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momentum 85+5 Mev/c, a proton of range 3.25
mm corresponding to a momentum of 103 +2
Mev/c, and a one-bubble stub. We interpret this
event as the decay scheme

AHe‘-on- +p +He®.

Decay kinematics require the He® to have a range
of 0.24 mm, approximately one bubble diameter.
The recoil stub has been observed in the correct
hemisphere for momentum conservation. The
binding energy obtained is 3.5+3.4 Mev and is
compatible with the known binding energy” of the
AHe‘.

Alternate interpretations of event 83-1404 have
been considered and rejected. Firstly, charge
and baryon conservation at the K-interaction ver-
tex preclude the possibility that the stub is a
AHY. Further, the event cannot be interpreted
as a stopping ,H®, since this would require
another proton of 3.1-mm range at the K vertex.
It might be argued that perhaps the pH® decays
in flight and that a very low energy proton is
present at the K origin, but not visible. Such an
interpretation, however, can be ruled out by
further kinematical analysis which requires that
the AHS be unbound by at least 10+ 3.5 Mev.

In conclusion, our events are sufficiently un-
ambiguous to establish the existence of reaction
(1). This requires that the relative K~ - A parity
be negative. We wish to stress that the validity
of this conclusion depends on the assumptions
(a), (b), and (c).
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We wish to explore how far the so-called V-A
Fermi interaction could account for the strange-
ness-nonconserving weak reactions. It has been
noticed that the observed rates of the decays,
K°~r*+e¥ 4 v and K¥~1°+e* + v, seem to be anom-
alously small compared with the universal rates.!
Using a dispersion technique,? it has also been
conjectured that the rate of K—~pu + v decay is not
in contradiction with the experimentally indicated
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slow rates of hyperon decays into leptons.® It
may be interesting and instructive to see how the
other possible leptonic modes K-27 + e + v appear.
Possible modes will be (a) Kt =1+ 77+ ¢+ v, (b)
K ~r®+1°+e*+v, () K¥=rt+1t+e +7, (d) K,°
~rf+1%+e" +v, and (e) K0~ + 1%+ €7 + 1. We
write the relevant Fermi interactions with the
coupling constant f as follows: (f/v2)J,“j +H.c.,
Ja=8rag(l+y)v+ Dyg(L+ygv. Jy® denotes the
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strangeness-nonconserving baryonic currents.

If J, ¥ is assumed to satisfy AS/AQ =1,* where
AQ and AS denote the change of charge and
strangeness, respectively, of the current Ja‘”, the
mode (c) is forbidden and the rates of the modes
(d) and (e) are equal. This is also true when the
Jy ¥ satisfies the 1AI|=1/2 rule,® where AS/AQ
=1 is automatically guaranteed.

We could write the amplitudes of the various
leptonic modes of K meson as follows, neglecting
the electromagnetic corrections and the electron
mass (m, =0):

K "y, (P2 iy (L+y vk L; (1)

K" ~r®set 4, GUA2IEy, (Lyg) vk M; @)

K '-m®s1%4e” 4, (Gz/ﬁ)(f/ﬁ)éya (1+ys) vkaN. (3)

k, denotes the four-momentum of the K" meson.
We have extracted the pion coupling G which is
responsible for the emission of pions in the final
states. L, M, and N are the form factors and
their dimensions are different from each other.
Since these decays are assumed to proceed
through the baryon and antibaryon loops, the
characteristic length of the range of interactions
would be of the order of the baryon Compton
wavelength. (We take Z=c =1 and denote this
length as ML) Then the dependence of the form
factors, M and N, on the secondary pion energies
will not be so important.® Assuming this, we
need only one form factor, N, for the process
(3) because of the symmetry with regard to the
two final pions. The relations between these
form factors will be approximately given by M I
~L and NI =M. Then the branching ratio of the

2_ 2
(mK 4mﬂ )/2mK

(E?- 4mn2)/2E
bs? dpa/

process (2) to (1) will be

Wrl+e +v) (Gz)<mp 2
—_ R -2
wore~ (i)t ) xt2xe

m 2
=1.6x10“(—w—§) . @)

Taking (G%/47)=13.5 and putting M =~ baryon mass
(mp is the proton mass), the above ratio is close
to the observed value (=0.1). For the ratio in
question we have found [using Eq. (7)]

WE+1°+e’ +v) (Gz)(mp 2
=\ —N\ =5 . -5
W(r°+e++v) dr/\M x7.4x10

'm 2
=1.0x10'3(—m~§’) , 5

which is much reduced compared with the sur-
prisingly large branching ratio (4). The above
order -of-magnitude estimate has been confirmed
by two different methods. First let us compare
directly the various rates in question. For the
ratio of the rates the use of perturbation theory
would be less controversial and also the unknown
K-meson-baryon coupling will not enter. For the
Jo * current we assume the simplest form’ by,

X (1+yg)A° which satisfies |AI| =1/2. The form of
the amplitude® for the K=" (p,) + 17 (p,) +e™(p;)
+ v(p,) decay is given by

(V2 G)? (f/@?ya(1+75)v(p1aN1
+p2aN2) +H c., (6)

which needs two form factors N, and N,. Then
the energy spectrum of the positron with energy
bs (in the K-meson rest system) will be, except
for the irrelevant constant factors,

4,°dq, Z
\mK % 3

M )’/2 (Ez—ZEq4-4m

2,\V2
m 2_ 2
Ez‘ZEq4 ) {(E Eq4) (N1+N2)

-2m *(N,*+N,?) - (E*-2Eq,)N,N,+(E*-2Eq, -4m %) [——-————~4—)- (N,-N,)? -NlNz] } , (7

where E = [my (mg-2p,)]“* and q, is the neutrino

energy in the center-of-mass system of thent, 7",

and the neutrino. Now for the K-y + v and K~
+¢ + v the results are logarithmically divergent

q4
3(E-2q

and we must use a cutoff.® However, the ampli-
tudes for the K—-27+e + v are convergent. We get
the following crude estimates for the pseudoscalar

293



VoOLUME 3, NUMBER 6

PHYSICAL REVIEW LETTERS

SEPTEMBER 15, 1959

K meson:

- + ¥
W+ 0): Wtse ) Wt er +e7+0): Waterlre +0): WE, =1 +1°+e +V)

=1: 1.7x107%: 8.3x10°%: 3.5%x10™%: 2.9x107%; (8)

and.for the scalar K meson:

- + ¥
Wt +v): Witse +0): Waten st +0): WatsnrCee +0): WK, =1 +1°+e +)

=1: 1.0x107%: 9.0x107*: 1.7x10°*: 1.2x1073 9

It is seen that the previous estimates (4) and (5)
are reproduced. For the same K-meson—baryon
coupling constant, the rate of K—pu + v decay for
the scalar K meson is about an order of magni-
tude smaller than that for the pseudoscalar K
meson which is also found in the dispersion theory
calculation.? However, the same tendency also
holds for the other modes and so the above branch-
ing ratios are almost independent of the type of

K meson. There is also an indication that the re-
sult is not so sensitive to the choice of the inter-
actions adopted.® Next we shall try a different
method. Let us compare the KT =1t 417+ e+ v
with the K¥~7* + 774+ 7 decay. We could get!® the
latter process by just replacing the weak vertex
(e, v) in the former process by the weak vertex
A%+ p-rt. We may use the effective weak vertex
8Ayy (L+y9)p 8,0, (g2/4m~1.8x107*%) which may
come from the Fermi interaction (f/V2)J, Dby y

X (1+yg)n. Then we find for the branching ratio
values of around a few percent (these are crude,
and also the final-state interactions are neglected):

for K(pseudoscalar)

Wt sr+e +1) J4x10-2
for K(scalar).

W(rten-+1)  |3x10-2

However, if we accept the fact® that the effective
Fermi coupling constant for the hyperon decays
into leptons is about an order of magnitude small-
er than the usual Fermi coupling constant, then
the above branching ratio should be reduced by a
factor =~ 10 and is in reasonably good agreement
with the values obtained in (8) and (9), since ex-
perimentally we have found that W(r™*+ 7~ +77)
=1.2W(n°+et + v).

Thus we would like to conclude that the frequen-
cies of the mode K ~7t+7"+e*+ v would be ap-
proximately in the range between 10-2 and 10739
compared with the K*—7%e*+ v or K*~rten-ar™
decay.

The positron (or neutrino) energy spectra are
shown in Fig. 1 for the case K*—gt4n +et+v. The
spectra are very similar for both types of K mes-
on. This is because the spectrum is not sensitive
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to the value of N,/N,. As in the case with the
K*~1%1% e*+v decay (where N, =N, ~ constant),
the K°~7%+7% e*+v decay has also only one form
factor (N, =-N,=constant) since we have assumed
the |AIl=1/2 rule for J, . So for these cases
the spectra are unambiguous (see Fig. 2) and
turn out to be almost the same as given in Fig. 1.
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FIG. 1. The energy spectrum of the positron (or
the neutrino) in the K¥—1*+1”+e*+ 1 decay for the
pseudoscalar and scalar K meson.
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FIG. 2. The energy spectrum of the electron or
positron in the decays, K —n%+7%+e” +v and K, ,’
—a*+n0+et+y,
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That is, all the spectra have a broad maximum
around 70 Mev.

In the above discussion, no selection rules have
been assumed for all the modes.!! Experimentally
there are already about a thousand events of the
K-37 decays. So far three noncoplanar events
which look like anomalous K* —g*+7 47+ decays
have been reported and interpreted as the K+ —g*
+7 +7*+y decay.'®*® Dalitz has shown* that the
ratio of the K+-11++1r'+1r++y to the K¥~rten 4nt
decay would be about 1.2x1073 for emission of a
photon whose energy is greater than 10 Mev. Ac-
cording to our estimate the frequency of the
Kterfansetsr decay seems to be slightly larger
than the K*~7*+7 +7%+y decay. As the decay
Kt ~r*4n"+e*+v is not so difficult a process to
detect, experimental clarification may be possi-
ble in the future. Although the rates turn out to
be not so large, they are still more than an order
of magnitude larger than the predicted rates of
the K*—e*4v decay which is an important process
to prove the success of the V-A Fermi interac-
tion.
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