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We are analysing a sample of 92 20 -—3 D+ e + v decays, detected directly
" via observation of their slectrons in the Ecole Polytechnique 1m heavy liquid bubble
chamber(l), exposed to. a separaved beam<2) of 1.45 GeV/c Kf at the CERN PS. We report :
' herevonly preliminary results on the proton transverse momentum and kinetic energy.
spectra (in the 22 vest system), which are.particularly sensitive to the form of ‘the
interaction responsible:for- the decay(3’4>5 and in a V, A theory- to the:ratio~rCV/CA$.
Our results are compatible with predictions of the V-A theory(3’4’5>, (although .

(6’75r;“

" the branching ratio appears to be: inhibited as found in previous experiments’ -

i,
£

Purther work is in precgress on the electrdn—neutrino-correlation,-and;the;ﬂﬁj
branching ratio; as weil: as a more complete study of some small systematic errors.: -

+
The polarization of cur sample of 22 is compatible with zero (¢ P =0,19 - 0,21);

thus we are unable to study correlations of the eloctron (and neutrino) directions

with the polarization direction,
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Selection of Bvents

These events were found in a sample of ~ 200,000 photos containing ~3 useful
K interactions per photo, y;eiaiﬁg‘foughly-oﬁé Ap 5~} p + T dceay per photo.
The large size of the bubblé ch;mber ( 1x 1/2'i 1/2 m?), its dense (1.2 gm/cms),
short radiation length (25 cm)niiquid.(ceFBCli aﬁd its'l;7 Web/m2 magnetic field
permit high (fw80 o/b) electron deétection efficiency directly at scanning, and good
proton momentum measurement (fV : 3 o/o via rénge measurement).

V° beta events were retained at scénhing, if the electron ( + or =) was

TN
/

recognized by its characteristic spiralistop in the chamber (br by starting to

eniral s q)r90°; Fig, 1), To eliminate events with poorest measureability and to
reduce the pogsibility of ¥° - ﬁ+ e +9, £° -~y p + n (with n -3 u— e e"),
neutral stari-<y  proton + B ray, etc. backgroqnds we have required: i) PAd < 1 GeV/c,
ii) Lprotén » 0,5 ém (200 MeV/c) if stops; Lproton » 10 cm if interacts or 1ééféé‘:
chember; iii) P electron 3 20 MeV/c, iv) no region of heavy ionizatioﬁ,:or”scaffer'w .
> 15O on negative’track,'ﬁ) 0,5 ¢m < LA <:20‘cm{ vi) transverse mOmentum"and‘ioﬁi;
zation of positive track compatible with proton from APB decay (e.g. if it does

not stop“in‘chambef). wé-have made small ( € 2 o/o0) corrections for systématibl"A
effects due to these cut offs, We estimate any remaining contamination of ourAﬁpé
sample is less than 4 b/b.”Finain 79 A?B events with stopping pfotonvwere reféihed

and 13 with proton interacting (after‘> 10 cm of path) or leaving the chamber.,

Measurement, kinematics, corrections
The CERN events were geometrically reconstructed using a special version of the.

THRESH-GRIND system(8); U.C.L. and Rutherford Laboratory events used the NIRNS gec-

(9) (10)

metry program and B,P, and Bergen events the E.P. geometry program o

Corrections to electron momenta (and errors) to tske into account most probable

: : (11)
bremmstrahlung energy loss (and fluctuations in it) were made by an approximate method i
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The’ rahge=momenturt relation for. protons in this liquid hed previously been. tested

(12).

using ‘photos from the same run'™ 7, Typically proton momenta were determined to.:or
- 34o/o,iand,angles.to‘(xf‘QQ; elentron momenta to — 30 o/o, angles to - 30.
= The reconstructien:efgthéuevent'in*the«AP rest system normally gives two - so-..

lutions ,(zero_,eonst"raint 2pit"Y; In A~ 40 ,o/ o-0f the cases some small (least square's)

“adjustment of the measured:values {particularly the electron momentum and the angle

between the proton and the“APQ-is-neceSSary,toapermit a solution, Special 3-body
kinematics programs were written to perform this reconstruction (and "fit" if
necessary). On the basis of a Monte-Carlo studyiwe have corrected for some small™ .
( <2 o/o systematic effects due to the fitting procedure and.to the experimental
errors,

_ We have jchosen to work with the two solutions for-each event, rather than %o
attemptfawehqice betweenathem:~(This choice is difficult, especially for eventsepro~
duged 'in:heavy liquid, and at high energy).

Each event was weighted by the inverse of its detection probabilityJQessentially
the-inverse of the probability that the electron starts to spiral within: the. ¢hamber

fiducial volume :; determined by a Monte~Carlo method)‘g)..Typi¢a1ﬁeVentswhaVEAWeigﬁt

‘141; no event has weight larger than 3.5.. R A SR TR ARSI £

Rosults

l) Proton Trangverse Momentum (pt) Spectrum

Flg. 2 shows the distribution of the unfltted proton momentum component trans—

verse to the A° line of flight (p, = P, sin 9 Flg. 1) as measured dlrectly in the

t
lab, Note that for this spectrum there is no difficulty from tpeitwp_eqlutipns, nor
any dependence on the electron variables, nor on the "fitting" procedure‘,(Weihave

algo verified that our measurement systems lead to no significant systematie error' ™

in.the P, spectrum of protons from normal A —-=>. p -+ n :decays).
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." tFig.f?ﬁals01shbws<théoreticalﬁpfadist?ibutions,gcalculated from theoretical . -
prot0ﬁ=kinetic:enérgyxspebtragjﬂ42,passuming%the dis%fibution of the cosine of the
proton angle -with.réspect: to the A% line of Tlight is uniform (in the A° R.S.), as
expected’ from parity conservation at ﬁroductionfand L° spin 1/2,u(Any transverse
@olarizatién of the Aplsrwould-not*affecfythis transformation);=The speotra shown -
are- ¢caletlated for: form factors(4)‘F2'i G5-="0; but the spectrum shape for-Fl,.ng% 0
is very-similar to that'fOr,purefFl ("), while .the coefficients of the Gy terms -
are sméll'(éaéro/o of Gi-terms)E"The mean -transverse proton momenta expected on the
bagis’ of these theoretical distributions are: - -« : Lo Wi

" Veetor : 106 MeV/c - : - Axial vector: 89 MeV/c. . . V-A & 95 MeV[c’

Sealar: 81 MeV/c Tensor ; 98 Meﬁ/c N
whiléfoﬁr'measured.p%ﬂspectrumfhas meari value 9lfir5§MeV/c,_after small ( <:vl'o/o)

-eorrectichs ‘£ér the effects ‘of our experimental gut offs and resolution. .lf ondy : .

V and A contribute, this mean 1 and its error correspond to:,O<ZlGV/QA}_<?3@;(Wi#h

195 /o//o: confiderice). . v

. “We have also. compared the several:theoretical ‘distributions with -our.observed
distribution divided- into 4{iﬁtervals 50 ‘that -each interval is large.compared :with-
our experimental resolution, A more complete study of the.effects of our experimental
resolution is in progress. Preliminary 3C2 probabilities for the fits to the various
theoretical distributions are: v '

~ Vector: <1 o/o | A§1£{’V§é%€£§,;§6 B/BJ“‘ :  f;V;A };55L5/0f

Scalar: <1 0/0 ' Teﬁsdr:55 o/o

s 1'2)é§§btonwsbectra”¢.“ I S SR , B S LI Y

o7 The elec%ronfand-néutrihowmomentum;spectra“(in the‘AP:rest system);@re‘shown in
Pigs 3a and 3b,.These:spéctra are.of course.sensitive fo. the elgchtron energy measu-
rement (the neutrinoienergy isa function only.of'thezinvariant‘ma§S«QfAth§;proton—

electron system, and the A° mass), but do not depend on the angle betweenﬂthe_proton
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~and A lines of flight,£9+),-There is only one solution for the neutrino momentumg;

for the electron momentum the two solutions never differ by more. than the experi-

mental. resolution,

The lepton spectra are not particularly sensitive to the form of the decay .

(5)

interaction'”’, Although the difference between the electron and neutrino spectra

depends on the interference term between V and A, for example in a V-A theory(B),

at least 10 times more events than we have would be necessary to observe the

expected ~ 3 o/b difference.

The spectra shown in Fig, 3, are quite compatible with the expected interaction

]

are introduced in particular by our electron detection efficiency correction, nor

by ournapproiiméte'corfection for electron bremmstrahlung.

3)‘Pro§on.Kingtic'EnergV (T) Svectrum

Tb@_Prthq_kinetic energy- spectrum in. the AP rest system is shown in Fig, 4.

Here all the experimental information (in particular both:@+ and the electron: -

‘momentgm) is used, The two solutions er;each event; t@e true solution and ithe

spurious so;utiog;Amp;qh,wq;dqinot.distinguish, are both plotted (wifh detection .
efficiency correction). -
For each form of the interaction (V, 4, V-4), the theoretical spectrum plotted

(4)

is the sum of the spectrum given by Egardt (neglecting induced form factors),
which would correspond to the "real, or correct" solution of the two, and a second
spectrum generated from it by a Monte-Carlo method (which would correspond to the
second,- or "spurious" solution).. (We haove not yet generated Monte-Carlo spectra for
S or T), The mean values of the kinetic energy calculated from these "theoretical™

spectra are:

Vector 9,1 MeV;. Axial 7,6 MeV; V-A 8,0 MeV

PS/396€/ jc
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whiiéEdur éxperiﬁéﬁtél”Spéétruﬁ’kés;mean:valué 8,1 * 054 after smell (€2 o/o) cor-
recfibns forAfhe effectéfof'Varioﬁs cut offs, of our resolution and of the fitting
proceedure, If only V and A contribute, this mean T and its error c@rréspond“to
0< Jey/0,| <5 with % ofo confidence,
‘iﬁﬁﬁézprelimiﬁany ?f2 ﬁfdbaﬁilities (4 intervals) ‘are:
Veotor < 1 ofo, 7 xial ~0 o/o, V-4 ~30 o/0
in comparisbn'withkthéofé%idai\spectra (with experimental resolution folded in' in

an approximate manner, which we are presently improving)s

Conclusion
Our experlmental proton transverse momentum and klnetlc energy spectru, 1n com-

4) Forey -

parison with the theoretlcal,predictions(3 (which assume constant fxem factors over
the 14 MeV range involved) indicate that: pure vector and pure scalar fit the data
very poorly ( <1 o/o probablllty) V-A gives - The best fit, pure axial vector and

'pure tensor are less probable but not ruled out., If only V and A are assumed to

contribute, pure V is excluded ( €1 ofo probability), and with 95 o/o confidence,

the limits for the ratio |CU| are 0« }%‘.’. <3 compatible e.g. with thé prediction
: A VAL
by Cablbbo( 3) on the basis of a unitary symmetry model, but not in agreement with Y
\("/«’
(14)

the prediction of Cornwall + Singh
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FIGURE CAPTIONS

Schematic APB decay with explanation of symbols used in text.

Unfitted proton transverse momentum (pt) gpectrum,
Theoretical curves for various possible forms of interaction are calculated

(4)

from kinetic energie spectra given by Egardt' . Some events have py >» 163 MeV
(maximum kinematically allowed) due to experimental errors. Fitted values for

these events are in the range 120 - 160 MeV/c.

a) Electron, b) Neutrino momentum spectra (in Ap rest system).

(10)

Theoretical curves are given by Harrington , and are dominated by phase

space,

Proton kinetic energy (T) spectrum_(Ap rest system).
Each event has two solutions for T; each is plotted as a half event. The

(3,4)

theoretical spectra for different possible forms of the interaction are
slightly deformed due to the addition of curves corresponding to the second

or spurious solution. (For V, an extreme case, both the BEgardt spectrum and

the deformed spectrum are shown),
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FIG. 1.

B, . PROTON MOMENTUM
Pg- = P@Sin O+
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