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Absfrucf 

This paper presents the design study of a system to 
measure the electron beam energy in an accelerator. The 
method of Compton scattering between laser photons and 
relativistic electrons was used. By knowing the back 
scattered photon energy, the electron beam energy can be 
deduced. The scattering mechanism between the laser 
photons and the relativistic electrons was well known. 
The optical system for the laser light was design to match 
the laser beam with the electron beam in order to enhance 
the backscattered photon flux. The implementation of the 
system in the electron beam transport line in SRRC and 
the optimization method will be discussed. A CO;! laser 
was chosen to produce 3 MeV backscattered photons that 
will be detected with a high purity germanium 
detector(HPGe). The reason of using HPGe and the 
predicted results will be presented. Under this study, a 
0.5 % energy measurement accuracy was expected. 

I. INTRODUCTION 
Compton backscattering of the laser light from 

relativistic electrons can produce quasi-monochromatic 
photon beam. The energetic photon beam can be used for 
the investigation of photonuclear reaction, the calibration 
of the detectors, and electron beam diagnosticsIll. Here 
we use the method of Compton scattering and design a 
system to measure the electron beam energy. 

II. THEORY 

The kinematics associated with the scattering is 
discussed by many papers. The process is shown in fig.1. 

fig. 1 The schematic drawing of the process of 
Compton scattering 

The scattered photon energy k2 from laser photons of 
energy ki in lab. frame is 121 

k!= 
k,(l-pcose,> 

1-jk0s~~ +k,(l-cosx)/E, 

and can also be expressed as 

where ~=O&$=v/c with v and c the velocities of the 
electron and the laser light, O is the angle between the 
laser and the scattered photons, and E, is the electron 
energy. The Klein-Nishina formula shows the differential 
cross section da for the head on collision, after the Lorentz 
transformation, is rewritten as I31 
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where r. is the classical electron radius, and m is the 
electron rest mass. The photon yield Y per pulse is given 
bY 

Y= 
2N,N,ad 
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where N, and N, are the number of electrons and laser 
photons per pulse, d is the average interaction length, A is 
the larger one of the transverse beam size of the electron 
beam and the laser beam, and 2 is the shorter one of the 
pulse length of the electron beam and the laser beam. o is 
the total cross section of photons and electrons. 

III. SYSTEM DESIGN 
The system was designed to induce the Compton 

scattering effect and to measure the backscattered photon 
energy. A pulsed CO2 laser with high peak power was 
chosen to produce the backscattered photons with 
maximum energy 3.03MeV and to match the repetition 
rate of electron beam in transport line of SRRC. The 
schematic drawing of the whole system was shown in fig. 
2. 

beam expander 

electron beam 

fig. 2 The designed experimental setup 

A. Opfical System 
The laser beam was designed to pass a beam 

expander, a mirror, a focus lens, and a mirror with a hole. 
The hole was there to clear the path of the backscattered 
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photons to the detector. We chose a suitable expanded 
beam size to decrease the laser beam loss due to the hole 
on the second mirror. An expander with suitable 
expanding rate was chosen to increase the backscattered 
photon number. After a series of calculation, the 
functional dependents of the laser beam size at different 
location w(z) on the focal length and the location of the 
focus lens is shown below. 

w= 
A’+(Az+B)‘& 

[Ax(Cz+D)-(Az+B)xC’+ 
(5) 

where w is the laser beam size, A,B,C,D are the values of 
the entries of the transformation matrix (also called as 
ABCD matrix) of the system which we are considering. h 
is the laser wavelength, w, is the original laser beam 
waist, and z is the longitudinal position with origin at the 
location of the focus lens. The dependent of the focal 
length and the location of the focus lens are through the 
ABCD and the z. The comparison of the laser beam size 
change for different focal lengths was shown in fig.3. 

I 4 
: 

I 10 II 

fig, 3 laser beam size vs. logitudinal location z 

For the beam profile change of the Gaussian beam and the 
effect of the hole on the mirror, we correct eq. (4) to 

y = 2PON, 
I 

Lx - 
k,c =I 

(A-$)-$ 
c 

(6) 

where P is the power of the laser light, o is the total cross 
section of Compton scattering, w is the radius of the laser 
light. Ah is the transverse beam size of the lost laser beam 
which was due to the hole on the mirror #2 and A, is that 
of the electron beam. ;i is the smaller one of 1 and AI/A,, 
where Al is the transverse beam size of the laser beam, 
and z1 to z2 is the interaction region of the laser beam and 
the electron beam. The 3D plot of the photon yield vs. the 
expanding rate of the expander and the focal length of the 
focus lens was shown in fig. 4. The optimum condition 
was chosen as that the expanding rate is triple and focal 
length is 6 meter. 
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fig. 4 Photon yield vs. the expanding rate and the __ - 
focal length 

B. Detection System 
The detection techniques of high energy photon of 1 

MeV order of magnitude is universally applied. The 
coaxial HPGe detector was chosen for the reason of good 
detector resolution, therefore increasing the accuracy of 
the beam energy measurement. However at the same 
time, the detection efficiency of the coaxial HPGe is lower 
than that of other types. The definition of the intrinsic 
efficiency of HPGe is 

‘in, = 
detected- photon- number 

photon-numberjnto-the-detector 

rewrite as 

& = & x $ 
n 

(7) 

(8) 

where E is the absolute efficiency of HPGe, A and A, are 
the area of source to detector sphere and the HPGe front 
surface respectively. The empirical formula of relative 
efficiency of HPGe was shown as 141 

log& = const.+SlogE+ C(logE)* 
S= alog(V,)+b (9) 

where E is the gamma ray energy, a=0.6246, b=-2.136, V,, 
is the active volume of HPGe, S is the slope of the 
efficiency curve, and C(logE)2 is the second order 
corrected term. The empirical formula is useful in the 
range up to 3.55 MeV. By those theoretical calculations, 
we plotted the scattered photon energy vs. photon 
number as shown in fig. 5. Finally we can estimate the 
detected backscattered photon number by taking the 
detector efficiency into account. 
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fig. 5 Theoretical results of scattered photon energy 
vs. photon number. 

C.. Error Andysis 
In our study, we take the effects of the electron beam 

energy spread AE, the line broadening of CO;! laser Akl, 
and the resolution of HPGe, Res, into account to predict 
the backscattered photon energy spread Akl by the square 
root sum : 

-- 2 - 
d 

($L)z + (F)’ + (Res)’ 
e I 

(10) 

The calculated value of the backscattered photon energy 
spread at 3.03 MeV is 0.5%. 
The energy uncertainty of the 1.3 GeV electron beam is to 
be 0.25%. 

IV. DISCUSSION 
During these studies, we simplified the condition of the 
processes. The above results are under the following 
assumptions : 
(1) The electron beam moves in the center of the orbit. 
(2) The alignment of the laser beam to the electron beam 
was well done. 
(3)The effect of the electron beam divergence was not 
taken into account because the scattered photon energy of 
the non-head-on collision is smaller than that of the head- 
on collision. Therefore, the electron beam divergence will 
cause the decrease of the maximum energy photon 
number. The result is that the sharpness of the maximum 
energy spectrum will become dull. 
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