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ABSTRACT

The first observation of the reaction vu +e » u- + Ue_has been
made in the bubble chamber Gargamelle exposed to the CERN SPS Wide-Band
neutrino beam. A signal of 26 £ 6 events has been found. This is

0.90 * 0.20 times the prediction of the V-A theory.
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This paper presents the first observation of the inverse u-decay
reaction vu +e +u 4+ Vo (1) which is predicted by the V-A theory [1].
This reaction had never been observed before owing both to its high
threshold, 10.? ?eV incident neutrino energy, and to an exceedingly low
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cross section . Since only leptons are involved, this reaction 1is

a direct test of the weak leptonic charged current.

During 1977-78 the heavy liquid bubble chamber Gargamelle was exposed
to the CERN-SPS wide band neutrino beam in order to study neutrino inter-
actions in the energy range 10-200 GeV (fig.l). In this experiment the
bubble chamber was filled with a light mixture of propane (90.5% in moles)
and freon CF3Br (9.57) of mean density .51. Two MWPC were placed upstream
(the "Veto" chamber) and downstream (the '"Picket Fence"), these were close
to the chamber body. This assembly was followed by an External Muon
Identifier composed of two planes of 8 MWPC (3 x lm) each, which were
separated by iron shielding for the identification of muons above 2.5 GeV
(fig.2). The Picket Fence in such a configuration was used to determine
the time at which interactions occured in the chamber within a 2 ms spill
time, and thus to reduce to a negligible level random associations between
a charged track leaving the chamber and hits in the EMI produced by sky-

shine muons.

. . 18
377000 pictures were analysed, corresponding to 2.0 10" protons on
target. These were scanned for events consisting of a single negative
track leaving the chamber and making an angle to the beam smaller than

100 mrad, with possibly one proton attached to the vertex and stopping in

the liquid. No Y-ray was allowed to point to the vertex. The events
were retained only if they occurred in a fiducial volume of 4.01 m3
inside a visible volume of 7.2 m3. The overall efficiency of the

scanning was found to be only 67 * 97 (including 607 of films scanned twice),
owing to the difficulty in finding an isolated track created in the liquid,
and thus additional information from the MWPC was used to select candidates.
This information was registered in time slots of 0.5 us durationm. A program
selected all time slots in which there were simultaneous hits in the two
planes of the EMI and one single hit in the picket fence which could be

produced by a muon originating from the liquid. In order to reduce the
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number of candidates, a conservative angular cut has been applied.
Furthermore, no hit was allowed in the same time slot in the '"Veto"

in order to reduce the background of through~going muons accompanying

the beam, This procedure reduced by a factor of 10 the number of pictures
to be scanned, and predicted the approximate position of the muon track
inside the chamber. All the pictures selected were scanned using this
information and the total detection efficiency combining the two methods
was found to be equal to (94 * 3)}Z. The difference between this and the

99% efficiency of the EMI was due to the selection criteria.

Candidates were classified as "isolated u " if there was only one
negative track at the vertex leaving the chamber and identified as a muon
in the EMI, and no other track of length greater than 2 mm projected on the
scanning table (about 8 mm in space). All other events were classified
as candidates for the reaction wn -+ u_p, referred to as u—p candidates
hereafter. This criterion left a small background of | p events in the
sample of isolated u , but avoided the loss of signal events with a small
d-ray or parasitic bubbles near the vertex. This was taken inte account
in the calculations of the background. 84 isolated U  and 456 u-p
candidates were found with muon energy EU > 10 GeV and with an angle 8

to the beam smaller than 100 mrad.

The isolated u 's can be generated by three different reactions:

i) the inverse muon-decay (1)

ii) the reaction on nucleons, vu + N>y + unseen hadrons, (2)
which comes mainly from the elastic reaction Uun -+ u-p with the proton

escaping detection;

. . . o . . [
i1i) the reaction on nuclei, by excitation of the giant dipole resonance

i.e. vU + 126 T 12y | (3)

and similar reactions on fluorine and bromine.

The background due to single T events in which the 7 decays in flight
or punches through simulating a muon was found to be negligible since no
isolated track interacting in the chamber and satisfying thé kinematical
cut was found. The background processes (2) and (3) and reaction (1)
have indeed different kinematical properties. First, in reactions (2)

and (3) the muon carries almost all the energy of-the neutrinc whereas for
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reaction (1) the muon takes about half this energy on average. Secondly,
for reaction (1) the angle B of the muon with respect to the beam is severely
limited to about 5 mrad and must satisfy the constraint p = Eu82/2me < 1,

On the contrary the values of q® near 0 are strongly suppressed for reactions
(2) and (3), Background subtraction thus necessitates a good angular
resolution. The precision obtained in this experiment is 1.6 mrad on
azimuth and 1.2 mrad on the dip angle. The average uncertainty omn the

muon momentum is <Ap/p> = 57,

Fig. 3 shows the quantity p for the isolated 1 sample compared to
the theoretical predictions. A clean peak at p < 1 is expected for
reaction (1) whereas the background has rather large p values. Furthermore,
in the sample, an excess of I events is observed near the threshold at

11 GeV as expected from the kinematics of the reaction vue + U ve

The background from reactions (2) and (3} has been computed in two
different ways. First, data taken with Gargamelle exposed to the CERN-PS
[4]

neutrino beam were used (neutrino energy range 1-10 GeV) The chamber
liquid was identical in composition to the present cne. Reactions (2) and
(3) created isolated i 's exactly as in the present experiment, but thers was
no contribution from reaction (1) to this topology since the neutrino energy
was helow the threshold. Pictures taken in the PS conditions were scanned
twice for all topologies and 27 isolated 1 were found. The global scanning
efficiency for isolated u_ was estimated to be (73 % 3)% from this double
scamn. These events were extrapolated to SPS neutrino energies by considering
that for neutrino energies greater than 1 GeV the cross sections and the q2
distribution of reactions (2) and (3) are independent of the energy, so that
for each event only the energy has to be scaled without changing the
transverse momentum, The advantage of this method is that all physical
pﬁenomena including re-interaction in the final state, are taken into account
automatically. These background events are at rather large PT’ and only

2 out of 27 lie at PT < 160 MeV/c, where most of the signal is concentrated.
From a Monte-Carlo calculation including the effect of measurement errors,
only 117 of the genuine signal has PT » 160 MeV/c, After normalization

to the neutrino flux in the SPS experiment, the number of background events

predicted below PT = 160 MeV/c is 4.8 * 3.4 to be compared with the 27 SPS-
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events obverved within the same cuts. Therefore after correction for
losses the signal from the vu +e - u“ + ve reaction is 26 * 6 events.
The probability that these 27 events come from background reactions (2)

and (3) is thus definitely negligible.

In the second method, a likelihood function in the plane (Eu,ez) was
used in order to determine the relative contribution of the 3 reactions.

The likelihood function was written

f 2y 2 _ 2937
Logi = % log {NSPl (Ei,Bi) + NB (BP2 (Ei,ei) + (1 B) P3 (Ei,ei))} (NS + NE)

where NS and NB represent respectively the number of events from the signal
and from the background, and where the index i ranges through the experimental
sample, The PJ J=1,2,3, are the theoretical densities of probability
in the plane (Eu,ez) for reactions (1) (2) and (3) respectively, integrated
over the neutrino flux and smeared by experimental errors. Pl was computed
with the V-A cross section of the inverse l-decay. The differential cross
section for reaction v n -+ u_p was used to compute P_ with an axial mass

2 [5] " : [6]

:

MA = ,95 GeV/c and taking into account the Pauli principle

Fermi motion of the nucleon target and the nuclear interactions in the final

the

state. The differential cross section for reaction (3) was taken from a
7 2.2
[7] 22 (¢4

e” g with b = 28 GeV—l. It must be remarked that in this method only

calculation of 0'Connel et al. and parameterized as do/dq
the shape of the differential cross sections are used, these are rather
independent of the theoretical assumptions but are fixed by the form factor
of the nucleon or, for reaction (3), by the shape of the giant dipole

resonance.

The final result is NS = 24 £ 5.5 {687 C.L.). After correction for

scanning efficiency, a signal of 26 £ 6 events is obtained in good agreement

with the previous determination.

8]

The theoretical cross-section for the inverse p-decay process
assuming that there are only V and A components is written as:

do (}2 (s - mz)2
- K {(14p) (1-1) (1-cos8*) (a-b cosB*) + 4 (1-p) (1+A)} (4)
d(cog 0%) T 328

Zg N "'N

L

a=1+ TﬂS/S;b =1-m*/g;A =mAgv p = beam polarization = NR + N
2 2

6, |22 RTL
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Integration of the expression {(4) over the neutrino spectrum gives
the following relation in the plane p, A.

= %%- {(1+p) (1-2) * 3 + 8 (l-p) (L+A)}

where No = 29 is the number of events expected for left-handed neutrino

p = =1 and pure V-A coupling (A = 1)

The result of this experiment, illustrated in fig. 5, is in agreement
with the V-A hypothesis. It rules out exotic possibilities like V + A

coupling or right—handed neutrinos.

In conclusicn, we have observed for the first time the reaction

vp +e - u_ + Ve, the so-called inverse u-decay.
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