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pole model since we cannot simultaneously ex-
plain the p+P and m +P results. It is possible
that certain departures from simple Regge pole
theory might in the future explain the data. It
is difficult to see how agreement could be ob-
tained without considerable complexity. However,
if one allowed cuts, more poles, important spin
effects, arbitrary distortions of Regge pole tra-
jectories, it is probable some agreement could
be obtained.

It appears safe, however, to conclude that
Regge pole theory will not, as originally hoped,
serve as a simple and definite prescription for
this incident momentum range. Proposals would

be further restricted by forthcoming results on
~i+ +p, K +p and p+ p which we have also obtained
but not finished processing yet. In any event one
can, of course, always say that the energy is not

high enough for asymptotic theorems. The strik-
ing difference in behavior of the nP and pP sys-
tems is, nevertheless, an interesting physical
fact from any theoretical point of view.
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We have analyzed 353 production events of the
types

K +p-= +K,
+p -= + F0+K+,

K +P-" +ri' +~,

(la)

(lb)

(Ic)
where in each case the decay kink of the = was
required to be present. In Reactions (la) and
(1b), the decay A was seen; in (1c), the decay
A and/or the Id' was seen. These events were

~A+8 +v. (2)

The event (Fig. 1 and Table I) fits the produc-
tion Reaction (1c), and both the P' and the A
from the subsequent decay are visible. The y
is 6.4 for four degrees of freedom. The miss-

produced in an exposure of a 1.8-BeV/c and
1.95-BeV/c E beam in the Alvarez 72-inch
hydrogen bubble chamber.

We wish to report here on an unambiguous ex-
ample of leptonic decay via the mode
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FIG. 1. Decay of negative cascade into a lambda, electron and neutrino.

+
ing mass (MM) in the reaction K +p —~ +ff '

+MM is 1307+ 25 MeV in agreement with the =
mass. Utilizing the = momentum as determined
by the production reaction and the lambda fitted
as emitted from the decay vertex, we find that
the missing mass in = -A+MM is 176~2 MeV.

Table I. Measured quantities.

The y' for the decay (2) is 0.02 for one degree
of freedom, and the effective mass of the elec-
tron-neutrino system as calculated from the fit-
ted electron and neutrino momenta is 176+ 1.6
MeV. Other possible interpretations for the
production reaction are

(4)

Track
No.

P 4
Particle (MeV/c) (azimuth) (dip angle)

and, from the small pionic background,

v +p-Z +P'+v +possible w',

1
2 prod.
2 decay
3
5
6
7
9

10

Z, "
Z, "
7+,Z+

jr

1930 + 140
1049 + 70
1037 ~ 60

546 +5
436 + 44
202 +2
181~2
170+ 35
941+ 10

98.4 ~ 0. 1
93.0 + 0.1
S8.4 ~ 0. 1
S2. 7+ 0.1

176.2 + 0.4
79.6 + 0.2

141.0 + 0.2
47.3 + 0.2
89.5 ~ 0.1

0.2
5.6
5. 7

-1.4
-18.0

3.5
-9.2
19.4
4.5

+ 0.3
+ 0.3
+ 0.3
+ 0.2
~ 0.5
+ 0. 3
+ 0.4
+ 0.4
~ 0.2

both followed by the decay Z -A +e + v. Re-
action (4) is ruled out because the maximum
kinematically allowed laboratory angle of the
K mesons with respect to the beam direction is
16'. The measured angle of the P' is 48', and
track 3 is not a K+ since it is minimum ionizing.

The event does fit Reaction (5) at production
with no missing neutrals (y2= 12.8 for 4 con-
straints). The fitted sigma momentum adjusted
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to the decay vertex, however, is 1084 + 4 MeV/c.
The decay lambda has a momentum of 1052~ 10
MeV/c, and the momentum of the negative de-
cay product is p' = 181+2 MeV/c. Thus the en-
ergy requirement for the sigma interpretation,

E ~E +E'&E +p',
Z A

(6)

is not satisfied (E~ = 1612*3 MeV and E&+p'
= 1714 + 7 Me V) .

Other possible interpretations for the = decay
are

(7)

and

-A+ p, +v.

The event, however, has y = 215 for the four—
constraint interpretation (7) and y'= 58 for the
one-constraint interpretation (8). We have also
ruled out interpretations (7) and (8) by means of
gap length measurements. %e find that for the
flat, minimum ionizing (P =0.97) beam track,
50. 0+ 4. 7% of the gaps are longer than d=0. 0275
mm on the film. Track 6, which is a 202-MeV/c
pion (P =0.82, dip angle 3. 5') and which has
26. 6+ 3.6% of its gaps longer than d, would be
slightly more "gappy" than track 7 if track 7
were a pion (181+2 MeV/c, dip angle 9.2').
We find, however, that 55. 6 + 6. 3 @ of the gaps
on track 7 are greater than d. This is more
than 4. 5 standard deviation evidence that track
7 is lighter in mass than a pion. Furthermore,
we calculate that 38~ 6+ of the gaps would ex-
ceed d if track 7 is a muon. Thus, from ioniza-
tion measurements alone, we have 3 standard
deviation evidence that track 7 is an electron.

The large missing mass in the decay rules
out the interpretation of the event as a normal
pionic decay followed by a v -e or a v —p, -e
decay near the vertex. %e thus conclude that
this event is an unambiguous example of leptonic
decay. ' There exists only one published event
which may be of this type. '

In order to determine an upper limit for the
branching ratio for the decay (2), we have se-
lected within a restricted fiducial volume a
sample of 194 events of the type (la) and (1c)
with the added requirement in (1c) that both the
A and the F' be visible. Although all of the
events except the one described in the first part
of this report fit the four-constraint pionic de-
cay with a normal y distribution, kinematic am-
biguities allow 164 of these events to fit the lep-
tonic decay (2) with a )f probability of 1% or

greater. %e therefore regard these 164 events
as potential leptonic decay candidates. Figure
2(a) shows the neutrino momentum spectrum
for these candidates and also the spectrum ex-
pected from phase space.

Figure 2(b) shows the angular distribution dN/
d(cos&) where & is then the angle between the
neutrino momentum in the cascade rest frame
and the cascade direction of flight. Conservation
of parity in the production process forbids any
correlation between these directions', therefore
the interval icos0 i &0.8 should contain 80@ of
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FIG. 2. Figure 2(a) is a histogram of P *, the mo-
mentum of the neutrino in cascade rest frame, in 10-
Mev/c intervals. Also shown is the normalized phase-
space prediction. Figure 2(b) is a histogram of cos8,
where 0 is the angle between the direction of flight of
the cascade in the laboratory and the neutrino in the
cascade rest frame in 0.2 intervals. Figure 2(c) shows
the phase-space prediction (dashed curve) for the elec-
tron-neutrino system and to the same normalization
the Gaussian ideogram of the missing mass, = —A
+MM, of four candidates for the leptonic decay.
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the leptonic decay candidates. There are ten
events in this interval. These ten candidates
were reduced to five by visual comparison of
the ionization of the negative decay particle with

other tracks in the event and, in one case, by
the detection of a charge exchange. Of these
five remaining candidates, one is the established
leptonic decay discussed earlier.

Figure 2(c) shows the phase-space prediction
for the mass of the electron-neutrino system
contrasted with a Gaussian ideogram of the miss-
ing mass in the reaction = -A+MM for the four
events. In all four cases the missing mass is
consistent with that of a pion. These four events
are thus most likely normal decays. We con-
clude that the most probable value of the branch-
ing ratio for the decay (2) is

R = 1/(0. 8)(194) = 0. 6 $.

dieted to be 1.6'P and hence R-. =2. 4%. Since
the probability of observing one or zero leptonic
decays in our sample would be 11% if R- =2. 4%,
our experiment gives some further evidence
that the coupling constant for hQ/bS =+1 weak
decays is smaller than the coupling constant
for strangeness-conserving decays.

We acknowledge with gratitude the assistance
of many members of the Lawrence Radiation
Laboratory and, in particular, the support of
Professor Luis Alvarez. We are especially in-
debted to Professor Harold Ticho for much val-
uable criticism. We thank Professor D. J.
Prowse for a most useful discussion about gap
counting techniques and Mrs. C. Swan for carry-
ing out the gap measurements. We are grateful
to Professor N. Byers for valuable discussions.
Finally, we thank our scanning staff.

In conclusion, if all AQ/AS =+1 decays have
the same matrix element, the fraction of decays
via mode (2), R-, is related to the fraction of
lambda decays, RA, via the mode A-p+e +v
by

(10)

where Q is the Q value and T is the mean life of
the respective particles. Experiment yields

RJ, =0.2%,3 and thus from Eq. (10), R-„=0.3,
in agreement with our upper limit. As is well
known, if one assumes that the strangeness-
nonconserving Fermi interaction takes place
with the same coupling constant as strangeness-
conserving weak interactions, then RA is pre-

*Work performed under the auspices of the U. S.
Atomic Energy Commission.

~Since the missing mass in the reaction " —A+e
+ MM is 2 + 10 MeV, the lepton-nonconserving decay

-A+zo+e is ruled out. The decay = Z e v
—Ae yv can not be ruled out, but it is unlikely that
the effective mass of the gamma and neutrino would
be zero.
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Recently, the Regge behavior of the scattering
amplitudes at high energy was obtained also from
field theoretical models' or from perturbative
calculation in field theory. ' Further, this beha-
vior has been obtained by the use of the renormal-
ization group. ' We will discuss this point and
show that the group can give a necessary condi-
tion for the existence of Regge type solutions in
renormalizable theories.

Let us suppose that we have a renormalizable

theory of interacting fields defined by a (renor-
malized) coupling constant e„and two physical
masses pp2y and m, .' Let M' be a renormalizable
quantity for such a process; we put

= M, (s, t, m, ', m, ', e ')M(s, t, m, ',m, ',e,'), (1)

where I, represents the corresponding first Born




