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We 'have erformed an experiment on the beta decay of

the lambda hyperon at the Argonne.National Laboratory Zero

Gradient Synchrotron using spark chamber and counter tech-

niques. The objective of the.experiment is to study the

form of the weak interaction in this decay by measuring
the up-down asymmetries of neutrinos, electrons and protons

  with respect to the lambda
sp-i-n .

f 0Polarized lambdas were produced  in the reaction  77--p -AK
below 2 threshold with a beam bf momentum 102513 Mev/c

1incident on a liquid hydrogen target.   The momenta of

electrons and protons from the beta decay were measured

with a magnetic_-SP.ent-romet-er_consisting of optical spark
chambers and counters (Fig. 1). The electrons were detected

by scintillatign fouEters and a threshold gas Cherenkov
2counter. Scintillation counters and a water Cherenkov

counter in anticoincidence detected the protons.  The times-

of-flight measured  for .both particles, when combined  with

momenta, aid identification of the beta decay. To achieve

a practical event rate we made no attempt to detect the K'.

,.We determine the plane of production from the lambda ,decay
vertex and the beam pion. This enables us to measure the

up-down asymmetries in the laboratory system and reconstruct

the lambda center of mass.

The events were photographed in 90' stereo by two 35 mm

cameras3 and the time-of-flight information, displayed on two

four-gun CRT's, was recorded by a third camera.  Each.roll of
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film contains 3500 frames taken with a lambda beta trigger

.and 500 frames. with the gas Cherenkov counter not required

in the trigger logic. This assures us of.an event ratio

Aplr/A B) 10. We collected an average of 1500 frames per
--1

lambda beta event. The frames were scanned for vees having

topologies required by the trigger with vertices in the

fiducial volume;  20  of the frames satisfied this criterion.

To eliminate a possible source of background, we made the

fiducial volume for decay  free- of spark chamber plates.

Most of the vees are electron-positron pairs, and we

reject 95% of the pairs without digitizing the spark chamb
er

pictures. The time-of-flight provides a rejection factor

. 8 by eliminating events with fast positive particles

(v *c) (Fig. 2a). In addition, we exclude events with

positive ·momenta  < 250 Mev/c, which  is well below  the  low

momentum cut-off for protons. The remaining z 40 candidates

...._per event are digitized, reconstructed in space and  fit  for

momentum. Subsequent analysis shows that the composition of

a typical sample of candidates per one lambda beta eve
nt is:

15 pairs,  12 vees with vertices outside the fiducial volume

or with non-intersecting tracks, 12Ap'IT events,  and  less
0

than one K We impose a cut based on electron-positrone3

invariant mass (Fig. 2b) combined with a more precise v
elocity

determination to reduce the pairs to < .01 at a loss of 
< .02

lambda beta events. Knowing the electron trajectory we use

aperture, focussing and timing properties of the
 electron

f.
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Cherenkov counter to reduce the APT events.to < 0.8  ,
' Kinpmatic analysis with 8-A pr hypothesis provides add itional

rejection based· on invariant lambda mass, missing kaon  mass,

transverse momentum (Fig . 38, b ) and l'r- time-of-flight (Fig.

2c .-- As a result, the ApiT background is reduced to< 0.1

at a loss of < .05 lambda. beta events. The difference

between lr+ and proton time-of-flight reduces the K'   back-
e3

i

grouno to < 0.01.  We dearched for other sources of back-

ground by lowering the beam Homentum below the threshold

for lambda production. No· simulated events have been found

in sufficient data to yield sixteen lambda beta .events at

nominal beam momentum. We conclude· that our present sample

of 110 events contains less than: 10 A plr, two electron-

0
positron pairs and one K e3

The lambda beta events are subjected to further analysis.

We compute the momentum components of neutrino, electron a
nd

proton along the normal to the production plane and form up-

down correlations with -the- lambda spin. In addition, we

transform the events to the lambda center of mass. This

transformation has two acceptable solutions for one-third

of our data. Among the quantities derived from the center of

mass reconstruction are the proper lifetime and beta sp
ectrum

shown in Fig.  3c,  d.   We use the triggered Aplr' s to verify

the accurady of our event reconstruction and obtain rms

errors of 5 Mev/c2 in lambda mass, 9 Mev/c2 in missing  -

kaon mass and 13 Mev/c in transverse momentum.  The same

events measure the lambda polarization  P =   0.87 f 0.08

-  - + O.11 -3 5
and the branching  ratio  R  =  0./ 7.-0,0 x10

<
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In .this type of experiment it is essehtial to know the
' .

inherent up-down symmetry af the apparatus. Our apparatus

is designed to be symmetric with respect to the midplane.

We use pairs to verify this symmetry for electron detec-
l-

tion and 7rp scattering events for proton detection. . This

test sh6ws that the asymmetry for particle detection is

< .03. The two-body lambda decays provide another check of

symmetry from the comparison of events with spin projection

up or down re].ative to the 'midplane.  'We find tha{(aP)UP

= 0.56* 0.10 and (aP)down =0.55.* 0.06 . The lambda beta

hhymmetries also show no bias with respect to spin orien-.

tation:

Approximately one-fifth of our data has been analyzed.
6

i The up-down asymmetries from the present sample of

1 lambda beta events are neutrino asymmetry Ag = 0.75 f 0.22
i electron asymmetry Ae  = 0.17 i 0.22 and proton asymmetry

A    =   -0.42 a 0..22. Interpreting these asymmetries in theP
framework of a V, A interaction generalized to strange par-

ticle decays by'Cabibb07, we find that gl/fl = 0•35 + 27
-.14

in some disagreement with the SU(3) prediction of gl/fl
4

= ·749 and with the world average gl/fl = 0831 .18.

The magnitude of the world average El/fl is determined by

' the electron-neutrino correlation obtained from unpolarized

lambda decays; the sign, by the asymmetry of electrons
10

11
from decays of polarized lambdas  .  The electron asymmetry

 

in our experiment agrees with these measurements.  The electron-

hdutrino correlation obtained by reconstructing our events

in the center of mass is A = -0.3 a 0.3, also in agreementev



 with existing data. The lower value of  1/fl in our ex-
' 12

periment is attributable   to the neutrino up-down asymmetry.

The agreement between our results and a V, -A description

of strange particle decays can be improved by introducing

13
large induced terms into the interaction.
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FIGURE CAPTIONS

Fig. 1. Plan view of Experimental Apparatus.

Event trigger = neutral production · electron· proton,
-

neutral production =C l·1·2·3   4·T

electron = E(only one) · C2,
-

proton = Pl · P2   P3   C3

Fig. 2. (a)  Proton-pion time-of-flight difference.

(b)  Electron-positron invariant mass.

(c)  Electron-pion time-of-flight difference.

Fig. 3. (a)  Scatter plot of invariant lambda mass vs. missing

kaon mass  (Ap Tr hypothesis) for lambda beta events.  The one

and two standard deviation contours for analyzed A p .71- events

are indicated.

(b)  Spectrum of transverse neutrino momentum for
- -lambda events. The missing -transverse momentum for analyzed

A p 17- events .is also shown.

(c)  Distribution of proper lifetime for lambda

-beta events. The neutral production requirement suppresses

short-lived lambdas.

(d) The electron spectrum in the lambda center of

mass.
'
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