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ABSTRACT 

Three results are presented: a) from the study of ll7 neutrino induced 
dimuons events a production rate of o(µ\1-)/0(µ-)=(0. 72 ± 0.14) .10-2 

has been measured. The µ+µ- channel is found to be dominated by Il-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 (vµe--+ vµe-). The measured cross section is now in agreement 
with other experiments and with the predictions from the standard 
SU(Z)xU(l) model. 

1. INTRODUCTION 

Results will be presented on these three topics: 

i) study of dimuons production from neutrinos (v11N -+ µ+]J-x) 

ii) observation of the inverse muon decay (vµe- -+ µ-·ve) 

iii) measurement of the production cross section for the purely leptonic reaction: 

Cvµe- -> vµe-) 

2. EXPERIMENTAL APPARATUS 
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The heavy liquid bubble chamber Gargamelle (o.A m3 fiducial volwne), filled with a 

propane freon mixture (90% C3H8 and 10% CF 3Br in moles, 61 cm radiation length and 0.51 g/cm3 

density) has been exposed to the CERN-SPS wide band neutrino beam using a total of 

2.3·1018 protons on the target. The chamber was operated with a set of counters 1 ) all around 

the chamber (Fig.1) which allows the muon identification and also the scanning of selected 

topologies. Upstream the first plane of MIVPC (veto counter) eliminate the incoming particles, 

downstream the "picket fence" selects the exact time of each interaction in the chamber. 

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

Our experiment using this hybrid technique offers the advantages of an efficient select 

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

interactions. 

3. DIMUONS 

From the counter data candidates for the reaction: 

have been selected requiring: 

- no particle in the veto 

v +N -+ µ]JX 
)J 

- at least one particle in the "picket fence" 

(1) 

two possible muons coming from GGi\i and crossing the two EMI planes in the same time slot 

defined in the picket fence. 
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fig .1 Experimental apparatus with counteIS around GGM. 

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

candidates measured. All muon tracks are described in tenns of a x2 of association with the 

nearest hit in each EMI plane. 
Events were retained as di.muons 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 2.3·1018 protons on the target. 

- + - -
µ µ µ µ 

events x2 < 40 117 41 

after cut at x2 < 10 94 I 25 

Background 

TT decay in flight 24.2 ± 2 14.5 ± 1 
K decay in flight 3.9 ± 1 2.5 ± 1 

Punch through +random association 4 ± 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 n's and K's. 
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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 x2=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 µ µ is observed, but a signal 

of µ+µ- is clearly present. 

Dimuons events (µ+µ-) are currently interpreted as being due to the production of 

charmed particles and their semileptonic decay; 

If this hypothesis is correct we expect: 

high vo production and missing energy due to 

the undetected neutrino. v 
µ 

v 

In the 94µ+µ- events there are 9 Kos and 3Ao. If we take into account our detection 

efficiencies (0.25 ± 0.02 for KOs and 0.48 ± 0.03 for Ao) and we correct for background the 

rates are: 

showing no evidence for A0 production. 

As all K0µ+ 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 µ+. 

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..i (h) 

f = ~l(µ-) 

where PJ.(h) is the transverse momentum of hadrons projected on the vµ plane and P_(µ-) 

the transverse momentum of the negative muon. 

In Fig.2 this function f is shown for our µ+µ- sample (signal) and for the µ-p-

sample (background). Clearly the signal has a lower mean value off. 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: 

Assuming the µ+µ- 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 

standard quark parton model 3). Assrnning from e+e- data 4 ) the branching ratios for the 
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Fig.2 Fraction of hadronic energy actually measured for signal events (µ+µ-) 
and background events (µ_µ_) 

decay modes D + Kµv and D + Knµv to be 0.4 and 0.6 respectively, we see that the most 

sensitive parameter in the model is the "parton fermentation function" D(Zn) where Zn is 

the fraction of the hadronic energy carried by the D meson. 
lr .th Z .I d of tl1e type e+bZo f.t ti b t f · n a D cepen ence we can ·1 le parame er -rom same exper~ 

mental distributions (Zµ, y, Evis)· In Fig. 3 the expected distributions for Zµ+ for 

different values of the b parameter is compared with experimental data. The best estimate 

for b is b=l.25~6:~5 and as shown in Fig.4 negative b values, as found for usual hadrons, 

seems to be excluded by our data. 
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Fig. 4 Comparison of. this experiment with predictions 
of the D production model for different b values. 
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In order to compute theµ+µ- 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%. 
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In Fig.5 the rate o(µ+µ-)/o(µ-) is shmm for different energies and compared with the 

results of other experiments for dilcpton production. The CX0! mean value (7.2 ± 1.4)·10- 3 

is in good agreement. 

In our sample no clear vertex for the D decay has been seen. It is only possible to 

give a 1 imi t on the D mean life defining for all events the maximum lengths after which 

clearly none oi~ the considered D decay have occured. 

il'ith assumptions on the branching ratio of the D to take into account when the decay is 

cJearly visih1e in the bubble chamber, and assumptions on the mean D momentum,it is possible, 

hy a likelihood method, to give an upper limit at 90% confidence level for the D mean life: 

in agreement with the experimental results presented at this Conferences). 

1. 
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Fig.5. Rate of dilepton production as a function of the neutrino energy. 

4. IN\11:RSE MUON DECAY 

The inverse muon decay reaction predicted by the V-A theory 5 ). 

(2) 

has never been observed clue to the high threshold ('"10.9 GeV) and to the low cross section 
7
). 

= 1 55 (Ev-10.9)2 ·l0-41 cm2 0 v-A . . E 
v 

From the kinematics we expect high energy muons (E >10.9) emitted in a very small angle 
µ 

with the neutrino beam (.\l < 5 mracl). The q2= p -p region allowed by the reaction ranges 
µv -µ v 
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up to about 'V().l GeV2 (for Ev=lOO GeV) in a wide region far from the point q2 = -n10 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 Bµv 

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 ± 3%. 

84 isolated µ - with Eµ > 10 GeV and B < 100 mrad were selected. µv 
The background mainly comes from two sources: 

i) the quasi elastic reaction on nucleons vµ+N ->- µ- + unseen proton. 

ii) the reaction on nuclei, by excitation of the giant dipole resonance vµ+ 12C->- µ-+ 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 Bµv is severely limited and satisfy the 

constraint p=EµBµvl2me <l. On the contrary for the background reactions, very low values 

of q2 , and consequently of Bµv• 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 E and B the signal was estimated to µ µv 
be, after scaiming efficiency correction, 26 ± 6 events. We conclude that for the first time 

a clear signal of reaction (2) is observed. 

h .. 
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Fig.6 Muon energy distribution. 
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Fig. 7 p Eµ0µ/2llle distribution. 
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9 -

With the v flux infonnation if we compared the expected cross section from V-A theory 

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

aexp -
V-A - 0.9 ± 0.2 

0 

In a more general way, asswning only V and A contributions, we can write the expected number· 
of events onl)' as a function of two parameters A= 2gAgv/CJgAJ 2+JgvJ 2 ) (axial and vector 
contributions) and p= NR-N1/(NR+N1) (contribution from right and left handed neutrino): 

N = ~~ {(l+p)(l-A)·3+8(1-p)(l+A)} 

The result of this experiment, illustrated in fig.8, is in agreement with V-A theory 

(A=l) with only left handed neutrinos (p= -1) and rules out exotic possibilities like V+A 

coupling or right handed neutrinos. 

S. :.JEUTRAL CURHENT Rf::.ACTION v e- -+ v e -
------------ µ--- µ-

One year ago s) our collaboration published a preliminary result (based on 1/3 of the 

statistics) on the total cross-section for the purely leptonic reaction: vµe -+ vµe- which 
was une:iq)ectedly high. 

We present here the final result based on the total statistic:;of the experiment. 

The total neutrino flux was increased hy a factor 2.6 and the results come from the analysis 

of 410.0JO pictures corresponding to 2.2·1018 protons on the target and 64.0JO 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 ]n order to eliminated the possible back­

ground coming from the bremsstrahlung of muons tracks crossing the chamber. 
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Fig.3 Allowed domain at ~)()~ CL from GC1'1 experiment in the p,>- plane. 

For th:it we rcc:uirccl the isolated electrons or ga11m1as 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. 

\\'i th this neh' crj terjon two or the ])reviously selected electrons 1vere rejected and the 

final sample is now 9 events in the cuts Ee>Z GeV anc~ '.le<i; 0 

From background calculation we expect only o.:; ± o.z events mainly coming from the 

quasi-elastic reaction ven -> e-(p) ancl from asy1mnctric isolated y rays. 

Al:'ter corrections for losses and for background the experimental total cross section 

is now: 

CT 7 ~+l 2 .10- 11 ·E crn2 /electron 
~·~-0.9 v 

which is in agreement with other experiments 9 ) as shown in Table TI. 

i-- Exper~nent I 
I 

TABLE II 

~---·------

n. events background cross sections 
(xEv·lQ-42) 

·------------+---------+---------+--------

GG; PS ( 1 0.3 ± (). 1 ( 3 

21 l.1 ± 0.6 

COLl.i~ !BI.1\-nt.L 11 () 7 j 0. 7 1.3 ± () 0 .o 

() s ± 0 2 2.4 +l. 2 
-0.9 c;c~1 S2S ___ __J ____ ~-----~--~-



Session I 

If we consider the predicted cross section: 

our result defines an allowed domain at 90% confidence level in the gA,gV plane (Fig.9). 

In Fig.9 also the prediction from SU(2)xU(l) model in which gA=- 1/2 and 

gy= l/2+2sin0w is shown. The two allowed values for sin20\V are: 

. 2 0 12+0. ll 
srn °w= · -0.07 

The first value is in good agreement with the sin20w values obtained in other 
reactions lo). 

If we compare the present result with the one published in 1978 we find: 

01979 01978/3.1 
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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•10-3 

1.5 

_1.5 

J.5 

Fig.9 Allowed domain at 90% level from the GQ-1 experiment in the gy,gA plane. 
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