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Abstract

102 events of the decay A—s p+e” +v have been found among 218,000 photos
taken with the Ecole Polytechnique lx1/2xl/2 m3, 17 Kilo Gauss heavy liquid
bubble chamber in a 1.45 GeV/c K beam (< 2°/o n ) at the CERN PS. The liquid
was genetron CZFSCl density 1.2 gm/cm , radiation length 25 cm, giving ~ 870ﬁ
electron detection efficiency and stopping —~185°/o of protons from A~ap+e +V.

The branching ratio (A—§p+e +v)/(A114) is found to be 0. 78 ¥ 0.12x10 3

agreement with preVious‘reSultsl . The proton transverse momentum (and proton
kinetic energy in the A reét>System) sﬁectra, and the e-v correlation are
incompatibie (V(lp/b probability) with those expected_for either ?ure vector

or pufe scalar A.~9p+é—+§ ‘interaction. Pure fehsor or pure axial vector are
less probable than VA, but are not excluded‘by the data. Assuming a V and A
theory with two form factors independent of the momentum transfer, the best fit
is for {CV/CA]= 0.8t 8 *? and with 95°/0 confidence O¢ {c /¢ [ ¢ 3. Since

these A's are unpolariged the sign of CV/CA is not determined.
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I. Introduction

1,2)

Prior to our experiment, it was known that the beta decay of
the A hyperon (A~9p+e—+v) proceeds at a rate roughly an order of magnitude
slower than that predicted by a straightforward extension of the V-A theory

3).

however, so little was known about the form of thé interaction responsible

of the weak interactions No spectra or correlations had been measured,
for the decay. Since publication of our preliminary results4 , which
confirmed previous measurements of the:bfanching ratio, and gave the first
indications as to the form of the decay interaction, a measurement of the
sign of CV/CA (negative as in neutfon be ta decgy) hgs been reported5)
along with confirmation.of our results for the form of the interaction
(pure S and pure V ruled out, VZA more probable than pure A or pure V).

’

At least two other experiments are in progress to improve knowledge

of the form of the A, decay interaction.,  Meanwhile, some explanations

B Tl 8)
for the low AB rate have appeared ~, Cabibbo

on the basis of a unitary symmetry model that the branching ratio
Awugpe“v/AllA should be about lO“3

, for example, predicts

and that the decay interaction should

- be approximately of the V-A form,

In this paper, we summarize the final results of our ahalysis of
102 ‘everits of A—ypte +v found among 218,000 photos taken with the Ecole
i'PQ;ytephnique heavy liquid bubble chamberlg) (dimensions lxl/2xl/2 m3,
magnetic field 17 Kilo Geuss, liquid C2Tédl, density 1.2 radiation
l?ﬁgth'7/4 n). The CERN 28 GeV Proton Synchrotron was used to provide

- +the electrostatically separated beamlB) of 1.45 GeV/c K giving-—~ 3 K

interactions and -~ one AO (of average momentum O,6-GeV/c)-per photo.
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II. Selecfion of events - backgrouhdv f

‘The large size and magnetic field of the bubble chamber and its dense,
short radiation length liquid permit almost unambiguous visual identification
of A-—>p+e“+v events, directly at the scanning stage. For the A's produced
in this experiment (average momentum ~ 0,6 GeV/c).mosb (rv850/o) protohs
stop in the liquid and are identified by curvature-ionization - residual
range information as well as by absence of decay or interaction products
at the stopping point. Most ( ~~ 87°/0) electrons are identified by their
characteristic spiral stop (at minimum ionization) in the chamber, due to

rapid energy loss by radiation,

At the scanning stage VOB events were accepted for further study,

- whether oF not the proton was identified, if the electron (or positron)
track in pro jection went through a radius vector maximum or "Rmax" (Fig.l).
The electron detection efficiency by this method is 870/0 and essentially
all n's and p's, etc., are rejected. A cut-off on projected lambda~length
(LA in Fig.l) eliminated all events with L, > 20 cms (>, three mean lives).
170 events with negative electrons satisfied both tests and were accepted

as AO candidates.

g

To eliminate events with poor measurability we reQuired LA> 0.5 cms
and Lp>.0.5,cms or, if the proton went out or -interacted, Lp > 10 cms.

To eliminate KO events and Ai{s with spurious origins we required the

B
-+ transverse proton momentum PT to be less than its theoretical maximum
(163 MeV/c) or compatible with it within two standard deviations. The
significant sources of background still remaining at this stage were as

follows:~
4+ - -

}l) Kq~)n +e +v

«1850/0 of Aﬂg protons stop in the chamber, and so cannot be confused
with background nts, Similarly, most of the n+s slow down or stop with
characteristic curvature in excess of that possible for protons. However,
for those higher energy K°'s which happen to decay with small transverse
momentum, there is still a problem. This was solved by retaining only
those A, 's that after kinematic reconstruction had momenta less than

g
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1 GeV/c. With such a criterion outg01ng protons of more than 10 cms length
are almost always dlstlngulshable from n+'s by 1onlzat10n The remaining
x° background is estimated to be less than 1 /o. (This is verified by the
fact that aﬁong thé'Ko_egn-+é++v events found during the same scanning,

no event is ébmpatible with the decay Kam5§e+v after application of the

corresponding criteria.)

2) A% Pn

bo— e

' This background cannot be completely eliminated. About 30/0 ofln-
decay to p_ in flight, most <4J7OO/O> of the p- stop in the chamber and
about 3 out of 4 stopping p decays to e vv rather than be absorbed.

. Care was taken to detect abrupt changes of bubble density across visible
kinks in the negative tracks. Evénts with such changes, or with a kink
‘greater than 15o on the negative tracks were rejected. About lOo/o of

o me-apvdecays are such that the kink is < 150. The stopping p is recognized
by ionization in about 3 out of 4 cases and the p-e angle is < 150 only

: ~*1.7O/o of the time. Thus about one A° in 60,000 should contribute to
this background. Corresponding to our cut-offs we have about 120,000,

‘_Awapn_, so we expect about two such background events.

3) Neutron 1nteractlons glVlng a proton plus a B-decay electror from
the r981dua1 nucleus.

The highestspossible electron energy is 13 MeV for the décay of BlZ2,
This background is eliminated by rejecting events with laboratory electron
energy less thaﬁ 20 MeV. VOther background processes.(e.g. néutron star

plus e from Dalitz pair) were found to be negligible, i,e, << lo/o.

Thus, we obtained a very pure ( > 960/0) sample of 102 AB'S, of which
87 had a stopping proton.

PS/4347/mhg .
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IIT. Branching ratio

Subtracting 30/0 Asp+n (with n-» p-se ) background events,
adding 20/0 electrons lost due to kinks > 150, and 40/0 cut due to energy
£ 20 MeV, correcting for electron detection efficiency (870/0) and
scanning efficiency (850/0 bag:d on a re-scan of ~~ half the film), we
find the corrected number of AOB'S in the experiment is (13%8%17).

(The correction for protons cut due to range ¢ 5mm ism¢7o/o, but the
same cut-off was applied to the normal A's, so only the difference,

~ 1%/0 is taken into account.)

The number of normal-mode A° decays was estimated by counting the
number of Vo's found throughout the film. A random sample of VO”s was
then measured to determine the proportion of these events that were
examples of AQ«g p+n  satisfying the L, LP and PA cut-off criteria,

The total number of A's, including those decaying by the neutral
mode, (assumed 1/2 as ffequent as the charged mode) was found to be
(177,000410,500). The branching ratio is therefore

g = A Pre 4y 138 %17
" (A>P+n”) + (A—n+n©) (177,000 * 10,500)

]

(0.78%0,12)x10™3

PS/4347 /mhg | /.



- 6 = : CERN/TC/PHYSICS 64-12

IV. Reconstruction of the events

. For each event. the A dlrectloﬂ (K )andnthefmomehtum and. direction

A @y
~of the proton and electron are measured . The directions are typically
determined to 4120 The proton momentum‘ls determined toas2 /o (u81ng

14 ))

by curvature to ~35 /o (after correction for bremsstrahlung effects by

5))

a-range momentum table tested. previously and the electron momen tum

a method tested independently™ The A momentum (PA)»iS*unknown since

the, A are produced on heavy nuclei.

In applying energy and momentum conservation (4 equations) at the
A decay point, there are no extra constaints on the four unknown quanti-
ties, PA and (P,k,e:) of the neutrino. There are two solutions -to the
equations and thus two possible reconstructions of the event in the A rest
system.-,(Note,nhewever, that the two reconstructions are identical when
projected on to the plane perpendicular to the A line of flight, ) Also,
there is only one solutlon for the neutrino momentum in the A rest system
and the two solutions for the electron momentum dlffer only sllghtly‘i
Because of the large errors on the electron momentum measurements, the
solutions were 1mag1nary in Af40 /o of our: cases.‘ & least squares
adjustment of the measured quantltles (Dr1n01pally of the electron momen-
tum, and of the angle” between the proton and the A) was done in these
cases to obtain a real eoiﬁfion; Correction for possible systematic

effects of this fitting procedure was done using Monte Carlo generated

fictitious A events as discussed below,.

B

Bach event was weighted by the inverse probability of its electron
having an Rmax (Fig.l) in the chamber, Effects of bremsstrahlung,
multiple and single scattering, ete,, were taken into account, as describcl
in Reference 1. The average weight was 1.14, no weight was > 3, and the
effect of the weighting was quite uniform over the proton spectra and

e-v correlation distributions.

Corrections for cut-offs on LA’ PA’ ete., which do not bias the
spectra, have been ignored, of course. Small (<f20/o) corrections for
cut-offs on the proton and electron minimum momenta (200 MeV/c and
20 MeV/c respectively) have been included for the mean values of the
varying spectra, but have not been included in the weights. The effects
of these cut-offs have been included in the Monte Carlo generated

theoretical distritutions described below.
PS/4347/mhe
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V. Analysis for form of interaction

As is well known, the distributions most sénsitive to the form of the
interaction for unpolarised A's are cos @iv (Fig.2) and Tx, the proton
kinetic energy in the A rest system. The two distributions are correlated,
but contain some independent information.

We have used two separate means of treating the data which are quite
differently sensitive to the possible biases, backgrounds and corrections
discussed above., First we have used all the experimental information (in
‘particular the rather poorly determined electron momentum) to reconstruct
egch event completely in the A rest system. Here we are especially sensitive
to possible systematic errors in the electron corrections and in the fitting
procedure, and we must take into account the two solutions for each event.
We have done‘this by a Monté Carlo method, as described below. Second, we
have studied the proton tfansverse momentum spectrum, as measured directly
in the laboratory. Hefe we are especially sensitive to the angle between
"the proton and_A directions (and to the proton length cut—offs), but there
is no dependence on the élecfron measurenents and there is no fit (and no

" two solution difficulty).» The results of the two methods are quite com-

patible.

Analysis in the A rest systenm

The observed Tﬁ and cos @jv spectra are shown in Figs, 3 and 4, for our

102 AB events (both solutions are plotted); The theoretical spectra plotted
for comparison include effects of the two solutions, our experimental
resolution, and of various cut-offs, For this a Monte Carlo method was used
to generate pseudo AB'S at rest according to the form of the interaction to6~19)
be tested: Scalar, Tensor, and various mixtures of Vector and Axial Vector X
Values for the A-momentum were chosen from a spectrum obtained by measuring

a sample of A° particles decaying by the normal mode., The pseu’do-—AB events
were transformed to the laboratory system, where the cut-offs were applied,

and Gaussian errors on the measurable quantities were assigned. The events
were then subjected to the same reconstruction procedure as had been used

for the real events, "Test" histograms were obtained of Tﬁ and cos Ojv for
each hypothesis. Where two solutions were found, each was added to the
histograms with equal weight. For A, V-A and T, the spectra of spurious
solutions were quite similar to those for the real solution., These test
histograms derived from pseudo-events were finally compared with the histo-
grams of data from the real events, The comparison with the test—distribﬁtioné

PS/4347/mhg /.
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was made by means of a;(g—fit with three degrees of freedom.

For scalar the ;g? values corresponding to bhe Tﬁ and cos @:v
distributions were»20;2 and 17.9 respectively, (i.e. <,lo/o probability),
while for tenéor wevfound values of 2.5 and 3.8. The 2:2 values for v
and A mixtures are shown graphically in Fig.5.

*
P.
action forms are given in Table 1, in comparison with our experimental

The mean values of T_ and cos @fv expected for the various inter-
values after corrections for the effects of fitting, of the various cut-
offs and of the Anpe background, These corrections are small, e.g. 0.2 MeV
*
for (TP)

The electron and neutrino momentum spectra are shown as a check in

, and 0,02 for (cos @% ).
ev

Figs, 6 and 7. There is only one solution for the neutrino momentum:
for the electron momentum the two solutions never differ by more than the
experimental resolution and the average of the two solutions is plotted.

- These two spectra are compatible with the expected distributionsl7), as
modified by effects of our experimental resolution. The theoretical spectra
are quite insensitive to the form of the interaction assumed <the «aBO/o
difference between the electron and neutrino spectra, due to the V, A
interference term, for example, is not observable with 102 events). The
agremmnﬂ;( X?e: 5.4 and Z§V= 3.9 for three degrees of freedom, respecti-
vely, i.e. 150/o,and‘309/o probability) of predicted with observed lepton
spectra gives additional confidence in the corrections for electron

bremsstrahlung, for electron detection efficiency, and in the fitting

procedure.,

Analysis in the laboratory system

Fig. 8 shows thevﬁnfitted protor womentum component, PT, transverse
to the A direction in comparison with the theoretical distributions18’19).
PT has the advantage that, by bot hajing to transform to the A rest system,
we overcome the two-solution ambiguity. PT is independent of the com-
paratively poorly determined electron momentum but is, of course, very
séﬁsitive to the angle between the proton and A directions, The PT distri-
bution is simply related to that of Ti, although there is some logs of-

information through having to integrate over the solid-angle. (The

PS/4347/mhg ‘ L/
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distribution of the cosine of the angle between the proton and the A
direction, in the A rest system, is uniform if the A has spin 1/2 and if
parity is conserved at production. Any transverse polarization will not

affect the transformation Ti to PT.)

A subsidiary study of AQ4?p+n_ events, whose spectrum for PT is
very similar to that for Aﬁ's,.gave data from which we determined the
small experimental biases on the mean value of PT due to the various cut-

offs., The mean values of PT for various theories, and the corrected

experimental value are shown in Table 1.

The corrected mean value of the distribution of the fitted e-v angle
projected onto the plane transverse to the A direction is also compared
(in Table 1) with the mean values expected for the several possible forms

19)

of the interaction .

PS/4347/mhg .
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VI. Conclusion

From Table 1, one sees that the results of the four SQectralaie
quite consistent, On thefbasis of the mean values &loﬁe,Scaiar'éﬁd pure
Vector interactions are ruled out with a certainty greater'than 990/0.
Tensor is not ruled out, but is less probable than a range of V and A
mixtures., The combined jlg probabilities of the fits of the various
theoretical spectra (with experimental resolution folded in) to our

- observed proton and e-v spectra are:

Vector <'lo/o Axial Vector 350/0 VA 380/0
Scalar ¢ 1°/0 Tensor 15°/0

On the assumption that only‘V and A contribute, with constant -form
factors, the mean value of the proton transverse momentum spectrum and
Fig.5 for the T; and cos @:v distributions give excellent agreement for

the ratio of the Vector and Axial Vector form factors. The best value is:

i C

{
| 61/== 0.8 T2
! A *

and with > 950/0 confidence

Of course, a range of S and T mixtures would fit the data equally

well,
We find for the branching ratio

A=y pe v/A11A° = 0.78%0.12x10™°

1)

confirming the value of O.82f0.13’}c10_'3 given by a previous experiment ,

8)

and in agreement with the predictions, for example, of Cabibbo 7.,

PS/4347/nhg .
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Table 1
S T v A VEA Experiment
<py 81 % | 106 | 89 | 93 92+ 4 MeV/o
(T3S - 6.6 | 8.2 9.1 | 7.5| 8,1 8.1%0,3 MeV
{cos @§v> ~0.28 |+0.01]+0.15 | -0.16] -0.04 | -0.07%0,08
{coé | T > ros | -0.36 |+0.5 |+0.22 | -0.18] ~0.04 | -0.11%0.10
=V PROJ

PS/4347/mhg
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