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SPIN DEPENDENT COMPTON SCATTERING FOR USE 
IN ANALYZING ELECTRON BEAM 

POLARIZATIONS 

I. Introduction 

The application of back scattering of laser light to provide highly polar- 
. 

ized beams of photons for photoproduction experiments is well documented’ 
and has been highly successful in bubble chamber experiments at SLAC. It 
is the purpose of this note to look again at this process with particular atten- 
tion paid to the spin dependent parts of the cross section which can serve to 
analyze polarizations of incident high energy electrons. Effects which depend 
on the incident electron polarization are seen in the angular distributions, 
energy spectra and total cross sections. In particular, the total cross section 
for incident electrons having spins parallel to the spins of incident photons is 
larger than that of the corresponding antiparallel configuration. The size of 
the difference increases with the center-of-mass energy. One can use the spin 

dependence of the cross section to measure the incident electron polarization 
(assuming the photon polarization is known) by comparing the rate of back 
scattered photons for the two spin configurations. However, we observe that 
if one sums over the energies of scattered photons, rather than just counting 

the number of back scattered photons, one obtains a more sensitive measure 
of the electron spin. (See Section IV.) 

Measurement of the back scattered laser energy is readily accomplished. 
One places a total absorption shower counter (TA) in the beam of the back 
scattered laser photons. A properly designed TA counter responds linearly 
to the energy of incident photons. Furthermore, one can measure the energy 
of many photons at once, without counting each photon individually, since the 
response of the device is linear. This is important to a test because the laser 
produces a “burst” of photons in a short pulse ( - 80 nsec). By counting many 
photons at once, one can obtain good statistical accuracy in relatively short 
times. 
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Circularly polarized light can be generated by inserting a l/4-wave plate 
in the linearly polarized laser light, and suitably orienting it. The spin con- 
figuration can be changed from parallel to antiparallel (i.e. , the photon spin 
can be reversed) by rotating the l/4-wave plate by SO degrees. During the 
data taking, the spin of the photon will be reversed often, up to once per second, 
so that drifts in the system will be averaged out. 

Figure 1 shows a suitable experimental arrangement for a test. A TA 
counter is placed in the laser beam in front of the 82” bubble chamber. A lead 
aperture of 30 cm diameter permits nearly all scattered photons to enter the 
counter aperture. A scintillation hodoscope in front of the TA counter permits 
monitoring of the steering of the laser beam during the tests. The TA counter 
output is processed separately in a pulse-height-analyzer, according to whether 
the spin orientations are parallel or antiparallel. 

The analysis of the data is simple. One forms a ratio 

Energy (parallel spins) 
R = Energy (antiparallel spins) 

2 TA response (parallel) 
= 

Z TA response (antiparallel) 

which is independent of beam normalization. This ratio should be about .86 
for 20 GeV electrons in the laser beam line, and the accuracy for measuring 
the electron polarization depends on how well one measures the difference of 
this value from 1.0. 

In the following sections we analyze the Compton scattering process. In 
Section V we study one of the processes that contributes to the radiative 
corrections. For the case where two photons emerge in the final state (double 
Compton scattering) we find that the influence is negligibly small. Section VI 
looks at specific considerations for the C-beam line; most notably these are 
the precession of electron spin, and the expected counting rate for back scattered 
laser photons. 
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II. Kinematics 
We review here the basic kinematics of Compton scattering. The analysis 

here uses the parametrization of Ref. 1.. In the frame in which the electron is 
at rest, the familiar Compton formula is 

m m 
- - = l- cos e 

K KO 
0 

where K. and K are the energies of the incident and scattered photons, and O. 
is the angle of the scattered photon relative to the incident photon. 

In the laboratory frame, the electron is moving with velocity p and has energy 
E = y m. The back scattered photons have an energy Kf and for cos 8 o = - 1, 
reach a maximum value, Kf max. 

Kf max = E( l-a) = 4a y2 Ki 

where 

a = (I+ 4 y I+@ 

Ki= incident photon energy in lab. 

We define a dimensionless parameter 

1 -1 
P = Kf/Kf max = 

where 8 now measures the direction of the scattered photon relative to the 
incident electron direction, and the approximation 8 E 2 tan e/2 has been 
used. 

For a study of the spin dependence of Compton scattering, we refer to 
the work of Lipps and Tolhoek’. The terms of interest here are the correlations 
between incident photon spin and incident electron spin. If we exclude the 
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cases where final state particle polarizations are observed, the only spin- 
dependent terms of interest in the cross section arise from circularly polar- 
ized photons scattering off polarized electrons. 

Let the frame of reference be the one at rest with the incident electron. 
The Z-axis is chosen along the direction of incoming electrons, and the spin 
of the electron lies in the X-Z plane, with a component Pecos ?Er along the Z-axis, 
and Pe sin Q along the X-axis (see Fig. 2). 

The photon has circular polarization P . 
Y 

The scattered photon has a polar 
angle 0 o and an azimuthal angle 4. 

The Compton cross section is 

-= 
4 

(KO-K) 2 do 
dR r. 2K2/Ko2 K K + i + ~0s~ 8 

0 0 

r (K/K0 - I KO/K) PYPe CO8 3’ COS 8 o + (1 - K/KO) PrPe sin ‘@  sin 8 o COS $ 

The - sign is chosen for the case of the longitudinal component of the 
photon spin parallel to its direction of motion4. 

Transforming to the laboratory frame, and expressing the cross section 

in terms of the dimensionless parameter p , one obtains 

d2, d2co 

I 

d2c 
r PP cos * dpd; + sin \k cos c#J 

d2c2 

= dpd$ - 
dpdq, e y dpW I 

where 

d2co 2 
I 

p2(1-a)2 
-= 
dwW r. a 1 - p(l-a) 
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d2c, 
-= 
dpW 

r 2a 0 I 
(1 - p(l+a)) (1-l/(l-p(l-a))2) 

d-u2 2 
dadq, =ra 0 

I 
Al-a) dGiG$? (1-p (1-a)) 

I 

The last term represents an azimuthal dependence in the cross section. 
This term can arise because the transverse component of the electron spin 
breaks the azimuthal symmetry in the scattering process. If one averages 
over all r#~ angles, this term vanishes. Similarly, if the incident photon has 
linear polarization components mixed with the circular polarization, azimuthal 
dependence will occur in the cross section. For our purpose, we study the 
energy dependence of the cross section integrated over all $. Since the reaction 

is two-body, the energy of the scattered photon is directly related to its polar 
angle, so this approach is equivalent to an angular distribution. 

III. Differential Cross Sections 

The cross section per unit energy for the scattered photon, integrated 
over the azimuth @  is 

do ho 
dp = dp 

% - rPP COSQ - 
e-Y dp 

Figure 3 shows the p dependence for d,/dp and ckrl/dp. The curves are plotted 
for ruby laser photons incident or 10 GeV electrons (denoted “BlO” for blue 
photons on 10 GeV electrons) and similarly for 20 GeV incident electrons. 
The parameter “a” depends on the product E. (electron) Ki (photon), so that 
R20 and BlO curves are the same. The term which gives rise to a cross 
section asymmetry is dcl/dp. This asymmetry is largest at p = 1, corres- 
ponding to back scattered photons. If one selects photons of a definite energy 
p and measures the asymmetry in the counting rate as the helicity of either 
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the electron or photon is flipped (but not both), one has 

Asymmetry = A = 
N+(PWJP) qdp 

N+(p)+N-(p) = - ‘epy ‘OS ’ dog/dp ’ 

The quantity 

E (p) = ~l/Q/dog/dp 

is plotted in Fig.4. One sees that the tip of t.he spectrum, p = 1, is the most 
sensitive to the spin dependent terms. 

IV. Back Scattered Energy Spectrum 
If we wish to measure the energy scattered backward into an aperture, we 

must consider the number of photons (proportional to dc/dp) weighted by the 
energy p. That is 

E (p) = pdd dp = p dg/dp rPePy cos + p do idp 

This is of experimental interest, because it weights more heavily those parts 
of the spectrum which are more sensitive to the spin dependent terms. 

The energy of back scattered photons is measured by a total absorption 
shower counter. Because of the Lorentz transformation from the electron 
rest frame to the laboratory frame, a typical shower counter aperture (say 
30 cm diameter circle, for example) will detect essentially all scattered photons. 
If one restricts the aperture by collimation, the sensitivity to beam steering 
and wandering is increased, and counting rate is lost. Counting of several 

photons separately in the short burst (” 80 nsec) is probably not possible. The 
most straightforward procedure is to measure the energy of all scattered - 
photons contained within a single pulse on a pulse to pulse basis. If we define 
a quantity R to be the ratio of energies scattered into the counter aperture for 
parallel vs antiparallel configuration of spins, then 

1 

/ 
p(dro/dp - P &Jdp)dp 

R(P) = “1 

/ 0 
p(tio/dp + P &~~PFP 

where P = PrPe cos +. Here we take Pe to be the polarization emerging from 
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the linear part of the accelerator, and precession of the spin direction due to 
switch yard and beam line bending magnets is accounted for by the cos \k 
factor (see Section VI.) 

The dependence of R on P is not linear, but there is a one-to-one corres- 
pondence so that measurement of R(P) yields a value of P. Knowing the survey 
parameters for the beam line allows cos * to be calculated, so that Pe can be 
determined. The statistical accuracy of a measurement of R depends on the 
counting rate. However, the procedure suggested above allows one to count 
many photons per pulse, so that the accuracy of the measurement R will pro- 
bably be controlled by systematic effects (false asymmetries) rather than by 
counting statistics. 

Fig. 5 shows the dependence of R on P, for the cases of red laser light 
on 10 GeV incident electrons. Frequency doubled blue laser. light on 10 GeV 
incident electrons, and the same for 20 GeV electrons. 

V. Radiative Corrections 
The radiative corrections considered here are those terms which contribute 

to the emission of an energetic photon. The first order correction to single 
Compton scattering arises from internal photons connecting electron lines, 
bubbles in the external photon lines and from emission of two photons from 
electron lines. The proper spin-dependent treatment including these first 
order corrections is a not-so-trivial problem. It is presently being studied. 
To obtain an estimate of the size of the terms involved, the process of two 
photon emission is considered by itself. Only the spin-independent term is 
considered. The differential cross section for double Compton scattering can 
be written3 

2 cxr 0 ikTDC = - 
16n2 

where f is a known function, and dependence on K2 has been removed by energy 
momentum conservation. 

Numerical integration of this formula is straightforward. The integrals 
diverge, however as KI-- 0. This is the well known i&a-red divergence, 
which is handled in a proper treatment by cancelling the divergent terms with 
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other equally divergent terms from the radiative corrections to single Compton 

scattering. Here we choose a lower limit for K1. It seems reasonable that 
the radiative processes could “wash out” spin dependent effects only if the re- 
sulting integrals are a sizeable part of the single Compton cross section. 
Table I gives the values gDC(K> Kmm) for several values of Kmm. Because 
of the small size of these terms, it appears reasonable to proceed on the basis 
of formulae from the lowest order single Compton process alone. 

TABLE I 
Total Cross Sections for Double Compton Scattering 

for Both Final Photons > Kmin 

K min’KO EO Laser 

.025 10 Red 
,025 20 Red 
.05 10 Red 
.05 20 Red 
. 1 10 Red 
.l 20 Red 

“DC “DC SC /g 

. 11 mb 2.0 10 -4 x 

.31 mb 6.8 x 10 -4 

.08 mb 1.5 x 1o-4 

.2l mb 4.6 x 1O-4 

.05 mb 9.4 x 1o-5 

.l3 mb 2.8 x 10 -4 

VI. Use of the C-Beam Laser Facility 
It is relatively easy to perform a test of electron beam polarization in the 

presently existing laser facility in the SLAC C-beam area, particularly if one 
compares it to the effort required to provide a laser beam in the ESA beam line. 
The following are some of the considerations involved in using the C-beam. 

1) As electrons pass through magnetic fields, the spin direction precesses 
faster than the momentum direction by an amount 

\k prec = ’ (?%) ebend 

where y = E/m for the electron, 

and + = .001597. 
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The angle of bend for the electrons passing through the C-beam magnets 

is 4.5 mrad vertical deflection and 2.65 degrees horizontal deflection. Fig. 6 
shows the factor cos Q prec as a function of the incident energy. At E. = 14.97 GeV, 
the electron spin has precessed 90’ and cannot be measured by the techniques of 
Section IV. Good measurements should be ‘possible, however, below 10 GeV and 
around 20 GeV. 

2) Circular polarization of laser light is obtained by insertion of a 
l/4-wave plate, properly oriented, in the linearly polarized laser beam. The 
helicity can be flipped by rotating the l/4-wave plate 90’. 

3) The quality of the measurements will depend critically on the ability 
to minimize false asymmetries. 

One can test for false asymmetries in the following ways: 
a) Back scatter off normal unpolarized electrons obtained from the 
regular injection gun rather than from the polarized electron source. 
b) Measurements at E. = 15 GeV, where electron spins are trans- 
verse, should yield no real asymmetries. 
c) Orientation of the l/4-wave plate so that it passes the linear 
polarization undisturbed. (This can be done by rotating it 45’ to 
its usual orientation.) The resulting linear polarization will gener- 
ate azimuthal dependence in the cross section but no asymmetries 
when averaged over azimuth. 

4) Counting rate estimates are obtained by use of the formula* 

where 

2nln2@ 
y = ix ACT 

nl = number of incident y’s/pulse = 3.5 x 1o18 

n2 = number of incident electrons/pulse = 1 x log 

CT = effective cross section into aperture = 430 mb 
P = length of interaction region = 500 cm 

* The factor 4 is introduced to account for beams crossing at 3 mrad. These 
numbers given here are for red laser photons scattering on 20 GeV incident 
electrons. 
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A = area of largest beam = 1 cm2 
T = length of longer pulse duration 

One obtains a value of 
= 1.5 x lo+ set 

Y m l’l/pulse. 
Since the scattered photons carry about 3.5 GeV average energy, the measure- 
ment of the scattered energy for each photon will be very good (accurate to a 
few percent). The measurement of Y will depend mostly on the statistical 
fluctuation in the number of scattered photons seen. The statistical accuracy 
of short runs will be good. 

5) For 20 GeV incident electrons the ratio R for energies scattered for 
the parallel configuration vs anti-parallel configuration is .866. At 10 GeV 
the corresponding ratio is 1.096. (The sign of P has changed because of pre- 
cession of the electrons in the C-beam magnets, causing the ratio R to change 
from < 1 to > 1.) The ability to measure Pe is determined by how well one 
measures the deviation of R from 1, i.e., how well one can measure a 13% 
effect. Because the counting rate is expected to be relatively good, statistical 
accuracy will be easy to achieve. 
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FIGURE CAPTIONS 

1. Schematic layout of test in C-beam. Back scattered laser photons enter 
aperture of the total absorption shower counter, causing shower develop- 
ment. Integrated output (i. e. , total charge) is proportional to total energy 
contained in all photons seen in that 1.5 psec long pulse. Hodoscope dis- 
tributions in two dimensions will be monitored during setup and running to 
aid in beam steering. The laser photon spins will be reversed often (up 

to once per second), and separate pulse height spectra for each spin con- 
figuration will be recorded. 

2. Coordinate system used. The spin of the electron lies in the X-Z plane, 
rotated an angle * relative to the Z axis. The scattered photon recoils 
at an angle r-e0 relative to the incoming electron direction, which is the 

+ Z axis and at an azimuthal angle 9. 
3. The differential cross sections da/dp. The spin independent part tio/dp 

and the spin dependent part dcl/dp, averaged over @, are shown for the cases: 
1) red laser light on 10 GeV electrons (RlO), 
2) red laser light on 20 GeV electrons (R20), 
3) frequency doubled blue laser light on 10 GeV electrons (BlO), 
4) frequency doubled blue laser light on 20 GeV electrons (B20). 

4. The asymmetry parameter E = Q 
f 

dp/dco/dp is given for the 4 cases 
RlO, R20, BlO, B20. 

5. The parameter R(P), where R is ratio of back scattered energy for the 
parallel vs antiparallel configuration 

R= Energy (parallel) 
Energy (antiparallel) 

6. Precession factor cos 9 for the C-beam. Incident electrons become 
transverse at -15 GeV. At 10 GeV, the precession is- 60. lo, and 
at 20 GeV 120.2’ resulting in a change of sign for the quantity PePr cos 9 
between these two energies. 
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