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Internal bremsstrahlung in the {3 decay of polarized nuclei is studied. The general form of 
angular distributions is given. It is shown that a measurement of the correlation between the 
direction of emission of the internal bremsstrahlung photon and the nuclear polarization pro
vides information on the form of the {3 interaction. 

l It is well known that as a consequence of parity 
nonconservation in f3 decay the emitted {3 electrons 
are longitudinally polarized. Therefore the internal 
bremsstrahlung of these electrons will be circularly 
polarized. The theory of internal bremsstrahlung 
was studied by a number of authors; 1- 3 effects due 
to parity nonconservation were also discussed.4- 6 

In particular the degree of circular polarization of 
the internal bremsstrahlung has been calculated 
for allowed and once forbidden {3 transitions. 5•6 

We wish to discuss the internal bremsstrahlung 
in the {3 decay of polarized nuclei. As a result of 
parity nonconservation there exist in this case cor
relations between the direction of emission of the 
photon and the polarization direction of the nucleus 
(of the type '17 • k where '17 is the polarization direc
tion of the nucleus and k the momentum of the pho
ton), and also between the direction of emission of 
the {3 electron after the internal bremsstrahlung 
and the nucleus polarization direction (of the type 
17 • p where p is the {3 -electron momentum after 
the internal bremsstrahlung), if the direction of 
emission of the neutrino is not observed. 

A measurement of the correlation between the 
direction of emission of the internal bremsstrah
lung photon and the nucleus polarization provides 
information on the form of the {3 interaction. Con
sequently the study of internal bremsstrahlung of 
polarized nuclei is of well defined interest, particu
larly since it may turn out in a number cases that, 
due to considerations forced by experimental meth
ods, an observation of this effect will be more con
venient than the study of the angular distribution of 
{3 electrons in the f3 decay of polarized nuclei (this 
is due to the difficulties encountered in measure
ments of the {3 electron energy as a consequence 
of their scattering in the source, etc). 
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2. The calculation of the internal bremsstrahl
ung in the f3 decay of polarized nuclei is carried 
out for allowed transitions on the assumption of 
the V-A interaction form. The matrix element 
for the internal bremsstrahlung is written in the 
same form as in references 3 and 5. 

The angular distribution of particles emitted in 
the {3 decay of polarized nuclei, accompanied by 
internal bremsstrahlung, may be written for the 
general case as follows: 

w (llkp, e~k. e~r> = A (llkp) + Bk (llkp) cos e~k + Bp (llkp) cos e~p 

+ fL [C (llkp) + Dk (Okp) cos O~k +Dr (Okp) cos ll~rl, (1) 

+ ;j:! ~ g 1 (a) 12 A 2} {k2p'- kp2 + kpzp cos Okp} J, (3) 

Br(llkp)= e::2~3 [{-2oi,i,J/h~i (a)(l)A 

+ ;~2 ++ ~ g 1 (a) 12 A2} {pkp'- p3 sin2 Okp} J, (4) 
]1 . 

(5) 

(6) 

(7) 

683 



684 INTERNAL BREMS STRAHL UN G IN THE {3 DECAY 0 F P 0 LA R I ZED NUCLEI 

The notation used in Eqs. (1) - (7) is as follows: 
k, k - momentum and energy of bremsstrahlung 
photons; p, Ep -momentum and energy of {3 

electrons after bremsstrahlung; t-t - sign of cir
cular polarization of the internal bremsstrahlung 
photons ( fJ. = ± 1 ) ; ekp - angle between directions 
of emission of the photon and {3 electron; e7Jk -
angle between direction of photon and nucleus po
larization; e7JP - angle between direction of 
emission of {3 electron (after bremsstrahlung) 
and nucleus polarization; < 1 > and <a> -
matrix elements of the Fermi and Gamow-Teller 
type; p' = - Ep + p COS 8kp; h, h -nucleus spin 
in initial and final state; Pn - degree of nuclear 
polarization; A= CA/Cy = 1.19 ± 0.04. 7 

The coefficient g depends on the change in the 
nucleus angular momentum in the given {3 transi
tion and is equal to 

-1 for transitions h = j 1 +- 1 , 
g = + 1 /(ir + 1) for transitions i2 = jl, 

+ 1 for transitions i2 = ir- 1. 

3. Next we analyze expression (1). We note 
that for internal bremsstrahlung in the {3 decay 
of unpolarized nuclei the terms proportional to 
Bk, Bp and Dk, Dp vanish. Therefore the ex
pression 

(8) 

represents the probability for unpolarized internal 
bremsstrahlung in the {3 decay of unpolarized nu
clei and it differs from previously given expres
sions1-3 only in the inclusion of parity nonconser
vation. On the other hand the expression 

(9) 

represents the probability for circularly polarized 
internal bremsstrahlung in the {3 decay of unpolar
ized nuclei. We note that the degree of circular 
polarization of the internal bremsstrahlung (for 
the V and A interaction variants) is equal to 

c p2k sin2 o, - k2p' 
P=IJ.-=[J. p (10) 

• .4. p2 (ep+ k)sin 20kp-k2p'' 

which agrees in magnitude with but differs in sign 
from the expression previously derived. 5•6 The 
disagreement in sign is a result of different as
sumptions regarding the ratio of the constants C 
and C'. Namely, we assume, in agreement with 
recent data, 8 that for the V and A interaction 
variants the relation C = + C' holds; whereas 
Sawicki and Szymanski5•6 assumed C = - C'. 

Let us further note that the terms in expression 
(1) proportional to Dk and Dp are not due to par
ity nonconservation and represent scalars of the 

type ( ay • k) ( k • 7J) and ( ay · k )( p · 7J) where ay 
is the circular polarization vector of the photon. 

Lastly, the expression 

w2 (Okp• o.r.P• eT,,) = A (6kp) + Bk (6kp) cos onk + Bp (8kp) cos onp 
(11) 

represents the desired angular distribution of un
polarized photons from the {3 decay of polarized 
nuclei, accompanied by internal bremsstrahlung. 

4. Let us look in more detail at expression (11). 
After integrating it over the angle e7JP we obtain 
the expression for the angular distribution of un
polarized internal bremsstrahlung photons from 
the {3 decay of polarized nuclei in the form 

(12) 

where the asymmetry coefficient ak is given by 

[ -2o1,1;Yhl (h + 1)(a)(1)A+[(2iz+1)/(2h+ l)]g\(a)\ 2 A2I 
r7.k = Pn [o j,j, I (1) 12 + [(2iz + 1)/(:Ch + 1)) I (a) 12 A2) 

X <D (~. k), (13) 

and <I> ( .6., k) is a function of the {3 -transition en
ergy and the photon energy k given by 

6ep + 4k- p-1 [e~ + m2 + (ep -1- k)2]ln [(sp + p)/(sp- p)) 
(})(~ k)= . 

' -4 (ep + k) + p-1 [e~ + (sp + k)2] In [(ep + p)J(ep- p] 

(14) 

The table shows numerical values of the function <I> 

integrated over the {3 -electron energy (all ener
gies expressed in units of mc2 ). It is seen from 
the table that the asymmetry coefficient is quite 
large and does not depend strongly on either the 
energy of the {3 transition or on the photon energy. 

Values of the function <I> (.6., k) 

k 

~ 
0,1 0.5 1.0 

4.0 -0.58 -0.64 -0.78 
3.5 -0.55 -0.58 -0.71 
2.2 -0.53 -0.55 

By integrating expression (11) over the angle 
e1Jk we get the angular distribution of {3 electrons, 
which have emitted a bremsstrahlung photon, from 
the {3 decay of polarized nuclei; this represents one 
of the radiative corrections to the asymmetry coef
ficient in the Wu effect. 

In conclusion the authors express their deep 
gratitude to Prof. Shapiro for suggesting this 
problem and for useful discussions. 
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