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U sing polarized ~ hyperons, we have measured the up-down 

asymmetry of leptons in the decay ~ - -+ nl - v. This leads to a 

value of gA = 0 05 +0.23 in reasonable agreement with the 
. -0.32' gv 

Cabibbo theory for leptonic decays. 

1 Leptonic decays of various baryons are related through Cabibbo I s theory 

used in conjunction with the conserved-vector -current hypothe sis. Three 

measurements suffice to establish the free parameters, namely, the Cabibbo 
( 

angle e and the D and F couplings. The six different measurements so far 

performed on baryon leptonic decays are all consistently related through the 

2 theory. Here we report a seventh, and heretofore unmeasured, quantity which 

is also in agreement. 

The experiment consisted in taking 1.3 X 106 pictures in the Berkeley 

25 -inch hydrogen bubble chamber exposed to a K- beam ranging from 300 to 

450 MeV/c, the vast majority of which occur near the Y~( 1520) resonance 

(390 MeV/c). Forty~nine electron and eight muon events of the type 

- - + K P -+ ~ 'IT , ~ -+ nl. -v were obtained. From these events the decay asym-

ITletry of leptons from L hyperons, whose polarizations are known from a 

multichannel partial-wave analysis, 3 was then measured. This asymmetry 

is related to the ratio of the axial vector to vector coupling constants, which 

in turn is related to the D and F couplin~s. 
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1. SELECTION OF EVENTS 

We found that scanning criteria on curvature and ionization cannot be 

used very well to identify ~ leptonic decays. Therefore the full sample of 

70 000 ~ decays was measured. About 1500 events which did not pass the 

usual two-body or three -body production and nonleptbnic decay hypotheses 

with an overall confidence level of greater than 10-4 fitted the hypotheses 

- - + 
K P -+ ~ TT {e -} 

I ~=. + missing mass. (1) 

About 500 events, for which the missing mass for the leptonic decay hypotheses 

was greater than the neutron mass, were inve stigated further. Visual inspec-

tion of the events showed that the majority of them were either the result of a 

poor measurement. or of a small-angle scattering or decay of the pion. The 

remainder were considered candidates and were remeasured at least once. 4 

After these remeasurements had eliminated more candidates and after further 

examination for scatterings and decays in the tracks, 182 events remained. 

The major source of nonleptonic background among these candidates 

comes from radiative pionic decay; above 125 MeV/c momentum in the ~ rest 

frame the radiative decay probability exceeds the probability for electron 

decay. However, for momenta in this region or below, pions are usually 

distinguishable from electrons by ionization. For positively identifying an 

electron we first adopted the criteria that the momentum of the electron in 
r 

the ~ c. m. be less than 150 MeV/c and that the dip angle of the electron be 

less t~an 70 deg. Electrons with a lab momentum below 145 MeV /c were 

separated from pions and muons by visual inspection of the ionization. For 

those events above this momentum bubble gap counting was employed to com

pare the 13 2 of the electron candidate with another track on the frame (prefer-

• 

,~. 
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ably associated with the event). This yielded four additional unambiguous 

electron events with lab momenta up to 172 MeV Ic. The momentum distribu-

tion for all accepted electron events is shown in Fig. 1. The lower part of 

the spectrum is in good agreement with the phase space prediction. 

One cannot so easily distinguish muons from radiative pionic decay by 

means of ionization. Five muons came to rest in the chamber and so gave 

unambiguous signatures. For the remainder we considered as candidates only 

those events with a momentum in the ~ c. m. of less than 70 MeV Ic, so that 

the a priori probability that it is a muon exceeds that of radiative pionic decay 

by at least a factor of 5. This yielded 3 additional events for which ionization 

favored the muon hypothesis, and one additional event in which a pion came 

to rest. All muons had momenta below that which could arise from collinear 

7T decay in flight. 

II. RESULTS 

The angular distribution of leptons from polarized baryons is 

A _ A 

I( q) = 1 + Ct! (a~ > . q , (2) 

h h d ... I b 5, 6 were t e ecay asymmetry parameter Ct! 1S glven approx1mate y y 

(3 ) 

A • 

Here q 1S the lepton momentum unit vector, 13 is the lepton velqcity,and 

(a~> is the ~ - polarization, which is computed for each event by using the 

multichannel partial-wave analysis. 3 The average magnitude of the ~ polar

h:,ation is 0.5. A likelihood function, ---f( Ct!) = n (1 + Ct! (a~> .. q.), is then com-~. ~ 1 1 

puted as a func tion of Ct!. 

1 
7 This yields a value Ct! = -0.13 ± 0.41 for the electrons. 

Since universality requires that gAlgv be the same for electrons and muons, 



-4- UCRL-18169 

and since the data are liITlited, we cOITlbine the two saITlples (although the 

ITluons contribute very little both because of their nUITlber and because of the 

!3 dependence). Using the expressions of Harrington6 rather than Eq. (3) to 

relate the decay aSYITlITletry to gA/gV' we obtain froITl a likelihood cOITlputa-

. I/O 05 +0.2 3 d / 1 3 +0. 9 h· b hon two va ues, gA gv = • -0.32 an gA gv = - . -10 ; t 18 can e seen 

graphically in Fig. 2, where we plot Q' vs gA/gV for !3 = 1. 

The axial-vector and vector baryon currents ar e assuITled in Cabibbo' s 

theory to transforITl as ITleITlbers of SU 3 octets. Further,.6.S = 0 and .6.S = 1 

baryon currents are assuITled ITleITlbers of the saITle octet but with different 

strengths given by 

J A = co s8 J A (.6.S = 0) + sin 8 J A (.6.S = 1), ( 4) 

where J A stands for either axial:"vector or vector currents. Here we aSSUITle 

that the Cabibbo angle 8 is the saITle for the two currents. Both D-type (sYITl- . 

ITletrical) and F -type (antisYITlITletrical) SU 3 couplings contribute to the cur-

. rents, and cOITlputation of the SU 3 coefficients yields, for the decay L;-.-+ nl v, 

the axial-vector and vector -current coefficient gA = (D A - FA) sin e, 

gv = (DV - FV) sinO. From conserved-vector-current theory, FV = 1 and 

Dy = 0, so that (g ~/ g V) L; - -. n = F A - D A. 8 

Willis et al. 2 obtained two be st-fit solution~ to all leptonic baryon decays. 

One of these, solution B, has since been excluded by a betterITleasureITlent of 

the decay rate of L; ~ Ae 9 10 11 
v by Barash et al. Brene et al. and Carlson 

have further investigated solution A. We have ITlade a new fit to the data, with 

three paraITleters, e, D A' and F A. A fit to the first six data points in Table I 

gives gA/gV = 0.28. That one of our experiITlental values that is in better 

accord with this, gA/gV = 0.05 ~~:;~. agrees with the predicted value within 

one standard deviation. The best-fit values for all seven data points are 
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() = 0.258, D = -0.751, F = -0.502, yielding g A/gV = 0.25. The X
2 

is 4.45, 

and the confidence level is 35%. 

We are indebted to Dr. Joseph J. Murray for the creation of the K 

beam, and we acknowledge the encouragement of Professor Luis W. Alvarez. 

We also wish to thank the 25 -inch bubble chamber crew and our scanners and 

measurers for their help. 
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FIGURE CAPTIONS 

Fig. 1. Momentum of electrons in the rest frame of the ~ -. The solid curve 

is the phase -space distribution of ~ -+ n e - v for a branching fraction of 

1:800, the dashed curve, of ~ -+ nTI 'Y. Both curves are normalized to 

63 000 ~ decays that satisfy the imposed cuts. 

Fig. 2. Plot of a vs gA/gV for electrons. The solid curve is from Eq. (3), 

the dashed curve is from the more exact expression of Harrington for an 

electron momentum of 100 MeV/e. Our experimental value of O! for elec-

trons is indicated. The predicted value of gA/gV before this experiment 

- was included is indicated by an arrow on the abscissa. 

( 
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Table 1. Data points used in detel;'mining be st fit. 

Decay Branching ratio Reference 

11.- p,+ e +v (8.8± l.S) X 10-4 
12 

~ 
-

+v (1.2S±0.17) X 10- 3 12 - n + e 

.~ 
-

- A + e +v (6.4± 1.2}X 10-S 9 

'::'- -A + e - +v (1.0 ~6:~s) X 10~3 13 ..... 

Decay gA/gV Reference 

n-p+e + v -1.2S±0.04 14 

A - p + e + v .... 1 14 +0.23 
. '-0.33 is 

~. 
- -n + 1. +v o OS +0.23 This work '-0,32 :'.. '".' 
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