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The search for the muonic and the non-leptonic decays of the 

hypothetical intermediate boson among the neutrino events produced i.n 

the CEPJif neutrino experiment has been continuocl ana_ concluded. 'l'he 

data do not give any clear evidence for such decays. Comparing the 

rate of possible boson reactions, oliservod in the spark chamber and the 

bubble chamber, with the calctc1ated proa.uction rate, we arrive at a lower 

limit for the boson mass, ranging from 1.7 to 2.2 GeV/c2 for various as­

sumptions about the relative abunda~nce B of leptonic decays (Table VI). 
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1. INTRODUCTION 

The hypothetical heavy boson VJ+ mediating the J!'ermi interaction 1 ) , 

could be produced by high-energy neutrinos 2 ..... 4 ). Preliminary results 

of the CERN neutrino groups 5 ' 6 ) have already set a lower limit to the boson 

mass of 1.5 nucleon masses. Thorofore the production by the µ neutrinos 

available at present would predomimantly occur through the incoherent 

roaction 2 - 4 ) : 

Vµ + p -> W+ + µ + p • 
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Here p is the proton providing the electromagnetic field in which the 

(w+, µ-) pair is created. ThE:l boson would then decay vri thin "' 1 0- 1 s 

seconds through various channels: 
'(Yr+ 
vv ~ 

vv+ -',> 

+ µ + v 
+ 

e + v 

mesons.• etctl 

( 1 • 2) 

( 1.3) 

( 1 .1+) 

Because of µ ... e universality the rates for (-1 .2) and (1 ~3) are 

practically equal. '}]rn relative abundance of leptonic decays 

( .. ,.r+ + ) (' .. {+ 
B "" "~-~-:Ji __ :'.:._!__ + v' -> e++v) 

·~ anything 

is not well known; 'I'heoretical e~d;:imates, involving only two-body 

clecays into known mesons 7 ), indicated values of B ;f 1h for boson masses 

around ·1 .5 GeV /c 2 • 'I'he probability for rnesonic decay increases with 

increasing boson mass. It can be further enhanced by other decay modes, 

in particular through suitable re.sonances. 

~,he present vmrk extends and concludes our previous search for 

boson production and its subsequent (lecays 5 ' 6 ). 'rhe data of the spark 

chamber and of the bubble chamber arc: comb:ined to i.:;;:Lw:i a lower limit for 

the boson mast1, 1"1ith the branching r;1tio B i'll.i'l a free parameter. The 

analysis is based on a systema·i:;ic search for the muonic and mesonic decay 

modes. 

For the muonic mode spark chamber data have been used, Because 

of the large amount of matter transversed, this set-up allows a good discrimi-

nation between stromgly interacting particles and muons. The region with 

magnetized iron plates yields the sign of the charge. The mesonic mode 

has been studied in a bubble chamber 1'1here the na~;ure of the particles 

produced. can be better determined, in most of the cases, and the kinematics 

of the events can be reconstructed to a good degree of accurqcy. 
5 6) 

on the electronic decay mode have already been presented ' • 

The data 
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'l'he neutrino spectrum has been computod8 ), 1)oth at the spark 

chamber and at tho liuD-ble charnr)er positirms. Both ;3pectra are shown 

in :8'ig. 1 for the energy interval of interest. The spectrum at the 

spark chamber refers to the 1 run. The spoctrum at tho bubble 

chamber it3 .s, woightod avcrago over tlrn 1963 cmc_ 196L, runs, sinca data 

from both have been used. 

Since the elastic cross-section for low 4-momentum tranBfer 

[q2 < 0.2 (GeV/c) 2 ] does not depr~md appreciably on nucleon form factors, 

ono can in princi11ld <leduce the neutrino spectrum from the observed rate 
\ 

of lo\v q2 elastic events 9 J. The spark chamber a.a ta indicate that the 

rate of "elaEitic 11 events for neutrino onorgies 

hig;•h(~r than that exp,,:cted from cG.lculation8 ). 

above l~ GeV is 2. 7 times 

.• \ Hm·1ever J among those 

t 1 . f . ., .. 1 ' .. n 6 ' 1 o J 'l evon s c ass1 iea as ''e as~ic twro are many inc3laEJtic events in 

which a single luw-energy pion vms produced and was oi ther reabaorbed 

in the nucleus or not recognized in tho spark chauiber. At low q 2 

low-energy· pions a:ce produced predominantly from tho decay of tho (3 /2, 3 h ) 
resonance. 'fho cross-section for proc1uct:LonJ computea by Berman and 

Vol tman11 ) has boon used. For low q2 it is practical}_y independent of 

tho form factorEi involved, and is twice tho cross-toection for the elastic 

reaction. If all tho low q2 isobar events are mistak0n for elastic 

events, tho exporimu1tal spectrum is arproximately roclucod to the 

calculato(l spectrum. Bubble chamber obcrnrvatiorn3 hfavo been found 

oonsiste11t 

L1- dev s). 
with tho calculated. flux for neutrino onorgies between 1 

the lo-.:r q2 method a~Jpli::;d to tho 

and 

spark chamber data giveEi a rate of ·elastic" ovonts twice ail large as 

that prudictecl. Above 1 GeV the back@;round of inelastic Gvents :in this 

kind of spectrum dutormination should_ not dq:>er1-d much on the on orgy. 

Therefore, the_ comparison between the bu1Jblo chamber :md the spark 

chamber data indicates thaJc tho ir_elastic background :in the 101< q2 
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rnoasuromont is about 5 for cn0rgics about 1 GoV. This inelastic 

background can also be estimated from tho spark chamber event clistri-

bution for all q21 s. TaJdng for and the values found by the 
5 ) bubble chamber group a.nd a;3suming the background to ho small for 

high q 2 , we find that of tho 11 olasticn events aro duo to 

background at low q 2 • 'I'his loads us to estimate that tho neutrino 

flux above l1- G-oV is 1 .5 :'.: o.6 times that computod. In nhat follows 

tho spectra of figure 1 [soo roferonco 8 )] will bo used. 

For tho computation of tho ex:)octod rates, only tho "elastic11 

production of 1 s is consillcrod, i.e. tho~w rus,ctions in which no 

other particle is produced apart from a ana a negative lepton. Crons­

soctions for this process havo boon recently computed by '.:!u et al. 4 ) for 

2 ~r·v12 boson masso,3 UjJ to .• ) ,;.o .;c • 'rhoy include tho 'N production on neutrons 

due to the neutron magnetic moment, which amounts to 20% of the total 

cross-section and was not taken into account in tho previous computations. 

:From the spectrum8 ) and the cro ss-soctions of '."iu ot al., tho ratos of 

boson production have beim calculated as a function of neutrino energy and 

aro shovm in figures 2a, b. Since tho production cross-sections have 

boon computod4 ) only up to 10 G-oV, they have been oxtrapolatod to 15 GoV. 

8JlAHBER 

Tho production of a boson and its subsequent muonic decay 

vrnuld 'be obsorvorl as a pair of muons: a negative muon associated Hi th the 

production (1.1) and a positive muon resulting from its decay (1.2). 

Thoso events would appear in the spark chamber as a pair of non-interacting 

particles of opposite charge. 

of tho magnetized iron region. 

:Figure 3 shows tho detailed structure 

Tho magnotic fiul d ins ido tho 5 cm iron 

plates was 18 kilogauss. Throo picturcis woro taken of each ovont, two 

from the sido and ono from tho top, providing 90° storoo. Tulost of the 
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tcd in 

tho fi(iuoial vcl umo drawn in figuro .3 ( 15 ·ccms of iron). 

ed. of 

storoo vicv1;1 only aro nn;:Llabl . .u1 that· 

section. ( 5 - ·] 5 C1Tl 0 f 

load) follo::od. by t 1so 15 cm iron ,slabs. 

na have boon used for of tho l.S., 

Only events ·,/hich occurred in tho firot 1 1,J tons of tho 

magnetized iron section \roro accoptod :Cor ction. J~or this 

fiducial region it is pos,siblo to determine thu sign of muorni in 95~{, 

of tho oaso~1, provid.ed thoy do not oscapo before he.ving travors·oa 6 

iron plates. To bo selected, an ovont hc.td to fulfil tho follpwing 

con di tiomi : 

a) It contains at least tvro traclc3, both of which have a vis:Lb1o 

b) 

c) 

range largor than 30 cm of iron, ,,chen pro;juctcd. a1ong the neutrino 

d_ir·uetion. This c; orrcspond,~J to a minimum momcmtum of l+ 70 MoV/c 

for a muon. 

'rho two a.o not interact. An intoraction is defined as: 

a singlu ::icattering with an angle L 12° in any stereo view, after 

which tho track continues through at loast throe chambers (~ 15 om 

of iron); or as a star \ili th trrn or more prongs, where a prong is 

Clofinod by aligned sparks ove:;r at least throe chambers. 

The sign combination of tho h;-o partic:lc?s is: (+,-), (+,?), (-,?) 

r• ('? 9) 0 • ' . • Tracks for which the sign cannot bo determined, bocauso · 

tho Eiagi tta is too small, aro mostly duo to protons nhioh stop or 

to very energetic particlus Hhich oscapo from tho chamber. 
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'l'able I gives a li.~d; of' the ~~vents drl.ch fulfilled the 

selection criteria. In addition, have found 2 (+,+) events and 

8 (- ,- ) events ··:1hich have been rojectcd in viev·: of cd.terion ( c). One 

combination from 

strongly interacting particle, . .-11ilc not falling 

into the definition of an interaction, can mo<'U.fy tho mrlgnitude and 

even tho sign of the curvature. Thi3 apparent of sign could 

also happen for a muon through multiple l"or the ·J 0 events 

·,vhich have a 11•.1rong" sign combination thi.s last effect has an average 

probability smaller than ana_ is thorefore negligible. 

Figure L1. [ohovm the ooagitta vursus range rlistribution for the 

60 stopping particles in the sam,Jle" T'hc sagitta distribution of 

stopping µ"' has been determined exp£3rimentally" According to this 

calibration~ 95;;-S of tho stopping muons 'cvill fall in the region above 

the solid line in figure 11 • If all s ing p2,rticles in our sample~ 

ymro muons, not moro than trrn shoiJld lie belor; tho solid line; instead 

tho re are i 9. Tb.ese are Dtopp protorrn~ which have a sagitta 

about four tirnes smaller than a muon of tho Bame range. 'l'he 19 events 

which fall below the cJOl icl lino of figure;, h have b<:con eliminated from 

the sample. 'l'aking into account the number of events rd thout a 

stopping part:J_cle, this should eliminate at most 

v1hich could be contained in the sample. 

of the boson events 

When those various criteria have been applied, 33 events are 

left from about 5000 neutrino ovents produc\0d in the same volume. 

li'iguro .5 shows one of l;he evcmts. 

A tvrn-f1imonsional plot of the 

final samp1o is presentoa in figure 6. 

events which constitute the 

Each point corres}:londs to one 

event, The ranges of the negative and of +.he positive tracks arc given 

as ab;Jcissa and ord.inato, respoctivoly. In all 33 events the sign of at 

least one of tho ·b;ro tracks iD knoi:m. dhon tho second track has a null 

sagitta, it is assumed that the t;;;o tracks havc'.l opposite signs. 
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In muon duo to an intermediate boson tho posi~,ivc muon 

tb.o r1oga~ 

tivu ono" tho ncmtrino 

spectrum. 

indica that mo,'Jt of ·;J:·h:rn cannot be clue; to ·boson 

In ordor to invost:Lgate further th:i.n the intoe;ral 

range d.istribution of tl:H,! positive t:cack:,; han be::m :)lotted in figure 7. 

The theoretical curves shmm give the rengc dis tributioris of the positive 

muons from boson for various valuos of tho boson marrn. 11ho boson 

production o.nd decay calculatocL by Bell and Vcl trnan 2 ' 3 ), have 

been used hero and are corrocted for los0c,s due to o.scap traelcs. 

brancl1ing ratio B iE1 ~J.BrJi..i:-:Jod ·t~o bu -~) Thi.s a1Do 1sho·~1s cl~:;_nr1y, 

from the difference in shape bohrnon tho 

di~3 tributions ~" tl1at tJ10 ori of events arc not duo to boson production. 

+ 'rho /.1 angular di;3tribution and. momentum hav8 been evalua-

ted undor tho 2s.sumption that in tho prooess tho boson ia 

almost cornplotoly polari.zcd backnm'ds. I'hen.;fcro, tlHD positive r.:iuon is 

proporty 

emerges fro.in a d tl1oorc,tieal of tho production }ffocoss. Ho·,r-

ever if tho boson c:oro nclt so strongly Dolarizod, tho angular distribution 

of tho positive: muons rrould bo more foruard and :Lts momentum Hould. 

be higher. 'I'hiri ~,;ould lead to an c:von m.oro prono1.1ncorl clifforoncc bctrocn 

the theorc)t:i.cal and experimental range distributions of tho po~Jitivc traclrn. 

Tho number of evonts 11hich should bo obsorvcd for vci.:cJ_ous rangc3-

cuts on the positive track has boon computed from the bubble chamber data 

on (µ,1T) and (µ,p) production. 'l'hiil ostimato of tho bac;kgrouna_ has boon 

mado und.or tho assumption that tho and angular distributions of 

µ, rr, p aro idontica1 in the bubble chamber o.nd in tho .spark chamber. Wo 

have usoa. the moaEmrod attonu,::,tion longthE; and the cr3capo probo.bi1itios to 

computo the numb or of ]Jrcrlicted ovcmts. 

tho.so computations, together 

65/873/5 
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th tho obsorvod nurribc:r of 

tho rosu1tD of' 
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~ro give ct lirni"!~ 011 tr1e boson n1ass -~ '.:ill compare the expectc:d 

and observed number of muon p::irs for a cut of 80 cm on the positive 

track. 

'l'he eventr.1 originating in the thid:-·plc1te region have also been 

studied in a similc::.r -crr:,w. As thG magnetizecl iron slabs are at tho end 

of the sot-up there is no pos:c3ibility of making ,'.:', versus range 

study; furthermore, no 90° stereo being available tho :interactions are 

harder to detect. :8'or a uniform cut of 60 cm :in both trc:,_cks, thf:) com~[Juted 

background is 0.5 ± 0.25. 

In 'I.'ablE~ III the number of expected and ob Jerved events :in the 

t;rn regions nre given for different vr:.lues of the boson mass ·,rith B = 50%~ 

Due to its compcci'Ettively long lifetime, a particlo created 

:inside 0, nucleus ,:oulc1., in genoral: emorgo from it before decaying. 'l'hus, 

i tf; mass could bo dotorminod from the momcmta and on.orgy of its decay 

proclucts. Such an analy[\is is posriiblo ,Jith a bubble chambor, 'Jhoro 

momenta and cnorgios of indivia_ual particles can be detiarminod quito accu-

ratoly. The bubble chambor had a total 

volum{1 boing 220 1itrcse 

oquipp,;d 'CJith a 

It -:1as filled 

f:l.olc1 of 27 k:G. 

loptonic mod.os gave a loner limit 

This analysis has bocn d corm 

tho follonir::t, criteria: 

volume of 500 litrof3, the fiducial 

Fith heRvy freon (CF 3 Br) and \7as 

A preliminary soarcL. 5 ) for non-

only ovonts -,-rhich satisfied_ 

a) They could be intorprotoa_ c:w neutrino c.wonts, each producing a 

number of mesons ', ith CL total charge equal to + 1 and any number of 

Events containing tracks which could. be interpreted 

oit;l10r as duo to mesons or nncloomi c7ore considero(l separately for 

each possible interpretation. 

In a.o so ·,:o restricted oursol vo,s to tho "elastic 11 production 

of 'IV' El, i. e, WG assume that tho mesons Tjroducod :in tho event havo 

emerged froIT1 tho of tho 
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obtalnod from tho 

dync:mical amtlycii:~ of tho producoa. sons -.r0,2i largor thm1 1 GoV/c 2 

2 

In. fact, (r;,cc ) ~ wo ox.; t;.;:J that :Ln tho pro.sent oxpori-

ITll.mt tho cl of ,) li (;) .L, > r:: ,.-..... ,·v· ~c 2 
c ~) ....:rv , • Tho lmmr 

limit of 

t . '1 r· ., '!!' '') . J • 11 ion ( e.) (,.o 1 , c.. re.Laxou. to a . mr errors in tho 

ma.:3s de:te:rmination. 

c) Tho rnoasurod. visible onorgy ) of the event \:as oqual or larger 

than !+- GoV. As sho;:n in figure 3b, for > i .5 GoV/c 2 tho produc..:. 

·tion of W's crm tako placo practically only for onorgios abovo this 

lirni t. 

a:) Tho momentum of tho nog;·,ti vo nuon (Pµ-) did. not oxcoed 2 GeV /c *). In 

boson production tho :rvurc1ge moi;;untn. of th1c: µ and w+ are expected. to 

bo in tho rcctio of thnir Dasse , thcroforu Pµ- is in gem.oral lo~7. 

This property is praoticc.clly of tho shape of the neutrino 

spoctrum. For a > 1 .5 GuV /c 2 tl1e: frnc tio:n of oven t,s ~,7i th P µ-

oxcooding 2 GoV/c 2 in expected to bo snaJ_lor than 2!+/';. 

:Five "candidates" ha.vu bucn found those critorie, out 

of tho !1-56 observed in the fiducial voJ.umo. 'Cho rolevcmt pararn.c:ters arc 

given in T:~blo IV. 

In Table V the integral distribution :i.n Ji' • is compared 'ori th 
Vl.S 

that expoctod for '' overal valuo~J of Those; have boon computed 

assuming B = 0 ~ c~ total neutrino flux corresponding to 7 .3 x 101 7 ojoctod 

protons and. E . to be o qual tc· tho neutrino cJirnrgy. 
vis 

A search for events which t bo oonsidorod as possible non-

loptonie .decays of tho intermediate bo[JOn hew also boon rnado in tho thin-

plate rugi.on of thu .spark chamlwr c3C 'l'ho ovcntE: hcivc boon soloctod 

within a reducod fiduci.'Ll volume;, cmcl uu;Jt contain at lercst four tracks, 

t·.-rn trn.cks + n shmrnrs, or two tracks + 1 V0 , crhich are tho minimur;1 

':') '.l'his critoriet 1rn.s suggested by <T-Iil. Gaillard .:md B. Hahn 12 ). 
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configurations for a boson event. The total estimated onergy of the 

vis:Lble tracks and shovrers must be greater than _3.5 GeV; of course the 

energy measurements are less precise tha.YJ. in the bubble chamber case. 

From about 500 neutrino events originating inside the fiducial 

volume, 51 events constitute the final .sa:mpJ.e. This re la ti ve rate is in 

good agreement with the bubble chamber observation (25 multi pion events 

with E. > 3.5 (}eV for 245 neutrino events in t:he 1961~ exD_.eriment). vis · " 
Figure 8 shows the µ momentum distribution for- these 51 events. 'The 

muon momenta below 800 l'deV/c are duo mainly to ovents for which the muon 

was not recognized; the shortest non-interacting stopping track in the 

event has been chosen as the muon. 

The expectGd µ momentum distributions 3 ) for the boson events 

have been plotted in figure 8 for = 1.5, 1.7 and 1.9 GeV with B = o. 
ThE}se curves are computGd for 2.9 x 101 7 ejected protons and. the fiducial 

mass of 2.3 tons. In Dpite of the enlarged acceptance for the low 

momentum muons, the number of observed events with a total energy above 

threshold and. a µ momentum smaller than 1 .2 GeV /c is less than the 

number of events expected for 

6. CONCLUSION 

65/873/5 
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]'rom the combined results of the spark chamber and of the 

bubble chamber., lower limits .for the boson rrHss with a level of' confi-

dence of 99% can be computed. 

tion of 

They are gi vcm in rrable VI as a func-

B = {w+ -o. µ+"_~.1_&_(1- _,, e + + v L· 
w+ -> anything 

These estimates have been made under the following assumptions: 

a) The production of '!!' s is only elastic; the cross·-section for tho 

"inelastici! channels has not been computerl. Vlith the selection 

criteria which we havo adopted for muonic decay (Section 3.1 ), events 

corresponding to inelastic production of W's would have been included. 

Therefore, this additional production will, in any case, increase tho 

lower limit on the boson mass derived from loptonic decays. The 

inelastic production of W's doos not modify the results of the analy­

sis of the bubble chamber data. 
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b) The foll the 

those by \J. 

the boson production 
' d 
'C flle e 

a11d 

indications that 

the true :Ls in f t (1.5 ± o.6) times that c1. .A 

ch~mge by a factor of two c~i..ther way in the product (production cross-

ection x neutrino flux) wuu1cl modify tho 1:Lrait on by :I:: 0.2 GeV. 

·e are especially grateful to Pcof, V.:s'. Weis,skopf for his 

encouragement ::md intere,st in this 'Nork. 
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Classification of muon Dair candidates 
(spark chamber ~esul ts) 

or 

Type 

(-,?stop) 

(+, ? stop) 

(?, ? stop) 

(?, + stop) 

( +' -) 
, 9) \. +, . 

(-' ? ) 

Number of Events 

19 

2 

5 

23 

2 
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Calculated. background and observed numbor of events 

R1- (cm of Pe) Calculated background Observed events 

' .30 

40 

50, 

60 

70 
80 

90 

36 + 10 

12 ± 4 
l~. 7 ± 1.6 

2 .3 ± 1 

1 .1 + o.6 
0.4 + 0.25 

0.1 + 0.1 

:.---...~--,-~.""'"'..,,...,,,_--=..= . ...._.~ ....... ~'.I;'·· 

33 

9 

5 

3 
0 

0 

0 

~--.......· 

R+ is the cut on tho positive track; the cut R on the 

negative track is 30 cm of iron in all cases. 
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~f.'able III 

Expected and observed numbGr of muon pairs witl1 B = o._r:i, 
and imposing different cutt-offs on the ranges of positive 
and negative part_l_cle, R and R • The two last columns 
refer to the thick-wall ~l1ainbt;_c-,, t tile und of the t3park 
chamber set-up; the other data were obtained in tho 
magnetized iron chamber ( • 3). 

R > 80 cm He 
Boson + mass 

B. 30 .Fe > cm R+' R > 60 cm Fe 

GeV/c 2 -

1 .5 12 9 

1. 7 7 ') • L. 

1.9 .3.6 
0 

2 .1 1 .8 

2.3 0.95 

2.5 0.5 

I 

~===~~~==~-~~=~~~L~:~=~~==~ 

0 
2.7 

0. 75 



Table IV 
~~= 

Details on boson candidates (bubble chamber results) 

Analysis of the decay proa_ucts 
D 
.L µ- 'J;e.:r1t~1,ti vc~ 

No. 
GeV (GeV/c2) 

Observation (:€) 
of th,-;; decay mo ae 

1---~~~--~~--~~-~---~~--~-~~ --+~~~~ ---------~-~---~------~~ 

106 6.2 ± o.6 

-160 4-.3 = 0 .. 2+-

4-75 5.5 _:__ o .. s 

788 5.8 o.s 
5o5 ± 0.,8 

-1 .6 ± 0.1+ 

1.75 ± 0.3 

1 .62 ::1:: o. 

0.32 ± 0.06 

0.7 + f\ 
\./. 

( +) (+)Ko Ko p 

+ ( + )y rr 1i 

(+) (+) 1T n_ 

rr+ (+)(+) P YYYYY 

(+) (+) YYYY (-) 

+ _ __:? 1T 

+ 
1T 

+ 
1T 

+ 
1T 

-, 
1T 

_=J=--=.~--~-~=.o.--=-~--==L--====-==----==~~-~=~ o"'--=---==~--=-=-=-=-----=~-=~="-=·=--=--,,-_---=o_=·=---=-=-~==-

Ro 

+ - 0 
iT TT 1T 

+ 
rr 1T 

0 0 
"TT 1T 

+ 0 0 
1T rr 1T 1T 

( ('--'r lcz -, ,_TLV/i j 

1 .9 

, } 
! •'-~ 

1.6 

i .8 

'.!.O 

(~) The symbol (+) or (-)indicates a positive or negative particle, ·;fr1ose nature could not be deterin.ined. 
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Expected number of events and numbers of observed candidates 
for non-leptonic decay of elastically produced W's (B = 0) for 
different masses MW and different energy ranges. 

Expected number of events 

> 4 13.8 7 3 

> 5 11.2 6.2 

> 6 8.6 

>7 4 

1.3 

1.3 

1 .1 

Observed 
No. of 
candi­
dates 

5 

4 

1 

0 

Lower limits for MW with 99% confidence limit for different 

values of B~ (Combined bubble chamber and spark chamber results) 

B= 

M,.1> 
V\ 

(GeV/c2) 

1 

2.2 2.2 

' 1/2 . 1/4 0 

2.1 1.9 1. 7 
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Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Pig. 5 

Fig. 6 

Fig. 7 
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Spectra of tho high-energy neutrinos at the spark chamber 

position. (-196l1- oxperimsnt) and at the bu-bble chamber·· 

position ( woit;htod average betneon 1963 and 196!+ experiments). 

RciteE> of boson production: 

a) in tho spark chamber apparatus (tho clashed portions of 

the curves correspond to an extrapolation of the 

production cross-sections); 

b) in the bubble chamber. 

Spark chamber set-up,. Top view of tho magnetized iron region. 

Sagitta distribution for the sto.pping particles of the sample. 

A stopping µ has a 95% probability to give a point either 

below the fop curve or abOV(J the bottom one. 

Example of an event. 'rhe positive and negative tracks 

traverse 65 cm and 105 cm of iron, ro,specti vely. 

Correlation be here en tho ranges of tho positive and negative 

tracks for. the c?vonts of the sample. 

Experimental and theoretical range distributions of positive 

particles. 

Experimental and theoretical momentum distri~utions. of 

negative muons. 



z 
~ 
0 10-4 

b: 
0-- 4 
w 
~ 
u 2 w -.., 
w 10-5 
x 

N 

~ 4 
> 
~ 2 -~ 10-6 

z 
e: 4 
:::> 
~ 2 
IL 0-7 01 
x 
:::> 

4 _J 

IL 

2 

10-8 

Flux of bubble chamber 

Flux of spark chamber 

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
NEUTRINO ENERGY GeV FIG.1 



CD -

N 
-> 

N Cb u (!) > Cb I 
(!) > 

(!) 
0 a: -w 

z 
N w 
~ 
1; 0 
(!) z 

co a: 
t-
:::::> 
w 
z 

'-----'~---'-~_,_-,--_.,_~_,_~__.__~_._~_...__~~~~~~-N 

l.t) 

q 
0 

1o~d '!J3r3 9loLx NO! x NiJ'iJ / sNosoe 

SIS/R/10717 

!DIR. 233~.! 

0 

a3:>nao~d .:Jo c>N 



5 

> 
<1.1 
0 4 
0::: 
llJ 
a.. M w = 1.5 GeV/c 2 

(/) 

z 
0 3 
(/) 
0 
CD 

0 
llJ 1.7 GeV/c2 

tJ 2 
llJ 
a.. 
x 
llJ 

LL o, 
0::: 
llJ 
CD 
~ 
:J 
z 

0 
2 3 4 5 6 7 8 9 10 

NEUTRINO ENERGY GeV 
FIG. 2b 

SIS/R/10716 



CJ 
:ii 

N> .... 
w .,., 
w 

TOTAL WEIGHT 25 TONS 

~ 
<{ 
I.LI 
co 
0 

.... z 

1:·:;:::1 SPARK CHAMBER 

[;SJ IRON PLATES 

0 COUNTERS 

/ 

FIDUCIAL REGION 15 TONS 

I I I I I I 
0 50cm 

MAGNETIZED IRON REGION 

FIG. 3 

a:: ..... 
:::::> 
I.LI 
z 



12 
~ 
I "' 
I -

g~ 
~~ 

120 

- 80 
E 
E -
~ 
1-
(5 

~ 40 

0 

e NEGATIVE TRACKS 
@ POSITIVE TRACKS 

• TRACKS WITH SAGITTA '4mm 

/ 
/ 

~<¥ + / . 

/ 

/ 
/ 

/ 
/ . / 

/ 
/ e 

/+ 
/ 

/ 
/ e e 

/ +:t 
/ + , e 

/ + ~ + 
+ e + + 

9~ ¥ 
ee: •• ~-+ • • + +-
4:.1 ........ • • 

25 50 

e 

+ 

,/ 
/ 

,/ 

75 
CENTIMETERS OF IRON TRAVERSED 

/ 

,, 
/ 

/ .,,,,,,...,,. e 

100 

FIG.4 



SJS/R/9946 



-----------

0 
0 
N 

0 
LO -

I 
I 
I 
I 

~I 
~I 
~I 
ffi I 
tb I 
~I 
~I 
u I 
~I 

0 
0 -

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• 

• 
• 

• 

0 
LO 

• 

• 

• 

• 

• • 

•• 
.... 
• 

• 
••• 
I 

NO~I .-:10 ~J->1:>'1~1 3/\lllSOd ~O 38N\f~ 318151/\ 

SIS/R/10711 

DIQ. 2.?12.f 

0 
LJ') 
(Y) 

z 
0 <D 
0::: (.!) 

0 -0 LL. 
LL 

(Y) 
0 

~ 
(.) 

I 
:::s::: 

0 
(.) 
<( 

LO 0::: N I-

LLJ 
> 
~ 
(.!) 

0 LLJ 
0 z 
N 

LL. 
0 

w 
(.!) 
z 

0 <( 
LO 0::: - LLJ 

..J 
CD 
(/') 

> 
0 
0 -

0 
LO 

0 



SIS/R/10712 

OIA t.1-11114 

0 
("") 

0 
N 

N 

u -> 
Cl> 

(.!) 

['-... 
..--

II 

~ 
~ 

N 
u 
> 

Cl> 
(.!) 

en 
....-

0 
0 
N 

-
I I ('I 

u I . 
> I I Cl> 
(.!) I . - I I N 0 I . 0 -

I . 
I I 

0 
LC'> 

0 0 

Cf< 38N'VCf HllM S>iJ'VCfl 3/\lllSOd _:jQ c>N 

['-... 

<!) 

1.J_ 

z 
0 a:: 
......... 

LL 
0 

~ 
u 

I 

~ 
u 
<! 
a:: 
~ 

w 
> 
~ -(f) 
0 
()_ 

LL 
0 

w 
<..? z 
<! 
a:: 
w 
_J 
(]) 

(f) 

> 
II 

a:: 



"' @~ 

~~ 
~g 
~.~ 
0 

10 

8 

(/) 
1-
Z · 
lJ.I 6 
> 
lJ.I 

LL 
0 

a:: 4 
lJ.I 
m 
~ 
:::> 
z 

2 

0 

D 1 EVENT 

' Mw = 1.5 GeV/c2 

~v1c2n Mw=1.7G~ I 
Mw= 1.9 GeV/c_2 ___. 

1 .2 3 .4 5 >6 

)J.;..-MOMENTUM - GeV/c · 
FIG. 8 




