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

have observed two unambiguous examples of 

(1 ) 

and obtain a branching fraction of 1.0X10-
3 

for this mode. The:=: were pro-

duced in a 27-event/lJ.b exposure of the Lawrence Radiation Laboratory 

72-inch hydrogen bubble chamber to an incident K- beam with momentum 1.7, 

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

types 

K P - :=:- K+ 

:=:- K+ 'ITo 

- 0 + :=: K 'IT 

K+ + -
'IT 'IT 

(2a) 

(2b) 

(2c) 

(2d) 

where the decay kink of the :=:- and the decay AO were obseryed. Some 2823 

events fitted one of reactions (2a) through (Ze) as well as the normal decay 

sequence 

with confidence level ~ 0.5% for each of the three one-vertex .fits. 

(3a) 

(3b) 
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Candidates for the beta decay mode (1) satisfied the following criteria: 

(a) Lambda decay. (3b). fits with confidence level ~ 0.5%; 

(b) normal:::: decay. (3a). does not fit; confidence level ~,0.5%; 

(c) a two-vertex fit to one of reactions (2a) through (2e) followed by 

the decay (1) is obtained with confidence level ~ 0.5%. 

Only nine events of the topologies giving rise to reactions (2a) through (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 Me V / 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-ionizing beam tracks. a difference distinguishable in our 

pictures for any but steeply dipping tracks. Another four events have charged 

:s- 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 unambiguous example of the decay 

- ...... - + ....... - - -
(1). Event A fits K p - ~ K with subsequent ~ - Ae v decay with a four-

constraint X 2 = 1.45. Event B 
1 

fits the s~meproduction-decay sequence with 

2 
X = 0.34. Neither event fits muonic decay ::::- - A I.L - v , 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 B the electron tracks are nearly flat in the chamber. with measured momenta 



J 

. \ , "'~J 
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100.3±1.2 and 134.6±1.8 MeV/c respectively. I£the negative decay tracks 

were pions their relative ionizations would be 2.6 and 2.0 respectively (as 

muons 2.0 and 1. 6); the refore thei r identification is unambiguous by ionization 

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

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

candidate for !) production and decay via !)- - Ae -:v. Themeasuredtransverse 

electron momenta. (component of momentum'oi:" the . dec~y trackper;pendicular 

to the ~ direction) in each event--82.4±1.3 MeV/c for event A and 86.9±1.6 MeV/c 

for event B--are greater than the maximum of 79 MeV/c for !)--A decay. An 

attempt was nevertheless made to fit event A, in particular, to !)- - A decay 

wi th prod~ction via both K - P and 1T - P inte ractions (the beam at 2.6 Ge V / c 

included 13±3% 1T-)l ~o such fits were obtained .. The relevarit quantities in 

the identification of the events are summarized in Table 1. 

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) through (2e), and the efficiency for detecting ~--Ae-:V with 

our 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 the normal decay hypothesis (3a). Neglecting possible 

small differences in the scanning efficiency for normal and leptonic ~- decays, 

we arrive at an overall detection effiCiency of 0.7±0.1 for the decay (1). Thus 

we obtain for the branching fraction 

= 
all ~-

.- -.. -... ~ --.-- -~ 
/ -.-.---- -._--.-- .... - :.>-- ' 
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For such small numbers of events the usual (N)1/2 approximation for the error 

is inappropriate, so we have used the Poisson distribution directly. The 

quoted errors correspond to fractions for which the observed number of 

events would represent a one -standard-deviation fluctuation from the true 

branching fraction. 

Previous knowledge ofthe branching fraction for E- beta decay was 

based on one certain event found at UCLA 
2 

and one unambiguous plus one 

ambiguous event found at Brookhaven. 3 A compilation 
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
5 

with incident K- momentum 2.0 

GeV /c has yielded no leptonic E events, with an effective denominator of 

717. If the available data are combined,there are four events in an effective 

sample of 3483 E-, which results in a fraction of (1.15~~:~~) X10-
3

• This 

value is probably a slight overestimate of the true fraction because experimenters 

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

addition, one should consider that an event with sufficiently low electron mo-

mentum 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 reported; this suggests that the 

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

-3 
1.0X10 is probably realistic for the world average. 

Our re~u1t for E- - A e - viall E- may be compared with the 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 ~ decay; the predicted 

t: 



'i . 

-5- UCRL-1B025 

branching fraction for :::::- leptonic decay is only slightly affected by an input 

value for this fraction with a large uncertainty. Willis et al. , 7 using 

(2.4±1.4)X10-
3 

as input for the leptonic :::::- decay fraction, obtained two 

solutions in a fit to Cabibbo' s theory. Solution A predicted 0.66X10-
3 

for 
. -3 

this fraction; solution B gave 1.06 X 10 • Since then, solution B has been 

essentially eliminated by ~ew data B on the decay branching fraction for 

,:E- - A e - V. Several fits that closely correspond to solution A have been pub-

.~; lished; new data on leptonic baryon decay and modified versions of the theory 

were used •. Brene et al. 9 use a parameterization in terms of two angles 

(JV and (J A for the vector and axial-vector baryon currents. respectively, 

instead of Cabibbo's one angle (J. With an input fraction for :::::- - Ae - v of 

(1.2±0.8)X10-10 they obtain (0.43±0.03)X10- 3 for the predicted fraction. 

Carlson, 10 using a one-angle theory, momentum-dependent form factors, 

-3 and no input :=:- -A fraction, predicts 0.56 X 10 • Finally, a fit has been 

obtained, 11 including the ,:E--Ae -'V data of Barash et al. Bwhich were not used 

in the earlier fits; this fit predicts 0.62X10-
3 

for the E- - A fraction, again 

using no input value. 

The experimental branching fraction for E-- A e - 'V is therefore con-

sistent with the Cabibbo theory and with data for other baryon leptonic decays. 

Improved upper limits for other unusual decay modes of s:- and :=;0 

v will be presented in a later paper along with a detailed analysis of the normal 

\ E - A 11' decay. 

in carr:ying out this work. The support and encouragement of Professor 

Luis W. Alvarez are gratefully acknowledged. 

~ .•. ~ .. --.- ~ ... --.----.,-
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Footnotes and References 

>:'Work done under the auspices of the U. S. Atomic Energy Commission. 
I 

t Now at Departement de Physiqu~ des Particules Elementaires, CEN, Saclay, 

France. 

t Now at the Nuclear Physics Laboratory. University of Oxford, Oxford, 

England. 

1. Event B was discovered under a rather unusual circumstance. One of the 

authors (JRH) had just found event A on the scanning table after working 

halfway through a list of some 150 events of various kinds. Another of 

us (PMD) jokingly drew an arrow completely at random next to one of 

the remaining 81 events and declared that to be the next leptonic decay. 

Six hours later the event with the arrow was reached. It was event B. 

2. D. Duane Carmony and Gerald M. Pierrou, Phys. Rev. Letters!.Q., 381 

(J. 963). 

3. G. W. London. R. R. Rau, N. P. Samios, S. S. Yamamoto, M. Goldberg. 

S. Lichtman, M. Primer. and J. Leitner, Phys. Rev. 14~. 1034 (1966). 

4. A. H. Rosenfeld, A. Barbaro - Galtie ri, W. J. Podolsky, L. R. Price. 

P. Soding, C. G. Wohl, M. Roos, and W. J. Willis, Rev. Mod. Phys. 

~, 1 (1967). 

5. Thomas Trippe (UCLA). private communication. "I 
6. N. Cabibbo~ Phys. Rev. Letters!.Q.. 531 (1963). 

7. W. Willis et al., Phys. Rev. Letters g, 291 (1964). 

8. N. Barash, T. B. Day, R. G. Glasser, B. Kehoe, R. Knop, B. Sechi-Zorn, 

and G. A. Snow, Phys. Rev. Letters~, 181 (1967). 

9. N. Brene, L. Veje, M. Roos, and C. Cronstrom, Phys. Rev. 142., 1288 

(1966). 

, ' 

-,-.--.---~ ~- -- - ... - - -



I 

\ 1 
'V 

-7- UCRL-18025 

10. C. Carlson. Phys. Rev. 152. 1433 (1966). 

11. Lawrence K. Gershwin, (Lawrence Radiation Laboratory), private 

Fig. ·1. 

communication. The version of the theory used was that of Willis et ale 

Figure Caption 

- + Two examples of K p - :=: K followed by the decay:=:- - A e - v; 
on the left, event A and on the right, event B. 
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Table I. Fitted quantities
a 

for ~- beta decay events. 

Quantity 

Beam K- momentum (MeV Ic) 

~- momentum 

+ K momentum 

e momentum 

Transverse e momentum 

(unfitted) 

e dip 

2 -
X (3C)1\-pn 

2 - - + 
X (4C) K p- ~ K 

L.Ae - v 
L.1\.I-1- v 

X 2 (7C) 3 vertex fit to 
- 0-0- + 

K p-'!:' K 
L. Ae - v 

L. pn-

Overall confidence level 

2 0-0- .-

X (3C)..:::. - An 

Event A 

2633±24 

1209±10 

1758±18 

100± 1 

82.4 ±1.3 

-4±1° 

1.65 

1.45 

.162.40 

3.86 

80% 

380.38 

Event B 

1718±1~ 

1666±13 

341±5 

135±2 

86.9 ±1.6 

1.89 

0.34 

69.20 

2.54 

92% 

314.38 

~. 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. 

';:;'-
0-0 , 

9. 

L 
OJ 
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Fig. 1 
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