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ABSTRACT

We have observed two events induced by high energy (>150 GeV)

neutrinos in which two highly penetrating particles ( muons )of opposite

sign are produced . Both events have a large inelasticity and a massive

j—hadron system.
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We report the observation of two events of the type:

vp+ nucleons +—u+ + o +-anything.

Neutrinos are produced by the decays of the secondary products of tha 300
end 400 GeV external proton beam colliding with an aluminum target. Somé
focussing of the positive parent particles is achieved with a pulsed lens
(horn). The experimental apparatus‘(Fig. 1) consists of a large segmented
container of liquid scintillator (calorimeter) followed by a magnetized
iron spectrometer {muon detector). Wide gap spark chambers between calorimeter

modules and the four independent sections of the muon spectrometer determine

the topolégy of the events. Large scintillation counters signify incoming
charged particles (A) and penctration at different depths of the muon
detector (B, C, D). Counters A, B, D are further subdivided into three
equal horizqntal sections which are recorded separately. Sensitive times
are v 3 us for the spark chambers and 150 ns for the scintillation counters.
In addition we record the precise timing of each of the counters with
respect to the trigger pulse. The pulse heights and timihg inforﬁation
are recorded on magnetic tape., An event is triggered by a2t least one
penetrating particle {muon) through the entive muon spectronmeter
or an energy deposition of at least 3 GeV in the calorimeter. The equipment
is active during a "2ms interval centered around the burst of the ejected
protons (v200 us).

The film has beenrexamined twice (by physicists and by scanners). In
the present search we retain events provided:

(a) They originate in the liquid of the calorimeter and

(b) Two or more charged particles penetrate at least the first

1.25m thick iron block of the muon detector.



n the 400 GeV gc\mp\e.

Fifteen events satisfy these criteriaj Thirteen are immediately
discarded since (2) they do not form 2 vertex {i.e., separation >2 meters (6)
or vertex extrapolates outsidé the calorimeter volume_(Z)) or (b) one of the
muons enters from the front (1) or ?rom the side (e.g., cosmic rays) (4).

The two remaining events (Figs. la and 1b) need to be examined in more
detail. Both events have no count in the anti—coincidence A. A cascade
initiated inside the calorimeter is accompanied by two highly penetrating
tracks of opposite sign which traverse‘tﬁe rest of the calorimetér and the
muon detector without visible interaction. The main kinematical
pafameters are listed in Table 1.

The events have been examined against a number of possible hypotheses
(X is the number of events expected within the sample):

(a) An accidental time and space superposition of independent

neutrino and antineutrino interactions. The vertex reconstructed

from the twé muon tracks is within 10 cm of the observed apex
of the hadrénic cascadeh The timing of "the two muon tracks
must be withinl50 ns, since they hit separate sectiocns of the
countefs B and D. The probability for an accidental time

. ; -3 : . . N
coincidence is £ 10 and for an accidental spatial coincidence

is % 10_3. The fraction of antineutrino events (u+) in the neutrino
bean is*ECO/ECO: Therefore the resultant probability for an
accidental superbosition is <2 # 10_7. Since we have observed

~500 events, N<2110“4.

(b) An accidental time and space superposition of a neutrino or

antineutrino interaction and of a muon track entering from

outside the detector. Both muon tracksc<xtrapolate through




the anticoincidence counter A, which in both events did not ¢ount

over a time window of 51Z n& étGVhﬁs €ons befon the event while
separate B and.C sections are triggered by ea;h myon with

the correct timing . The composite probability of a épace and
time superposition and of counter A to fail (s 10—1) give

N3 10—‘?1 Sines U\ar hamber ef H.* Yrom ups*fmm i ~ 5 times

The nunbyer of 5 i'n'tu'm"(.‘n% o he defecker

(c) A neutrine induced event, v + N -+ u + hadrons, followed by a

straight forward decay intc a muen of a hadronic constituent of

the chower, The incident neutrino energy nust be larger than the
: because w decuy neatring iy wndelecied,
total visible energy of the eventp We have observed 15 v induced

events and no Gu of Ev'> 130 GeV, The most likely alternative
is a vp induced event assoclated with a secondary pusitive muon

(2)

track, A Monte Carlo calculation taking info aceount the

complete development of the cascade inside the calorimeter gives

3, or ¥ 2 1.5 x lOpz, Ye have verified this

& probability < 10
important result by direct measurements in which a pion beam of
variable energy@%ZE, 35, 50, 75, 100, 125, and 150 GeV) is incident
on the calorimeter. Out of 3C0) pions we did not observe any
candidate with the propex toéology to simulate the two events.
This is to be expecttd since thege calculatioms are in good
agreeitent with many specific experiments on the muonic tumponient

inside shiE1ding(3). We have verified that the result N < 1.5 X

10 2 remains valid for any possible combilnation of hadrons with
. + -
"total energy equal to the sum of the hadron apnd p  energies,

i.e., the result is vnlid for anv possible hadron jet configuration

that is compatible with over-all energy conservation. Finally
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amongst the bulk of ECQ events witl visible energy
{ 130 GeV we have detectedone ?hﬂd!Wﬂ whilét the Monte
Carlo calculation predicts a relatively modest variaticon
of the muon yield as a function of total hadroﬁic energy.

(d) Neut¥on or neutral current neutrino initiated hadronic cascade

with simwltanecus muon decay .of two hadrons, A muonless rate

{4)

of &~ 0,20 of the total neutrino rate has been observed  °. The

probabllity of a double decay is 107, Therefore
W= 1070 x 0.2 x 15 = 3 % 107,
The expectation for events of conuentionl origin is therefore

Nal,bx lOFz. mainly due to process (e},

Further evidence of the unusual nature of thefe eveats is displayed
in Figure 3, a scatter plet of Ev’ the total visible energy, and MX’ the in-
variant mass of X in vy 4+ nucleon + p + X. For the dimuon events, X &

+ * r . f
hadrons 4+ § + v {lepton conservation!) and hence the calculated values o
MX and EV are only lowex bounds. This cholce is the most natural onz
since there are essentlally no antineulrines of energy > 130 GeV, (See Fig.
2 ). Ve remark that dimuon eveuts distinguish themselves kinematically

| (se2 Fin 3) ) -

from single nuon productiong For M, > 7.5 GeV/e™ and EV > 136 GeV,
we Yetain an essentially purve dimuin sample. With these cuts the back-

ground (c) is reduced Suiae*antfajlﬂ increasing the statistical

slgnificance of the events.

The amouiit of informatioen available is insufficient to define uniquely

the physical crigin of the two events, The direct production of a conven~



.
tional intermediate boson ) W, is very probably excluded &ince. Clevt“{-

PFOJKL{:GH 1§ expegted io be. Seu&r&\ {Tnms %reu¥¢r‘ Likewise we can
(6),

rule out standard processes of type v]J + Z -+ 7+ u+ +yu + v, becauée of
the inelasticity of the process and the-appreciable transverse momenta of-
the obsevyed ]ap¥cns . One possibility is that the particle jet produced

by very high energy neutrinos has an anomalously large probability to decay

into a (positive) muon. Models generating this type of effect due to

L)

the preseﬁce of novel hadronic quantum numbers {charm) have been recently
suggested by Glashow, Iliopoulos and Maiani(y). The production of
heavs leptons cannot be excluded,

Finally we would like to stress the preliminary nature of the result

based only on two events, Investigations

are being pursued to increase considerably the size of our sample.
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Fig. 1

Fig. 2
Fig. 3
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Figure Captions

Schematic view of apparatus. For each of the dimuon
events, photographs of spark chambers SCl to SC8 have
been superimpdsed on the diagram (one of three stereo-
views). The tfigger céuntérs or seétions-which firedn
are cross-hatched. The energy deposition in each of
the 16 calorimeter modules ié also labeled (0.1 GeV

is the energy deposited by one single ionizing parti-
cle transversing one module). Dark lines trace the
best £fit trajectory of each muon.

Total visible energy distribution of neutrino events.
Scatter plot of the invariant mass of X vs. the-total
visible energy for all events of the form vu N - n X

The two dimuon events are labeled. The open circle
denotes the one possible pion decay in flight candi-

date.



TABLE I

4+ -
KINEMATICS OF THE w u EVENTS

Run Number
Frame Number

Negative Muon Track

(a) Momentunm P -
(b) Angle respect v-bean 8 ~
{c) Total nurber of nuclear

collision lengths

traversed

Positive Muon Track

(a) Momentum P +
(b) Angle respect to v-beam 8 4
(¢} Total number of nuclear

collision lengths
traversed

Hadronic Cascade

=1

(a) Total energy E

h h
(b} Energy fraction continued
inside calorimeter
Total Visible Energy Pu+ + Pu” + Eh
Dimuon Invariant Mass Muu

Tnvaviank Piass o) /A*'-t\alrcn S;lete.m My,

Event 1

412

253659

16.7
55

58

23,7

6.93

147

3.1
>19

Event 2

415

254784

36

33

61

13.9
45

6l

104.7

0.89
155
1.0

> 14.1

GeV/c

mrad

GeV/c

mrad

GeV

GeV

GeV/c2
Géyfha
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EVENT NO. 254 784
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