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Irrespective of the magnitude of the weak interaction constants in the absence of form factors,
the theory predicts a muon to electron hyperon decay probability ratio which should be correct
to ~1 per cent, The difference between this ratio and the ‘‘theoretical’’ value characterizes
the role of the decay -interaction form factors and is probably not greater than 30 per cent.
For the ratio of the 2" — A +e” + v and =¥ — A + e’ + v decays the theory predicts a value

1.67 + 0.06.
INTRODUCTION

THE development of experimental techniques
makes timely the question of determining the vari-
ants and the form factors of the interaction respon-
sible for hyperon lepton decay. All we know at
present is that the constants or, more accurately,
the form factors of such an interaction are some-
what smaller than the g-decay constant G/V2,
where G = 1.41 x 107 erg-cm3. There is still no
information concerning the relative values of the
different form factors. From the data of the only
experiment to date on the energy distributions in
the A —p +e + v decay[!] it follows only that the
V-A hypothesis (2,3] does not contradict the experi-
ment. The existence of the V-variant can be de-
duced only from a less direct experiment 4] in
which the energy spectrum is measured in Kgg
decay.

We shall show that the ratio W, /We of the total
probabilities of hyperon muon and electron decays
is sensitive to the contribution from certain form
factors [ principally f; and g,, defined in (1)]. If
such form factors are small, then the theory pre-
dicts a perfectly defined value for W, /We,

In the case of decays without a change in
strangeness, the ratio W(Z~— A+e™ + YA 0N
— A + e’ +v) can also be used to measure gj.

The arguments presented below are valid if the
decay interaction in decays with change of strange-
ness is the same for both electrons and muons, and
if in the case of strangeness conservation the
baryon current is a component of the isotopic vec-
tor. Consequently a comparison of the relations
(8) and (10) below with experiment can serve with
good accuracy as a check on both assumptions.

We also propose that the decay interaction in-
cludes only V- and A-variants. Such an assump-
tion is essential only for the determination of the
corrections that are brought about by the form
factors.

FORM FACTORS

The matrix element of the decay Y =N +1" + v
for the V, A interaction is of the form

(uN {[fﬂ’a + fz Gaﬁqﬁ + /s I }

12

+ 15 | guta + 82 m 2 — T8 ~——]} uy Jwite(l + 7s) uv),(l)
where
g =Py —DPpnr S = (TYs — 75T /2, ¥5=iToT1TeY2

The factors 1/4m; following f, and g,, or 1/my
following f3- and gs, have been introduced to make
these form factors dimensionless.

The ratio of the ‘“magnetic’’ and ‘‘electric’’
form factors is usually written in the form
u/(my + mpy), where u is a certain ‘‘magnetic
moment’’ of the Y — N transition. For nuclear
B decay, u is relatively large (u = Mp = Mp = 3.702)),
For a strangeness-changing decay, u is unknown.
If we assume that u is of the same order of mag-
nitude as in nuclear B decay, then u/(my + my)
is close to 1/4my. We can therefore assume that
in the notation employed here |f,| ~ |f;| and |g, |
~ Ig1 [

With the introduced factor 1/mg, the form fac-
tors f; and g; have the significance of the scalar
and pseudoscalar form factors, respectively (for
Il =pu). For nuclear B decay, gs is large, amount-
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ing to g3 ~ 8g; according to (5], This estimate
agrees with the experimental u-capture data (61,
The large value of g3 is connected here with the
presence of a pion pole in the pseudoscalar form
factor. For decay with nonconservation of strange-
ness, the pion pole is replaced by a K-meson pole,
the contribution of which is many times smaller.
Consequently, it is natural to expect |gs3| < |g;|
for the hyperon lepton decay.

The form factor f; does not exist in nuclear g
decay (nor does g,). There are no grounds for
assuming that it is large for hyperon decays. If
the ‘‘scalar’’ term has the same order as the
‘““magnetic’’ term, then |f3/4m;| ~ |f3/m;|.
Therefore it can be thought that |f3| ~ [f,]/5.

It follows from the foregoing that if we assume
the estimate

Iftl ~ l&il ~ If2l ~ lg2] ~ 5lfs] ~ |, 2)

then the values of |f, ], | g,[, |f3], and | g;| can
hardly turn out to be too low.

In all the preceding arguments we have ignored
the fact that the form factors fj and gj depend on
the momentum transfer g% (for Y—=N +1" + 7 in
the Y rest system, the equality q2 = (my —my )2
— 2myT is valid, where T is the kinetic energy
of N). In hyperon lepton decay, q¢* is not very
large. Therefore in the expansion in powers of
q® we can take into account for the form factors
only the first two terms:

1@ = O + - ge]

1 2
gi(7%) = i (0) [1 +5 4;r2 Bi]-

For nuclear B decay, oy =~ @, ~ 1. It can be
assumed that for hyperon decay, too,
a; & B =1, i=1,2, 3. 4)

We shall henceforth use the estimates (2) for
£;(0) and g;(0) (the index (0) will be left out
throughout) and the estimates (4) for «j and gj.

The use of (4) for the form factor g; calls for
some explanation. Owing to the presence of a K-
meson pole, it should behave like gz(q?) = g3(0)/
1(qg? /mf{). In the notation of (3) this means that
B3 = 24(my /mg)? ~ 1.9, so that the estimate (4)
gives a correct order of magnitude here, too.

DECAY PROBABILITY

The probability of the decay Y =N +1~ + v is
equal to [7]

G?  (my — my)®

= 150 " ©®

v e
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where
E= (my —my) |/ (my + my),

and H can be written in the form

3 o
H=%° > [fifk(nik—f—vikw)

i<k=1
+ gigk<mik-{— Pik@)] . (6)

The expressions for the coefficients njik, vk,
mjk, and pjk in the first nonvanishing approxima-
tion in £% can be obtained from the formulas of (111
viz.,

nyy = 01, hog = 2/37\,2[—20‘2 + (2—7])0’1 + T]O'o],

nss = o1 (my/ my)?, niz = 20[—202 + (2 —mn) o1 + noo],

nis = 2Ynoo(mi/ my),
vii = #/g?[—202 + (2 —m) o1 + 4noo],
vog == 8/oM[—203 + (2 —m) o2 + Mo1],
vaz = 4/sh202(my [ my)?,

viz = 8/3EA3[—203 + (2 — 1) 02 + noi],

viz = 8/3YmA20; (my [ my);
myy = 30’1, Moo — 1/37@(20’2 + (4 —+ 'Y])O'i + 27]0'0),
mas = §2 (01 — 02) (my [ my)?, myz = 21 (201 + Moo),

my3 = 2§V?] (0'0 — 0'1) (ml / mu)» ™

i = 4/oA2[402 + (2 — n) o1 + 4n0o], pee = Yeri[2035 + (4
+ n) o2 + 2n0i),
sz = #/38%A%(0op — o3) ([ my)2, pie = %/303(207 + noy),
wis = 3/:EVNA2 (01 — 02) (my/ my).
Here A = (my — my) /| 4may, n = mZ/ (my — my)?,
c‘zf—idx]/-i—z 1—1>2x". (8)
k 4 z
n
Explicit expressions for oy, oy, and oy are written
out in ['J; o5 = (4/21)(2 + n) (1 —-n)"/2,
Equation (7) does not contain the coefficients
Nyg, Myg, Vog, and u,3, which vanish identically by
virtue of the properties of the matrix element ),
For the same reason, Eq. (6) does not contain the
interference of the vector and axial form factors
of the type figilt?®83.
The numerical values of the coefficients listed
above for the decays A—p +1" +p, T~ —n+1"
+v, and 57— A +1” + v are listed in Table 1.

—

The decays = — A +1™ + v have not been included

DThe connection with the notation ofl”] is given by the
equations: q* = Q% f, = Cy V2/G, g, = Ca V2/G, f, = 4m,By x
V2/G, g = — 4m;Ba \/2/G, fs = — Dym, \2/G, g, = Damy x
V2/G, a, -4m%a*(Cy), B, = —4m%a’(Ca), etc.
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in this table because they have extremely low prob-
ability when 1 = u (the energy released is merely
~20 MeV). The last two lines of Table I give the
corrections ~ £% to nyy; and myy, given by the ex-
pressions

—& (02 — (1 —n/2) 01 + noo),

7
ni

—&(202 + (1 +n/2)o1 + M0o).

It is seen from Table I that if we assume the
estimate (2) or (4), the only coefficients of impor-
tance for electronic decays are

9

’/
my

ny =1, mpy=3 and mp = (mY —_ mN) | mx,

so that

my —my
T g1g2] .

1
He~—- /438" +
e 4 [ 1 1 (10)
For muon decays the role of the coefficients nys,
vyy, Mgy and uyy becomes greater,
The ratio of the muon and electron decay prob-
abilities is conveniently written in the form

Wl We=o(1 + A/ H,), 11)

where A= (H,/oy) —He. It is tacitly understood
in (11) and subsequently that oy is defined by (8)
for I = u. The expression for A can also be writ-
ten in the form (6). The values of the coefficients
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of such an expansion are listed in Table I. In the
last column of Table I is indicated the contribu-
tions made to A/Hg by these coefficients multi-
plied by the corresponding form factors; the esti-
mates (2) and (4) are used for the latter. It is as-
sumed here in accordance with (10) that He = Bgf /4,
which is more likely to exaggerate the result of
the estimate.

DISCUSSION OF RESULTS

From the formulas presented and from the num-
bers in the last column of Table I we can draw the
following conclusions:

1) For the ‘‘pure’’ V-A variant, when only f;
and g; differ from zero and when the dependence
of these form factors on g* can be disregarded,
we have W), /Wg = oy with accuracy ~ £t ~ 1%.
This equality is valid regardless of the value of
f; and g;; therefore any deviation from it charac-
terizes the role of the other form factors.

2) The contribution from different form factors
has approximately the same order of magnitude
for the lepton decays of A, Z, and =.

3) The dependence of the form factors on q? is
apparently less important than the interference of
their static values (for q2 =0).

Table I
A->ptl—fv E-sntl-+v A+ Order of con-
H H H tribution to
He H, A=——p'—He H, Hy, A=_”_He H, H, Az_*_*__He A/Hg for (2)
A ‘ [ Oy and (4), %
£ 0.0864 0.,0864 0,121 0.121 0.0843 0,0843
A 0.317 0.317 0.463 0.463 0.368 0.368
M 0 0.356 0 0.168 0 0.264
Go 2.5 0.220 2.5 0.731 2.5 0.377
o1 1 0.162 1 0.456 1 0.271
G2 0.571 0,123 0.571 0.301 0.571 0.195
63 0.381 0,096 0.381 0.217 0,381 0.145
nn 1 0.162 0 1 0.456 0 1 0.271 0 0
na 0.057 0.0066 —0.016 0.123 0.051 —0.012 0,077 0.0162 —0.017 0.5
na3 0 0.162 1 0 0.456 1 0 0.271 1 1
nis 0.047 0.0054 —0.014 0.096 0.040 —0.009 0.053 0.011 —0.012 0.5
nis 0 0.26 1.62 0 0.60 1,31 0 0.39 1.43 10
Vi1 0.038 0.015 0.054 0.082 0.069 0.070 0.0515 0.029 0.055 2
Va2 0.0034 0,0006 0.0003 0.0155 0.0079 0.0018 0.0062 0.0019 0.0007 0.05
Va3 0 0.0164 0.10 0 0,086 0.19 0 0.035 0.13 0.2
V12 0.0028 0.0005 0.0002 0.012 0.0062 0.001 0.0042 0.0013 0.0005 0.02
vis 0 0.026 0.16 0 0.11 0.235 0 0.050 0.185 1
mun 3 0.486 0 3 1.367 0 3 0.813 0 0
Mag 0.17 0.037 0.057 0.37 0.20 0.063 0.23 0.078 0.059 2
Mg 0 0,0003 0.0018 0 0.0023 0.005 0 0.0005 0.002 0.1
mye 1.27 0.255 0.31 1.85 0.96 0.25 1.47 0.47 0.27 10
mia 0 0.006 0.037 0 0.027 0.060 0 0.0093 0.0345 1
P11 0.19 0.048 0.10 0.41 0.24 0.12 0.26 0,099 0.11 4
ez 0.0135 0.0043 0.013 0.062 0.0405 0.027 0.025 0.0115 0.0175 0.5
W33 0 0.00003 0.0002 0 0.00035 0.0008 0 0.00006 0.0002 0.02
120 0.097 0.026 0.062 0.30 0.18 0.090 0.15 0.061 0.074 2
Pis 0 0,00054 0,0033 0 0.0043 0.0094 0 0.0012 0.0044 0.2
n; 1 0.0032 | —0.0005 —0.0063 0.0063 | —0,0001 —0.0065 0.0030 |—0.0004 —0.0045 —0.2 -
’”"11 —0.0160 | —0.0038 —0.0075 —0.0313 | —0.0178 —0.0080 —0,0152 {—0.0057 —0.0060 —0.2
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Table II
A->pH-4 B-onl-4v E-—>A+-+v
theor.l exp theor exp: theor { exp
W, (108 sec™) for H =1 0.586 3.58 1.24
3 4 +0.,5 22 342
W, 10 t 0.8240.13 |57 | 1.0 Tp7g
W, 108 2,2 0.4-4? |26 0.840.3 6 <t
W,IW, 0.16 | 0.124? |0.46| 0.840.45| 0.27 | <1
We (theor) 1
—_— = 1
W, (exp) — H, 1743 571 745
w 1
r — ? . <3
W, (exp) o 0.754? 1.741 <

4) The greatest contribution (~ 10%) to Wu/we
is made by the interference of the form factors
g18, and f;f;. In order for the contribution from
the form factor gz to have the same order of mag-
nitude, it is necessary to have gz ~ 10g;, and this,
as already noted, is of little likelihood. Therefore,
with good approximation,

A = Uy (nPufifs + mPigige) & 0.401fs + 0078182 (12)

5) The deviation of Wu/We0'1 from unity, de-
termined by the total contribution of all the form
factors [it can be characterized approximately by
the ratio of (12) and (10)], hardly exceeds ~ 30%.
In the opposite case at least one of the form fac-
tors f3, g,, 5, g3 (more likely one of the first
ones ) should be anomalously large.

EXPERIMENTAL DATA

Table II lists the data on lepton decays of hy-
perons taken from (10,111, The theoretical num-
bers in Table II correspond to W, /We = 0y, i.e.,
‘‘pure’’ V, A interaction, while the numbers in
the Wg entry correspond to the stronger assump-
tion that Hg = 1. We see that although |f;| and
|gy| are certainly several times smaller than
unity, the equality W,/We = 0y is satisfied within
a rather large experimental error. The deviations
of Wy /Weg from oy can be estimated only after
larger experimental statistics are accumulated.

THE DECAYS Z— A +e +v

So long as the baryon current is a component
of an isotopic vector in the interaction responsible
for strangeness-conserving decays, all the form
factors for the decays £~ — A +e”+ ¥ and Z* — A
+ e + v should be the same. If we write the prob-
abilities of such decays in the form (5), then their
ratio is equal to

W_ (m_—mp \5(14-E,\3 H_
|28 ﬁ(m+—mA> <1+§_> H,
— (167 . 0.06) [1+ %] : (13)

+

where A = H_ — H,. The coefficients of the expan-
sion (6) for H_, H,, and A can be obtained from
formula (7)—(9). Almost all are extremely small.
The largest ones in A= H. —H, are m{ = 0.59
-0.53 = 0.06, m% = 0.037'—0.030 = 0.007, and uf}
= 0.041 —0.034 = 0.007. Thus only one term with
m;, is of practical importance for A. Consequently

m_—m
A~ T*‘ 8182 = 0015g1672- (14)

If we assume the vector-current conservation
hypothesis[”], then the statistical value of the
form factor f; turns out to be equal to zero 73,
Therefore, with good accuracy

H, = 1/,[3g2 -+ (my — ma) g182 [ ma)
= 0.75g12 + 0.13g1g2. (15)

Substituting (14) and (15) in (13) and multiplying
the entire expression by 7_/7,, where 7, —life-
times of the =* hyperon, we get

(Wr)—/ (Wr) = (3.4 £ 0.2) [1 +0.02(g2/ g1)]. (16)

Experiment yields for the ratio (16) a value
~ 2.4, and this experiment is still not accurate
enough to yield any information on the ratio g,/g;.
It is all the more true that for all reasonable val-
ues of g,/gy the correction term in (16) is very
small. On the other hand, a check on the ratio (13)
would be all the more interesting, since it will
make it possible to confirm the hypothesis of the
isovector character of the B-decay current with
the same accuracy (~ 2%) with which H_ /H, = 1.

In conclusion we can note that from the data of
Table III it follows that

(Wr)_ (exp) | (Wr)—(theor)= H_ = 0.26 = 0.14. (17)
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Table III
Z->Ate—+v DH>Atet+ty
W .107¢ (sec™) (theor. for H=1) l 1,454-0.05 0.874-0,01
Wrt.10% (theor) 2.340,1 0.684-0,03
W10 (exp) 0.64-0.3 0.25

Putting H. ~ 3g?/4 we get

g1 =06 = 0.2 (18)

Inasmuch as g; is known, measurement of the
ratio (16) with sufficiently high accuracy makes it
possible to determine g, directly.

The author is grateful to L. B. Okun’ for co-
authorship during the initial stage of the work and
for a useful discussion.

Note added in proof (JETP 47, no. 5, 1964). It is stated on
pp. 175 and 178 that comparison of the theoretical and experi-
mental values of the probabilities of the decays =" > A + et
+vand £ > A + e + 7 can be used to check the hypothesis
that the B-decay current is isovector. This statement is in-
correct. The comparison referred to can only establish that
these decays are due to different components of the same
isovector current. So long as this is true, such components
are Hermitian conjugates and the B-decay current has a de-
finite G-parity (which is of opposite sign for the V and A
components in the case of the V, A interaction).
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