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ABSTRACT

The estimation of the circular polarization of bremsstrahlung is considerably simplified if
one considers the primary electron to be longitudinally polarized. In fact, it has been shown
that for relativistic energy and small angle approximation one may have an idea of both the
sense and the magnitude of the circular polarization of the bremsstrahlung without making use
of any explicit representation of the Y-matrices and subsequent expansion of the matrix
elements. From the generality of the arguments it would also be apparent how, under similar
restrictions, our method can be employed in considering the polarization phenomena in other
processes, e.g. the photo-electrie effect in the K-shell.

In experiments on polarization effects in bremsstrahlung from B-rays one is
usually interested to know the nature (right or left) and the degree of circular
polarization of the photon when the incident electron is longitudinally polarized.
Much of the laborious calculations which arise from the generalization of the
problem} may thus be avoided and the problem becomes further simplified if our
consideration be restricted to the relativistic region. It is well known that for
relativistic energy the cross-sections are significant only for

8, = O(1/E,), 6 = O(1/E), R ¢

go that the transverse momenta of the incident and the scattered electrons are of the
order of unity. It may be observed that this is also the region where the Born
approximation method is strictly valid.

In the following discussions the matrix elements have been labelled with
suffixes 4, B, C denoting the helicities of the incident electron, the photon, and the
scattered electron. Thus, in terms of the symbols and notations employed in I the
matrix elements may be written as follows:
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asc = 2 8c(P)@pu (Do) - . e @

LW

Each suffix can be either R or L, where B denotes right circular polarization or
forward spin and L the opposite case. In the above @ stands for

1
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{ v, 7" (e* . 7) ~2i(p, . ¥},
3

0= EZJIZ {2i(p. e)yo+ifer . Vo) +

* Research Fellow, N.I.8.1.

t The generalized problem was considered by the author in a paper (Banerjeo, 1958),
which will be referred to in future as I. The notations and symbols used in the following,
unless explicitly stated otherwise, are the same as those employed in I with the only exception
that we take here the mass m of electron to be unity.
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with
Ao = Ey—py cos 8, A =E—pcos#, .. .. (3a)
and the photon polarization vector ¢* is given by
e* = ¢, Fie,y, .. .. ‘e .. (4)

according as B = R or L.

The expressions for the eight possible matrix elements, which correspond to
different combinations of the states of longitudinal polarization of the three
particles, were obtained by McVoy and Dyson (1957). In their derivation they
employed explicit forms of the spinor amplitudes and retained only terms of the

1 1
= in their results. Recently McVoy (1958) has investigated

. EO ’ w ’ E
the possibility of explaining the circular polarization of the bremsstrahlung in terms
of the principle of conservation of angular momentum. Besides confining his
consideration to the relativistic region McVoy was forced to consider only the
forward bremsstrahlung to avoid complications in his discussions. Although the
principle of conservation of angular momentum furnishes us with the approximate
angular dependence of the matrix elements, it does not give any definite answer
about the sign or the degree of circular polarization of the bremsstrahlung.

It will now be shown that from a close examination of the order of magnitude
of different matrix elements (2) one can have an idea about the sense as well as the
degree of circular polarization of the bremsstrahlung. Our discussion does not
depend on any explicit representation of the ¥-matrices or the spinor amplitudes and
ag such may be successfully employed in other processes also, e.g. the photo effect.
The case of the forward bremsstrahlung will be first considered and it will be
indicated how our arguments can be extended to the more general case.

Let the expression for ¢ given in (3) be split up in the following manner :

leading order in

Q=Qp+Qpy), .. .. .. )]

where
Q) = g 12ilp il Vel . L ()

and
Qo) = 5= {ipthoret 1)=2ilpa. 00k, .. .. ()

In the case of forward bremsstrahlung we have (po.€) =0. One can, therefore,
choose ¢, €, Py as axes of reference and obtain

Y2ug(po) = y2o3ug(po)

=iyWr(Po) .. .. .. .. (8)
From (4), (5) and (6) it follows that

Up)Qr(p)ur(po) 2o {p sin 0 e~ #u(plun(po)+

+iw@(p)yL(y3—y0)y*ur(po) } » .o .. (Ta)
and

UP)QuPIun(po) - p sin 0w Dlualpe). .. .. (8a)

The second term on the right hand side of eq. (7Ta) may be further simplified by
multiplying the equation

Ap)(ipu ¥ +1) = 0
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by y1y%uz(po) from the right. One thus gets, retaining the principal terms only,

BEIYHYS—YO)Your(po) ~ 3, G{p)iYV ur(po) +

+EE0L G )01 cos b2 sin §You(p,)
= o) — LD ppp) L. . ()

When the helicities of the scattered and the incident electrons are the same, their
spin directions are nearly parallel. For this case the term u*(p)Yluy(p,) approxi-

mately represents the sum of the velocities of the two electrons in the direction of
e; and is, therefore, of O(1/E) relative to u*(p)uR(po). One can thus write

B PP =Y oug(py) = = PR i p) .. (100)

For opposite helicities, however, the second term in (9a) is negligible compared to
the first, so that

ﬁ;(p)Y‘(73—Y°)Y°uR(p0)z %}uZ(p)qu(pO). e .. ()

The contributions from ¢(p,) may be calculated in an analogous manner and
in fact, with ¢(p,) defined in (5b) and (py - ¢) = O we have

_ 1 _ ..
WPYQ (P yr(Po) =2 Y aA(pyyHY3—y0)rlug(p,), .. .. ()
and
WP)QL(Po)ug(Py) =20. .. .. .. .. (8b)
The equation (7b) can be further reduced by )
: 1
PP =1 u(py) = = g w* @ ug(py). .. - (%)
It, therefore, follows from our previous arguments that
A(p)Yo(Y3—Y0)Yluy(p,) =0, . . .. (10b)
and i
_ 1
@, (pYYO(Y3—YO) Y lup(p,) = — 7, uZ(p))’luR(po). .. .. (11d)

It may be observed that when the helicities of the scattered and the incident
electrons are opposite, the first term and the expression on the right hand sides of
equations (7a) and (8a) respectively may be neglected. Combining equations (7) to
(11) one finally obtains for forward bremsstrahlung and spin forward primary
electron

1
'MRRR = a‘z . “R(P)QR’“R(PO)

! sin fe—i%
QF(1+§).?——-—“—’—A———-TJ;(?)“R(P0): vove (12a)
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1 _
'MRRL = EE uL(P)QRuR(Po)
101 1.
A b T 1
q® (EA Evo) U (PYY ug(po) , - .. .. (12b)

1
Myr= & U (P)Q up(Po)

1 gin fet®
_~_q_2.1’——wA PPy oo e e .. (12¢)
and
1 _
Mpp, =q—2“L(P)QL“R(Po)QO. . .. .. .. (12d)

From the above it is quite evident that the magnitude of any particular matrix
element with right circularly polarized photon is greater than that of the correspond-
ing matrix element in which only the photon polarization is reversed. This is true
for all values of # in the region § = O(1/E) from which important contributions
to the bremsstrahlung cross-section arise. One can, therefore, conclude that the
bremsstrahlung in the forward direction is right circularly polarized provided the
spin of the primary electron is parallel to its momentum. A further examination
of the magnitude of the different matrix elements reveals that the degree of
right circular polarization of the photon, which may be written as

2

MRRC -— RLC
Z T , N ¢ &)
B, C

with B, C = R or L, increases with the energy of the photon, and in the upper end
of the bremsstrahlung spectrum the degree of polarization tends to unity.

Our arguments may be extended to the more general case in which the brems-
strahlung is not exactly forward. In this case it is convenient to choose as the basic
set of rectangular axes py, n, ¢; so that

= —n8in 00+§0 co8 00,} 19)

¢1= 1% Cos 90+fo sin o,
and
fo . é 21
In the above $, stands for the unit vector in the direction of p,. We shall

illustrate our method by considering the contributions to the matrix elements from
Q(po) only. The first term on the right hand side of (5b) gives

¢ @(p)yo(¥3 cos B, —¥1 sin fo—¥O)(¥! cos fy+¥3 sin O, F1¥2)ur(pe)

24,
~ .2..;_0 (p)Yo(y8—y0) (14 1)u(po)
+ 4 sin 0o ﬁ(P) (yB:F')’O) uR(po), .. e .. {(15)

28,
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where the upper or the lower sign is to be taken according as the polarization index
of the photon is R or L. The first term in (15) is the same as in the case of the
forward bremsstrahlung. The second term vanishes, in our approximation, for
right circularly polarized photon and also when the helicity of the scattered electron
is opposite to that of the primary electron. We thus get

Up(P)Qr(Po)1r(Po) == — Twoe u;(p)uR(pO),

o 1 *, ..
uL(PJQR(PO)uR(PO) o= Evou]_(p)”fyluR(pO):

Esinf, «
who Up(P)UR(Dy)s

. (16)

Up(P)Q(Po)ur(Py) = —
@ (PR (Po)ur(P,) = 0-

Contributions from Q(p) may be calculated in an exactly similar manner.

The advantage of the present treatment essentially consists in determining the
relative orders of magnitude of matrix elements corresponding to the different
combinations of polarization states of the interacting particles. Thus one may
obtain a deeper insight into the polarization phenomena in bremsstrahlung without
being involved in the detailed evaluation of the matrix elements. As has been
already mentioned, arguments (McVoy, 1958) based only on the principle of con-
servation of angular momentum are not very helpful in understanding the polariza-
tion of the bremsstrahlung. Our method further demonstrates how the different
matrix elements for relativistic energy and small angle scattering can be ultimately

made to depend only on u;(p)uR(pO) and uz(fp)‘yluR(pr), which can be evaluated
directly without much difficulty.
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