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The possibility of obtaining beams of hard y rays from the Compton effect on relativistic 
electrons is considered. [t] It is shown that in this case the energy distribution of the pho
tons is quite different from the bremsstrahlung spectrum, and that at relatively low ener
gies of the photons undergoing the scattering there will be production of hard y-ray quanta 
which are to a considerable degree monoenergetic. The y-ray fluxes produced in this way 
are comparable with corresponding quantities for bremsstrahlung. 

A feature of the Compton effect on relativistic 
electrons is the appearance of photons which are 
harder than those being scattered. Owing to this, 
even in the case of scattering of quanta of visible 
light by extremely relativistic electrons the scat
tered photons will have energies comparable with 
those of the electrons. This feature of Compton 
scattering may be of interest from the point of view 
of producing beams of hard 'Y rays with high-energy 
electron accelerators. It is important to note that 
the characteristics of such y-ray beams will be 
quite different from those of the· usual beams ob
tained when electrons are stopped in matter. 

In the Compton effect on a moving electron 
the energy w2 of the scattered photon is connected 
with the energy w1 of the original photon by the 
well known relation ( ti = c = 1 ) 

where v1 and E1 are the speed and energy of the 
electron, e1 and e2 are the angles between the 
direction of motion of the electron and the respec
tive directions of the incident and scattered pho
tons, and e is the angle between the incident and 
scattered photons. The maximum energy w2 max 
of the scattered photons will occur in the case in 
which the primary electron and photon are moving 
in opposite directions ( e1 = rr) and the scattered 
photon goes in the direction of motion of the elec
tron. Then (v1 ~ 1) 

(2) 

where m is the rest energy of the electron. 
The maximum energy which will be reached 

with electron accelerators in the immediate future 

is about 6 BeV. Naturally the production of y-ray 
beams by this method requires intense fluxes of 
primary photons. Lasers are one type of intense 
source of photons. The best developed laser sys
tems at present are those using ruby crystals. 
When photons from such a laser (A. = 6943 A) are 
scattered from 6 BeV electrons we shall have 
w2 max ~ 848 MeV. The effect rises rapidly with 
increase of the energy of the electrons. Thus for 
E1 = 40 and 500 BeV one has w2max = 21 and 497 
BeV when the same ruby-laser photons are used. 

Of course the use of either lasers working in a 
shorter-wave part of the spectrum, or other 
sources of harder photons, would mean that the 
scattering would produce photons with energies 
very close to the energy of the electrons. 

The differential cross section for Compton 
scattering on moving electrons is of the following 
form [2]: 

2[(1 1)2 drs= r 2 -- 4 - + -
o m•~ X1 X2 

- 4 (__!_ + __!_) - (~ + ~)] w~dQ2 , (3) 
X1 X2 X2 X1 

where r 0 is the classical radius of the electron. 
For the case e1 = rr the quantities x1 and x2 are 
given by the expressions 

where p1 is the momentum of the electron. 
By using Eq. (1) we can get from the expression 

(3) the energy spectrum of the scattered photons. 
Neglecting small terms in Eq. (3), we get 

nr~ m2 { m4 ( w2 )2 m2 ·( w2 ) 
do = ~ w1e2 4w2 8 2 e 1 - w2 - uhe1 e1 - w2 

1 1 1 

+ e1- wa + _e_1 -} dw2, 
e1 e1- w2 

(4' 
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where w 2 can vary from w1 to w2 max· 
This energy distribution for the scattered pho

tons is very different from the corresponding dis
tribution for bremsstrahlung, which is of the form 
da ~ dw/w. If the primary photons are in the op
tical part of the spectrum and E1 ~ 6 BeV, the 
scattered distribution in the region w2 ~ 0.5-0.6 
w2 max can be regarded crudely as proportional to 
w2 dw 2, and most of the spectral intensity of this 
radiation is concentrated near w2 max (see Fig. 1 ) . 
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FIG. 1. Energy distribution of the scattered photons. 
Curve 1: €1 = 6 BeV, w1 = 1.78 eV, w2max = 848 MeV; Curve 
2: € 1 = 6 BeV, w 1 = 3.56 eV, w2max = 1.48 BeV; Curve 1': 
Spectral intensity distribution for the case of Curve 1 (I is 
the intensity in relative units, and a is in cm 2). 

Another, no less interesting feature of this dis
tribution appears for w2 max - E 1• In this case a 
larger and larger fraction of the number of scat
tered photons is concentrated near w2 max· For 
w2max ~ E1 the y rays produced are rather mono
chromatic in energy. The condition W2max- €1 

for the maximum energy of the photons is achieved 
by increasing either w1 or E1• It can be seen from 
Figs. 2 and 3, for example, that already at w1 

= 17 8 e V there is satisfactory monochromaticity, 
and for w1 = 127.8 keV the half-width of the distri-
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FIG. 2. Energy distribution of scattered photons: Curve 1: 
e, = 6 BeV, w, = 35.6 eV, Womax = 4.58 BeV; Curve 2: e, = 6 
BeV, w1 = 178 eV, Womax = 5.64 BeV; Curve 2': Spectral in• 
tensity distribution for the case of Curve 2. 
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FIG. 3. Energy distribution of scattered photons: Curve 1: 
e, = 6 BeV, w, = 1.78 keV, W2max = 5.98 BeV; Curve 2: 
€ 1 = 500 BeV, w1 = 1.78 eV, w2 max = 497 BeV; Curve 3: 
e, = 6 BeV, w1 = 127.8 keV, w2 max = 5.9995 BeV. 

bution at w2 max ~ 6 Be V is of the order of 1 per
cent. Monoenergetic y rays are also produced in 
the scattering of red light on electrons with E 1 

= 500 BeV (Fig. 3, Curve 2 ). 
The characteristic angles for the scattered y 

rays with energies w2 ~ E1 are of the order 82 

~ m/ €1 and for w1 « w2 « E1 the angle is given 
approximately by 82 ~ 2(wtfw2)1/2. The exact ex
pression for the angular distribution can be ob
tained from Eqs. (3) and (1). 

We note also that in this way one can produce 
beams of photons in any prescribed range of fre
quencies from w2min = w1( 1-{3 )/( 1 +{3) to W2max· 
The beams will evidently have a definite degree of 
polarization, which may be of interest in itself. 

The Compton-effect cross section is a~ 6 
x 10-25 cm2. The number of photons emitted by 
a powerful laser in a pulse of duration 10-8 sec is 
1020_1022. The scattering of this number of pho
tons by a bunch of electrons containing ~ 109 elec
trons and having the same duration will lead to the 
production of ~ 105-107 hard photons in the range 
dw 2 /w 2 = 0.05. This number of photons is compa
rable with the number emitted as bremsstrahlung 
in the same frequency range by a similar bunch of 
electrons in traversing one radiation length of mat
ter. We emphasize that these y-ray fluxes are 
produced when the light is introduced into the 
chamber of the accelerator, and the encounter of 
the electrons with the "light-target" can be ar
ranged at any instant in the acceleration cycle, 
i.e., at various electron energies. Work with such 
a "light-target" of course excludes the production 
of any background. 

As was already pointed out, an increase of w1 
both increases w2 max and enhances the degree of 
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monochromaticity of the y rays produced. When 
w1 is increased the decrease of the differential 
cross section in the neighborhood of w2 max is 
slower than that of the total cross section. Thus 
there is a hope that the use of powerful sources 
of photons harder than those of visible light will 
make it possible to produce rather intense mono
energetic beams of y rays. These rays will un
doubtedly be very effective in the solution of a 
wide range of physical problems. 

The authors are grateful to Professor A. I. 
Alikhanyan for his interest in this work, and to 
V. M. Arutyunyan for valuable advice. 
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