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The energy correlation and asymmetry of emission of particles produced in leptonic decay of
hyperons, and also the polarization of the emitted nucleons or secondary hyperons, have been
calculated with account of all six form factors of the decay V-A interaction. A method of com-
parison of the theoretical formulas with the experimental data is suggested, which permits in
principle to determine the form factor. A similar calculation is presented in the appendix,
when all five types of decay interaction are retained and the form factors are neglected.

1. INTRODUCTION an investigation of the energy correlation and
asymmetry of the particles emitted in the hyperon

THE recent observation!? of the decay A —p decay. Formulas for the energy distribution,

+ e~ + v gives grounds for hoping that leptonic de- asymmetry of emission, and polarization of the

cays of hyperons will soon be experimentally inves- emitted nucleons (or secondary hyperons), and
tigated. Such an investigation is particularly inter- also the total probability of the decay, are written

esting for the following reasons. On the one hand, out in Sec. 4. The indicated quantities where cal-
the theoretical analysis is made much easier here culated previously by one of the authors’® only for
by the fact that all the particles in the final states the Cy and Cp form factors. Reference 5 con-
are free (accurate to inessential Coulomb forces). tains, however, many inaccuracies which are cor-
This permits an exact calculation of the process rected in the present paper. In section 5, some

with account of the weak decay interaction, naturally, features of the decays Z — A + e + v are con-
only in first-order perturbation theory. On the other sidered.

hand, the influence of strong interactions should lead

to the appearance of energy-dependent form factors 2. FORM FACTORS

of the decay interaction, which affect the experimen-
tal results. An investigation of the B decay of hy-
perons can therefore yield certain information on
the role of strong interactions, as takes place in the Y>N-+1+4y, 1)

scattering of fast electrons by nucleons. where Y is the decaying hyperon, N the nucleon

The' present wc.>rk is devoted to a theoret%ca1 or hyperon in the final state (processes of the type
analysis of leptonic decays of hyperons. It is as- == — A+1"+7 are meant), I is the electron or

sumed from the outset that this decay is due to = . . .
the universal four—fermion V-A interaction.3t muon, and v is the antineutrino. We shall hence-

. S . : forth omit bar over » in the indices.
This assumption is natural, since the universal . e e o
. In calculating the decay probability in first-order
V-A theory has thus far been most brilliantly con- . -
. ) . . perturbation theory, the matrix element of the S
firmed by all experiments on weak interactions

(incidentally, always without participation of matrix Is given (in the case of the VA theory) by

the expression®
strange particles). The question of the possibility P ton

Leptonic decays of hyperons can be written in
a unique manner

of determining the variants of the interaction re- ; 4 N — D — Dy ‘ i_
sponsible for the leptonic decay of hyperons di- L8 oy — Py —pi—p) <N 14 T (O)| Y>
rectly from experimental data is considered in X (e € 4+ 15) wy), (2)
Appendix B.

The form factors of the V-A interaction are where for each particle B, |B> is its real state,
introduced in Sec. 2. Section 3 is devoted to the upg is the free spinor, pp the four-momentum,
possibility of determining all the form factors in and G =1.4 x 1074 erg-cm? is the Feynman-Gell-
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DETERMINING THE FORM FACTORS IN LEPTONIC DECAY OF HYPERONS

Mann constant.? The current Ju(x) = JV (x)

+ Jli (x) is a superposition of the currents

(BN (X) Yudy (X)) + (BN (X) vu¥s¥y (X)), where

Y and N are different baryons (¥ (x) is the
operator of the particle B in the Heisenberg rep-
resentation), and also of the currents that can be
made up of the boson (i.e., K and 7 meson) op-
erators.

The existence of strong interactions makes a
direct calculation of 272 <N| GJ, (0) |Y> im-
possible. The most common form of this matrix
element follows from the relativistic invariance

< _}%Jp ©] ¥ = @ (1. Cv —Car)

+ 0wy (Py — PNy (By — Bays)
+ i (py — pn)u (Dv — Davs)} uy). (3)

In Eq. (3), Cvy, CA, By, Ba, Dy, and Dp are
real (because of the CP invariance) functions of
the invariant

Q= — (py— pw)* = my + my— 2myExn

(the last equation is true in the rest system of Y).
From the conservation laws we have

m << Q< < Ey <(m¥y + my — mi) [ 2my.
(4)

Unlike ordinary B decay,® in the decay of hy-

perons there are no grounds for assuming Bp

and Dy equal to zero, so that the expression for

the decay probability should include, generally

speaking, the interferences of all six form factors.

In the case when ! is an electron, only four form

factors remain, Cy, Cp, By, and By, since

Dy and Dp make a contribution proportional to

the square of the electron mass, which is negligibly

(my— mn)?, my

small compared with the other quantities ofthe theory.

The dependence of the form factors on Q% is
not known beforehand. If we write the power-
series expansion

Cv(@) =Cr ()1 — § Q% (C) +--] (5)

with analogous expressions for Cp, By, Ba, Dy,
and Dp, this dependence will be determined by the
quantity a, the B-decay “radius” of the hyperon,
analogous to the corresponding electromagnetic
radius, which characterizes the distribution of

the charge or magnetic moment in the nucleon. It
follows from the experimental data’ that in electro-
magnetic interactions a ~ 0.8 x10™¥ cm ~ 1/2m,.
We have no grounds for assuming the pB-decay ra-
dius to be much greater than this. But if this is so,
then in (5), for example, QZ%a%/6 =< 0.09 for the de-
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cay A—p+1"+v and Q%?%/6 <0.18 for =~ —n
+ 1+ v. Since these quantities are relatively small,
the series (5) will apparently converge rapidly, and
the high powers of Q? can be neglected in it. It is
natural also to expect that in order of magnitude

B (0) ~ D (0) ~ aC (0) (6)

with a ~ 0.8 x 10713 e¢m; Egs. (5) and (6) will be
used later on for various estimates.

3. ENERGY CORRELATIONS AND EXPERIMENTAL
DETERMINATION OF THE FORM FACTORS

The largest amount of information for the ex-

perimental determination of the form factors enter-

ing in (3) can be obtained by investigating the energy
correlation of the particles produced in hyperon de-
cays. It is convenient here to introduce the dimen-
sionless variables. (all the energies are taken in
the Y rest system)

2m = [El Ey1+‘fz/J]

2 /
my, — n/J]’

J = Q*/(my—my)?, m= mji/(my— my), (7)
analogous to the corresponding variables for the
Kps and Kgg decays, considered by Dalitz® and
Kobzarev.® The conservation laws limit the range
of permissible variation of X and J to the line
J=17 (n=0 in the case of electronic decays)
and the hyperbola

=X, (N=(1—J)(1 —¢), (8)

X =

where the small parameter ¢ is determined by
the equation

£ = (my — my) [ (my + mpy). (9

The values of ¢ and 7 (for I =p) for different
decays are listed in the table. The range of varia-
tion of X and J is shown in the figure. The
focus of the hyperbola is located at the point X =0,
J=(£2+1)/2. When £ < 1, the hyperbola is
almost identical with the parabola

X24-J=1, (10)
J
!
“ /6|6 \0
X
-05 0 95 1
Energy correlation on the XJ plane. Curve a: X? =%(1—-J)

x (1= £2]), curve b: X* = (1=-])(1-£2)), line parallel to the

3 icr T =7 — m?2 _ 2
abscissa axis: J =9 = m‘u/(mY m ).
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According to (7), Ey, |pyl, E7 and E, are
expressed in terms of X and J by the equations

Ey =my + = E(I—J),

1+E 1+E V(I_J)(l'—?'])
E’=”;(1+s) [a+en(t+3)+x(1—=3)]
Ev=Prrg 1 W —XI(1—F).

“TW
N X () =

pw | = =

1)

It is seen from (11) that for electronic decays
(n=0) and for £ <1, Eg is expressed only in
terms of X. To obtain the dependence of the decay
probability on Eg it is sufficient in this case to
integrate with respect to J from 0 to 1—X2. The
integration is always elementary, for the depend-
ence on J is that of a power law.

The leptonic decay probability calculated accord-
ing to (2) and (3) with given X and J, and also
with given angle between the vector of polarization
of the decaying hyperon, {y, and the unit vector
ny in the direction of motion of N, has the form

daQ —
dW (X, J; Qr, ny) = dxd] &y (my —my)? (1 1")2

1678 4n (1t €7
X [S(X, J) + Ry (X, J)(Gyny)l.

12)

S(l)+S(2)+S(3)+S(4)=

BELOV, MINGALEV, and SHEKHTER

Formulas for S(X, J) and RN(X, J) are given
in Appendix A.

If each decay event is now represented by the
points X and J on the figure, then an analysis
of the distribution of these points leads to certain
conclusions regarding the magnitudes of the form
factors, all of which are functions of J, but not of
X. In such an analysis, in particular, one can de-
termine independently the six coefficients of X',
X!, and X? in S(X, J) and RN(X, J). Actually,
if the hyperbola X% = 3X%,(J) =21 (1-J)(1 -£%47)
is drawn, the region of variation of X and J is
broken up in four parts, as shown in the figure,
and an integration performed with respect to X
in each of the sections, one can obtain the energy
distribution S(l)(J ) and the asymmetry of emission
of the nucleons R(l)(J ) in the i-th section:

aw;(J; Cy, ny)
d_ (my — my)®
X (1) Y —g (=)

X [SY(J) 4 RY () (Tynn)l. (13)

For electronic decays (1 =0), the only ones con-
sidered in this section, it follows from (A.1) and
(A.2) that

A {CH (14-20) (1— B) 4-CY (1 — J) (1 + 288F) + (my — mn)2T [B% (2 + J) (1 — E2)

+ By (1 —J)(2 +EJ)] — 6 (my— my)J [CaBa (1 — ) — CyByE(1 —J)1},

[S(l) + 8(4)] _[8(2) € S(3)] —
[S(l)+ 8(2)]——

RY + RY + RY 4 RY =2 X (J) {CvCa (1 — 287)

5 X () [— (CY + C%) + (my — my)?J (BY + B2)],
[S® 4 S¥N = 48/ X, (J) [— CyCa + ByBa (my — mpy)+ (my — my) CyBa — (my + my) CaBy],

+ (my — my):JByBa (2 —8&J) — (my— my) J [CVB 4 (1 — 28) + CaBy(2 —E8)]}

[RY + RP1—[RY + R¥1 = Xm (1) {I—CvCa + (my— mn)*ByBal (1 + &) + (my— mn) J (1 + £ (CvBa — CaBv)},
[RY + RP]1—[RY + RW1=2J ([Ca — (my — my) Ba]? (1 — &)+ [ECy + (my — my) By]* (1 — J)}. (14)
Further analysis, generally speaking, requires that (my—my)s dQ ; i

ysis, g y speaking, requi AW, (Gri ) = g e 89+ 7 )(CynN)J, (15)

the expressions obtained upon substitution of (5)in (14)

be compared with the experimental dependence of
s apnd RD on J. Such a comparison, however,
requires the accumulation of much statistical ma-
terial. If, however, we neglect in first approxima-
tion quantities of order (my —mN)2 a%/3, i.e.,
leave only the statistical values of the form fac-
tors, then (14) can be integrated with respect to

J, after which comparison with experiment means
simply the counting of the number of points enter-
ing into each of the four regions on the diagram.
The total probability of decay with entry into the
i-th region and the integral asymmetry in the
same region are given by

if we neglect quantities of order (my —mN)2 a%/3

and ¢, then, taking (6) into account:
(1) + 5(2) i S(3) “+ 5(4) 3CA -+ C —4 (my ——mN) CABA,

(1) (4) ]

[s —[s? +5¥ = — 2(C} + Ch),

[s(s) + 5(4)] -
-+ (my — my) ByBal,

[s® 4 @] — %E[CVCA + (my + my) CaBy

(1)+r(2)+r(3) ' (4)

~ +[CvCa — & (my — mu) (CvBa +2CaBy),
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(1) (4 @) 3
[N+ — 1 + 01 =

— 2 [3CyCa + (my — my) (CaBy — CvBa)l,

— i + i) = Ca— 2 (my — my) CaBa-

[ru) + r(z) (16)
It is interesting to note that if estimate (6) is cor-
rect then, both in (16) and in (14), the decisive role
is played in the third expression by the product
CABy:; the effect itself is in this case of order
(my-my)a, i.e., it is not too small.
Expressions (16) make it possible in principle

to determine Cy, Cp, By, and BA in such an
approximation, that their dependence on J can be
disregarded. If expansion (5) is substituted in (14)
for the form factors, then additional terms appear
in (16). An experimental determination of s(1) and

(1) would then yield six relations between the eight
unknowns

Cv(0),C4a(0), Bv(0),B4(0), a(Cv), a(Ca), a(Bv), a(Ba).

17

The additional relations between these quantities,
and consequently also the possibility of their deter-
mination, can be obtained by investigating the emis-
sion asymmetry not of the nucleon alone, but of the
electron and neutrino, too. If Re (X, J) is defined
in analogy with (12), its expression is

R.(X,J) = 1’+“X++EEJ (—(Cv—Ca? (1 +X—E))

—(mY_mN)2 X (Bv——BA)zJ(l— ——EJ)

4+ 2(my — my)J (1— &) (Cy — Ca) (Bv — Ba)}

+(CY + CR) 26XJ + (CV —Ca) (1 —8)J

—_ 2CVCA (1 — X2 — EZJZ)—!— (my — mN)ZJ {— (B%/ —+ B?q)
% 2X + (By — B%) (1 —E2)J —2ByBa(l + X*— EJ?)}
+2 (I‘ny— mN) J {(CvBV -+ CABA) (1 — E) X

+ (CaBa—CyBy) (14§ (1—&J) + (CaBy — CvBa)
X (1 +8 X 4+ (CvBa+CaBy) (1 =5 (1 +8)}  (18)
with R, (X, J) obtainable from (18) by substituting
—-X for X, —Cp for Cp, and —Bp for Ba,
and reversing the sign of the entire expression. In-
tegrating Re and R, withf respect to X and
[after substituting (5)] with respect to J within
the limits of each of the four regions in the dia-
gram, and comparing the resultant expressions with
the experimental data on the asymmetry of emis-
sion of the electron and the neutrino, new relations
are obtained between the parameters (17).

To determine the remaining form factors, i.e.,
Dy (0), DA(0), and a(Dy), itis necessary to
investigate analogously the p-mesic decays of
hyperons, starting with the equations of Appendix A.
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4. ENERGY DISTRIBUTION, EMISSION ASYM-
METRY, AND POLARIZATION OF THE
EMITTED NUCLEONS OR HYPERONS

The energy distribution and the emission asym-
metry of N in the case of electronic decays are
given by the first and fourth equations of (14).
Analogous expressions for p-mesic decays are
obtained by integrating Egs. (A.1l) and (A.2) with
respect to X. The result is

.F _ daJ (”7'}/_""“[\/')5
aw ; %y, »nN) = 58 -W

X S (N)[1 4 an (J) G ny)],

Sy () = (CV +C) {2+ T+ (1—4))
+ 4 —J—EJ (14 2D]/J}
1+ 3(CY—CY) (1 —E)J =2 (my —my)2J (1 =%/ 2J)
X By (1 —J)(2-8) 4+ By (2+J) (1 —8)]
43 (my — my)?J [DY (1 —E%) + D8 (1 — )]
—12(my — my) J (1 -7/ 2J)[CaBa (1 —E%)
— CyBy E (1 — J)] — 6% (my — my) [CyDy (1 —&2J)
— CaDsE(1 = D))

ay (J) =488 (/) Xm () {CvCall — 28] + (2 — &) /J]
+ (my — my)2T (1 =0/ 2]) (2—2.1) BvBa
— £ m(my — my)*JEDyD 4 — -5 (my — my)
X (CaDy — CyD4f)
— (my — my) J (1 - #/2J) [CyBa (1 — 2)
+ CaBy (2 —9)1).

n )2 dQy
J 4T

Xom (J) (1 —
(19)

(20)

(21)

The polarization vector of the emitted nucleon
(or hyperon) is determined by

Py = P, (J)ny + Py (J) ny Gy ny) -+ Ps (J) [nn [Er 0a]],
(22)
with (the method of calculating P; was described
earlier®)
P () Sad) 114 an(d) Gyw)] = 4 X () {CvCall + 287
0/ d) 2+ E)]— (my — mp)J (1 -+ 7/2J)
X(2 + &J) ByBa — 3 (my — my)? JEDyD 4
— L (my — mp) (CaDv — CyD a8) + (my — my)
XJ (1 +m/20) [CaBy (2 +§) — CvBa(l + 291},
Py(J)Sn () [14 an (J) Gy nn)] = (C% + C%) {2—3/ -8
~(8—4J) - m[4—3J — B (3—2/))/J} + (C} — C%)
X(1—8)J (1 +27/J) — 2 (my— my)*J (1 + 0/2J)
X[By (1 —J)(2—EJ)+ B4 (2—J) (1 —E))
+ 3y (my—my)®J [DY (1— E)+ D% & (1—J)]
+ 4 (my —mpy) J (1 4 1/2J) [CaBa (1l —&%4)
— CyByE(1 — J)] — 6% (my — mw) [CvDy (1 — &%)
—CaDac (1 —J1;
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Ps () Sn(N) [1 F- o (J) By nn)] =
—(C3 +- C2)(1—E¥)J (1 —/J)
+ (€L —CH (1 + 2q/) (2 — T —E)

— 2 (my — my)2J2 (1 4+ 9/2J) (B4 (1 — ) — BYER (1 —J)]

+ 3y (my — my)® (DY (1 — E) — DY & (1 — J))
+ 4 (my— my)J (1 7/20) [CaBa (1 —E2)
+ CyByE (1 — J)] — 6m (my — my) [CyDy (1 —E4J)

1 CaDAE( — D). (23)

We see that (20) — (23) do not contain interfer-
ences between the form factors B and D. In
addition, Sy, P;, and P; have no “cross prod-
ucts” CyCp, CyBa, CyDa, CaBy, CaDy,
ByBp, or DyDp, which enter only in o)y and
P,. This is the consequence of certain formal
properties of the invariance of the matrix element
(2) — (3), discussed in reference 10.

To obtain the energy distribution and the emis-
sion asymmetry for 7 (or V), it is necessary to
integrate over variable N and v (or l). Itis
possible to obtain in this manner also the polari-
zation of the emitted muons (the electrons should
be almost totally polarized). The foregoing inte-
gration can be performed, however, only by spe-
cifying a concrete dependence of the form factors
on Q?, such as the expansion (5). The results
are too cumbersome and will not be written out
here.

Similarly, to obtain the total decay probability
and emission asymmetry of N, it is necessary to
integrate over J in (19) — (21) and substitute (5)
therein. If quantities of order £%, ¢ (my-my)?a?
and (my-my)*a* are neglected and the estimate
(6) is used, the integration is easy. In this approxi-
mation, the total decay probability is

1 (my—myp
T30 (116

+ 3 (my — my)? [By? (0) (— 4o, — (4 — 21) o, + 20)

+ Ba?(0) (202 + (4 + M) o1 + 279)]

+ 7 (my — mp)? D} (0) o,

— 2n(my — my)[Cy (0) Dy (0) oo

+ Ca(0) Da (0)E (01 — o)1 — 2 (my — mn) [C4 (0) B4 (0)
X (201 + M90) - Cv (0) By (0) & (20, — (2 — 7) 03 — 790)]
— 5 (my —my)*[C} (0) a* (Cv) + Ch (0)a® (Ca)}

X[z + (2 — ) 01 + 4n96] — 5 (my — my)* [CA (0) a® (C.a)
—C% (0)a® (Cv)] o2 + a* (B.)] (20, + m9y)
4 % (my — my)*Ca(0) Ba(0)[a®(Ca)

+ 5 1 (my — my)*Cy (0) Dy (0)

*x[a*(Cy) + a* (Dy)] o1}

117 {(CE(0) + 3C4(0)1ay

(24)
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The quantities

1

ok E§gd1vﬁ(1 — Iy T

7

have values

5 15 14 YT
so="Q2+1BYVI—a—gn@+n 1*_—;;1—7‘3 )
o= (1= 3 — trf)yr=m + P [PV =7
1= N A Vi-nt T—Viee |’
°2=%(1_7l)8"1—71- (25)

To estimate the probabilities of leptonic hyperon
decays, one can put in (24) Byy =By =Dy =Dy =0,
a(Cy)=a(Cp) =0, and Cy =-Cp =G/2. We
give below a table of the probabilities thus calcu-
lated. Also given are the values of £, n (for 1
=pu), T (the experimental lifetime of the hyperon),
and W;T (ratio of the number of events of corre-
sponding lepton decay to the total number of hy-
peron decay). The last two columns list the ex-
perimental values? of W;7. In the case of =~
decays, Wyt is assumed to be less than 0.7,
since up to now 14 &~ — A + 71~ events have been
observed,!”! but not a single leptonic decay. For
the sake of completeness, the table includes the
decays Z* —n+ I*+ v for a reduction of 1 in the
baryon charge and =~ —n+ 1"+ v for a change
of 2 in strangeness.

5. THE DECAYS Z —A+e+ v

The table includes also the decays Z* —n + e*
+ v (Vv), in which both baryons have the same
strangeness, as in ordinary B decay. According
to reference 3, the divergence of the current re-
sponsible for these processes is equal to zero.
This means!?:13 that in (3) we have for the same
spatial parity of Z and A

Cy = Dy Q*/ (mz — my), (26)
and for different parity
Ca= —DsQ?/(mzg + my). (27

It is seen from (26) and (27) that as Q% — 0,
Cy (Cp) also vanishes. This is the consequence
of the absence of a direct interaction, responsible
for the decay X — A + e + v, if the divergence of
the vector portion of the baryon current is zero.!4
It is therefore natural to turn again to the analogy
with electrodynamics and, assuming as in Sec. 2
that Cy(Cp) ~ GQ%*a%*/6V2, put a~ 0.8x 10713
cm. Inthis case Cy(Ca) £0.014G/V2, i.e., it
is sufficiently small. Inasmuch as the form factor
Ca (Cy) should not vanish as Q* — 0, there are
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10%¢ Experimen-
Type of decay 13 » ' w,, w,,, W, %W, 1% tal values
sec sect| “sec=t| ° #
Wet, % \Y/p".,%,
A-sp4+i-+>v 0.086/0.355| 2.8/5.8-107 |9.4-108 | 1.7 0.26 |~0.13|<0.12
S-on4l-4y 0.12 (0.17 1.7/3.4-108 |1,5-108 | 5.7 2.5 |<<0.5 |<0.5
E s A4+ 0.084/0.265(~2 |1.2.108|3.2-107 | 2.4 | 0.64 |<7 <7
E-o 304 /-4y 0.052/0.66 (~2 [1.4-107|2.1-10%| 0.3 | 0.004|<7 <7
Ttosn4lt4v 0.12 [0.18 | 0.8{3.0-108 |1.3-108 | 2.4 1.0 [<1.1|<1.3
E-sntl4y 0.17 |0.077|~2 |2.1-10° |1.5-10° |40 30 <7 <7
Z-sAte+y 0.035 1.7/1.4-108 0.024
Tt A4et+v 0.032! 0.8/8.6-105 0.007

no grounds for assuming it to be as small. There-
fore one can expect in the decays Z — A +e+ v
that Cp » Cy (Cy > Cp). There are less
grounds for assuming that Cp > By (my —mj)
[Cy » BA (my —mp)], but if it assumed in anal-
ogy with (6) that B ~ Ga/v2, then when a ~ 0.8
x 10713 ¢cm we have (my-mp)a ~ l/3, i.e., an
additional small factor arises. If the foregoing
inequalities are correct, then according to (19) —
(23) the asymmetry of emission of A (@) and

the polarization of A (P;) will be small in the
decay of unpolarized Z. It would be interesting

to verify this fact experimentally.

Unfortunately, the © — A + e + v decays can
hardly be observed in the near future; the lack of
a direct decay current [z'/)_Ay# (1+7v5)¢¥s] canre-
duce the decay probability by an additional several
times.

APPENDIX

A. Energy Correlation and Asymmetry of
Hyperon Decay

The formulas for S(X, J) and Ry (X, J),
determined in accordance with (12), are
S(X,J) = (CY + Ch) {1 — X2 —E2J?) + 7[(1 — X)® —E2J2)/J}
+(C—Ch) (1 — &) J — 4Cy CAEXJ
-+ (my —mn)*J {(BY + BY) [(1 + X* — B?)
Gl — X2 — J (1 &)/ 211+ (B4 — BY) (1 4 w/2J)
X(1 —8)J + 4ByBaX) + 7 (my — my)2J {Dy? (1 —E:)
+ DA%*(1 —J)} + 4 (my — my) J { —CaBa[(l —E%)
4+ (1l — X—E)/2J] + CyByE[l —J
+n(1 —J—X)/2J]]— CaByX
+ CyB#tX}
— 2q(my— mpy) {CyDy (1 — &% — X)
—CaDAE(1 —J — XN
+ 2 (my — my)? (ByDy + BaDa)EXJ. (A.1)

Ry (X,J) = 2Xm (/) {ICA (1 — &)+ CVE (1 — N XT | Xn
+CCal(1 =) — X2 (1 + &)/ Xm® +m{(1 —&J)
+ X2+ &)/ Xn— X (2—J (1 +- )X
+ (my —mp)® XJ (B} (1 —J) + Bh(1 —§4)]/ X7
+ (my —my)* JByBa I(1 —&J) 4 X2 (1 4+ &J)/ X7,
+ {1l — X2Xm (1 +&J)} / J]— m (my—mp)? JEDyDa
— 2 (my — my) IXX2[CaBa(1—£2))
— CyByE (1 — J)] — (my — my) JCABy [(1 —§)
+ X214+ 8/ X4 (/) (1=X2 (148 | X7 + £X
X(1 —J)/Xm}) _
— (my— my) JCyBa[(1 — &) — X2 (1 +6)/X%
— X E— X2 (148 Xn+ X (1 —8))/ Xm}]
— 7 (my — my) [CaDy {1 — X (1 —E¥)/ X0}
—CyDps {1 — X (1 — D)/ XN
— 7 (my — my)2 XI X7
X[BaDy (1 —E2J) + ByD a2 (1 — J)]}. (A.2)

B. Variants of Decay Interaction

The universal V-A interaction scheme?:* is at

present in splendid agreement with all experimen-
tal data on B decay, K capture, induced antineu-
trino absorption, and pion and muon decay. An ex-
tension of this scheme to include the decays of
strange particles is at the same time a hypothesis,
the likelihood of which is based essentially on the
agreement between the orders of magnitude of the
decay constants of strange and ordinary particle.
Contemporary experimental data? indicate, in par-
ticular, that the A —p + e™+ v decay is approxi-
mately one-tenth as frequent as in the universal
V-A scheme without renormalization. This agrees
both with the relatively low probability of Ky,
Kys, and Keg decays,!®!® and with the fact that in
the V-A scheme one must have a renormalization
of the decay constants!é:!* which can fully lead to
their reduction by a factor of several times. At
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the same time, the rule AT =Y, which holds
with good accuracy for leptonless decays of strange
particles,!”s!® is accidental in the Feynman-Gell-
Mann theory, if one excludes from it the neutral
baryon and meson currents. In the latter case,
the universality of the scheme would necessitate
also the introduction of neutral lepton currents,
which would lead to the presence of the decays
K'—p*+pu-, Kt —r*+e*+e”, K* —1*+v+7,
and K* — 7%+ u*+ u~, which have not been ob-
served experimentally. Therefore, the extent to
which the V-A scheme describes the decay of
strange particles remains, strictly speaking,
moot.

The fullest answer to this question could be ob-
tained by an experimental study of leptonic hyperon
decays. The determination of the variations of de-
cay interaction, to be sure, is made difficult here
by the presence of many (12) energy-dependent
form factors, the determination of which calls for

BELOV, MINGALEV, and SHEKHTER

an accuracy and completeness of experimental
data hardly attainable now. The problem becomes
much simpler if the contribution from the form
factors is assumed small. Under this assumption
one can start the calculations with the form of the
Lee-Yang matrix element of the S matrix

5
i (27)%8 (py — pv — pr— pv) ) (un Ojty) O; (C; + Cj'ys) ),
=t (A.3)

where
Oi: 1, 155 2_1/20015? Tes i'n“"Ys’

and Cj and Cj are assumed constant.

If the energy correlation and the decay asym-
metry are investigated on the basis of the matrix
element (A.3), the following expressions will hold
for S(X, J), and Ry (X, J), determined accord-
ing to (12),

SX,J) = (ayy + aaa) {(1 — &> — X?) + W [(1 — X)? — 5]} + (aaa — ayy) (1 — &%) J —daaytXJ
4 Jlass (1 —&4) + appt® (1 —J) — 2 (asr + apr) EX1+ arr {[2—2X% — J — 8] + 29J71 [(1 — X)? —E2/?))

+ 27 [(asy + 3aar) (1 — X — &) + & (@apa + 3avr) (1 — X — )]

(A.4)

Ry (X, ) = 2Xm (J) {lbaa (1 — &) + byyE (1 — )] XJ/X% 4 bya [(1 — &) — X2(1 + &)/ X% 4 mJ 7 {(1 — &)
+ X2(1 4 8)/XE — X(2 — T (14 B/ X2 + J [bspt — X X2 {bsr {1— E8) + bprE® (1 — J)}]
—brr [1— X2 (1 +ED/X0 + I {(1 — &) 4+ X2(1 + 8)/X5 — X [2—J (1 +- /X0 + ebas[1 — X (1 — )/ X%
4 Ebyp (1 — X (1 — J)/X%] — qebar [2—E—XXm2 {2 — E(1 — J) — 268}]

+ qlbyr [1 — 26— XX (1 — 26(1 — J) — &},

where
ajr = (CiCr + CiCr) /2,

An analysis fully analogous to the one of Sec. 3,
allows separation of the coefficients of the different
powers of X in (A.4) and (A.5). In the case of
electronic decays (1 = 0) and neglecting terms of
order £, one can obtain, as in (16),

sW - 5@ + s®) + 5@ = ag5 + ayy + 3 (@44 + arr),

[0 4 s®] — [s@ + @) = — 2 (ayy + aaa + 2ar7),
[s® + s®] — [s® + 5] = — 2E(asr + apr + 2ava),
R =2 (bva—brr),

(W + 1= + 1= — T (bva —brr),

(PP 91— 149 - ) = ban — bor @

For the asymmetry of emission of I, in the
case of electronic decays, the following expression
holds

(A.5)

bjr = (CiCr -+ CiCr)/2. (A.6)

Re(X,)=—J(14+82(1+X—8N)1-+X +E)?
X [(bvy + baa —brs —brp) — 2 (bya— brr)]
+ (byy 4 baa —brs — brp)
X 26XJ — (baa—byy + brp — brs) (1 —E€)J
—2(bya—brr) (1 — X*—E2J?)

— Q(bsp — brr) BT [1 + & — J (1 - 821 4 X +-ED)].
(A.8)

As in (A.7), we neglect terms of order ¢ and
obtain

ré P 1P 1 = —2((ban —brs) + (bva—brr)),
&+ ) —1r 4 1) = bva—brr),

I+ r — P+ r®) = 2 E{(byy + bas —brs
—brp) + 2 (2bva — brr — bsp)}.

R (X, J) is obtained from (A.8) by reversing the

(A.9)

4
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sign of X and of the constants Cp, CT, Cy, and
C:A‘, followed by reversal of the sign of the entire
expression. It is easily seen that knowledge of
(A.7) and (A.9) alone is not enough for the deter-
mination of the variants of the decay interactions,
since these formulas yield only the combinations
of constants

ayy +aaa+ 2arr, bya—brr,

(A.10)

aaa —ayy —arr +ass, baa —bsr

(the combinations of constants which are further
multiplied by £ cannot be determined with any
degree of accuracy, since the unaccounted form
factors should make a large contribution to the
corresponding terms).

Such a result was obvious from the very outset,
since the transition from the V-A tothe S+P-T
variant for C’ = C leads in the case of hyperon
decay, as shown in the Appendix of reference 5,
only to a reversal of the polarization of N and [,
and this cannot affect in any manner the energy
distribution and asymmetry of emission of N, [,
and v. To determine the decay interaction it is
therefore necessary to study the polarization of
N or Il. In particular, in the case of electronic
decays the polarization of N can be determined
from the formulas of reference 19, where the
muon decay is calculated, by making the substitu-
tions u — Y, e — N. In our notation, these for-
mulas are [SN, @N, and Pj are determined from
(19) and (22)]:

Sy () =2a44(1+2J) (1 — &)+ 2ayy (1 —J) (1 + 23%)
+ 3assd (1 — 8y — 3appid (1 —J)
+arr [4—J —2J (1 +24)),

an (J) = 283 (J) X (/) {2bva (1 — 28])

+ 3bspsJ — brr (2 — &N}, ‘

Pi()) =251 (N [1 F ax () Gynn)]™ Xm (J) {26v.a (1 - 28)
= 3bsped + brr (2 + &)},

Py (Jy = Sy (J) [1 4 an(d) Gyna) T 2ayy (1 — J) (1 — 28%))
1 2a4a (1 —2J) (1 —£J) — 3assJ (1 — 2)
+3appt?J (1 — J) —arr [4—3/ =327 (3—2))]},

Py (J) = SN (D1 an(d) Gvan)I™ {2ayv (1 —J)

— aaa(l — 22J) + 3assd (1 —E)

—3appt®J (1 —J) —arr (1 —5) J}. (A.11)

When £ « 1, we obtain in (A.11) aNSN
=4 (byyp —bTT): Pt ~ (bya +bpT), ie.,a study
of the asymmetry of emission as well as the po-
larization of N make it possible to determine the

variant of the decay interaction. The situation here

is fully analogous with the case of muon decay.!®
The formulas for the polarization of ! when

¢£-« 1 coincide with the known expression for elec-

tron polarization in the decay of the free neutron.
To find the polarization of A in the decay

=~ — A+ 1"+ 7V one can use the known asymmetry

of the decay A —p + 7. Analogously, in the de-

cays Y— N+ u + v the polarization of u leads

to asymmetry of the decay pu—e + v + v.
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