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ABSTRACT

Three results are presented: a) from the study of 117 neutrino induced
dimuons events a production rate of o(u*u™)/c(p™)=(0.72 + 0.14).107%
has been measured. The u*y~ channel is found to be dominated by D-meson
production and decay. b) the inverse muon decay reaction is observed
for the first time with a clear signal of 26 + 6 events in good agree
ment with predictions from standard V-A theory. c¢) results with the
complete statistics are presented for the pure leptonic neutral current
reaction (vye” » v,e7). The measured cross section is now in agreement
with other experiments and with the predictions from the standard
SU(2)=U(1) model.

INTRODUCTION

Results will be presented on these three topics:
i) study of dimuons production from neutrinos (qu + utuX)
ii) observation of the inverse muon decay (ve” » 1 ve)
i1i) measurement of the production cross section for the purely leptonic reaction:

(vue‘ > vue')

EXPERIMENTAL APPARATUS

The heavy liquid bubble chamber Gargamelle (v4 m3 fiducial volume), filled with a
propane freon mixture (90% C3Hg and 10% CF4Br in moles, 61 cm radiation length and 0.51 g/cm?
density) has been exposed to the CERN-SPS wide band neutrino beam using a total of
2.3+10!8 protons on the target. The chamber was operated with a set of counters!) a1l around
the chamber (Fig.l) which allows the muon identification and also the scanning of selected
topologies. Upstream the first plane of MWPC (veto counter) eliminate the incoming particles,
downstream the 'picket fence' selects the exact time of each interaction in the chamber.

The BMI (two MWPC planes separated by 160 cm of iron) identifies the outgoing muons.

Our experiment using this hybrid technique offers the advantagesof an efficient select

ion of rare events, and at the same time, the possibility to study all the details of the

interactions.

DIMUONS

From the counter data candidates for the reaction:
vu+N - uuX (1)

have been selected requiring:

- no particle in the veto

- at least one particle in the "picket fence"

- two possible muons coming from GGM and crossing the two EMI planes in the same time slot

defined in the picket fence.
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Fig.l Experimental apparatus with counters around GGM.

All events selected by these criteria have been carefully analyzed and the possible

candidates measured. All muon tracks are described in terms of a x% of association with the

nearest hit in each EMI plane.
Ivents were retained as dimuons candidates when at least two tracks had a x2 less

than 40. Results are presented in Table I for 420.000 pictures corresponding to 39.000

CC events obtained with 2.3.10!8 protons on the target.

¥ -
St uou
events X? < 40 117 41
after cut at % < 10 94 25
Background
m decay in flight 24,2 £ 2 14.5 + 1
K decay in flight 3.9+ 1 2.5+ 1
Punch through + random association + 2 3 +2
Total background 32.1 £ 3 20 £ 2.5
SIGNAL 62 + 10 5 * 6

TABLE 1: Summary of background calculations
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The background comes from the following sources:
- Bl - decay in flight of ='s and K's.
- B2 - punch through of an hadron which can reach with its shower the second EMI plane.
- B3 - association of random hits in the EMI.

A cut at x“=10 eliminate most of the background B2 and B3 and background Bl can be
computed by Montecarlo.

We conclude from Table I that no significant signal of u"y~ is observed, but a signal
of u*u~ is clearly present.

Dimuons events (u*u”) are currently interpreted as being due to the production of
chammed particles and their semileptonic decay:

If this hypothesis is correct we expect:
high VO production and missing energy due to
the undetected neutrino.

In the 94 'y~ events there are 9 K% and 3A0. If we take into account our detection
efficiencies (0.25 + 0.02 for Ks and 0.48 + 0.03 for A%) and we correct for background the

rates are:

+0.06

0.5370-25 yo per dimuon event  0.03 "o A% per dimuon event

*T-0.20

showing no evidence for A production.
As all K%™ masses are compatible with the decay of the highest known charmed meson
D, we conclude that our sample is probably dominated by D production. At our energies the
production of charmed barions is desfavoured by our acceptance which requires high energy n™.
The missing energy due to undetected neutrals can be estimated 2} from the transverse
momentum balance, and the best and almost unbiased measure of the fraction of the total

hadronic energy actually measured is given by:

P, (h)
RSN

where P, (h) is the transverse momentum of hadrons projected on the vu plane and P (u7)
the transverse momentum of the negative muon.
In Fig.2 this function f is shown for our p*u~ sample (signal) and for the u~=u~
sample (background). Clearly the signal has a lower mean value of f. If we interpret this
to be due to the missing energy of the undetected neutrino, we can estimate the mean fract

ion <Zv> of hadronic energy carried by the neutrino:
<Z,> = 0.25 + 0.09

Assuming the u*y~ sample to be due to D production and subsequent leptonic decay, we
can compare the experimental inclusive properties of our events with the predictions of a

B . + - . N
standard quark parton model 3). Assuming from e e  data “) the branching ratios for the
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Fig.2 Fraction of hadronic energy actually measured for signal events (u*u~)
and background events (u"u")

decay modes D » Kuv and D » Kwuv to be 0.4 and 0.6 respectively, we see that the most
sensitive parameter in the model is the ""parton fermentation function' D(ZD) where Zp is
the fraction of the hadronic energy carried by the D meson.

With a Z, dependence of the type e+bZD we can fit the b parameter from same experi
mental distributions (Zu’ Y, Evis)' In Fig. 3 the expected distributions for Zu+ for
different values of the b parameter is compared with experimental data. The best estimate
for b is b=1.25fé'%5 and as shown in Fig.4 negative b values, as found for usual hadrons,
seems to be exclu&ed by our data.
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of the D production model for different b values.
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In order to compute the v production rate as a function of neutrino energy, the
data were corrected for the geometrical and kinematical acceptance of the EMI.

The efficiency ranges from 14% at low neutrino energies to 55% for high energy with
a mean value of 28 = 4%.

In Fig.5 the rate o(u+p')/o(p‘) is shown for different energies and compared with the
results of other experiments for dilepton production. The GGM mean value (7.2 £ 1.4)+1073
is in good agreement.

In our sample no clear vertex for the D decay has been seen. It is only possible to
give a limit on the D mean life defining for all events the maximum lengths after which
clearly none o the considered D decay have occured.

With assumptions on the branching ratio of the D to take into account when the decay is
clearly visible in the bubble chamber, and assumptions on the mean D momentum,it is possible,

by a likelihood method, to give an upper limit at 90% confidence level for the D mean life:
1,<0.8+10717 sec

in agreement with the experimental results presented at this Conference 5),

vo- GGM EXPERIMENT
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Fig.5. Rate of dilepton production as a function of the neutrino energy.

INVERSE MUON DECAY

The inverse muon decay reaction predicted by the V-A theory 6):

v, e > u"v (2)

7.

has never been observed due to the high threshold (~10.9 GeV) and to the low cross section

= 1.55 iﬁh%§£ﬁfﬂf_ «10741 o2

y-A
v

From the kinematics we expect high energy muons (Eu>10'9) emitted in a very small angle

with the neutrino beam (%uv< 5 mrad). The ¢%= ﬁp-gv region allowed by the reaction ranges
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up to about ~0.1 GeV¢ (for E =100 GeV) in a wide region far from the point q?= -m? of the
muon decay.

Events candidates for reaction (2) were selected using the data from the counters
around the bubble chamber requiring only one muon track of high energy with a small Sv
angle.

This procedure reduces by a big factor the number of pictures to be scanned and
increase the detection efficiency for finding 'isolated muons' which was found to be 94 x 3%.

84 isolated u~ with Eu > 10 GeV and euv <100 mrad were selected.

The background mainly comes from two sources:

i) the quasi elastic reaction on nucleons vu+N » p~ + unseen proton.
ii) the reaction on nuclei, by excitation of the giant dipole resonance v +!'2C » p~+12N

Both background processes have different kinematical properties than the signal.

First in the background reaction the muon carries almost all the neutrino energy, whereas
for reaction (2) the muon takes about half neutrino energy. In Fig.6 the muon energy is
plotted and compared with what expected for signal and background.

Secondly in the reaction (2) the angle Sy is severely limited and satisfy the
constraint p=Eu%uv/2me <1. On the contrary for the background reactions, very low values
of q?, and consequently of 9,y» are suppressed and we expect a broader distribution of the p
variable. The experimental distribution (Fig.7) show a very clear peak at low values as
expected from the inverse muon decay reaction.

By a likelihood method based on both variable Eu and Sy the signal was estimated to
be, after scanning efficiency correction, 26 t 6 events. We conclude that for the first time
a clear signal of reaction (2) is observed.

i
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Fig.6 Muon energy distribution,
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With the v flux information if we compared the expected cross section from V-A theory

(29 events predicted) with the experiment We find a good agreement:

O'eXp

—\—/::K = 0.9 £ 0.2

g
In a more general way, assuming only V and A contributions, we can write the expected number
of events only as a function of two parameters x= 2g,gy/(|gal?+|gy|?) (axial and vector
contributions) and p= NR=NL/(NR+NL) (contribution from right and left handed neutrino):

N = 23 {(1+p) (1-1)+3+8 (1-p) (1+1)}

The result of this experiment, illustrated in Fig.8. is in agreement with V-A theory
(x=1) with only left handed neutrinos (p= -1) and rules out exotic possibilities like V+A
coupling or right handed neutrinos.

NEUTRAL CURRENT REACTION Ve~ vug:
One year ago 8) our collaboration published a preliminary result (based on 1/3 of the

statistics)on the total cross-section for the purely leptonic reaction: vue’ - vue_ which

was unexpectedly high.
We present here the final result based on the total statisticsof the experiment.

The total neutrino flux was increased by a factor 2.6 and the results come from the analysis
of 410.000 pictures corresponding to 2.2-10!8 protons on the target and 64.000 CC events.
I will not go into the details of the analysis which is similar to the previous one.
Only one new selection criterion was added in order to eliminated the possible back-

ground coming from the bremsstrahlung of muons tracks crossing the chamber.
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Fig.5 Allowed domain at 90% CL from GGM experiment in the p,x plane.

For that we recguired the isolated electrons or gammas to be at a distance from all
muon tracks larger than 2 cm and with an angle with the muon track of more than 20 mrad.
With this newcriteriontwo of the vreviously selected electrons were rejected and the
final sample is now 9 events in the cuts L »2 CeV and Oe<30

From background calculation we expect only 0.5 * 0.2 events mainly coming from the
quasi-elastic reaction vgn » e (p) and from asymmetric isolated y rays.

Alter corrections for losses and for background the experimental total cross section

is now:
-10”“2~Ev an®/electron
which is in agreecment with other experiments 9) as shown in Table II.

TABLE I1

Experiment n, events background cross sections
(xE,+107%2)
GGM PS <1 0.3 + 0.1 <3
ANCHEN-PADOVA 32 21 1.1 + 0.6
COLIMBIA-BNL 11 07 % 0.7 1.8 + 0.8
GO SPS 9 05+02 2.4 742
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I1f we consider the predicted cross section:

do G%mg

Ea .5
E, " 7 {(gy+ey) *+ (gy-gn) 2 (- E )?}
our result defines an allowed domain at 90% confidence level in the gu,gy plane (Fig.9).
In Fig.9 also the prediction from SU(2)xU(1) model in which gp=- 1/2 and
gy= 1/2+2sinsy is shown. The two allowed values for sin?s, are:

sin?e=0.1270: 1 sin28,=0.6 + 0.10

The first value is in good agreement with the sinzsw values obtained in other

reactions 10J,
If we compare the present result with the one published in 1978 we find:

1979 _ 1978 ¢

Let us remark that only a factor 1.2 is due to the new selection criteria, but the big
factor 2.6 is apparently only due to a very large statistical fluctuation which has a
probability of 3.1.1073

15

90% C.L. Limits

5

Fig.9 Allowed domain at 90% level from the GGM experiment in the gy,g, plane.
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