
~ ~i:.::---

~J!t 
EPEBAH·:Kl-1~1 ll>f..-13~1'1ECf('-"~~ ~·1HCHHYi 

P;eprirn YerPhi 1486(3)-97 

t rtiltU'Lr !hr!lrLtusr r1usrsnl's 
EPEBA HCKl-1111 cPJ..131-14ECK"'1V1 V1HCTV1T YT 

YE REVAN PHYSICS IN STITUTE 
::~~~:~~-~ .- ~~·= :===~~- -- - - ·---- - - - · - =--

Co111pt0n Edge Electron Beam Energy 
Spectrometer 

S. Knyazimf', A. Margariaif, S. Melnabiarf 

Yarevan Physics Institute, 
Alilrhanian Brothers St .2, Yerevan 375036, Armenia 

Y ~rcvan -- 1998 



Abstract 

A technique based on the Compton scattering of visible light i~ proposed fo, 
measuring the absolute energies of electrons in a stored electron beam as well as in 
a linear collider. The absolute energy of the beam is determined by t.h e measurement 
of the absolute energy spectrum of scat tered electrons near Compton ~dge . 

The Monte Carlo simulations taking into account the real parameters of GRAAL, 
CEBAF and SLC facilities show that the evalu a ticn of Compton edge aud hence the 
energy of the electron beam can be performed with a precision below or about 10- 4 

level in second. 
It is shown that an absolute and accurate determination of the eledron beam en­

ergy can be performed by the measurement of tlie ratios of Cm,1pton edges from twu 
different laser Jines, i.e. without determination of the absolute values of Compton 
edges. 

1 Te• 1niques for Measuring Energy 

The en gy of stored electron beam can be measured accuratly by <le-polarization 
(see e,g. [l)). 

T he standard way of the determination of a linac beam energy is to measure the 
defiectiof' angle of the beam in a magnetic field. In order to obtain the absolute 
energy both J Bdl and the deflection angle have to be measured [2]. 

Several modifications of this technique exist, e.g. by using synchrotron light [3]. 
The resonant de-polarization method as well as the determination of the deflec­

tion angle of the beam in a magnetic field allow one to determine the ratio E/m., 
where E and m. are the total and rest energies of the electron respectively. 

By using the Compton effect the Lorentz factor of the beam 'Y = 1/.,/1=7!1, 
where fl is the elE!ctron relative velocity, can be measured [4-6]. This is not only a 
new ' nd simple method for measuring energy, but also allow to check· some basic 
prinr pies of special relativity [7]. 

l 11 this method the Lorentz factor can be determined by the measurement of the 
abs< .J 11 te energy of backscattered photons [4,5, 8,9], or by the measurement of the 
abso l 11 te or relative energies of scattered electrons [10]. 

In our previous papers [5,8,10] we consider the cases where by the help of collima­
tion of backward scattered photons it was possible to have monochromatic photons 
or recoil'electrons. But this is true for parallel beams, when (d1927)2 :::; 10- 2 , where 
dfJ2 is the incident electron beam angular divergence. In this paper we propose 
to evaluate the absolute beam energy by the measurement of the inclusive energy 
spectrum of scattered electrons near the kinematical (Compton) edge. It is shown 
by the help of Monte Carlo calculation that the precisions of the order of 10-4 can 
be reached on the existing or planing setups of GRAAL, CEBAF and SLC. 

2 T he Basic Formulas of Compton Scattering on Moving Electrons 

I3elow, formulas for Compton scattering on moving electrons [11,12] are given for 
the case of our interest (13]. 

In the interaction region a photon with energy Wot is scattered on an electron 
with energy E 1 at. a small collision angle a (Fig.l). The energy of the scattered 
photon W21 depends On its angle i'J7 relative to the motion Of the incident electron 
as follows: 

Wot (1) W21 = 1 + (fJ7/fJ0)2 

where 

max __ x_E1 
W21 - x+ 1 (2) 
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m.~ fio = - vx+ 1 
Ei 

4Eiwo1cos2 (o:/2) 
x= -

m~c4 

(3) 

(4) 

where w~x is the maximum photon energy. For example: E 1 = 6.0 GeV, w01 = 
3.54 eV (Argon ion laser) x=0.325 and w~" I Ei :::;: 0.254; 

The photon and electron -scattering angles are unique functions of the photon 
energy: 

~ 191(Y1) = 190 
'Y 

13.(y'Y) = iJ'Y-1 Y1 
-y'Y 

(5) 

(6) 

where y1 = w21/E1. These functions for x = 0.325 are displayed in Fig.2. 
The energy spectrum of the scattered photons is defined by the cross section 

where 

1 Mc 2ao ( 1 · ) --= f (x, Y1 ) = - --+ 1 - Y1 - 4r(l - r) 
acdy1 xac 1 - y1 

< max X 
Y1 - Y1 = x + 1 

r= Y1 < 1 
x(l - Y-r) -

( e2 )2 
ao = 71' --

2 
= 2.5 x 10-25 cm2

• 
m.c 

The total Compton cross section for the nonpolarization case is 

. 1 8 1 ) 
_ 2ao ((l _ ~ _ ~ )ln(x + 1) + 2 + x - 2(x + 1)2 O'c - x x x2 

(7) 

(8) 

The absolute value of the energy of incident electrons can be determined by the 
measurement of the absolUte value of the Compton edges of scattered electrons or 
photons as well as by means of the determination of the ratios: 1. y';in = E;r;_in / E 1; 

2. Y!;'ax = w~"/Eii 3. a.'= Elfi.in/E!J!iini 4. a1 = w'.J!r/wlfi.a", where E;f.in, E!Jiin 
(w:;t"", w!J2"") are the values of Compton edges of scattered electrons (photons) from 
two different laser lines (wo1, Wo2) and Ye = 1 - y1 ; Y:'in = l - Y!;'a"' = 1/ (1 + x ). 
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For example in the case of 2 and 3 we have 

max 
y'Y -

x = 1-y;= (9) 

and 

1- a. x------
- a.(1 - Wo2/Wo1) 

(10) 

3 Result of Monte Carlo Simulations of the Compton Edge Spectrome-
ter · 

The main idea of this method based on the inclusive energy spectrum measurement 
near the ki11ematical (Compton) edge of electrons scattered on the laser photons. 
In this paragrnph we present the results of Monte Carlo simulations of such spec­
t. rornetr.r. Th i~ rnk11 l:Lt.ions were carried out by the help of formula (7) taking into 
Lecount the <·ne;·gy spread of scattered electrons. We consider the absolute energy 

determination of the r. lectron beams of GRAAL[14], CEBAF[15] and SLC[16] elec-
tron accelerators. · 

The total bound-widths of the Compton edge of the GRAAL and CEBAF ·fa.­
cilities (E1 = 6000 MeV) are 15 MeV and 3 MeV (FWHM), respectively. These 
values include all the effects due to the electron beam phase space and energy res­
olution of the recoil electron spectrometer (tagged system). For the total band 
width of the Compton edge of the electron SLC beam we use the value 150 MeV, 
which include the effect of the energy dispersion of incident electron beam only 
(FWHM / E, = 3 x 10-3). The expected energy distribution of scattered electrons 
near Compton edges obtained by Monte Carlo simulation for GRAAL, CEBAF and 
SLC are presented in Fig.5,6,7. The corresponding laser frequencies for GRAAL, 
CEl3AP and SLC are 3.54, 3.54 and 1.17 eV, respectively. The total number of 
events is 2 x 105 . 

Fitting the Monte Carlo spectrum presented "in Fig.5-71-y the convolution of the 
resolution function with the theoretical cross section, using a fitting algorithm based 
on Gaussian statistics, 6000 ± 0.09 MeV, 6000 ± 0.06 MeV and 49999 ± 2.9 MeV 
with an effective x2 per degree of freedom of 0.90,,0.98 and 1.28 can be extracted 
respectively. The obtained ·results are presented in Table 1. 

Table.I The used parameters and extracted values of the CEBAF, GRAAL and 
SLC beam energies and the dispersions obtained with the help of formula 7. 

4 



device E1 FWHM Wo1 EFit 
I x2 / NDF 

MeV MeV eV MeV 

CEBAF 6000. 3.0 1.17 6000.0 ± 0.025 1.04 
6000. 3.0 3.54 6000.0 ± 0.060 0.98 

GRAAL 6000. 15.0 1.17 6000.0 ± 0.500 1.35 
6000. 15.0 3.54 6000.0 ± 0.090 0.90 

SLC 50000. 150.0 1.17 49999.0 ± 2.9 1.28 
50000. 150.0 2.34 . 49997.0 ± 7.0 1.2 

The results ootained by the help of formula (10) using the ratio a. = Y;'tn /y';'~n 
from two different laser lines (w01 , w02) are presented in Table 2. In this c~e, the 
absolute calibration of recoil electron spectrometer is not necessary. The only re­
quirement is linearity of the recoil electron spectrometer. 

Table.2 The same as in Table 1, obtained with th~help of formula 10. The ex­
tracted values of the a. and their dispersions are given in addition. 

Device Ei FWHM Wo1 Wo2 a. EFit 
l 

MeV MeV eV eV MeV 

CEBAF 6000. 3.0 3.54 1.17 0.83564 ± 0.00001 6000.2 ± 0.4 

GRAAL 6000. 15.0 3.54 1.17 0.83563 ± 0.00003 6000.5 ± 1.3 

SLC 50000. 150.0 3.54 1.17 0.51083 ± 0.00004 50026. ± 14. 

4 Practical Issues Concerning a Compton Edge Spectrometer 

We consider the case of measuring of the energy distribution of recoil electrons near · 
the Compton edge. Basically the method involves measuring the deflection of recoil 
electrons in a magnetic field. Therefore, this method requires measurement of the 
magnetic field integrals and the bending angles. In order to determine the beam 
momentum to 10-4

, both of these quantities must be determined at a level somewhat 
better than 10-.4 • For SLC magnets, the attainable accuracy for the absolute value 
of the field integrals is of the order of 10-4 (2). 

Since the Compton electron scattering angles are smaller (:::; 10- 5rad, seeF ig.2) 
than the angular divergence of the beam (10- 4 -10-5), the scattered and unscattered 
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electrons remain unsepareted until they pass through dipole magnets. Both beams 
are dispersed and recoil electrons detected (see Fig. 8). 

To determine the bending angles of recoil electrons, multichannel monitors (gaseous 
or silicon microstrip detectors), mounted on a precision optical table would be used. 
If center of the magnetic field is known and the distance between the center of 
magnetic field and monitors is c, the distance between the centroids of the forward 
scattered photons (and hence the centroid of the incident electron beam) and recoil 
electron is a, then the bend angle is{}= a/c. Assuming the errors in these quantities 
are independent: 

dtJ 
-:a = (da) 2 + (dc)2 

a c (11) 

Usually, c is of the orders of 10 m, a about 1 m, therefor to reach the precession 
better than 10- 4 we will have da = de :::; lOOµm. 

Let us consider more detail the case, when the coordinates of the center of 
magnetic field is not known. In this case to determine the bending angles of recoil 
electrons two rows of monitors, mounted on a precision optical table, would be used. 
If the distance between the front and rear monitors is c1 and the distances between 
the centroids of the forward scattered photon beam and recoil electrons on the front 
and rear monitors are a1 and b1, respectively, then the 'bend angle is{)= (a1 -bi)/c

1
, 

and 

d {) 
-;a= ( dai)2 + ( dbi)2 + ( dci )2 

(a1 - b1) 2 C1 
(12) 

For a 1 = 0.8m, b1 = 1.2m, c1 = 2.0m(fJ = 8.6°) and da1 = db1 = dc
1 

= 15µ this 
gives 

~ = 7.1 x 10- 5 

Therefor the centroids of the forward scattered photon beam and the positions of 
the recoil electrons on the two rows of monitors must be determined to the level of 
15µ. 

The above requirement implies high resolution position monitors for recoil elec­
trons as well as accurate measurement of the relative position of each monitor on 
the optical table. Regarding the centroid measurement of the forward scattered 
photons, the required photon detector must have good position resolution but need 
not measure the photon energy. One may use a detector consisting of a series of 
tungsten converter foils each followed by a pair of x -y silicon µ-strip. With such a 
detector a detection efficiency is about 50% and a position resolution is about 12µ 
is feasible [17) . 
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For the recoil electron beam, the µ-strip silicon or gaseous detectors seems 
promising. The resolution quoted for this devices is about 10µ. One of the main 

· problems is that the backscattered photons has a fairly large angular spread. One 
must determine the centroid width much greater accuracy than this width. 

The width of the angular distribution of backscattered photons in radians, is 
about l/"f, when the energy of photons not determined. With a beam energy of 
5.0 GeV the width is 100 µrad. It is conceivable that the centroid angle can be 
measured to within roughly 1/10 of the width. Since our requirement is 7.5µrad, 
this is not problematic if the transverse dimensions of the incident beam of the order 
or lesser than 100µ and 30µ in the case of first (when center of. magnetic field is 
known) and second (when center of magnetic field is not known) cases, respectively. 

The angular and energy divergence of the incident beam influence on the energy 
resolution of the 'each individual events. As follows from the Monte Carlo simula­
tions, the absolute value of mean energy of the beam can be determined within and 
order of magnitude better than the energy spread of the recoil electrons. · 

The expected intensities of back scattered laser photons at GRAAL[14], CEBAF[l 7] 
and SLC[16) is 107photon x sec-1 or higher. Therefore the absolute energy of the 
incident beam can be determined by this method with the precision of about 10-4 

in second. 

5 Sm;nmary 

The results of the simulations shown above indicate that it is possible to make an 
absolute beam energy measurement to an accuracy of about 10-1 of the GRAAL, 
CEBAF and SLC electron beams. The method has several advantages. 

First, since this technique involves measurement of the recoil electrons scattered 
on the laser photons, it is simple and non-destructive to the electron beam. 

Second, this method can be employed for the stored beams as well as extracted 
ones. Therefore, this method can be used for checking existing technique, which have 
been suggested as candidates for a 10-4 absolute energy determination of electron 
beams, comparing difference methods with the resonance de-polarization method. 

Third, by having all the detectors mounted common precision table their rela­
tive positions can be accurately measured and controlled, another advantage which 
allowed to carry out absolute calibration of magnetic spectrometers. 

Finnaly, this method is not much sensitive to the angular spread of the incident 
beam. 

The work is partially supported by the Grant 211-5291 YPI of the German 
Bundesministerium fur Forschung und Technologie. 
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Figure 1: Kinematics of Compton scattering. 
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Figure 2: Elec ron and photon scattering angles vs photon energy for x=0.325. 
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Figure 3: Energy spectra of scattered photons. 
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Figure 4: Energy spectra of scattered electrons. 
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Figure 6: T he same : m Fig.5 for the CEBAF electron beam. The extracted electron beam energy 
is 6000 ± 0.06 M · with a true beam energy 6000 MeV and laser photon energy 3.54 eV. 
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Figure 7: The same as in Fig.5 for the SLC electron beam. The extracted electron beam energy is 
49999 ± 2.9 MeV with a true beam energy 50000 MeV and laser photon energy 1.17 eV. 
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Figure 8: Conceptual design of thi: experimental setup. 
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