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In the course of a search for leptonic decays
of the = hyperon, we have observed two unam-
biguous examples of

and obtain a branching fraction of 1.0x10 3

for this mode. The " were produced in a 27-
event/)tb exposure of the Lawrence Radiation
Laboratory 72-in. hydrogen bubble chamber
to an incident K beam with momentum 1.7,
2.1, and 2.40 to 2.75 GeV/c. We have consid-
ered production events of the types

(2a)

(2b)

KP "K+,

K n+, '

K+m+m (2d)

(2e)- =- K'~+~',

where the decay kink of the " and the decay
A were observed. Some 2823 events fitted
one of Reactions (2a)-(2e) as well as the nor-
mal decay sequence

AQ

A pn'

(Sa)

(Sb)

with confidence level ~0. 5%%uo for each of the
three one-vertex fits.

Candidates for the beta-decay mode (1) sat-
isfied the following criteria: (a) Lambda decay
(Sb) fits with confidence level~0. 5'%%ug. (b) Nor-
mal . decay (Sa) does not fit; confidence lev-
el ~0.5%%uo. (c) A two-vertex fit to one of Reac-

tions (2a)-(2e) followed by the decay (1) is ob-
tained with confidence level ~0.5%%uc. Only nine
events of the topologies giving rise to Reactions
(2a)-(2e) satisfied the criteria (a), (b), and
(c). Of these, three events have negative tracks
from the " decay which are nearly flat in the
chamber, have measured laboratory-system
momenta less than 200 MeV/c, but are clear-
ly darker than minimum ionizing. A pion of
200 MeV/c or less has bubble density». 5 times
that for the minimum-ionizing beam tracks,
a difference distinguishable in our pictures
for any but steeply dipping tracks. Another
four events have charged " decay tracks with
momenta greater than 200 MeV/c. We have
imposed the additional requirement that this
momentum be less than 200 MeV/c for an event
to be a candidate for (1). The remaining two
events are shown in Fig. 1.

Each of the events in Fig. 1 is an unambig-
uous example of the decay (1). Event A fits
K p-" K with subsequent . -Ae v decay
with a four-constraint y~ =1.45. Event 8 fits
the same production-decay sequence with y'
=0.34. Neither event fits muonic decay "
-Ap, p, although four of the seven rejected
events do fit this mode. None of these four
events has been unambiguously identified as
an example of = muonic decay. In each of events
A and p the electron tracks are nearly flat in
the chamber, with measured momenta 100.3
+ 1.2 and 184.6+ 1.8 MeV/c, respectively. If
the negative decay tracks were pions, their
relative ionizations would be 2.6 and 2.0, re-
spectively (as muons, 2.0 and 1.6); therefore,

465



VOLUME 20, +UMBER 9 PHYSICAL REVIEW LETTERS 26 I'EBRUARY I968

IF7:

ll,i
' ll I '

I l h'

I! g I
II I

j..
"

sLI i&
RssSSi hisssss

7l

Iss 4 s
I $

75 ! I ssl I I

I II li

s
II

llhl I

=I' "IIIIII
/
Il

;in
I s Ml

s III'

~ ggps ~ ~
&I I

le Is I SRlh

s- -'.-!'„Igimel Q I iiIII lg
II I I l

Is

WIl %III [ 'miil MIII

=.~~ N'IW &.Il' Ri iW

~l +@II'5 lII m
7ss I ~, ~IVII . 's

:=. I l~iR I"H jg 7II
IIIII I

II I g Itt II I I '

:=:-'sii~ str(P I II & LNI!;g
sN II .

,
-y-, Fsj, ll i& P IIIR.'. Willi ~

".~II'+illus ~ @!I%J 'I+
s fd

~I+I,',5 I:.%5:=;., @II I '
s si~-

sNI I I Q Ismsll III @p g 7

1"

-=i., ili&"g ' ll I I%I" III~! IR'I +.'=—' '=:"Ill;e'IIII'! Iai, m i~
I W, I' Immi .*'

Is~ I

ssssssl
I II I /~, & j II gf

l L hsssL st — ~fiiii=~L~
FIG. 1. Two examples of K P-" IC followed by the decay Ae v; on the left-hand side, event A and on

the right-hand side, event B.

their identification is unambiguous by ioniza-
tion alone. In addition, event 9 has an 8-MeV
"delta ray" on the negative decay track which
also requires the track to be an electron. Nei-
ther event is a candidate for Z production
and decay via Z —Ae v. The measured trans-
verse electron momenta (component of momen-
tum of the decay track perpendicular to the
:- direction) in each event —82.4+ 1.3 MeV/c
for event A and 86.9+ 1.6 MeV/c for event 8
—are greater than the maximum of 79 MeV/c
for Z —A decay. An attempt was nevertheless
made to fit event A, in particular, to Z -A
decay with production via both K p and 7T p
interactions (the beam at 2.6 GeV/c included
13 + 3'%%uo 77 ). No such fits were obtained. The
relevant quantities in the identification of the
events are summarized in Table I.

In order to calculate a branching fraction
for the decay (1) based on our sample of two

events, we need only know the number of events
(2823) fitting Reactions (2a)-(2e), and the ef-
ficiency for detecting = —Ae v with our se-
lection criteria. The most important effect
is the requirement which we impose that the
electron momentum be less than 200 MeV/c.
This eliminates about 25% of the events, ac-
cording to a sample of the decay (1) Monte Car-
lo-generated by using a realistic " rnomen-

turn distribution and phase space for the elec-
tron momentum distribution in the " rest
frame. Only 6% of the Monte Carlo events fit-
ted the normal decay hypothesis (3a). Neglect-
ing possible small differences in the scanning
efficiency for normal and leptonic ™~decays,
we arrive at an over-all detection efficiency
of 0.7+0.1 for the decay (1). Thus we obtain
for the branching fraction

Ae 2
(1 0+/ 3 ) 10

y976
' -Q.65

For such small numbers of events, the usual
N'~ approximation for the error is inappropri-
ate, so we have used the Poisson distribution
directly. The quoted errors correspond to frac-
tions for which the observed number of events
would represent a one-standard-deviation fluc-
tuation from the true branching fraction.

Previous knowledge of the branching fraction
for = beta decay was based on one certain
event found at University of California, Los
Angeles (UCLA)' and one unambiguous plus one
ambiguous event found at Brookhaven. A com-
pilation' based on the two unambiguous events
and including several other experiments in which
no leptonic = decays were found yielded 790
events as an effective denominator. An addi-
tional sample of events at UCLA4 with incident
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Tab]e J, pitted quantities for ™~B decay events.

Quantity

)3eam K momentum (Me&/c)

momentum

K znomentum

e momentum

Transverse e momentum

Event A

2633+24

I209+'lO

1758+48

LOO+ l

Event 8
1718+43

4666+13

34k +5

4 35+2

(unfitted)

e dip

(3C) A~p &

2 M-
(4C)K p~H K

L-e. p, v

(7C) 3 vertex' fit to2

+
K p~~ K

&Ae v
L pm

Overall confidence level

8Z.4 +'l. 3

-4+4'

1.45

16 Z.40

3.86

80'/o

86.9 +l.6

L.89

0.34

69.20

9& /o

(3C) ~ Aw 380.38 344.38

The fitted momenta and angles are insignificantly different from the mea-
sured, or unfitted, quantities except for the momentum of the short, which
is essentia11y undetermined without fitting,

K momentum 2.0 GeV/c has yielded no lep-
tonic " events, with an effective denomina-
tor of 717. If the available data are combined,
there are four events in an effective sample of
3483:",which results in a fraction of (1.15+,",0)

x10 '. This value is probably a slight over-
estimate of the true fraction because experi-
menters with small samples and no leptonic
events tend not to report their results. In ad-
dition, one should consider that an event with
sufficiently low electron momentum might be
detected in some experiments, including this
one, despite the fact that it failed to satisfy
all the criteria used to calculate the effective
denominator. Such events have not been report-
ed; this suggests that the true branching frac-
tion is still lower than that obtained above.
A value of 1.0x10 ' is probably realistic for
the world average.

Our result for (" -Ae v)/(all = ) may be
compared with the prediction of the Cabibbo
theory of leptonic decays. ' Fits to the theory
for baryonic decays are tightly constrained

by the data on A and Z decay,' the predicted
branching fraction for " leptonic decay is
only slightly affected by an input value for this
fraction with a large uncertainty. Willis et
al. ,' using (2.4+1.4)x10 ' as input for the lep-
tonic " decay fraction, obtained two solutions
in a fit to Cabibbo's theory. Solution A predict-
ed 0.66x10 ' for this fraction; solution 9 gave
1.06x10 '. Since then, solution 9 has been
essentially eliminated by new data' on the de-
cay branching fraction for Z -Ae v. Sever-
al fits that closely correspond to solution A
have been published; new data on leptonic ba-
ryon decay and modified versions of the theo-
ry were used. Brene et al. ' use a parametri-
zation in terms of two angles 6)y and Hg for
the vector and axial-vector baryon currents,
respectively, instead of Cabibbo's one angle
6. With an input fraction for . - Ae v of (1.2
+0.8)x10 '0 they obtain (0.43+0.03)xl0 ' for
the predicted fraction. Carlson, e using a one-
angle theory, momentum-dependent form fac-
tors, and no input " -A fraction, predicts
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0.56x10 '. Finally, a fit has been obtained, "
including the Z -Ae v data of Barash et al.'
which were not used in the earlier fits,' this
fit predicts 0.62 x 10 for the " -A fraction,
again using no input value.

The experimental branching fraction for =
-Ae v is therefore consistent with the Cabib-
bo theory and with data for other baryon lep-
tonic decays.

Improved upper limits for other unusual de-
cay modes of " and - will be presented in
a later paper along with a detailed analysis
of the normal =- A~ decay.
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The first direct measurements of neutron-proton and neutron-deuteron total cross
sections in the momentum range 14 to 27 GeV/c are presented. The nP total cross sec-
tion apparently becomes less than the PP total cross section in this momentum region.
Our results show no evidence for a rapid vanishing of the Qlauber screening correction
as predicted by Abers et al. on the basis of Regge theory.

In this Letter we present the results of the
first direct measurements of neutron total cross
sections in the 14 to 27 GeV/c region. Previ-
ous measurements'~' in this momentum region
have been obtained by means of a comparison
of pd and pp cross sections with the use of the
Glauber corrections. Direct measurements
of neutron cross sections through a good geom-
etry attenuation experiment with a neutron beam
affords an opportunity to check the validity
of the Glauber correction in the nucleon-nucle-
on system, to obtain the cross sections with-
out the uncertainties such a correction intro-

duces, and to investigate more directly the
momentum dependence of O'7 (np) -o7 (pp). The
data presented here also extend to somewhat
higher momenta than previous measurements.

The experiment was performed at the Brook-
haven alternating-gradient synchrotron (AGS)
following an experiment to measure np elastic-
scattering differential cross sections. A neu-
tral beam was taken off at an angle of 1' from
a beryllium target in the circulating beam of
the AGS. Charged particles were removed by
sweeping magnets. The beam was collimated
by a series of collimators; the defining colli-
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