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are plotted in Fig. 2, one obtains a probability
of 0.95 for g = -9 compared with a probability of
0.01 for (=+2. The apparent agreement between
the detailed shape of the $ = -9 curve and the ex-
perimental spectrum is consistent with the as-
sumption that f and f+ are not strongly energy
dependent, but the experimental errors preclude
placing useful quantitative limits on that depend-
ence on the basis of these results.
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The hypothesis that the divergence of the weak
current is a "gentle" operator in the sense of mild
high-energy behavior of its matrix elements has
been proposed by many theorists. '~' The motiva-
tions for such a hypothesis include the possibility
of a simple derivation of the Goldberger-Treiman
relation for pion decay, ' and various symmetry
considerations. ' In the case of l b,S I =1 decays,
it was first pointed out by Bernstein and Nein-
berg2 that the condition ( j& denotes the weak cur-
rent operator),

(4E E )"'(p -p ) (mij iK) =D(s) «0-Km K mp p

as s=-(p -p )'«~,
K 7t

Following the notation of Bernstein and Wein-
berg' we write the matrix element for K&3+ decay
in the form

(voi+v i s iK+) =Py (1+y )u(p )(voi j IK+)(m /E )~2,
p 5 l p l l

with

i 2v

(4)

Defining -f(2w)'(4EKEv)~(& I jp iK) —= Ap and going
over to the K-m center -of -mass frame, pK -

p7t
= 0,

we find
together with some additional plausible assump-
tions, leads to complete determination of the ma-
trix elements of K~3 and Ke3 decays up to a con-
stant factor. In this note we shall clarify the role
of some of the assumptions made in reference 2
and show that even the weaker assumption,

A =f (s)p

A =s"'f (s), s=-(p -p )', (6)

D(s) «constant as s «~,
leads to consequences difficult to reconcile with
the recent experimental data on the muon spec-
trum in K&2+ decay' and the observed branching
ratio, '

R(K +)jR(K +) =-p =1+0.2.
p3 e3

where f,(s) and f,(s) denote the P andS-wave am--
plitudes, respectively. The f 's are related to g&
and f by

f (s) =f (s),

297



UOLUME 8, NUMBER 7 PHYSICAL RKVIE%' LETTERS APRIL 1, 1962

Assumption (2), together with (5) and (6), im-
plies that

(p - p ) A = -s '(p -p )0f0(s)

f (s)= (15)

(16)

Hence,

sf (s-) ~ constant a,s s ~ ~.
0

f,(s) ~constant/s as s ~ ~. (10)

where
s & (s')ds'

I mJ,s'(s' - s - ie)
(m +m )'

m '-m ' 1 ( Imf (s')
(0) +- As )2s V 2

s'- s -a6
(m +m )'

(12)

For f,(s), we make the weak assumption that

f, (s) ~ constant as s ~ ~, (13)

and write a dispersion relation with one subtrac-
tion [recall that fl(s) =f&(s)]:

"(m +m )'
K

In view of the K-n' resonance, ' it is reasonable
to assume that the K-m state gives the main con-
tribution to the dispersion integrals. In this ap-
proximation Im f& is simply related to 5&, the K-m

scattering phase shift for j=l, and (12), (13) may
be solved by standard methods' to give

According to (8), f,(s) has a kinematical pole at
s=0 with residue (mK'-mz'}fy(0)/2. We first
show that this residue is different from zero [this
is necessary for the solutions (15) and (16) below
to be meaningful]. In K 3 decay, the term involv-
ing g&(s) in (4) becomes multiplied by the electron
mass and may be neglected. The rate of Kes+ de-
cay is therefore (note that s =mK'+m„'-2m',
Z = E~), ne-glecting the electron mass,

K ~
2

2
j

(m -m )'
If (s) I 'P(s)ds,

V

where Q(s) is a phase-space factor. Recent ex-
periments indicate that f~(s) is practically con-
stant over the physical region in K 3 decay. ' We
conclude therefore that f&(0) o 0, and may write
in view of (10) an unsubtracted dispersion rela-
tion for f,(s) for K+w ~ I+ v:

The form factors for K 3 decay are obtained from
(15) and (16) by analytic continuation to s& (mK+mg
For a sharp S-wave K-m resonance at s =M' and
weak P wave -scattering' [i.e., with g(s) =m8(s -M'}
and 5, (s)='0], (15) and (16) reduce to

f (s) =f(s) =f-(0)

or

which is the Bernstein-Weinberg result. '
We have computed the branching ratio p

=R(K&3+)/R(Ke3+) and the muon spectrum in

K&3+ decay on the basis of (15) and (16). For
an S-wave K-m resonance at 880 Mev we find p
=0.69, and for a P-wave resonance at 880 Mev,
p =0.64." Both values are below the observed
value, '

p =1+0.2, by more than the statistical
error. With either an S- or a P-wave resonance,
the muon spectrum peaks at (8& -m&) ='65 Mev, "
being practically indistinguishable from the spec-
trum corresponding to $ =2 given in reference 4,
and is in disagreement with experiment.

The conclusions of the preced ng paragraph are
quite insensitive to the detailed shapes of the
phase shifts, and are essentially the same whether
the resonance is replaced by a pole or whether
one uses more accurate phase shifts, taking
into account the width of the resonance (which
is rather narrow). '&" This is mainly due to the
large distance of the physical region of the decay
[m&' ~ s ~ (mK -m~)'=7m~'] from the threshold
of the dispersion integrals [(mK+m )2='22m„'].
This large distance has the effect of rendering
the form factors slowly varying functions of the
momentum transfer s over the physical region
of the decay, the dispersion integrals in (12) and
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(14) being dominated by the inhomogeneous terms
[(m & m &)/2s]f+(0) and f+(0). Thus, even if the

weight functions of the integrals in (12) and (14)
are grossly in error by, say, a factor of two

owing to the neglect of higher mass states [the
next state being the Kmm state with threshold at

(mff+2m„) =32m&", the contribution due to three-
body channels, moreover, is expected to be small
near threshold], the disagreement with experiment
would still persist. (As an extreme and perhaps
unrealistic example we put in a K-m bound state,
with l = 0 at 600 Mev, in addition to a P-w'ave K-m

resonance at 880 Mev. The branching ratio p be-
comes 0.75 and the peak in the muon spectrum
shifts from F. -m =65 Mev by less than 5 Mev,
the shape being practically unchanged. If there
are resonances in both 8- and P-wave channels
at 880 Mev, p again takes the value 0.64 with little
change in the muon spectrum. )

In summary, we may state that assuming the
K&3+ decay interaction is V-A, as appears to be
the case at least in K3+ decay, ' the weakened
form' of the partially conserved current hypoth-
esis, '~' together with the additional weak assump-
tion (13), leads to predictions about the K 3/Ks3
branching ratio and about the muon spectrum
which seem to be in disagreement with experi-
ment. ' A more decisive test of these predictions
might be obtained by measuring the longitudinal
polarization of the muon in K 3+ decay. Equa-
tions (15) and (16) predict small, positive polar-
izations at all muon energies, "whereas the phe-
nomenological "negative solution'"' described in
references 4 and 13 predicts large, negative po-
larizations at all but the lowest muon energies. "
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=- amplitudes in Kl3+ decay.
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