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Abstract

In a sample of 214 neutrino events observed in the CERN heavy liquid
bubble chamber, 101 are assigned as examples of the elastic process v+ n-sp + p.
The remainder are inelastic events in which one or more pions are created. The
energy dependence of the observed cross section for the elastic process is com—
patible with theoretical predictions. The parameter, Md, of the axial form
factor is found to be ~ 1 Gev. The total cross section for inelastic processes
rises rapidly with energy; it is ~ 10 times the elastic cross section at 8 Gev
and probably still higher at higher energy. A detailed comparison of inelastic
processes with theory is not attempted. Limits are placed for various hypotheses:
lepton non-conservation, neutrino flip, neutral lepton currents, neutrino magnetic
moment, strange particle production, and the mass of the Tanikawa~watanabe boson.
There is no conclusive evidence for the existence of the intcrmediate vector

boson.
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HIGH ENERGY NEUTRINO INTERACTIONS IN A HEAVY LIQUID BUBBLE CHAMBER

1. Introduction

The enhanced neutrino beam installatien at CERN enables the study of
interactions of either VH or Vh in a heavy liquid bubble chamber. In the

present experiments data have been obtained which allow a preliminary comparison

(1,2,3)

of the elastic process with the theoretical predictions and a determin-

ation of the axial form factor invnlved.
From consideration of lepton conservation, elastic neutrino inter-.
actions should be of the form:
v+n—1 +p, (1)
and inelastic events of the form:

Vv o+ N — - l—' -+ N' + piOl'lS, (2)

where 1~ is a negative lepton, n a neutron and N and N' are nucleons.

With respect to lepton conservation, and the existence cf two

(4)_

neutrinos, our results are in agreement with the werk of Danby et al

Thus interactions of v“ produce only muons, and Ve only electrons.

The inelastic processes are not well understood, either experimentally
or theoretically; in particular the observed rapid rise of the inelastic cross

section with neutrino energy is unexpected.

The intermediate boson W which has been postulated to mediate weak

interactions might be expected to be produced incoherently »y the process:

v +p -1 + W 4, (3)

and coherently by:

V47 —1" +W 42, (4)
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It has been predicted to decay with a lifetime of nle—l6sec:
W1+, (5)
or
+ .
W' —s pionic modes. (6)

There is no clear evidence in this experiment for possible boson production.

Many aspects of the final analysis cannot be completed withcut further
subsidiary studies, including an attempt to verify experimentally the calculated
neutrino spectrum. This report follows the preliminary results(5’6) already
given, and is confined to those aspects which are relevant to theoretical pre-
dictions, and where interpretations seem unlikely to be affected either by the
results of the subsidiary studies or by impruved statistics from additional data

to be obtained shortly. A more thorough investigation of V interactions has

been deferred until an enlarged bubble chamber becomes available next year.

2. Experimental layout and beam

The principal features of the neutrino experiment include a fast

(7) (8)

of the proton synchrotron on to an external copper target., Secondary pions

0
and kaons from the target, partially focused by a magnetic horn(g’1 ), are

ejection and beam transport system which directs the circulating beam

allowed a free flight of 25 metres in front >f a shielding of 23 metres of

(11)

steel. Neutrinos from the decay f pions and kaons traverse the shielding ,

12)

changing the sign of the magnetic field in the horn, the neutrino parents can be

2
13 ; all other particles are stopped. By

bubble chamber( and spark chamber

chosen predominantly positive or negative, thus giving an enhanced v or V beam.

The heavy liquid bubble chamber has a total volume of 500 litres in a

field of 27 kG, and was filled with freon CF_Br, which has a density of 1.5 gcm“B,

3
radiation length 11 cm and geometric mean free path 68 cm. The sample of

events is from a fiducial volume of 220 litres. Synchronization and sensitivity
of the chamber were tested every half hour with a beam of some of the defocused

negative particles from the horn.
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The 214 neutrino events discussed here were obtained from 3.4 x lO17

ejected protons in 570,000 pulses, with the focusing arranged to give vu. A

short run with V yielded € events.

%,  Experimental procedure

%.1  Tdentification of particles

Neutrino events were defined as containing at least one negative track
which could be interpreted as a nsgative muon or electron. Electrons are
easily identified in the heavy liquid chamber; negative non-interacting particles
were assumed to be muons. A scatter in which the momentum change of the neg-
ative track exceeded 100 Mev/c was classed as an interaction. The total length
of non-interacting negative traék, according to the criterias, is 7875 cm., The
total length of light negative track 158363 cm in which there were 16 inter-

actions assigned as n .

Charged kaons of either sign are difficult to identify by ionization,
but would have been identifiable by charge exchange. The probability for de—
tection as such is 20 o/o; none was observed. An independent statistical
estimate of charged kaons can be made by considering the neutral kaons. The
number of x* should be comparable to that of KO, which are easily observable.
Twou Ki have been assigned} taking into account the Kg's not seen, there might

be four charged kaons nct identified, which would have no gignificant effect

on this analysis.

Positive tracks are due to muons, pions, kaons,ur protons. No dis-
tinction is attempted here between protons and heavier nuclear fragments, since
it is believed such misidentification will also have little effect on this
analysis. Protons and pions can usually be identified by iwnization and range
up to a momentum of 0.7 Gev/c. Below 0.7 Gev/c light positive particles are
assumed to be pions if they interacted in the chamber, or if they occurred in an
event with a negative lepton. If no negative lepton was present, the nun-
interacting light positive particles were classified for the present as positive
muons from anti-neutrino background. - From these criteria the total track length

assigned to positive pions is 2390 cm.  The mean free path for interaction as
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a function of energy is ccnsistent with the known energy dependence of the mean
free path of n+. A S-ray analysis was used to separate statistically protons

from pions above 0.7 Gev/ec.

Neutral pions have been identified from the kinematical analysis of
those events in which both y's materialised in the chamber.  Seven "single y"
events have been found, this/nggbggmpatible with the observed number of n° and
the known detection efficiency »f the chamber, Contamination due to inner

s}

bremsstrahlung production of single y's is estimated to be ~2 events.

3.2 Neutron stars

Events with no "lepton candidate™ have been interpreted as due to
neutrons. Below a visible energy of 250 Mev many have been observed with
protons unly; between 250 and 275 Mev three have been found, and cne at
470 Mev.  Fourteen neutron stars associated with pions have been found with

energies up to 2.8 Gev.

It is estimated that not more than 4 neutron induced stars have been

included among the neutrino events.

4., Clagsification of events

The simplest event classification is into the prucesses (l) and (2).
However it is quite probable that the produced pions and protons are absorbed
vr scattered in the nucleus, or even produce additional particles. Table 1
gives a phenomenovlogical clasgsification of events as non-pionic or pionic,
which can be considered as an approximation to the elastic and inelastic
classification.

There are 21 events which are ambiguous betwecen pionic and non-pionic
because there is one unidentifiable fast positive track. These are later
referred to as "class C" events., Other ambiguitieé within the pionic category

occur also, and are noted where appropriate,

Most of the elastic events of reaction (l) are included among the 94
non-pionic events of table 1, i.e. those which are associated with a negative

track, assumed to be a p , and nu possible . This sample is contaminated,
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by the inelastic events in which the pion is absorbed in the nucleus. A simple
kinematic test was used to remove some of this contamination.  From the energy
and direction of the muon relative to the known neutrino direction, the kine-
matics of process (1) can be calculated. Since the neutron is in a nucleus

its initial momentum is unknown within the limits of Fermi momentum. The
calculated energy, EC , may be compared with the neutrino energy, which is

agsumed to be Ev , the total visible energy of the event except for the rest

masses of the observed nucleons.

It is seen in fig. 1, which shows EC versus EV for non-pionic events,
that there is a symmetrical distribution about the line EC = Ev' For each
elastic event we have calculated the maximum difference which could be produce
for a Fermi momentum of 0.27 Gev/c, which is the maximum for a neutron according
to the Fermi gas concept of heavy nuclei. In nine cases the observed dif-
ference was more than two gtandard deviations greater than that expected from
Fermi momentum alone, and in the sense of EV b EC which would be expected for
reaction (2) if a2 pion was abgorbed in the nucléus. These nine cases are
assunmed to be events in which the low energy pion is absorbed in the nucleus
and are therefore assigned as pilonic. An estimate of the number of pions re-
absorbed in nuclear matter, based on experimentel data on pion absorption by
nuclei and the observed pion spectrum in the neutrino events, suggests that
13 inelastic events in which the n was absorbed are gtill present in the

assigned “elastic" events.

The same kinematical test was made for the 97 pionic events and is
shown in fig. 2, which has a markedly different distribution from fig. 1; there
is an excess of events, all in the sense Ev p Eca It is cuncluded that mest
pionic events are due to a primary inelastic process. Less than 2.5 o/o of
elastic events should appear pionic due to a pion produced in the same nucleus

by the recoil proton: this contamination has been neglected.

Two of the 21 Yclass C" events were incompatible with the elastic
hypothesis, and for the remaining 19 a S-ray count suggests most are protons.
An estimate gives 3 pions to 16 protons, which would justify an assignment as

predominantly elastic events.
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A mass MEE required by energy and mumentum conservation in the process

vV + N —>p o+ W has been calculated from the muon momentum and EV with the
assumption that the target nucleon is at rest. In additicn to measurcment
errors, there are uncertainties in this calculation due to fermi motiun of the
neutron and the assumption that the neutrino energy is Ev’ which is in fact
only a lower limit since both pions and protons may luse energy in the nucleus
in which the interaction occurs. Fig. 3 shows WS caleulated fur the class C events
with the assumption that the uncertain track is due tu a pruton; the grouping
of M around the proton mass is consistent with this assignment of the uncertain
track. However, if the uncertain track is assumed to be a pion, the same
calculation leads to a M* which is consistent with that of identified pionic
events, and thus no clear assignment of the "C" events is possible. They are

shown in the distributions with each interpretation.

5. Analysis of elastic events

5.1. Energy dependence of the cross section

Pig. 4a shows the experimental energy and the event rate of the 84
elastic events. The shading shows the 19 class C events of the previous
section, the curve represents the absolute expected energy distribution cal-~
culated from the thecretical cross section and the calculated neutrino spectrum.
To show various implications >f fig. 4, the same dataere also shuwn in the two

succeceding figures.

(10)

From the calculated v spectrum the cross section can be deduced,
as is shown in fig. 4b together with the theoretical cross scction.(l’g’3> The
calculated neutrino spectrum is shown in figz. 5, as well as the spectrum deduced
from the event rate and the theoretically predicted dependence of cross section

on neutrino encrgy.

At this stage the uncertainties in the knowledge of the neutrino
spectrum and possible experimental biascs are such that any agreement between
the experimental results and theoretical predictions cannot be considered highly
significant. Further studies now in progress on pion production in the
copper target of the hurn and pion abserption in the nuclei, as well as improved
statistics, will allow 2 more precise comparison between theory and experiment
in the near future.
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5.2  Four momontum transfer distribution

In order tu investigate the form factors pertlrbnt to the elastic

(14)

2
Two methods may be uscd for calculating o : either from the observed mumentum

interactions the 4-momentum transfer in the v-p system has been calculated.
of the muon and the assumption that EV is the neutrinc energy, or from the muon
momentum alone, using the kinematics of (1) and assuming that the target neutron
is initially at rest. The distributions obtained are essentially the same; the
results of the first method have becen used for comparison with the theoretical
predictions in fig. 6. The matrix element describing elastic interactions is

expected to be of the form:

= (6l3) T 0Py, - (ou/2 5 F i )
M = (GA2) TN (& w/?Mp) Fy 8,0, + 2 YKYBQ uy, (1+ YS)“v
the induced pseudoscalar term having been neglected,  The curves of fig., 6 have
(1
been calculated taking the form factors 2 to be
™ — — — d — g [ Ly
Fo=F =T, =(1+q /MEN (MEM = 0.84 Gev)

2 \=2
Fo=( 1+ o7 )
£
and A = 1.25. If the interaction is considered to be mediated by an intere
mediate vector bosun of finite mass MW, the form factors must be multiplied by
22 =1
(1497 )

The theoretical distribution based on the calculated neutrino spectrum
ig corrected for the cffects of Fermi momentum, exclusion principle and
experimental resolution.

Various values of the parameter MA and of the mass MJ have been consid-
ered, and the statistics of the fit of the experimental results examined for
events with q2 < 1.2 (Gev/c)d, Equally good fits czn be obtained with any
value of MW in the range 1.% Gev to infinity, provided MA is varied accordingly.

If Mn = w, and all class C events are included, MA is found to be less than
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1.%5 Gev with a cunfidence limit Jof 68 o/o, the best fit being cbtained for

MA = 1.0 Gev. Fur comparison, the expected distribution for MA = 1.8 Gev has

also been plotted.

If none of the ambiguous events is included, MA is found to be smaller

. . . / oo = L i ) .
than 1.0 Gev, with 68 o/o confidence limit, the most probable value being
M = 0,85 Gev.
A

)

On the basis of the g distribution alone, MA = 0 cannot be excluded.
However, a lower limit for MA can be deduced from the difference between the
cross sections for clastic interactions of neutrincs and anti-neutrinos. Such
a difference is proportional to

N Jou ) P
+ (zm.w/ Mp) r2f Foy

2., 7
q A F A

1

5 are known, FA can be deduced. Of the six events

observed in the 7V exposure not more than % could be attributed to elastic

from which, if Fl and F

events, whereas for a v exposure of equal flux, 10 events would have been

expected. This sets a lower limit for M, = 0.4 Gev with 68 o/o confidence.

A

This method of estimating M, is very sensitive to the v and V spectra,

b

neither of which are well known. It would lead to the conclusion, assuming
MWA: oc and C.V.C. theory, that MA is within the range 0.4 to 1.35 Gev with
68 o/o confidence, the most probable value being about 1.0 Cev. MA = eC

is eﬁfluded. Similar conclusions have been reached by the spark chamber
1%)

graip from a study of the angular distribution of muons.

5.3 Digtribution of momentum unbalance

The momentum unbalance f the one proton elastic event is
2

o 2 2 2
P = + + + + B - +
(pu pp)y (pp pp)z (B (pu pp)X )

as shown in fig. 7, where the quantity SN/ P is plutted as a functisn of P,
N being the number of events.

The statistical uncertainties are large, but it can be seen that for
P < 0.3 Gev/c the rise in the distribution is similar to PZ, as would be

expected for the Fermi momentum of the target neutron in a heavy nucleus.
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However, about half of the events have P » 0.4 Gev/c, which may be due
to scattering of the recoil proton inside the nucleus, the residual momentum
egcaping detection when absurbed by heavy fragments too short to be detected,
or by neutrons which do not interact in the chamber. Events with higher

multiplicities have no significance for determining the Fermi distribution.

6. Analysis of the inclastic events

6.1. Single pion events

The assignment to single pion events totals 60.  They coumprise 49
events with one identified pion ; 2 ambiguous events, which were not kinematic-
ally consistent with "elastic" when the ambiguous track was assumed to be a
proton; and 9 non-pionic events similarly incompatible with "elastic", and which
have been taken as cases in which a pion was created and subsequently reabscrbed.
There are also 12 events which have one identified pion and one ambiguous track

(1 n, 1 ¢c). Table 2 gives other details.

No conclusive interpretation of these events has been found. Two
processes which would create pions in neutrino events have been predicted: wvia

(16)

For the present we see no clear way to

the production of the 3/2, 3/2 e isobar , and in peripherzl interactions

with singlec pion exchange.(16,l7)
identify the two processes because of the nuclear interactions ef both protons

. . * .
and pions and the N itself.

The experimental cross section asg a function of the visible energy is
shown in fig., 8, the total rate is comparable with the elastic rote. The energy

2 2 . .
dependence of M and g are shown in Figs. 9 and 10.

The average value of Mﬁ rises slowly with Ev' The production of pions
via the 3/2, 3/2 N* isobar is expected to take place to seme extent, and in such
a plot it would show as 2 concentration around a horizontal line at the N* mass .,
It is impossible to estimate the production rate from the statistics of fig., 9.
It would be expected that the charge distribution of single pion events associ~
ated with the iscobar would be (p,n+) : (p,nc) : (n,n+) =9 : 2 : 1 whereas

for events with not more than wne proton it is in fact 19 3 6 : 9. The
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distortion of the original charge distribution due to secondary interactions of
pions while traversing the nucleus is unknown, subsidiary studies to assess such

effects are being made.

6.2 Energzy dependence of the inelastic crogs section

The Ev distribution ef 211 inelastic events and the inelastic cross
section cgn, as computed frow the observed rates using the calculated
vV gpectrum, are shown in fig. 11. There is o rapid rise of an with energy,
but beyond 4 Gev the experimental errvors are large. However, one neutrino
event has been observed with Ev ~12 Gev, and one with ~14 Gev. TheV flux
between 10 to 15 Gev is estimated to be some two orders of magnitude less than
that between 5 to 10 Gev. Thus the presence of these events is significant,

and it is inferred that c;n is still rising with energy up to 14 Gev.

‘(. Other results and conclusions

7.1 Lepton conservation

Most of the cvents cbserved in this experiment demonstrate lepton

conservation of the Vp - U system; the events are of the type :

VH + N s U~ + non-leptonic particles (7)
Two types of lepton non-conservation which could be ebserved, if
present, are :
VM + N ——s non~leptonic particles (8)
+ . .
VH + N — u  + non-leptonic particles (9)

An event of type (8) is indistinguishable from a neutron induced event
and since there is a significant low energy neutron background, an upper limit
on the process can be set only at high cnergy. Two events without leptons and
with Ev > 1 Gev have been observed, both may be attributed to neutrons.  How-
ever, if they arc asssumed to be due to (8), oneé can set an upper limit on this
type of lepton non-conservation of ~4 o/o of the total event rate for neutrino

interactions above 1 Gev.,
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In connection with (9), there are 16 events with a possible p , and
no g , which is consistent with the calculated Vp background, and they have
becn thus assigned. = Assuming no Vﬁ background gives a rate of ~9 c/o as

an upper limit for (9).

7.2 The existence of two neutrinos

The present observations confirm the existence & of two types of
neutrinos, v o and vu. The neutrino flux fhfough the bubble chamber is
predominstly v " with a small background of v o from the KZB decay, so that
most of the events should be sssocisted with muons. Among the 85 unambiguous
elastic events there is one in which the lepton is e~, all others have uwi
This agrees with the spark chamber result(lB) of (1.1 : 0.4)0/0 for the ratio
of elastic e to w production. In the inelastic events, three e and 106 W
were observed. About three ¢ events are expected [rom K:B neutrinos; the
uncertéinty in the estimate is such that the observed rate is certainly

congsistent with this estimate.

7.% Neutrino flip

(18)

It has been suggested that in kééﬁ decay the usual ( VM’ u-),

(v s € ) pairings are reversed, .g.
+ \
K= o+ v - (10)
SR e

Following this hypothesis, 5:0/0 eof all neutrinos would be Ve Only four
events in which the lepton is zn ¢  have been observed; at least eleven are
expected from the ncutrino flip hypothesis.: Thus the neutrino flip hypothesis

is not necessary to account for the observations.

T4 Strange particles

In 7 events strange particles have been identified: a single /A, a
single Ko, and one event with both A and Ko. Both of the A'g deéayed in the
charged mode; one of the Kcvgave n+ + 7, end the other two no's. The event
with the single K° contained in addition an isolated electron pair, which could
have come from the n° of the neutral decay of a /\, Bach of the events had

E_ > 4 Gev.
V4>}4 ev
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Single production of strange particles is of importance in connection
o Q) . . _— . .
with thc'f:g = 1 rule, which imposes a number of restrictions on the possible

reactions. The three events are probably not pertinent to this rule, because

~.

it is cxpected ™ that events with strange particle production will have an energy
distribution similar to the elastic events, which do not extend beyond 4 Gev.
It seems reasonable to assume that they are examples of associated production

connected with strangeness conserving vertices.

7.5 Neutral lepton.currents

Reactions such as
V + p—=V + D : (11)
V + N—»v + N + pions . v (12)

may indicate the existence of neutral lepton ourrénfs, but experimentally they
are indistinguishable from lepton non-conserving or from neutron-induced events,
Due to the neutron background we determine a limit on such processes only at
high q2, in comparison with the corresponding charged-current induced elastic

or inelastic process.

Among the events with a visible non-leptonic energy in excess of 275Mev,
which‘éOrresponds to qznuSOO Mev/02 for process (i) with zero Fermi momentum,
one wags observed with nucleons and no lepton, which is thus a candidate for (11).
Among the clastic and ambiguous neutrinc events there are 32 which are associ-
ated with nucleons of a total kinetic energy exceceding 275 Mev.  Thus the
cross section for (11) is estimated to be less than . 3 o/o of that of the

2 2
elastic process producing a charged lepton with q2»u500 (Mev/c):

Fourteen events associated with nucleons and piuvns only were found,
with a visiblelenékgy,above the limit of 275 Mev. If all were attributed to
(12) the upper limit for the process would be 6 u/o of the total cross section

for v - interactions. . . -

x e thank Prof., M. Block for enlightening discussions on this point.
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7.6 Upper limit to the magnetic moment of vu

Bven in the absence of neutral lepton currents, the processes
Vo o4+ e —>y + e (13)
M 2

v +p —= vy + P (14)
(19)

esscd a magnetic moment,  About 7 o/o of the photographs were scanned for

could teke place via an electromagnetic interaction, if the neutrino posg-
isolated electron production; no single electron was found with an energy of
more than 25 Mev. This sets an upper limit for the magnetic moment of vH

-6 - - .
of~10 = Bohr magnetons. From the absence of single preton events with an

. - PR
energy above 275 Mev, we can give an upper limit of«~10 = Bohr magnetons.

7.7 Lepton pairs - The intermediate boson end uther postulsted particles

Lepton pairs in neutrino interactions are of inteorest in connection with

(20,21) to bo

the production of the vector boson W, which has been postulated
b

produced according to (%). The branching ratios and the nature of the sivongly

interacting particle decay modes are unknown. Due to the short lifetime of the

boson the decay products would appear to come from the primary interaction.

Both the leptonic and non-leptonic decay modes of the W have been
sought in this experiment. The leptonic decays would be expected to appear as
events with two leptons, = um by definition, and either p+ or e+, with perhaps
also one or more protons. Since the bubble chamber gives no basis for disting-
uishing u+ from n+ for non-interacting tracks, nothing can be said concerning
(p+, p”) events except that there are som: which could be consistent with such

interpretation. A production rate of 0.5 to 1 o/o of all neutrino events,
o
15)

tentatively sugegested by the spark chamber group would be impossible for us

+ e e e .
to detect. However, ¢ =are eagily identifiable by bremsstrahlung. 0f the
21% neutrino events observed, onc was found with 2 non-interacting negative
meson track and a shower. Parormcters of this candidate for interpretation as

™

-+ . . S
4 (p , © ) pair are shown in teble 3.
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Table 5 - Parameters of the Lpu,e+) caendidate

i E Momentum un--
e g W z balance (Gev/c)g

1799 . 048  -1.225 0.3 0 0.9% .83 . P =0.28

It is impossible to be certain of the identification of either of the
two lepton candidates. The negative meson track of 40 cm could be either a

H or a T . The nature of the particle initiating the shower is also doubtful:

it could be a positron or a narrow Dalitz pair.
a
The significant attribution of a single event with Aepton pair to the

boson is impossible because an unseen neutrino would be inveolved in the boson
decay. Also lepton pairs may be produced through a four-fermion point inter-
action and subsequent scattering ef the charged lepton in the Coulomb field of
the nucleus. However the cross section for such a process is estimated(zg) to

be s0 much smaller than the elsstic cross section that it should not give any

significant contribution to lepton pair production.

Multipion events have been analysed for evidence of the pionic decay
of the boson. the invariant mass of all pions in each event for which the
charge of the pion combination is + 1 is shown in fig. 12. Events outside the
fiducial volume are included, and events way occur mure than once according to
various possible interpretations.  From this diagram, with the presently
available statistics, it would be impossible to identify a boson.

3 5
Another type of bosmhas also been considered(Qﬁ”4) as the mediator

of weak interactions. Such bosons (W') would produce resonances of the type:

e +p-—W — e +7p (15)

v +n —y T+ 16
U p'—* M p (16)

we imi he mass of a possible boson o) has been se
A lower limit on th :) ( ble b W' of (15) t be t

2(7
by Allaby et al( )). The 1limit on the mass of W' =nd W'“ can be raised from
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the results of this present experiment.

Aecording to the predictions, the resonance of (16) would have a

-26 2
cross section of ~10 em  and a width of ~100 ev. Fermi momentum of the
-
) . 52 2
target nucleon would give an apparent cross scction of ~10 cm, and an

apparent width of ~0.5 Gev, to be compared with an elastic v cross section of
=38 2 : . ) -4

~10 cn . At 10 Gev, the neutrino flux is estimated to be ~10 ° of that

at 1 Gov.,  Thus frowm the elastic event rate at 1 Gev, if the predicted

expected.  If the

. . , . 5 .
phenomena cxisted at ~10 Gev some - 10 5vents/Gev_wou1d be
e e ., . i L ol ¢ 5 . SR R UL TID L

3

twe events which were observed with & »10 Gev were attributed to W& the
v \

. , . : - 3
predicted cross section would still be too large by ~107. Therefore we

conclude that the threshold for the predicted boson must be above 10 Gev, and

that its mass is ercater than 4.2 Gev,
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Figure Captions

Fig. 1.

2

R

11.
12 L

130

PS/4410

A plot of E-C Versus Ev for non-pionic events.
A plot of EC VErsus Ev for pionic events.

MX versus Ev {for elastic and class C events.

Energy Spectrum and Cross=—section for elastic events.
Bxperimentsl estimation of Vepectrum, compared to the calculated
spectrum.

Four-momentum transfer distribution fer elastic events.

Distribution of momentum unbalance for 1 proton elastic events.

Energy spectrum snd cross-section for 1 n events.

[

* ., . . o .
M vergus EV for all inelastic cvents. (The multipion events include
2

g - . . 1w, 10C)
g versug E  for 2ll inelastic events. ( 0 " " " "
v

Energy spectrum and cross-section for all inelastic events.
Invariant Mzss distribution of =211 pions in those events where
the total charge of the pions is + 1.

An example of an inelastic event; probably of the form

- N -+ + 0]
V+p..,._..;“+.LI+7T/ + 71 o4+ T



L LT LT T TR Py T L P T LT P T T T POy PP TS P S T PR PP P R T PO T TR P PP PP PP IO TP

Phenomenolugical : Assigned
Clagsificution : Interpretation

Type - Number : Elastic : Inelastic

non pion u events .93 : 84

non pion e events . 1 : 1 : o

(@]
W

ipionic e events

Ul

éclass C p events ; 21 % 16

Cclass C ¢ events o0 0 : 0

%pcssible e ot vair : 1 j 0 : 1

Total 24 .01 § 113

* Includes 1 event with Ko and 1 event with A + KO

X Includes 1 event with A .

PS/4410



Tzble 2: Pion multiplicity of inclzstic events,
(Bvents with unidentified trocks included only once, with assignment

of highest multiplicity)

B . i " / 3
Visible Picn : . Viasible Energy (Gev
: - : Type ’ A J Total

dultiplicity f 1 -22-33 44 88-14

: 0 . non pionic c 5 : 9
é 1 21 0 19 2i 3 4 - 49
: - 1 1: =i - - 2
: 1 9 7T - 2 - 19
: 2 S 2 3 2 1 - 8
: P 6 4 : 0 2 - 12
- 1 -1 - -2
: 3 3 1 assigned . .2 11 5 -
: Assigned withA+ K - - - - 1 - 18
2 2 m, 1 trock unidentified ©0ow- 1 - 2 2 - ’
; 1w, 2 tracks unidentified! - -2 1 - ~

4 4 7w assigned with ¥ - - - - 1 -

[ACIRNN]
> i
~ e8]

tracksunidentified - ; T .

5 57 R B R S S 9
4 e
: (5 unidentified | « : - 7 o« 1 - -]
: T4 ks unidentificdi - - e i - - ¢ 1

[AN]
—t
ro
[os}

Totals 27T 44 19 120 23

* assigned as inelastic from kinematical analysis
Eed These are class C events which cannct be assigned from kinematical

analysis. from 6-roy analysis it is estimated among the 19 events
there are only 3 pionic.
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