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A general formula is derived for the B-y correlation of B-decay electrons and circularly

polarized y rays emitted by the excited daughter nucleus.

First-forbidden B transitions

are considered. The calculation is performed for an arbitrary mixture of 8 couplings,
with the nuclear Coulomb field, in particular the so called “Coulomb terms,” taken into
account. Two special cases are considered, unique and Coulomb transitions.

ONE of the experimental consequences of parity
nonconservation in weak interactions! is the appear-
ance of spatial asymmetries in the angular distribu-
tions of B -decay electrons and circularly polarized
v rays emitted by the excited daughter nucleus. A
theoretical calculation of the degree of asymmetry
for first-forbidden B transitions was given by
Alder, Stech, and Winther.2 Assuming the B in-
teraction to be a mixture of the s, t, and p co-
variants, they calculated the angular distribution

of B electrons and of y rays emitted immediately
following the B decay. They included effects due
to the nuclear Coulomb field but neglected the

terms which, in heavy nuclei, give rise to so called
“Coulomb” transitions.

The aim of the present work is to study the B-y
angular correlation of circularly polarized y rays
in first-forbidden B transitions, in particular in
Coulomb transitions, for an arbitrary mixture of
covariants and including Coulomb effects.

The probability that in a vy transition following
B decay the y ray is emitted at an angle 6 with
respect to the direction of the electron momentum
is given by

W (h) = ngA(RPR (cos 0) (2R + 1), (1)

where BR is a coefficient which depends on the
characteristics of the p-decay (interaction coup-
ling constants, nuclear matrix elements, electron
and neutrino energy and momentum, nuclear charge),
and yR is a coefficient that depends on the charac-
teristics of the vy transition (spin of the final nu-
cleus, multipole order). The quantity R, which
determines the order of the Legendre polynomial
PR (cos 0), is related to the order of forbiddeness
Il by 0=R=2l+1, and varies between 0 and 3
in the case of first forbidden B transitions.

The quantity yR can be calculated for an arbi-

131

trary 7y transition — pure electric, or pure mag-
netic, or mixed. In the case of a pure transition
YR does not depend on the transition type and is
given by

1R = Cio V(@ + 1) @L+ 1) W (2fsRL; Ljs),  (2)

where j, is the spin of the excited nucleus formed
after B-decay, j3 is the spin of the final state to
which the vy -transition proceeds, and L is the
multipole order of the <y -radiation; p=+1 cor-
responds to rlght and left-circular polarization
of the vy ray. CL “HRy i a Clebsch-Gordan coef-

ficient’ and W (32]3RL; Lj;) is a Racah coefficient
tabulated in reference 4.

Occasionally the nuclear 7y radiation is a mix-
ture of electric radiation of multipole order L + 1
and magnetic radiation of multipole order L. We
denote the ratio of the amplitudes of electric and
magnetic radiations in the mixture by a constant A,
so that the ratio of the corresponding intensities is
A2, For such a radiation

1R = CLZEX V(@ + 1) @L + 1) W (jufsRL; Lj»)
CLrBV@h+ ) ERL+ )W
V@i+1)ECL+3)
3)

T+22L+1
‘*‘QUAV SL+12L+3

.. g — L+2
X (iajsRL; L + 1js) + ACLHTER 5775

2 W (jajsRL + 15 L + 1js).

W (0) is also given by formula (1) if angular
correlation of a S electron with any vy ray from
a cascade accompanying the B decay is considered.
In that case yR will depend on the characteristics
of that y transition as well as on those of the vy
transitions preceding it. Thus, if an excited nucleus
of spin j, is formed following B decay, which
emits successive y rays of multipole order L,
Ly...L, as it cascades through the levels of spin
j3-..Jn+ss the angular correlation function W (#8)



132 Yu.

of the electron and n-th y ray will contain for a
pure radiation

1o = Cr"2em® Y @lntr + 1) @La + D)W (jutajnte RLas Lajni)

n—1
x 1] V @iit1+ D@irra+ 1) W Gega LiRjixos Jigeiirr): (4)

i=1

and for a mixed radiation

Tr = [C 24"V @tz + D@La + D W (jntainreRLas Lojns)
L,+22L,+1 5 g
+2WA”L/;LM+1MW+3C%+FW

X W (jnt1jnts RLa; Lo + ljnyq) + AL CEnt2—enR0

Lpti—up

V(2j11+1 -+ l)(2Ln + 3)

L,+2
2L, +3
X V(2jn+1 -+ 1)(2Ln -+ 3) 4 (jn+1fn+2RLn + 15 Lo - ljn-'rl)]
n—1
X H [V(2j1+1 + l)(2fi+2+ Hw (fi+1Lini+2§ ji+2i«‘+1)
= (5)
+ APV lerr+ @ik + )W (jigaLi + 1Rjiy2s jiveliv )]s

where A, A;...Ap describe the relative amount
of electric and magnetic radiations in the y tran-
sitions Ly, Ly...,Lp, and pp gives the circular
polarization of the n-th vy ray.

The quantity BR is calculated in this work for
first forbidden B transitions without taking into
account finite nuclear size corrections. It has the
following form:

Be=2 (1" RV +TW (iiRis ). (g

Here j; and j, are the spins of the nucleus be-
fore and after the B transition, and J and J’ rep-
resent the total angular momentum of the electron-
neutrino pair and may be equal to I, I+ 1 where !
is the order of forbiddenness. W (Jj;jRj,; joJ’) is a
Racah coefficient.* f(J, J’, R) is a complicated
expression which depends only on the interaction
coupling constants and nuclear matrix elements.
The form of f(J, J’, R) for a general first for-
bidden transition is given in the Appendix. Some
special cases, easy to interpret, are discussed
below. The calculations were performed with the
B -interaction Hamiltonian as given by Lee and
Yang.1

The electron wavefunction can be written as
follows:®

b = [A- 1 ++ By, + Ciper-1 + Dipery,

. . .oz
+zN—:-7+LM%747]ug, A=y + 1)+zg—p—E;

c=trfiv e N2l B= i
D——ilt M=iY+O Vg g =YT—wzy
v = VE—%Z% (= 121 (2y; +1) T (y2 +iaZE/p) . (7

T TQRv+1) T(n+iaZE/p)’
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where p is the electron momentum, E its total
energy, Z is the charge of nucleus 1, vy,, ¥ are
four-by-four matrices, and ug is the unit two-

component spinor.

It is easy to see that this form of Y will give
rise to three types of terms in first forbidden S
transitions: relativistic terms, whose matrix ele-
ments are of order vp/c (vn is the nucleon veloc-
ity in the nucleus), ordinary nonrelativistic terms
of order pRN (RN is the average nuclear radius),
and Coulomb terms of order «aZ due to the nuclear
Coulomb field. In heavy nuclei the Coulomb terms
are dominant and all others may be neglected. Beta
transitions of this type are called Coulomb transi-
tions and they are in many respects similar to or-
dinary allowed transitions. However there is one
important difference. Whereas in allowed B tran-
sitions terms testing time reversal invariance ap-
pear as small corrections, in the case of Coulomb
transitions they can play a leading role. This cir-
cumstance makes a study of these terms particu-
larly interesting.

Whereas the quantity yr can always be calcu-
lated from the formulas (2) to (5) if the spins of the
excited states of the final nucleus and the multipole
order of the y rays are known, the computation of
Br is complicated by nuclear matrix elements
which can be estimated only with great difficulties.
This naturally leads to a consideration of various
special cases of the general formula where the
number of unknown nuclear matrix elements is at
a minimum.

1. COULOMB TRANSITIONS

This type of transitions is found in heavy nuclei
when the conditions @Z > pRN and aZ > vp /c
are satisfied. In this case BR depends on three
kinds of nuclear matrix elements whose numerical
value is unknown: <r/r>;, <(r/r)o>,,
<(r/r)oc>4. All three enter into Aj =0 transi-
tions, only <r/r>; and <(r/r)oc>; enter into
Aj = =1 transitions so that the asymmetry coeffi-
cient depends on two ratios of nuclear matrix ele-
ments in the former case and on one ratio in the
latter. Aj = +2 transitions are forbidden. The
quantity BR is given by

Bo=1[2Reg | <r/miP—2 V2Re(gy,+ &) <r/rmnd(r/r)on

\

+ 2Re g, (31<(r /1) 3o -+ 21<(r /1) s )] (X + Xa)

[(8es + o) | 7 /1112 =2V 2Re (g + 8,) <r /™1 (r | 1) o pn
®)
@+ 2B /1) Do+ 21<(r /1) 31 P (X + 5 Xaa).
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_ P (Y — 1)2 + aZZZ ’ ’ VB—
b= BT EL (o gy rir, i, s,
JJ

— 2Re (g — €y) < /1, < /1) 90, (318 + 252 8,8,

+ 2Re (g — €, )(r /1) 35, < /1) 35, 2028

J1 J’1J

7 143
+ 92 (L= ) [20mg,, (/< 1,55 8,8,,

2V3

— 21 (gl = £,) < /5 119, (1,3, + 225,03,

+2Img, {(r/r)ed,K(r/r)s), —5— 2 VB 8 8!'1]}

X V24 1TW (Jjy s jal)-

Since R can only be either 0 or 1 it is convenient
to write formula (1) as

W/(G)::l—l—)\%cosf), 9)

where v is the electron velocity and the angular
asymmetry coefficient A is given in terms of B8R
and yR by

E Biv:

A== .
P Bovo

(10)

Coulomb transitions are of interest mainly in
connection with the question of time reversal in-
variance. Should even one combination of the imag-
inary parts of the interaction coupling constants
turn out to be different from zero, violation of time-
reversal invariance would be proven. It is easy to
see that the expressions multiplying the imaginary
and the real parts of the coupling constants behave
differently, namely the former contain an additional
factor «Z/p which increases with decreasing elec-
tron energy and increasing nuclear charge. Conse-
quently a study of the energy dependence of the
asymmetry coefficient A in heavy nuclei would give
an estimate of the contribution of time reversal non-
invariant terms in B decay.

Recently a number of hypotheses have been put
forward regarding the covariants involved in B
decay. One of them, proposed by Feynman and Gell -
Mann® and consistent with the two-component neu-
trino theory developed by Landau’ and Lee and
Yang,? states that

Ci=Ci=Ci=Ct=0; Co=Cy Co=0Co (11)

In that case formula (8) becomes

0= = 21CBI<r /PP =4V EReCLCalr [ (e [N oo+ 21Cal (31700l + 214 /1) 31 P (X + 5 X))

R A = e PN PP M A

JJ

3, 4ReCC'(f/f>j((f/r)°>1/(Jfo 8, +

_ 12
2V3 5 8 (12)
3 J17Jn

20 Ca 19, < 119, 25T 8,8, | VER T TW (it ful):

Formula (12) permits the study of ratios of nu-
clear matrix elements and can be used to determine
unknown spins of nuclear levels.

Examples of Coulomb p transitions are: Re
Ir!%, Aul®, An!%, Bi212 Np?s,

186

2. UNIQUE TRANSITIONS Aj==%2

In this case, as a consequence of selection rules
for the nuclear matrix elements, most of the terms
in expression (16) are to be omitted. BR becomes
independent of the nuclear matrix elements and is
given by

ABOZQRegat[ (XlF -+ X)*L ’: <X13 T Xlﬂ]
e (s )

b= =15 F [ =g (#X: + 5 Xus)

-+ (gtt + gaa) [qz (Xl -

+20m g, (@°Xs + £ Xoo) |V 2 F T W 2 1isi 122

V7o

b=—gg 1 [2 Reg , (XB E X14)

+ G+ 2 (Xos+ 5 Xua) | VIR T TW (2122035 122);

l70p

35 = 35 E [(I“

g..) Xus

+2Im g Xaol V2o + 1 W (2] 3]z jo2)- 13)
The Xj are given in the Appendix, formulas (17).
As in the case of Coulomb J transitions the

terms violating time reversal invariance have an

additional factor «Z/p. If time-reversal invari-
ance holds and the hypothesis (11) is valid the quan-
tities BR may be calculated exactly since they are
then independent of the interaction coupling con-
stants. Omitting factors common to all AR and

irrelevant for W (6) we obtain from (13)

3o = qz(xl + '1—X2> + _pj <X13 + —1‘X14>;

30
b= Y2 (2K 2 Xg) VI T TW @iy 1 122);

= — Ym0 g2 Xua + o Xar )V 1 W (211 215 1a2);

VIO o V2 1W (24, 3 2). (14)

Bs=—'§'P
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{A>r By K(A, B, R
/ 1 1
Y520 {Ysdo [(gaa + &pp) KXl +-F Xz) —2Re g,, (X; F+ Xa)] Bro
<YsDe <aD1 [2Re (g, — E,g) Xa -+ 21 (gt — E30) Xl - 3Bpy
1 1 — . , , [/ Jp—
<ad {ad1 [(gw + g4 <X1 + E X2> — 2Re gy (X1 E + Xz)] 3V3 3o T+ (g, — 84¢) X3 — 2Im g, X4] E Ve 3py
Lr31{rn

<r»1<red,

<ro1rep

<riy {rads

LIRS

<ro)1<rey,

Kre), {rey,

{red1<{rop,

(re31<ro)s

(reda (rods

r[radrn

<f/f>]<r0’>o

1 1 - L V30
[2Reyy (30 5+ Xa) 4 (g + 80 (X1 + 5 20| (@VFog, + G-V Boge— 127557 850)

pq( V3 V30
+ [2Re (gss - gvv) X7+ 2Im (8ps — gw) Xs] E (— 8R()'l' 15 8RZ)

’ , ’ ’ P 1 , , ’
[2Re (g4 — 84q) X1s + 2Im (gy — €55) X16] =378y + [2Re (g4 — gy0) Xs + 2Im (g, — 8sa) Xal E 8R1

, , 1 , , 1 Pq
+[4Re (€ + g2a) (X5 5 + Xo) +4Re (gt 800) (Kot 7 X0)| 5 3

, , , , pg® V3 pq/ V6 2V15 >
[2Re (gz;a - gsl) X3 + 2Im (gsa - gv{) X‘] -E‘_. T 8R1 + [zRe (gqv - gts) XT + 2Im (gas - gtv) XB] T (TSRO - 15 R2

VE 2V15
+ [2Re (g4 — gyq) X7+ 2Im (g — &) Xa] E (TSRO‘I' 15 st)

. . 1 V3
+ [ZRe(gvrkgm) X5 §+ Xs> +2Re(g+8,,) (Xs +F Xs)] pg—3 3z

V70
3 R1 p2 W 8R3 +[zRe(gsf—gua)X7+21m(gut_gsu) YS]

, , , , p/ VS_ 2V5
[2R€ (gst - gva) Xs + 2Im (gvl - gsa)X4] E— \qz 3 R1 + p- —
tq V5 . 1 Vs
X pg < dpot+ [ZRe (@t + 50) <X5 = + Xs) + 2Re (g4 + &,4) (Xs +F Xo)] Pq —3~ 3gy

1 \ 1 1 1 p?
[ZRe g"‘(xl ET Xz) + (8n +80) (X‘ +F X“)] P8Ry + [2Re &at (Xls Tt Xu) + (g4 + 840 (Xls +F Xu)] 3 %R0

- p*q
+ [2"@' (gaa - gtt) X7+ 2Im (gta - gat) Xs] E 8R(»

: 1 c 1 V2
[2Re ggt(x5 £+ XG) + 2Re (g4 + 84a) (Xs +F Xe)] Pq —3 3py

p¥q V10

[2Re (g — 8,0) X7 + 2Im (g,s —815) Xsl F~ "5 Oro

[2Re (g — 2,e) X» -+ 21m (g — gro)Xsl - (5>

2V'3 V30
3 sRo‘*‘TSm)

1 1\l .,vys . pg* V6
+[2Regat(X1 5 +X2)+ (84 + 822) (X1 +F ij] Q'V38R0”“[(gn g,,a) X3+21rngatX4] E -9

6 °Rt

1 1 3 V30 F . P V6
+ [2Re gal(xlsf‘l'xld)'l'(gﬂ+gaa)(X13+E—Xl4)B3_kV-3 3Rot 3_08R2) — (@ — 8aa) X1s + 2Im gy Xne] 55—

SRi
. 1 . 1 Ve
+ [4Re &at (Xs E + Xe ) + 2Re (gy + 844) (\Xs +E Xe)] pq—3— dpy
p2q V10 , 1 : . . 1 V1o
[2Re (g -— 840) X7 + 2Im (gor — g44) Xs] Eq T %t [4Reg,,, (Xs g+ Xs) + 2Re (g1 + €aq) <Xs +F Xs)] Pq—3 ¥y

* V30
[ZReg,a (X1 g+ Xz) + (84 + 8aa) (Xx +F Xz)J g V53 3Ro— [(gﬂ gaa) X3 + 2Im gatX4] 5 Ort

- V70 . . V30 V70
+[2Regta(xla§+X14)+(gﬂ+gaa) <X13+FX“)]?<V58R0_3_08R2) — (g4t — 8aa) X1s + 2Im g Xne] —f ( 30 %Rt — 35 O&3

1 : Ve
[2Re (850 — &us) (x9 +F X10> + 2(g,, — &) x,o] pV38p, + [4Re g X1 + 2(g + gyp) X12] z-: 3 3

p? V3 V30
+[4Re gsvxl9 + 2Re (gss + gvv) Xa0] T< )

3 SR+ 5 3re

L, ., P ., 1 . 1 p
— [2Re (g4, + g,5) X11 + 2Re (g4 + g,0) X12) ESri t [ZRe (8o — &¢s) (XH E +X13> +2Re(ggy—84s) (X17+ E Xls)] 3 3p;

)
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{AYg By K (A, B, R)
<rirsy <rode [ZRe (a—ts) <x9 . +X1o) +2Re(@ty— ) (x + 5 xlo)] pV g,
2R (g + £ X -+ 2Re (g ) Xl 252 i,
IR (g + Beg) Xao + 2R (g + £00) Xool - (S5 XS st ALY
+[2Re (€ao—815) (X17E—1+X13)+2Re(g,’v — g (x17+5x,8)] p—y—; Sri

{riroreds
L(r[r)oyedrin
<zr/r)6>o<f°>o

L(rir)sdelran

9 p* Vs N ’ ’ 1 . . 1 143
[2Re (g.4 + £5q) X1o + 2Re gyt + 810) Xo F 75 9re +[2RC (8a—8ts) (X17E+X18> +2R0(g,v——gas)(xl7+ T XM)] -3 3z

’ , ’ . p? , , 1 . ) ! o
[2Re (g7, + &50) X1 + 2Re (G =+ Gog) X125 8p, + [2Rc (8 8oa) ( Xig + Xls) 4 2Re (gy— g.) ( Xur + 3 Xus )]PSR«.
. TR ‘ ' o
[2Re (Baa — &1#) X1o + 2Re (@15 — Lar) (.X° TE X‘"/’] p3dg, — [4Re g4, X10 + 2Re (g + €aa) X2l F Opy
[4Re gy Xnr + 2 (2 - €.) Xus] 2o VT8
atX 11 81t + 8ag) X12] F R1

o p2 V10
[4Re g;,X10 + 2Re (g4t + 840) X20l F 5 ¥R

(r[r)odelreye
1 ‘ 1
<(I’/f)0>1<r>1 [2RC (gst — gz,a)(Xg E‘ —+ X10)+ 2Re (gv,— gsa)()(() -+ E‘Xlo)]pl/ GbR()
2 2V3
— [2Re (ng + gsa) X1 + 2Re (gst + g;.a) Xie] E 3 3p1
Ve 2V15
+ [2Re (g4, + &45) X10 4 2Re (8¢5 + £40) X20) ( 3 %o TSR‘.’>
L T P’ s V2
{rIrediKra, — [4Re g 2 (8 + Bra) Xuol T VT3, + [ 2Re (g — ) Xio— 21m gly (Xoo + 5 - Xus) | PS5 By
_ , , , p? 2V6
L(riryey1ired, [2Re (g4 — Zqa) X10 + 2Re (g4 — &¢,) Xol P2 V3 3po + [4Re g4, X1 + 2(gy + €44) Xa2] E 3py (“ T)
27 2V3 V30 . . e 1 Ve
+ [4Re g4, X19 -+ 2Re (g + &4,) Xool- ;;‘ ( 38— 15 SRZ) + [2Re (84t — 8aa) X18— 2Im gy K“(IT - F z\lS)] P—3~ 3R
. pr V1o , , ) , 1 V10
(r[r)od1<re)e — [4Re g4, X190 -+ 2Re (g + 8,4) X2o] E 5 Spe + [2R0 (81 — 8q0) X1s — 2Im g { Xaz + Xls)] P35~ dgi
1 \ 1 - ’ , , Ve
rirdrim v [.‘ZRegS_‘, (le o Xoo ) —(gss + &00) (sz +F X?z)] V38p, + (g — goo) Xos + 2Im g, Xoy] pE 3 3
LrryrL(rjr) 6>, [2Re (g;,a - g;l) Xas + 2Im (g;a - g;'t) X % SRi
. ! 1 1 ) .
Krjroil(rjr)on - [ZRC (gt T+ 8sa) (\le £+ Xzz)— 2Re(g1+8.0) le—i-Exgz ]I 635,
2V3
+ [2Re (gza gst) X253 + 2Im (gsa - gzt) Xoaf - -3 8RI
1 1
rfr) ey ol(r/r) o), [2Reg,a (Xgl T -+ Xz;:) — (gt;-l- gaa) (Xn -+ E ng)] 38R“
1 ) 1 - . . cLp2VE
(r/nen(riryoys [ZRegm (X‘-’l T+ X ) — (84t + Caa) KX’I - F :2)] 2V 38z, + (81— aq) Xes + 2Im g4X24] E 3 Sri
Comparison of these exact results with experi- 1 oy 2 1 \
2 2 x. P 1 .
ment makes it possible to check the validity of time Bo=4q (Xl + X-) + 3\ X1z + E X“) ’
reversal invariance for B decay. For unique S B, — V42 /e + 2 Py ) (15)
transitions the experiments could be performed 1 \q o 18
i i ich j; =1 i = V 21 \ V7 v
with the Y°' nucleus, for which j; = 4 and j, By = — ot p? ,\Xm + FX“); By = — Y P* L X

%.% Formulas (14) then give
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To summarize: the study of B-y angular corre-
lation of circularly polarized vy -rays in first for-
bidden B -transitions is of interest in two cases:
Coulomb transitions in heavy nuclei and unique
transitions. Apparently only in these cases is a
simple interpretation of the results possible.

The author expresses his gratitude to Prof. I. S.
Shapiro, who suggested this research, for valuable
advice and constant attention.

APPENDIX

For a general first forbidden B transition the
quantity f(J, J, R) [cf. formula (6)] has the form
(16)

where <A>j and <B>js denote arbitrary nu-
clear ;jeduced matrix elements. Thus f(J, J’, R)

F(, 0 Ry = D<A, (B>, K(A, B, R),
A,B

a*Z® E

@22 E? 41 E .
2 P

4 p? 5 Xp=—

1)2

a?Z?(Et 4+ 1) | .aZE

Xo=Ug[m+ 16 +2) + 228 2

1 . . Z *
X7=5C [P+ 1) (12 +2) + a2Z2p + iaZE (1o — 11 + 1)]; X8=°§;(72 +1+3)C;

ZE
Xu =a27(1 —M)s

2)2 272 A ) 1) — o272
Xig = [CpOERFET X =S IP (e 2 Xy =gt a2

K= frE D — ) =L+ 1 Xo=5 [+ 22 +enEl
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is the sum of all possible products of pairs of such
elements weighted by the factor K (A, B, R) which
depends on their specific form. The table lists all
nonzero values of K (A, B, R) for different pairs
of matrix elements <A>j and <B>j. Inthe
calculations <A>jy and <B>js were assumed
to be real.

The table contains a number of abbreviations.
The quantities gy; and gg,z stand for the follow-
ing combinations of coupling constants:

g,.=CC,+CCr

[Coi 6= C,C0+C,Cl

Here Cy, CS, are the coupling constants for the
covariant y (y corresponds to s, t, p, etc.),
where the primed ones take into account parity non-
conservation in B8 decay.

The quantities X; have the following values:

,+12+ 222. A
X =P EE, X =+ 1);

Xaa = Koo = g 10Zp (s — 2+ 3) i (1 + 2) (s — B) + o222y Xy = L[ 2E (12 — i (2B DD $ 227,

(i— 1P ER4+1 | 0222,
X = =7+ R

2p?

The general expression for f(J, J’, R) con-
tains a number of reduced matrix elements satis-
fying definite selection rules in the total angular
momentum J (J’) of the electron-neutrino pair
and in parity. Our notation for the reduced matrix
elements differs from the generally accepted one,

<y, = (j2| Y1 (r) 172);

X,, — L 1PE.

1 .. [a2Z2 .aZ .
+l~('rz—"n+l)]; Xo=—=5C [p.2 E+z;7_(72__71_,_1)];
. a?Z? V4
X9:lﬁz7? Xm:a?'n;
5 a2Z2 E
2 X14:_?Cl2a8 p—2§
8p g
aZE
8p
_12+a222 VA
; Xpy=nz P eZ )4 ; X24=;7,(1—'n)~ @an

J=1,

but it simplifies the final results. We give these
matrix elements below in the notation of Rose and
Osborn!? together with the appropriate selection
rules. Nuclear matrix elements differing by the
operator B =7y, were assumed to be the same.

lie— I <<I <o+ 1, yes;

roy, = (RIThE o)1) 0<IS2, |—iniISISh+in Yes; {y), =57 (e Yo(t)opli); /=0, jo=j, yes;
1, . , L . .
@), =—3r(2lTwm el J=1, lie—il<JI<je+ 1, yes;
RRTIE . . . P .
<f/f>J=(]2 ';'Yl(r)“.h); J=1, !]2—]1\.<J%]2+]1» yes;
Ll 1 . . . . .
(rine, = (idf|+ @ i) J=01 =i | <I<Jet i yes. (18)

Note added in proof ( August 28, 1958). Recently
M. Morita and S. Morita published an article (Phys.
Rev. 109, 2048 (1958)) containing formulas for B-y
correlation of circularly polarized vy -rays for ar-

bitrary mixtures of covariants but without interfer-
ence terms between the s, t, p and v, a covari-
ants. The case aZ > 1 is considered, but the con-
cept of Coulomb pB-transitions is not introduced.



BETA-GAMMA CORRELATION IN FIRST-FORBIDDEN BETA TRANSITIONS 137

IT. D. Lee and C. N. Yang, Phys. Rev. 104, 254
(1956).

2 Alder, Stech, and Winther, Phys. Rev. 107, 728
(1957).

3G. Racah, Phys. Rev. 62, 438 (1942).

4Biedenharn, Blatt, and Rose, Revs. Modern
Phys. 24, 249 (1952).

5Berestezky, Joffe, Rudik, and Ter-Martirosyan,
Nucl. Phys. 5, 464 (1958).

$R. P. Feynman and M. Gell-Mann, Phys. Rev.
109, 193 (1958).

TL. D. Landau, J. Exptl. Theoret. Phys. (U.S.S.R.)
32, 407 (1957), Soviet Phys. JETP 5, 337 (1957).

8T. D. Lee and C. N. Yang, Phys. Rev. 105, 1671
(1957).

9B. S. Dzhelepov and L. K. Peker, Cxempr pacmazxa
paguoaxkTuBHbIX u3otonos (Decay Schemes of Radio-
active Isotopes), Acad. Sci. Press, 1957.

1M, E. Rose and R. K. Osborn, Phys. Rev. 93,
1326 (1954).

Translated by A. M. Bincer
26



