE
s 1| e S S s s et /D\;E‘dzgdj% "r"] i w 000 EERY g(x‘o-xp)*E;éB)‘]Iﬁ
R ‘,"’ = e Sz AR AN
g o L == 5z fHXAVIR
g e " o ’ "
'S N 400+ -
. WA T
200 i A\
0.7 - ?é | - e . \\
] ié 0 FEE T s emr T §
0.6 - ]
] -200
g R R R T e e T R TR T T M
Bt o () B e (5D
the influence of the jitter on the C_ the influences of the jitter on-the x-

coefficient VS. scattering angle. ray length VS. Scattering'é_ar;i’gle:‘::



1 Thomson Scattering X-ray Source
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2 A Primary Experiment at THU
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2 Experimental Setup

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

Energy Spread
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2 The scattering x-ray photon number simulation

“at the measure electron beam emittance
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2 The Measured Scattering X-ray Signal

Pulse Width: 5.8 ns Amplitude: 6.5 mV
Efficiency of the Detector: ~5%  Working Voltage: 1400 V
Amplified Factor: ~2X10> Photon Number per Pulse: ~1.7X 104
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3 Tsinghua Thomson Scattering X-ray Source (TTX)

*Project 10735050 supported by NSFC; National Basic Research Program of China &73 -
Program) (Grant No. 2007CB815102)



3 TTX- One Design

Synchronizer
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3 TTX-Simulated Bunch Length and Emittance

1o mm)




3 TTX-Simulated Parameters

Laser beam

Wavelength 800 nm
Pulse Energy (Power) 600mJ (20TW)
Pulse duration 30 fs
Focal spot radius ~0.050 mm

Electron beam
Energy 50 MeV
Bunch duration 1 ps
Charge/microbunch 1 nC

RMS Normal Emittance

2 m.mm.mrad

Beam radius

0.1 mm

X-ray pulse

Photon energy

30(90deg)~59.5(180deg) keV

Pulse duration

350(90deg)~1000(180deg) fs

. [
= 1
-

Number of photons

2.2X10%(90deg)~1.3X107(180deg),




3 TTX- The Latest Design

Synchronizer [ ——=
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3 TTX-Simulated Parameters

Laser beam
Wavelength 800 nm
Pulse energy 500 mJ
Pulse duration 30 fs
Focal spot radius ~0.031 mm

Electron beam

Energy 45 MeV
Bunch duration 1 ps
Charge/microbunch 0.7 nC
Energy spread 0.33%
Beam radius 0.03 mm(x),0.025mm(y)

X-ray pulse
Photon energy 24(90deg)~48(180deqg) keV ,
Pulse duration 160(90deg)~1000(180deg) fs. = = 1|
Number of photons 8.4X10%(90deq)~5.5X107(180deg),




3 TTX- Mini SR

j_ = ;| | m o | J—- \
.| Circumference ~12meters )
== electron : energy 50MeV, pulse length10ps, RMS energy -
T spread 0.2% T
- laser photon : wavelength 800nm and stored energy 1mJ. . A
[l Frequency 25MHz ——

X-ray Photons ~10%s1
— | ]
\\*\‘::\:l_}l @@ :‘ Q@'@ g Eal-l E @H §|@ El e ’;;}.;r-/ 4
7 sextupole with corrector g monitor

@. quadrupole

2
Courtesy from Peicheng Yu, et al, Optics for the lattice of a compact.storage rm@'for 4

Compton X-ray source, Chinese Physics C (HEP & NP) Vol 32, 2008



3 TTX- Mini SR

(a) pulse mode

—
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For the pulse mode, the transverse emittance right before the beam IS | ¢
dumped is 2.2x10"m.rad, the energy spread is 0.3%.% &g -« B 3 B &8



3 TTX- Mini SR

(b) steady mode

oty OO T Oy | —

L) I L] I L I L) I L I L] l
0 2 4 B 8 10 12
s (m)

As for the steady mode, the equilibrium transverse emittahcetis.1.2 X10-%n.rad,
the equilibrium energy spread is 4.4%



3 TTX- Mini SR

1.60 >\

1.68

1.67}

1.667

1.65
3.18

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



3 TTX- Optics Parameters of the LESR

Parameters Pulse Steady
Tunes

Horizontal 2.87 3.197

Vertical 1.69 1.662
Beta function at IP

Horizontal, em 4.9 17.5

Vertical, em 11.5 3.0
Momentum compaction factor 0.0789 0.007
Energy acceptance 3.4% >8%
Horizontal beam size at 1P

With IBS (400,000 turns), pum 104 452
Natural chromaticity

Horizontal -6.06 -6.49

Vertical -4.09 -6.14




3 TTX in Progress-Laser System
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3 TTX in Progress-Laser System

800nm, 3TW,30fs
266nm, 1mJ, 30fs
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3 TTX in Progress-50MW RF Power Source
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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
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4 Photocathode RF Gun Experiments in THU
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4 Laser Pulse Measurement
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4 Longitudinal distribution and the emittance
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Courtesy of O. J. Luiten, et al. PRL, 93, 094802, 2004



4 Longitudinal shaping of the laser pulse

a-BBO crystal L(ns-ne)/C
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4 Transverse shaping of the laser pulse
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4 Thermal Emittance Measurement
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4 Emittance Measurement by Multi-slit
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4 Emittance Measurement by Multi-slit

1500
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* Bunch Length 5 ps
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4 Emittance Measurement by Multi-slit

e Space Charge Effect
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4 Bunch Length Measurement by CDR
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4 Bunch Length Measurement by Deflecting Cavity

Deflecting-cavity under cold test
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4 Summary- An Electron and Photon Multidisciplinary

Research Lab. In Future
Control System
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