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This document was prepared as an account of work sponsored by the United States
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THE DECAY & - A" Vv

J. Richard Hubbard,J. Peter Berge,}and Philip M. Dauber

Lawrence Radiation.Laboratory
~ University of California
Berkeley, California

January 8, 1968

In the course of a search for leptonic decays of the = hyperon, we

have observed two unambiguous examples of

= Ae” VvV, | (1)
and obtain a branching fraction of 1.OX10_3 for this mode. The = were pro-
duced in a 27-event/pb exposure of the LawrencevRadiat.ion Laboratory
72-inch hydrogen bubble chamber to an incident K beam with momentum 1.7,v

2.1, and 2.40 to 2.75 GeV/c. We have considered production events of the

types
- ’ —t +
Kp-=>xn K (2a)
=7 K  (2b)
=T R T \ | (2¢)
5 Kiata™ (2d)
= KO 0 (2e)

—

where the decay kink of the =  and the decay A? were observed. Some 2823 !
events fitted one of reactions (2a) through (2e) as well as the normal decay

sequence

E A%, , | (3a)
Al=pr’, - (3b)

with confidence level 2 0.5% for each of the three one-vertex fits.
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Candidates for the beta decay mode (1) satisfied the following criteria:
(a) Lambda decay, (3b), fits with confidence level 2> 0.5%;
(b) normal = decay, (3a), does not fit; confidence level £ 0.5%; [
(c) a two-vertex fit to one of reactione (2a) through (2e) followed by
the decay (1) is obtained with conf1dence level > 0.5%.
Only nine events of the topologles giving rise to reactions (Za) through (2e)
- satisfied the criteria (a), (b), and (c). Of these, three events have negative
t-racks from the = decay which are nearly flat in the chamber, have measured
laboratory system momenta less than 200 MeV/c, but are clearly darker than>
minimum-ionizing. A pion of 200 MeV/c or less has_ bubble density > 1.5 times
that for the minimum—ionizihg beam tracks, a difference distingoishable 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 (). The remaining two events are shown in
Fig. 1.
Each of the events in Fig. 1 is an unamblguous example of the decay
(1)., Event A f1ts K P = K w1thv subsequent = - Ne vV _decay, with a four-
. constraint XZ = 1.45, Event B'1 fits the seme production-decay sequence with
X 2_ = 0.34. Neither event fits muonic decay B ~Ap v, a‘ltho.ugh four of the
seven rejected events do fit t.his mode. None of these fout' events has been
: unambiguously identified as an example of = muonic decay. In each Of.even'ts ‘ ('/

‘A and B theelectrontracks arenearly flat in the chamber, with measured momenta
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100.3+1.2 and 134.6%1.8 MeV/c respectively. If the negative decay tracks
were pions their relative ionizations would be 2.6 and 2.0 respectively (as
muons 2.0 and 1.6); therefore their identification is unambiguous by ionization

alone. In addition, event B has an 8-MeV '"delta ray' on the negative decay

~ track which also requifes the track to be an electron. Neither event is a

candidate for £ production and decay via £ — Ae ‘v, Themeasuredtransverse

electron momenta. (component of momentum’of’ the decay tratk,ipe'r;pendicular

to the '.E direction) in each’evént-‘-82.4:h1.3 MeV/c for event A and 86.9+1.6 MeV/c
for evenf B--are greater than the maximum of 79 MeV/c for T —A decay. An
attempt was nevertheless made to fit event A, in particular, to = —>A decé.y

with pfodﬁction via both'K_p and Tf—p interaction§ (thé beam at 2.6 GeV/c
included 13+3% 17_)? - 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 de'cay (1) based on

our sarnple of two events we need only know the number of events (2823) fitting

reactions (2a) through‘(Ze)‘, and the efficienc;r_ for detecting = >Ae Vv with

6ur selection criteria. The most important effect is the requirement which

we impose that the electron ‘momentum be less than 200 MeV/c. This elimi-
nates about 25% of the events, according to a sample of the decay (1) Monte
Carlo-generated by using a realistic = momentum distribution and phase space
for the electron ’momentum distribution in the = rest frame. Only 6% of the
Monte Carlo events fitted 1.:he normal decay hypothesis (3a). | Neglecting possible
smail differences in the scanning efficiency for normal and leptonic =~ decays,.‘
we arrive at an overall detection efficiency of 0.7+0.1 for the decair (). Thus

\

we obtain for the branching fraction

2 +1.3 .3
1976 ~ (1'0-0.65)X10 3 .
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For sﬁch small numbers of events thg usual (N)‘l/2 approximation for fhe error
is inappropriate, so we have uéed the Poisson distribution directly. The
quoted errors éorrespond to fractions for which the observed num‘ber of ' _ i
events would represent a one-standard-deviation fluctuation from the true
branching fraction.
Previous knowledge ofthe branching fraction for = beta decay was
based on one certain event found at UCLAZ and one unambiguous plus one
ambiguous event found at Brookhaven. 3 A compila.tion_4 based on the two
unambiguous events and including several other experiments in which no
leptonic ,E— decays were found yielded 790 events as an effective denominator.
An additional sample of events at UcLA® with incident K momentum 2.0
GeV/c has yielded no leptonic = events, with an effective denominator of
717. If the available data are cémbined,théré are four eveﬁts in a.n effective

sample of 3483 =7, which results in a fraction of (1.1570°20) X10™>. This

 value is‘prdbably a slight overestimate of the true fractionbecause experimenters

with small samples and no leptonic events tend not to- report their results. In-

addition, one should consider that ah event with suffiéiently low electron mo-

mentum might be detected in some experiments, including this one, despite

the fact that it failed to satiéfy all the crit.eria used to calculate the effective

- denominator. Sﬁch events have not been reported; this suggésts that thé

true branching fraction is still lower than that obtained above. A value of N

1.0)(10_3 is probably realistic for the wofld average. ' (‘/
: Our result for E +Ae v/all B~ may be compared with thé prediction

of the Cabibbo theory of leptonic decays. 6 Fits to the theory for baryonic

decays are tightly constrained by the data on A and T~ decay; the predicted
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_ branching fraction for = leptonic decay is only slightIy affected by an input

value for fhis fraction with A large uncertainty. Willis ét al., 7 using
(Z.4:i:1.4)><10"3 as input for the leptonic = decay fraction, obtainvedvtwo :
solutions in a fit to Cabibbo's theory. Solution A predicted 0.66><1>0_3 for
this fi'a.ctioﬁ; .vsolutionv B gave 1.06X'10-3. Since'thén, solution B has been:
essentially eliminated by new da,ta.8 on the decay branching fraction for

=" > Ae V. Several fits 1.;'ha‘t 'close_ly cdrrespond to solutidn A haw'/e" been pub-
lished; new data on leptonic baryon decay and modified versions of the theory

were used., Brene et al. * use a parameterization in terms of two angles

: BV and GA for the vector and axial-vector baryon éurrents, respectively,

instead of Cabibbo's one angle 6. With an input fraction for & ~Ae vV of

10 they obtain (0.43 :l:_().03)><1.0-3 for the predicted fraction.

(1.240,8) X10"
Carlson, 10 using a one-angle theory, momentum-dependent form factors,
and no input =~ —A fraction, predicts 0.56X10 . Finally, a fit has been

obtained, 1 including the = —+Ae v data of Barash et al. 8Which were not used

~in the earlier fits;' this fit predicts 0.62X 10-3 for the E - A fraction, again

uéing no input value.
The experimental branching frac'tivovnlfor E = Rhe V is therefore con-
éistent with the Cabibbo theory and with data for other Baryon leptonic decéys.
Improvied upper limits for other unusual decay modes of .E’ and E°
will be presented in a later paper along with a detailed analysis of the normal
= - AT decay,
" The authors wish to thank Miss Jo Canada Cochran for her assistance

in carrying out this work. The support and encouragement of Professor

Luis W. Alvarez are gratefully acknowledged.,
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Figure Caption

Fig. 1. Two examples of K p - 5 K' followed by the decay & -~ Ae v;

on the left, event A and on the right, event B.
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Table I. Fitted quantities® for = beta decay events.

Quantity Event A Event B
_ Beam K momentum (MeV/c) 263324 1718413
, =" momentum 120910 166613
K' momentum = | 1758418 34145
e momentum _ 100+ 1 135i2

Transverse e momentum

(unfitted) _ 82.4+1.3 86,9 1.6

e dip ~444° 11-#4°
w“(3C)A—-pT | 1.65 1.89
w (@)K p» ="k 1.45 0.34
L’Ae— v A
Lap v 162.40 69,20
X 2 (7C) 3 vertex fit to
Kp—> E—K+_ _
b Ae” v_ ‘
e p 3,86 | 2.54
Overall confidence level 80% 92%
w2 (3C)E™ ~ A’ 380.38 314.38

e~

a. The fitted momenta and angles are insignificantly different from the

measured, or unfitted, quantities except for the momentum of the short =,

, which is essentially undetermined without fitting,
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