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We have[gerformcd anAexperlmcnt on the beta decay of
f the lambda hyperon at the Arvonne Natlonal Laboratory Zero
Gradient Synchrotron’ u51ng spark chamber and counter tech-
niques. The objectiye of the.experiment is to study the
form of the weak interaction in this decay by ineasurinor
the up-down asymmetrles of neutrlnos, electrons and protons
‘ wlth respect to the lambda sniﬂ |
- Polarized lambdas were produced_ln.the reaction W"p—»jiKo
_below », threshold witn a beam of momentum 102543 Mev/c
incident on a liquid hydfoéen‘target.l' The momenta of
electrons and protons from the beta decay were measured -
with a @agnet;c spectrometh_con81st1no of optlcal spark
chambers and counters (Fig. 1). The electrons vere detected
by scintillation coufters and a threshold gas'Cherenkov

counter, 2 Scintillation counters and a water Cherenkov

ucounter in ant1c01nc1dence detected the protons. The times-

.._of-flight measured for both partlcles when comblned with

momenta, aid 1dent1f1catlon of the beta decay. To achleve
a practlcal event rate we made no attempt to detect the K°
awe determlne the plane of productlon from the lambda.decay
vertex and the oeam pion This enables us to measure the
up down asymmetrles in the laboratory system and reconstruct'
the lambda center of mass, _

The.events vere photogranhed in 90o stereo by two 35 mm
cameras3 and the'time-of-flignt information, displayed on two

four-gun CRT's, was recorded by 2 third cemera., Each roll of
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‘ £film contains 3500 frames taken with a lambda beta trigger
,andISQO frames. with the gas'Cherenkov counter not required.
in the trigger 1ogic;~ This'essures'ﬁs of .an eveﬁt'ratio
[\pw/!&B>IML We collecsed an average of 1500 frames per
1ambd; beta event. The frames were seanned for vees having
topologies required by the tr105e¢ with vertices in the
fiducial volume; 207 of the frames satisfied this crlterlor.

- To ellmlnate a poss1ble source of bacharouﬁd we made the
fiducial volume for decay free-of spark chamber plates.

Most of ‘the vees are electron p051tron pairs, and wve
reject 95% of the pairs without digitizing the spark chamber
'pictures. The time-of-flight provides a rejection factor
~ 8 by eliﬁinating events with fast positive particles
(VQ:C) (Fig. 2a). 1In addition, we exclude events with‘
posifive~momenta { 250 Mev/c, which is well below the low

_momentum cut-off for protons. The reméining ~ U0 candidates

....per event are digitized, ;econstructed in space and fit for

.momentum. Subsequent analysis shous that the composition of
a typical sample of candidates.per one lambda beta event is:
15 palrs, 12 vees with vertices ouL51de the fiducial volume
or with non-intersecting tracks, 12 A pr events and less

than one K° We impose 2 cut based on electroh—positron

30
'1nvar1ant mass (Flc 2b) combined w1th a more precise veloc1ty
determlnatlon to reduce the palrs to < .0Y at a loss of < .02

lambda beta events. Knowing the electron trajectory we use

aperture, focussing an timing properties of the electron
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.Cherenkov counter to reduce thc f\pw events . to < ()8 ;
: Kr,,ratic analysis with a ﬁ\Dﬂ'hVDOth881S provides additional
‘reJcctron based on 1nvarrant 1ambda mass, missing kaon ‘mass,
transverse momentum (Fig. %a, b) and 7 time-of-flight (Fig.
2c).’“As a result, thej&prbackground is reduced to < 0.1

at a loss of/ .05 ]amhda beta events. The difference
between TrF and proton time-of- flrnht reduces the X° ; back;
ground to < 0.01. We searched for other sources of back—
ground by lowering the beam momentum below the threshold
_for 1ambda productlon. No s1mu1atcd events have been found
~in sufficient data to yield sixteen lambda beta events at
nomina} beam momentum. ‘We.conclude~that our present sample
of 110 events contains less than: _.10.A pr, two electron-
positron pairs and one K 63" |

The lambda betaaevents are subJected to further analys1s.

We compute the momentum components of neutrino, electron and
proton alonor the normal to the productlon plane and form up-
~ down correlations with the lambda splnr In addltlon, 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 spectrum
shown in Flﬂ 30, . We use the trlgceredj\~pw's to verlfy
‘the accuracy of our event reconstructlon and obtain rms
.~errors,of 5 Mev/cv in lambda mass, 9 Mev/c in m1s51ng
kaon mass and 13 Mev/c in transverse momentum. The same
- events measure the lambda polarization P ép 0.87 + 0,08 .

© and the branching ratio R = 0’79*225 x10 3.5
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- In this type of experiment it is essential to know the
inherent up-down symmetry of the apparatus. Our apparatus

midplane,

@

is dc51gned to be symmetric with respect to th
We use pairs to verify this symmetry for electron Adetec—
tion and T scatterihgleyents for proton detection.. This
test shows that the asymmetry for particle detectioniis
.<.03. yThe two-body lambda decays provide another check of
symmetry from the comparisom of events with spin projection
up or down relative to the‘midplane. ‘We find thaf(aP)up
« =0.56+0.10 and (ap)aown ='O.'SS‘:tO.Oé . The lambda beta
_agymmetries also show no bias with respect to spin crien¥\
tation. |
B Approximately one-fifth of our data has been analyzed.
The up-down asymmetr.ies6 from the present sample of
' : lambda beta events are neutrino asymmetry Av = 0,75+ 0,22
3@ - A'electron asymmetry A = 0, 171:0 22 and proton asymmetry
i' | . -Ap = =~0.42 £ 0,22, Interpretlnc these asymmetrles in the
| framework of a V, A interaction generallzed to strange par-
ticle aecays,by‘Cabibb'd'r, we find that g /fy = 0.35 t. %Z}
in some disagreement with the SU(B)-prediction of gl/f1
Ay= .749 and with the world average gl/fl = .83.i_;18.u
The magnitade of the world average gl/f, is determimed by
the electron neutrino correlation obtained from unpolarlzed
. lambda decays 10 the sign, by the asymmetry of electrons A
from decays of polarlzed lambdasll. The electron asymmetry
in our experiment agrees with these measurements. The electron-

neutrino correlation obtalned by reconstruct1n~ our events

in the center of mass 1s Aev‘=. -0.33;0_3, also in agreement




 with e>1st1nﬁ data. The lowef value of gl/f. in ouf ex-
periment is attrlbutable to the ncutr1no up-down asymmctryl2
The agreement betweon our results and a VvV, A descrlptlon
of st;ange particle decays can be improved by 1ntrodu¢lng

e
i
i

.lafge induced terms into the interaction.l3
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Fig. 1. Plan view of Experimehtal'Apparatus.

Event trigger = neutral production - electron- proton,

neutral production = ClL 1.2 +«3 4. 5,
electron

proton

Fig.

Fig.

2.

= E(only one) - C2,

PL - P2 - P3 - C3.

(a) Proton-pion time-of-flight difference.
(v) Electron-positron invariant mass.

(c) Electron-pion time—of—flighi difference.

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

kaon mass (/\Lp 7 hypothesis) for lambda beta events. The one

and two standard deviation contours for anélyzedj\_p,w events

are indicated.

(b) - Spectrum of transverse neutrino momentum for

"~ Tlambda events. The missing transverse momentum for analyzed

/\ p 7 events is also shown.

(c) Distribution of proper. lifetime for lambda

-beta events. The neutral production requirement suppresses

'short—lived'lambdas.

-mass,

(d)'The electron spectrum in the lambda center of
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