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Abstr::ict 

In a sample of 214 neutrino events observed in the CER.l'J heavy liquid 

bubble chamber, 101 are assigned as examples of the elastic process 1l + n ---, µ + p. 

The rernainder 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, M , of the axial form 
rl 

factor is found to be .,, l Gev. 'rhe total cross section for inelastic processes 

rises rapidly Vii th energy; it is tV 10 times the elastic cross section at 8 Gev 

and probably still higher at higher energy, A detailed comparison of inelastic 

processes with themy is not attempted. Limits are placed for various hypotheses: 

lepton non-conservo.tion, neutrino flip, neutral lepton currents, neutrino magnetic 

moment, strange particle production, and the m::tss of the Tanikawa-vvatanabe boson. 

There is no conclusive evidence for the existence of the intermediate vector 

boson. 
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HIGH ENERGY NEUTRINO INTERACTIONS IN A HEAVY LIQUID BU13BLE CHAMBER 

1. Introduction 

The enhanced neutrino beam installation at CERN enables the study of 

interactions of either v or v in a heavy liquid bubble chamber. In the 
µ µ 

present experiments data have been obtained which allow a preliminary comparison 

of the elastic process with the theoretical predictions( 1 ' 2 ' 3) and a determin­

ation of the axial form factor involved. 

From consideration of lepton conservation, elastic neutrino inter­

actions should be of the form: 

(1) 

and inelastic events of the form: 

v + N ---i> 1- + N1 + pions, (2) 

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

With respect to lepton conservation, and the existence c.f two 
(4) 

neutrinos, our results are in agreement with the w~rk of Danby et al • 

r.I.1hus interactions of v µ produce only muons, and v 8 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 neutrinc 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: 

and coherently by: 
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It has been predicted to decay with a lifetime 0f rvl0-16sec: 

+ -w -?l + v' (5) 

or 

W+ . . d --... p1on1c mo es. (6) 

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

Many aspects of the final analysis cannot be completed with0ut 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 

ejection(?) and beam transport system(s) which directs the circulating beam 

of the proton synchrotron on to an external copper target. Secondary pions 
(9 10) 

and kaons from the target, partially focused by a magnetic horn ' , are 

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

steel. Neutrinos from the decay ~f pions and kaons traverse the shielding(ll), 
( 12) (13) . 

bubble chamber and spark chamber ; al.l other particles are stopped. By 

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

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

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

field of 27 kG, and was filled with freon CF3Br, which has a de~sity of 1.5 gcm-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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'I'he 214 neutrino even ts discusE;ed here were obtained from 3.4 x 1017 

ejected protons in 570,000 pulse~,, with the focusing arranged to give 

short run with v yj_elded 6 events. 

3. Ex}2_erimerJ2.:.LJ2.rocedure 

~~-l_Jcler!-_tification <;if J2.articles 

v • 
µ 

A 

Neutrino events w0n·e defined as containing at least one negative track 

which could be interpreted as a n2gative muon or electron. Electrons are 

easily identified in the heavy liquid chamber; negative non-interacting particles 

were assumed to be rnuons. A scatter in which the momentum change of the neg-

ative track exceeded 100 Mev/c W<':l.S classed as an interaction. The total length 

of non-interacting negative track, according to the criteria, is 7875 cm. The 

total length of light negative tnck is 8363 cm in which there were 16 inter-

actions as:::-ligned as 1r • 

Charged kaons of either sign are difficult to identify by ionization, 

but would have been identifiable by charge exchange. The probability f0r de-

tection as such is 20 o/o; none 1rn3 observed. An independent statistical 

estimate of charged kaons can be made by considering the neutral kaons. The 

number .;f K+ should bf; comparable to that of K0 , which are easily observable. 

Twv K~ have been as:3igned: taking into account the K~' s not seen, there might 

be four chargc::d kaons not identified, which would have no sie;nificant effect 

on this analysis. 

Positive tracks are due to muons, pions, kaons)ur protons. No dis-

tinction is atfompted here between protons and heavier nuclear fragments, since 

it is believed such misiclentification will also have little effect ::in this 

analysis. Protomi and pions can usually be identified by i.-rlization 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 inforacted in the chamber, or if they occurred in an 

event with a negative lepton. If no negatj_ve lepton was present, the nvn-

interacting light positive part:Lcles were classified for the present as positive 

muons from anti-neutrino background. From these criteria the total track lEmgth 

assit:,med 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 Tt • A o-ray analysis was used to separate statistically protons 

from pions above 0.7 Gev/c. 

Neutral pions have been identified from the kinematical analysis of 

those events in which both y 1 s materialised in the chambE;r. Seven 11 c1ingle y 11 

events have been found; :this/n~bg6mpatible with the observed number of 11: 0 and 

the known detcoction 1dficiency )f the chamber. C)ntamination due to inner 

bremsstrahlung production of single y' s is estimated to be r~1 2 events. 

3.2 Neutron stars 

E'1;ents with no "lepton candidate" have been interpreted as due to 

neutrons. Below a visible energy 1~f 250 Mev many have been observed with 

filOtons vnly; between 250 and 275 Iilev three have been found 1 and C'ne at 

470 Mev. Fourtel:cn 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. Classification of events 

Thl'J simplest event classification is j_nto the prvcesses (1) and (2). 

However it is quite probable that the produced pions and protons are absorbed 

vr scattered in tho nucleus, or even produce additional particles. Table l 

gives a phenomen0logical classification of events as non-pi~nic or pionic, 

which can be considered as an approximation to the elastic and inelastic 

classification. 

'I'hore are ;21 events which are ambiguous betwc,en pionic and non-pionic 

because there is one unidentifiable fast positive track. These are later 

referred to as "class C" event:3. Other ambiguities within the pionic category 

occur also, and are noted where appropriate. 

Nost of the elastic ovents of r8action (1) are included among the 94 

non-pionic events of table 1 9 i.e. those which are associated with a negative 

track, assume'd to be a µ , and nu possible 1r. This sample is contaminated. 
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by the inelast:i_c oventc i.n which tho pion i,3 absorb(xl in the nuclous. A simple 

kinematic test was used to r":,movo 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 l• C• 

" unknown within the limits rif Fco,rmi momentum. The 

calculated onorgy, E may 1Je compared with the neutrino enEergy, which is 
c ' 

assumed to be E , the total visible em0rgy of the evGnt EJ:x:copt for the rest 
v 

masses ,,f tho nbserVE;d nucleorrn. 

It is seen in fig. 1, which shows }~ VEorsus E for non-pionic events, 
c v 

that there j_s a syrnmetrical distribution about the line E = E • For each 
c v 

elastic evE,nt we have calculatud the maximum differcmce ·which could be produced 

for a Fermi momentum of 0.27 Gov/c, which is the maximum for a neutron according 

to the Fermi g:J.s concept of heavy nuclei. In nine cases the observed dif-

ference wac:i more than two standard deviations greater than that expected from 

Fermi momentum alone, and in the:; sense of E '> E which would be expected for v - c 
reaction (2) if a pion was absorbed in the nucleus. These nine cases are 

assumed to be events in 1•rhicb the low energy pion is :.ibsorbed in the nucle:u.::, 

and are therefore assigned i.L3 pionic. An estimate of the number {Jf pions re= 

absorbed in nuclear matter, based on ex;oerimental data on pion absorption by 

nuclei and the observed pion spectrum in the neutrino events, sub'gests that 

13 inelastic events in which the n was absorbed are still present in the 

assi1','11Gd delastic" events. 

~'he same~ kinematical test was made for the 97 pionic evonts and is 

shovm in fig. ~~, which has a markedly different c1istribution from fig. l; there 

is an excess of event:.:>, all :L:n the sense E )- p_:; 
v c 

It is concluded that most 

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 nuclem; 

by the r~;coi-1 proc,on; thjs conta.rnination has been neglected. 

Two of the ;)1 "clac=is C" events were incompatible with the ela,stic 

hypothesis 1 and for the remaj_ning 19 a o-ray count sugges:ts moi3t are protons. 

An estimate gives 3 pions to 16 protons 1 which would justify an assignment as 

predominantly elastic cwents. 
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A mass 111* required by energy and mvmentum consorvation in the process 

v + N ___ ,. µ + JVf* has been calculated from the muon momentum and E with the 
v 

assumption that th8 target nucleon is at rest. In additicn to measurement 

errors, thors are uncertainties in this calculation due to li'ermi motiun of tho 

nuutron and the m:;sumption thclt the neutrino enc>rgy is E which is in fact v' 
only a lower limit since both pions and pro tom; may lurle er1erg-;/ in the nucleus 

in which the inter"tction occurs. Fig. 3 shows "j\lr:t: 
l'l calculated :fvr the clas;:i c 

with the assumption that the uncertain track is due tv a pruton; the grouping 

evEnts 

of M* around the proton ma~:is is consistent with this a.Jsignment vf the uncertain 

track:. However 1 if the uncertain track is assumed to be a pion, the same 

calculation leads to a rii* which is consistent with that of identified pionic 

oven ts, and thur::; no clear assignment of the "C 11 events L:i possible. '.L'hey are 

shown in the; distributions with each interpretation. 

5. AnalysiE; of ela:3tic events 

'5 .1. Ener~;y dependence of the cros,3 soc ti on 

Fig. 4a show::; the cxporimental energy and the event rate of the 84 

elastic events. 'rhe cihading shows tho 19 class C events of thH previous 

section, the curve represents the absolute expected energy distribution cal-

culated from thu thecretical cross section and the calculated nuutrino spectrum. 

To show various implications )f fig. 4 1 the samG dat.'.11'lre also shvwn in the two 

succeeding figure~~. 

(10) . 
F'rom the calculated v spectrum the cross section can be deduced, 

as is ,cJhown i.n fig. 4b together with the theoretical cross section. (l, 2 , 3) The 

calculated neutrino spbc trum is shown in fi:;. 5 9 as wull as the spectrum deduced 

from the event rate and the theoretically predicted dq.iendcnco of cross section 

on neutrino energy. 

At this ;3 tagu tho uncertain ties in the knowledi;:;cJ of the neutrino 

spectrum and possible experimental biases are such that any agreement between 

the exp~'rimental rtJsul ts and theoretical pr8dictions cannot be considered highly 

significant. Further studies now in progress on pion production in tho 

copper target of the burn and pion abs"rption in thu nuclei, as well as improvud 

statistics 9 will allow u more precise comJJarison between thtJory and cxperimr:mt 

in the nuar future. 
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In order tu invc2;tigr1t0 the form factors pertinent to the el<rntic 

interactions ( H) ths tum tr<:"nsfor in the v ~·µ, system bas been calculated. 
') 

Two methods rnay be usGd for calculDting q'-: either from the observed mumentum 

of the muon and. the :=1sc:iw111)tion ths.t E is the neutrinc enere;:v, ur from the muon . v ~· 

momcmtum alone, using tho kinema.tics of (1) and asswning that the target neutron 

is initially at rest. 'l'he diatributions obtained are esscntin.lly the SJ.me; the 

resul tci of the first m8thod lvwe been used for comp, .. rison with the theoretical 

predictions in fig. 6. 1EhG n1ntriX elerr1(3ilt dcscri1Jing Glastic interaction.S is 

expected to bG of the form: 

the induced psoudoscalar term having buen neglected. 
(Fi) 

beon calculated taking the form factors ' ~ to be 

F = 
1 

2 C) 2 
F' = r ( 1 /!Vt: )--2 'EM = + q t;!VI 

and the axial form factor, 

'I'he curves of fig. 6 have 

0.84 Gov) 

and le = 1. 25. If the interaction is considered to be mediated by an inter-

mediate vector bosvn of fini tc mass I\19 the form factors must be multiplied by 

'l'ho theoretical distribution b-1sed on the calculated neutrino spectrum 

is corrected for the effects of Fermi momentum, oxclusion principle and 

experimental resolution. 

Various values of the parametur MA and of tho m::ws MW have boon consid·­

ered, and the :3fati.stic::'! of the~ fit of the experimental results examined for 

events with q 2 <::·. 1.~? (Gev/c) 2
o Equally good fits cm be ubtained with any 

value of JV1w in the range 1. 3 Gcv to infinity 1 provided l\ is vari0d accordingly. 

If JVI, 1 = co 9 o.nd all class C events ar1~ includ0d, MA is found to be less than 
vv 
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1. 35 Gc:v with a cunfidc:nce limit vf 0/0 1 tho best fit being C'btained for 

M = 1.0 Gev, 
A 

I•\,r comparison, thu expecfod distribution for MA = 1.8 Gev has 

also been plotted. 

If nono of the ambiguol:iB evcmk; is inclucied, MA is found to h; smnller 

than 1.0 G,,,v, with 68 o/o confidence limit, the most prob:1blc: value being 

MA = 0.85 Gev. 
•O 
('._ 

On the basis of the q distribution alone, lVIA == 0 cannut be excluded. 

HowevEJr, cl lower limit fur MA can bo deducr:;d from the difference between the 

cross ~3ectiorw for elastic interactiorw of mmtrinos and anti-neutrinos. Such 

a Mfferunce is proportional to 

2 
q A. 

\ 
/ ?Wf ) F \ "' 

L,..l.. ,, ') • .J.:A' 
/l p c../ 

from which, if F1 and F2 arc: known, F, can be deduced. Of the six oven ts 
A 

observed i.n the v exposure not more than 3 could bo attributed to elastic 

event;::;, whoreas for a v exposure of equal flux, 10 events would have been 

uxpected. rrhis sEJts a lower limit for JVlA = 0.4 Gev with 68 o/ o confidence. 

'l'his method of estimating M is VfJrY sensitive to the v and v spectra 9 
A 

It would lead to the conclusion, assuming 

JVTW == oo and C. V. C • thf; ory, that l\ is within the range 0. 4 to 1. 35 Gev with 

68 o/ o confidence, the most probable value being about 1. 0 Gev. NA = e~ 

is excluded. Similar conclusions have been reached by the spark chamber 
(13) 

grcup from '1 study of the anguLtr distri bub.on of muons. 

5,3 Distribution of momentum unbalance 

The momentum unbalance ,if the 0:1e proton elastic event is 

+ + (E 
v 

- (p + p ) )2 
·µ p x 

as shown in fig. 7, where th0 quantity /\ N/~~ P is plutted as a functi,.n of P, 

N being the number of events. 

'l'he statistical uncertaintir,;s are large, but it can be s8en that for 

P < 0.3 Gev/c the rise in the distributi0n 
') 

is similar to PL, as would he 

expected for the Fermi momrmtum of the target m:utron in a heavy nucleus. 

PS/4410 



- 9 -

However, about half of the events have F > 0.4 Gev/c, which may be due 

to scatforing of the recoil proton inside the nucleus, the residual momenh.un 

escaping dE;foction when absurbed by heavy fragments too sh,~rt to be detected, 

or by rnmtrons which do not interact in the charnb8r. Events with higher 

mu1tiplici tics have no sjgnificance for determining the J?ermi distribution. 

6. Analysis of the inelastic events 

6 .1. Single pion events 

'rhe assignment to single pion eventc:i totals 60:. They cvmprise 49 

events with one identified pion ; 2 ambiguous <?Vents, which were not kinematic-

ally consistent with 11 elrrntic" when the ambiguous track W<3.s assumed t,,, be a 

proton; and 9 non-pionic events similarly incornpstible with "elastic", and which 

have been takun ar3 cases in which a pion was created and subsequently reabscrbed. 

'11hc"re are also 12 events which have ono identified pion and ono ambiguous track 

( 1 re, 1 c). Table 2 gives other details. 

No conclusive interpretation of these events has been found. Two 

processes which would crec:1te pions in neutrino events have been predicted: via 

the production of the 3/2, 3/2 N'lf isobar(l6), and in periphersl interactions 

with single pion exchange. ( 16 ' 17) ror the pres1.mt we see no clear way to 

identify the two processes because of the nuclear interactions ~f both protons 

and pions and the N* itself. 

'11hc: experimental cross section as a function uf the visible energy is 

shown j_n fig. 8; the total rate is comparable with the elD.stic ruh:1. 
2 

dependence of M* and q are shown in Figs. 9 and 10. 

The average value of 
:~ 

M:*' rises slowly with E • 
v 

11'h2 production of pions 

) 1~ 3/2 via the - I c_' rr isobar is expected to take place~ to :31o<rne exhmt, and in such 

a plot it would show as a concentration around a horizontul line at the N* mass. 

It is impossib18 to ustimate tho production rate from the statistics of fig. 9. 

It would be expcctE':d that the charge distribution of sin,c,;le pion events associ-· 

ated with the isobar would be (rJ,n+) : (p,11:0 ) : (n,11:+) = 9 : 2 : 1 whereas 

for events with not more than 1,,ne proton it is in fA.ct 19 : 6 : 9. The 

PS/4410 



- 10 ~ 

distortion of the original charge dfatribution due to secondary interactions of 

pions while travc;rsing the nucleus is unknown1 subsidiary studies to assess such 

effects are being made. 

'l'he E distribution ~f ::i.11 inel2.stic events and the inel:J.stic cross 
v 

section t~ni as computed frorn tl1e observed :c':ites using the calculated 

v spectrum, are show.c1 in fig. 11. There is a rapid rifoe t'lf 6. with energy, 
lll 

but beyond 4 Gev tlie experimental errors are large. However, one neutrino 

event h<:1s been observed with .K ,--...; 12 Gev, end one with rvl4 Gev. 'I'he v flux 
v 

between JO to 15 Gev is estim2ted to be some two orders "'f mo.gnitude less than 

that between 5 to 10 Gev. Thus the presence of these events is significant, 

and it is inferred th::1 t 6. is still rising with energy up to 14 Gev. 
in 

·r. Other re;:rnl ts and conclusion::::; 

7.1 I.epton conservation 

Most of the uvents observed in this experiment demonstrate lepton 

conservation of the v µ - µ system-; the evenh:i are of the type : 

v + N ·----",, µ - + non-leptonic particles 
µ 

(7) 

Two types of lepton non-conservation which could be observed, if 

present, are 

v + N __ .,. non-lepton.ic particlos 
µ 

+ v + N --Jo µ + non-leptonic particles 
~i 

(8) 

( 9) 

An event of type (e) is indistinguishable from a neutron induced event 

nnd since there is a significant low energy neutron background, an upper limit 

on tho process can be set only n.t high energy. Two events without leptons and 

with E: > 1 Gev have been obsorvco.d,· both may be attributed to neutrons. 
v 

How-

ever, if they :c:re assumed to be due to (8), one cnn r1et a.re upper limit nn thir3 

type of lepton non-conservc:~tion of rv4 o/o of tho total event rate for neutrino 

internctions above 1 Gev. 
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+ In connection with (9) 1 there are 16 ovents with a possible µ , and 

no µ , Hhich is consisknt with the calculated v background, and they have 
µ 

been thus assigned. Am;uming no v µ background gives a r:::cte of ''-' 9 c/ o as 

an upper .limit for (9). 

7 .2 . '.!:'he exir>tence of two neutrinos 

(4) 
'l'he r)remmt obc.:ervations confirm the uxistence of two types of 

neutrinos, v c:md v rl'he ne1J.trino :flux through the bubble chamber is 
e µ .. + 

predominatly v with a small brcckground of \) from the f. 
e3 

decay, so th'.'Jt 
µ e 

most of the events should be rwsoci 1ted with muons. Among the 85 uri!lrnbig·uous 

elastic events there is one in which the lepton is e-, nll others have µ-; 

This agrees with thu spark chamber result(l3) of (1.1 :'.: 0.4)o/o for the rdio 

of elc-wtic e to µ production. 

were observed. About three even t;:3 .'.::1rt:) frorr. I<+ neutrinos; the -e3 
uncertainty in the estimate i:3 such that the observed rate is certainly 

consistent with this e~>timate. 

7 • 3 Neu tri:t:-~!....l.li.!2. 

It has been suggcst0d(l8) th;,t 

v e-) pairings are revorsed,e.g. 

in kaon decay the mmal ( v , µ-), 
µ 

e' ~ 

+ + 
K-41.1 +v 

µ 8 

Following this hypothesis, 5 o/o <'f all neutrinos would be v • 
e 

(10) 

Only four 

events in which th8 lepton is '·'n e have been observed; at least eleven an; 

expected from tho neutrino flip hypothesis. Thus the neutrino flip hypothusis 

is not n0cessary to account for the observations. 

7.4 Strange particles 

In 3 <.:ventr:: 3trnnge particles hrive been identified! a c-'lingle /\, a 

single K0 , and one event with both /\ and K0 • Both of the /\ 1 ::; decayed in the 
c + e 

charg8d mode; one of th8 K gavs n + re , ond the other two n 's. The event 

with the sing·le K0 contained in addition an isolated electron pair, which could 
0 

have como from the n of the ncu tral decay "f a /\. 

E ) 4 Gev. 
v 
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Single production of strange p'articles is of importance in connection 
L\Q 

with tho -- = l rule, which imposes a number of restrictions on ~he possible bS 
reactions. The three events are probably not pertinent to this rule, because 

~ 
it is oxpectcd thnt 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 verticGs. 

7,5 Neutral leyton.currents 

Reactions such as 

v+p-v+p (11) 

v + N -~ v + N + pions (12) 

may indicate the existence of neutral lepton currents, 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 corresponds to q2rv500 Mev/c2 for process (1) with zero Fermi momentum, 

one was observeq w:ith nucleons and no lepton, which is thus a candidate for (ll). 

Among the elastic 84.d ambiguous neutrino events there are 32 which are associ­

ated with nucleons of a total kinetic. energy exceeding 275 Mev. Thus th~ 

cross section for (11) is estimated to be less than 3 o/o of that of the 

elastic process producing a charged lepton with q2"'-•500 (Mev/c)~ 

Fourteen events associate~ with nucleons and piuns only wer8 found, 

with a visible .ene'l-gy aboye .the limit of 275 Mev. If all were att;ributed to 

(12) the upper limi:j;.,,f.or the process would· be 6 u/o of the total cross section 

for v - inforacti.ons. 

'*' We thank Prof. M Block for enlightening discussions on this point. 
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Evon :i.n tho absence of mmtral lepton currents 1 the processes 

v + e ---:r vµ + e (13) 
/J, 

V +p --J>.V +p µ µ . (14) 

could takG placE' via ar1 ; . t. . t t. ( 19) . f' t' t . e.tectromagnc ·ic in ·erac ion, i ne nou Tl.DO poss~ 

essod a magnetic momc~nt. About 7 o/o of the photographs were scannod for 

isolated electron production; no single electron was found with an energy of 

more than 25 Mev. '.Phis set~~ an upper limit for the m11g"Iwtic moment c.,f v 
-6 µ 

ofNlO Bohr magnetom-J. From the absence of single pri,ton events with an 

b 27~ M • 1. • t n 10-7 T. • t energy a ove . ::; 1·1ev, we c:in gJ_ve an upper imi or.., ,Jonr magne ons. 

Lepton pairr:i in neutr.ino interactions are of interest in connection with 

tho production of the vector boson W, which has beon postulatecl( 20, 2l) to be 

produced accordj_ng to ( "i) ' ./ ' The bn.'tnching rs.tios and the nature of Lhc:: ::; [1·0n«o,·l:v 

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

boson thl? decay products would appear to come from thG primary interaction. 

Both the leptonic nnd non~hJptonic decay modes of the W have h~'en 

sought in this exp,::irinont. 'rhe Lptonic dccay:3 would be u:zpectecl to appear rm 

+ + ' 
~ · tl t 1 t I }1'.Y '·.'t''''.f· J·_1·1.i· ti' o· .·r_·l, :o..D.i~ '"-'i· ·the"".r u or e , with porhar)s everl"GS wi l WO ep OW3' U . . l, ' . ,_ -- ~ ' ' 

also one or more protons. Since tho bubble crwrriber give2; no bcwis for dist:Lng-

uishing µ + frrn'l ,/ for non--inter.icting trJ.cks, nothing can be said concerning 

( µ +, µ-·) events except th:'1.t there 3.re ::;om.~ wllich could be corn>i,3tent with such 

cbamber 

to 1 o/o of all nuutrino events, 
(n) , 

group woulct be impossible for 

inturpreta ti on. A production rnte of 0.5 

tentatively 

to detect. Howevur, 

by the 

+ 
8 are '"3Bily id.on tifiabl.c; brerns:c;tr·:thlung. Of the 

21~5 rwutr:ino event::; obs\.,rvecl, on0 was found with e. non-interacti11g negative 

meson tr:1ck 'lnd a shower. 

' ·- +) a. ~ µ 9 •? p::dr aro shown in t;c,bJ.EJ 3. 

PS/4410 
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Table 3 - Parameters of the (µ-,e+) candidate 

E ( Gsv) E ( Gev) E ( Gev) Cos Q + Cos Q 
Momentum un-

v µ - e+ e µ balance ( Gev/ c) 

1.79 0.48 
} + 

0.3 0.956 .836 p 0.28 c 1.22- = 

It is impossible to be certain of the identification of either of t:1e 

two lepton candidates. The rwgative meson track of 40 cm could be either a 

µ or a 1r • 'rhe nature of tho p::lrticle 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 ,I.Lepton pair to the 

boson is impossible because an U11seen neutrino would be involved in the bcson 

decay. Also lepton pairs may be produced through a four-fermion point inter-

action and subsequent scattering tf the charged lepton in the Coulomb field of 

the nucleus. However the cross section for such a process is estirnated(22 ) to 

be so much smaller tl:1an the ebstic cross section that it should not give any 

significant contribution to lepton pair production. 

Multipion events have been analysed for evidence of the picnic 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 may occur mure than once according to 

vario·.ls possible interpretations. From this diagram, with the presently 

available statistics, it would be impossible to identify a boson. 

Another type of bosmhas also been considered( 23 , 24) as the mediator 

of weak interactions. Such bosons (W 1 ) would produce resonF.mces of the type: 

e + p - W' --4'· e + p (15) 

v + n --,> W' ~ µ- + p 
µ µ 

(16) 

A lower limit on the mass of a possible boson W' of (15) has been sot 
(25) by Allaby et al • 

PS/4410 

The limit on the mass of W' and W' 
µ 

can be raised from 
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the results of this prr:;sent experiment. 

According to the predictions, the resonance of (16) would have a 
-26 2 

cross section of ""'10 cm and a width of rvlOO ev. Fermi mc.menturn of the 

target nucleon wuuld givo an apparent cross section of 10-32 2 d 
rV cm , an an 

apparont width of lv 0. 5 Gev, to be compared with an elastic v cross section of 
-38 2 4 ""10 cm • At 10 Gev, tho neutrino flux is estimated to be tvlO- 0f that 

at 1 Gov. Thus from the el:tstic ev8nt rate at 1 Gev, if the predicted 

. :pho~o~e,n; existed ~l ~ l°: ,1qrj~ srnf:1 ~ io3 ~(3;~p;t~/)~eX :19~l(i cb~::)ec1P~Ft:~4,~:: If tit,s. 

twG events which were obs8rved with :8 >10 Gev were attributed to W' the 
v ·3 µ 

predicted cross section would still be too large by rvlO' • Therefore we 
., r: .;c\::: 

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

that its mass is greater than 4.2 Gev. 
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trum and Cro:3EJ~·sec ti on for elastic even ts, 

estime,tion of v cornp3.red to the calculated 

Four-momentum tr'msfer distribution fer elr-tstic even·cs. 

Distribution of momentum unbalance for l proton elac-;tic events, 

Energy s;,ectrum and croc:::s-section for l TL c:vents. 

ve:rsus IS for 
2 

v 

Cl VGrSllS E for 

all inelastic 

a11 inelastic 

events ' 

oven ts. 

(The multipion events include 
1 ri:i i c) 

v II II II ") 
spectrum 'lnd cross-Eiection for all inel::i.stic evE;;ntE;, 

Invr;riant JVI·:~sd distribution of '.ell ··:ions in those events where 

of th;~ pions is + 1. 

of an inc:1''''t:i.c event; p:robsbly of the form 

+ + 0 
v +p···~ll + N +n +·n: +n 



Table 1: Observed r_;tes of v - events 

.... .,,,., . ., .. ,, .... , .... ., .. , .... , '''""" ...... .,,., . .,, ............ , ... ,.,, .. ,, ... ,. ""''"'"'''''"''"'"''"'"'" "'"'' """"""""""'""""''''"'''" .................... , .. , .... .,, ... , 

' 

Phenomenolvgical 
ClJO;ssj_ficution 

Type· 

mvn pion µ events 

'non pion e events 

;pion µ events 

jpionic e events 
,. 

~class c µ events 
' 
Iclass c e ev.cmts 

(pcssible µ + e pair 

Total 

Number 

93 

1 

95* 

3** 

21 

0 

1 

214 

Assigned 
In terpre ta ti on 

Elastic 

04 

1 

0 

0 

16 

0 

0 

101 

Inel?.stic 

9 

0· 

95 

3 

5 

0 

1 

113 

'*' Includes 1 event with K0 and 1 event with /\ + K0 

** Includ<:;s 1 event with /\ . 
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T:'lhle 3: 
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(Event~; with m1identified tr 0.cks in1.;luded only c:nce, with 

of rnultiplici 

Vi::;ib1e (Gov) 

ty Ll l ... 2 2 -- 3 3 ... 4 4 ... (5 13 -14 

' ' * Il()fl plOillC 

2 ·1• ,,, 

l rr, l truck unidentified 
2 tr:Tc.k~3 unidsn tified 

? n:, l trDck unidentified 
l n: 9 2 tricks unic:.entified~ 

with 
:; 1r, 1 tr ck unidentifi8d 
2 E 9 I\ 1 2 tritCk~ 

5 11 
•.L 

4 lt l 1 Trc~ck unidentified ' 

" d Cl 

c::; 'J'C 1 tr· 11ck 1midentified _, 9 ' 
4 TI ' 2 trr::_cJcs unid.entif icd 

'Totals 

3 2 

19 
'1 
J.. 

1 9 

2 
6 
1 

'') c.. 

1 

~ 

1 

2 
1 

7 

2 
4 

1 

') 

"' 

19 

2 

3 

2 
1 

l 

12 

1..;.m;igned :1s inel~stic from kinsnnticc1l analysi.:_:; 

l 

4 

2 

2 

l 

1 
1 
1 

1 
1 

1 
1 
1 

23 2 

t 

'I'otal 

9 

f) 

12 
2 

J [~ 

0 _, 

128 

These n.re c1u.ss C ev::::nts vvhich cannot be f·rorn ki:n2rrtaticD.l 
Ii'rom o-rr:.y r:ncilysis it is ec;timatod among the 19 events 

th1:;rc nre only 3 picnic. 
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