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ON THE POLARIZATION OF THE ELEC- where

TRONS IN BREMSSTRAHLUNG PROCESSES ) (p) = (m — iP)1a/2, L= 745

A. A. KRESNIN The vector ¢, which characterizes the polariza-

tion of the electron in the laboratory system, is

connected with the polarization vector §° in the
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CW=C0—p@)/e(e+m),

where € is the energy of the electron.

The vector ¢,, which describes the state of
polarization of the electrons emitting the brems-
strahlung quantum, is given by

THE polarization effects in the bremsstrahlung

of electrons have been investigated in detail in a
number of papers."3 However, the question of

the change of polarization of the electron beam due
to the bremsstrahlung process has received almost £, = Sp [E7™) (p,) S7P (py) p Cis P1) 1P (P1) ST (p2)1/ Qs
no attention. Q = Sp [ (pe) S (p1) p (51s P1) 1P (p1) S*1,

To investigate this question, we use the method
developed by Lipps and Tolhoek? and Rozentsveig
and the author.® We shall describe the state of
polarization of the incoming electrons with mo-
mentum p, by the density matrix

where S is the scattering matrix element for the
bremsstrahlung process. Here k and w are the
wave vector and the energy of the emitted photon;
the indices 1 and 2 refer to the initial and final
states of the electron, respectively. As a result

o (B P1) = 7P (p1) 5 (1 + E8ya) v (py), of the calculations we obtain

QB = QG — (p2k)™® {— &1 (1K) (Pok) Ty + M2y (k — Py) Gy, k + Py + Po) o1 [(P2k) — (9192)] P2 (Cik)
+ [mPe; —  (p1p2) + © (Pok) —+ 2 (P18)] (GP2) Pz + &1 [m® + (Pik)] (GiP2) Po} — (Prk) ™ {— &1 (Pik) (P2R) Ty
+ miey (G, k- pa) (k — i) + m? (&2 — ) (Gpy) (k — po) + &1 [(P2R) — (Pip2)] (GaK) Py
-+ [ms -+ 25 (pak) + 0 (P1pe) — © ()] CuPy) Pa 4 &1 [m® -+ (D1R)] (Bap2) P} — [2/ (PiR) (P2k)]
X (o1 [(P1k) (p2k) — 02 (p1p2) — 0*m*] Gy 4 1 (P1ps) (1K) k — [m%e, 4 6(p,pa) — 2o(pk) (P )k — =ilm® - (P1R)] (Gapa) k

+ &1 [m? — pok] (1K) Py - [&1 (P2R) — &2 (Pik) — 22 (P1P2)] (GiP1) P14 1 [(P2R) — (P1R) — (P1P2)] Py (Cp2)

+ & [(P;pz) — 0] (5:K) pa + e (P1P2) — &1 (Pok) — £15,0] (§iP1) P2 + &1 [(P1P2) — (Pak) — sa0] (Gip2) P2}, (1)
Q = o [—mt —m® (p;p,) + m? (p, k) — m® (pik) ~ (P RNP, R -+ [— m* — m? (0] p)+m? (p k) — m* (p.f) — (p R} (Pif)]
+ (——p,kﬁi‘pzk, [— mP0?— m? (pyp3) — (Pupa) (Pip2) + (Poh) (Pip2) — (PAR) (Pap2) — 0% (i) + 210 (o) + 0 (piR)), (2)
where strahlung quanta (w —0, i.e., € ® ¢ =€) we
. have
=,k — s lk =pk + 5,0 ete. 1, I o
(pik) =Pk~ (pR) =Pk +e0 Go=C ot —p). (3)

The expression for Q coincides, up to a factor,
with the bremsstrahlung cross section computed
from the Bethe-Heitler formula.

In some special cases the expression (1) can be
considerably simplified.

Going over to the vector Cg, we see that this vec-
tor, while preserving its absolute magnitude, is ro-
tated around the normal to the p;, p, plane through
the angle ¢, given by

In the nonrelativistic limit (e;, € ~ m) we ob- tan ¢ = [2;7+"(:2) [_(71;*;33) :_{(_7(7__1)1‘:)‘2’;1}2-5]— sind, (4)
tain L‘g = {‘1’, i.e., the polarization of the beam does
not change. where y=¢/m. For y—1 we have ¢ — 0, and

In the limiting case of extremely soft brems- for y—o: ¢ — 4.
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THE main characteristics of universal A-V inter-
action can be explained by the hypothesis of the ex-
istence of an intermediate boson of large mass.!
One of the consequences of this hypothesis is the
possibility of u -meson decay according to the
scheme u—e +vy. For a point A-V interaction
such a decay is forbidden. Feinberg? calculated
the probability of the decay u —e + v and showed
that the ratio py =R(u—e+7y)/R(p —e+v +7)
depends on the cutoff parameter A. If A = M,
where M is the boson mass, then p; = 107
A<M, p; can be arbitrarily small.

In the present work, a search for the decay
u— e + vy was made, using a 17-liter freon bubble
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chamber, sensitive to y rays.> The chamber was
placed in the external 7% beam of the synchrocyclo-
tron of the Joint Institute for Nuclear Research. 7*
mesons of energy approximately 200 Mev were
slowed by a graphite filter, and stopped inside the
chamber. About 20,000 stereophotographs were
obtained and scanned twice.

In the scanning, a search was made for cases
in which the w-u-e decay was accompanied by an
electron-positron pair directed along and following
the end of a m- or u-meson track. The direction
of the pair corresponded to the direction of flight of
the y ray to within an accuracy of ~5—7°, and
the length of the track of the u meson from the
m-meson decay was 0.16 cm. Therefore, the case
in which the 7-u-e decay was accompanied by a
directed pair could relate to one of three processes:

@
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In the decay (3) the angle between electron and
v ray is 180°. In 91,000 m-u-e decays, not a
single such case was found. From this, knowing
the efficiency of the chamber for detecting vy rays,
it is possible to determine an upper limit for the
quantity p;. The efficiency was calculated on an
electronic computer for various v -ray energies
by the Monte-Carlo method, taking into account
the distribution of the number of m mesons stop-
ping inside the chamber. The efficiency turned
out to be equal to 0.253 for the decay (3). From
this, p; =4.3 X 10™°, This quantity is in agree-
ment with results of experiments in which the
decay (3) was studied using counter methods.*™®

In scanning the photographs, cases of directed
pairs with various angles (e,y) < 180° were found.
One of these cases is shown in Fig. 1. We interpret

w—e+v+vET,
T[—)H+V+’T,
w—e-+x.

i fj‘

FIG. 1. Radiative decay of a p meson by
scheme (1).



