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1. SUMMARY

In the present stage of the neutrino experiment the 500 litre
heavy liquid bubble chamber(l) has been operated in the neutrino beam for
about 664,000 pulses of the PS, -From a fiducial volume ‘of 2207 1litres,

136 events have been analyzed aﬁd ﬁroviéiogéii& attrirﬁred”fovﬁéﬁfriho

" interactions. " Of ‘thése 68 have no pions.along with the p  candidates,
d%ﬁ%wbﬁi&'ﬁro%ohs or evidence of neutrons, and'are called "elastic".- The.

E%héfféé:“of whi¢h' 53 have one pion, and 15 more than one pion,-.are called

"iﬂéiéétié";f’Ih three ovents an electron emerges from the star, in one a

‘pGSSiblé”ﬁbsitroh, and -three events have a single strangerparticleaK+g KO,JA\

and one & pair A+ KO. In addition to the 136 "neutrino". events, 8 events

“had a‘p+ candidate but no p-, and could be due to a background of anti-

" peutrinos and there were 11 events attributed to energetic neutroms, pro-

‘bably coming . from neutrino interactions in the surroundings of the chamber

volume.
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o The preliminary analysws gives evidence that the number of
elastlc.events is cons1stent with early predlctlons(z), that the Brookhaven—
Columbia result(S) that v, % veg 1s confirmed, and that the total inelastic

S . . . g . 2
‘cross-section rises rapidly with neutrino energy, perhaps as -E;.

To ﬁheuievei of uncertainty of &4 féw percent of the neutrino event
rate we have found no eridenoe“agaihstllepton conservation, and no evidence
for a neutral lepton current, neutrino flip or strange neutrinos, or viola-
tion of ~AS =+ AQ. An upper limit to the magnetic moment of v, of

10_'7 Bohr magnetons is set by the absence of high energy recoil protons.

At this stage of the analysis there is no significant evidence

(4)

for the propused intermeiiate boscn

2. ~LAYOUT, SHIELDING, BUBBLE CHAMBER

- The::layout of the ejected proton beam, magnetlc horn, decay tunnel,

. 1
‘shielding and bubble chamber is.shown in Fig. 1. Some 7 % 101 protons per

i pulse of 24,8 GeV are focused on. the-horn target which:is & copper rod 25 cm

long and 0.4 ¢m diameter, For neutrine runs the horn focuses ﬂ+ and Kkt
into a decey tunnel, 25 m long with a half angle of 2 1n.front:of_a shiel-
7 ding of iron 25 'm thick, designed to absorb muons up to about 28 GeV.

~iMhe direct meutron flux in the neutrino direction is negligible but some

t.leakage through the sides and rear of the bubble chamber ean,beeexpeoted.

The bubble chamber, whicH is in a magnetic field of 27 kG, is
1.15 m diameter, 0.5 m deep and of volume 500 litres. It was filléd with
freon CFBBr of density 1.5 gm/cm3 which has a radiation length of 11 cm
and a nuclear interaction length of about 70 cm. Nearly all y-rays and
electrons originating in the fiducial volumeVOf the chamber are detected
by shower producticn, and roughly ha]f of the energetlc neutrons are

detected by secondary interactions.
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anrox1mately every 600 expansions, synchronization and sensiti-
V1ty of the chamber were tested with some of the negative defocused beam
from the horn. To save fllm and scanning, two exposures were made per
frame, 3%32,000 frames have been taken : 277,000 in v-runs, for which

positive particles were focused by the horn, and 55,000 .in v=runs.

3. SCANNING AND M£ASUREMENT

The photos were scanned with a magnification of about 0.7, and
the selected events measured on a scanning‘table with a digitized measuring
device, A special version of the THRESH-GRIND analysis system was used

for data reductlon(s)
For convenience in scanning the events were classified as :

a) Stars with no incoming track, and at least one negative muon
candidate, i,e. a non-interacting negative secondary, are
defined as "v events". ‘

. b) >‘olm11arly "y events!, which have a positive ‘muon candidate.
l'c) “ ifeutral stars", which have no muon candidate but only protons
- or identified pions.

d) "Cosmic. ray " interactions which are interactions of incoming

) 'In Some 10 % .of the cases ambiguity arose when the direction
“‘of motion of a-chargedpossible primary could not be determined
“ vigually. - Such events are termed A2 events and were classified

separately, as were also events with electron secondaries.

. 4. .. SOURCES OF EVENTS, - ENERGY DISTRIBUTION (Fig. 2)

From the photos taken with the horn focus1ng positive particles,

1%6 "v events" have been found in the 220 litre fiducial volume, together

. / .
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- with 8 "y events" 11 nsutral stars w1th picn production and 141 neutral

stars with no detected meson, In addition to the neutrinos, to be consi-

dered in the next sections, there are three important possible sources of

nuclear interactions,

1)

'3)

PS/4044

Cosmic rays.

From earlicr test runs of a total of some lO5 pictures it is
known that the rate of neutral star production due to cosmie
rays is <1 9 of the events produced by operation of the PS

No cosmic ray event was found which could be confused with a

neutrino event. The background due to cosmic rays will there-

‘fore be neglected in the present analysis, .

Low energy neutrons leaking round the shielding.

There were 141 small low energy stars involving only one ox

‘more protons which were all attributed to leakage neutrons.

(A1l have visible cnergy <.250 MeV and the energy distribution

is shown in Fig. 2. It will be seen that it is very different

from that of the presumed neutrino events. Extrapolation of

this spectrum suggests that < 1 % of leakage neutrons are capa~

ble of pion production, uﬂd thus they are also a negllglble

source of background.

Secondary radiations induced d by neutrinos.
' utri

Secondary ra rino interactions in the chamber

walls and shielding could produce two sorts of background :

i) a pion entering the chamber qould;interact in s@ch a

way to be mistaeken for a muon from a neutrino event,
leaving, Incoming tracks are in general recognized as
such by ¢-rays, rate of change of curvature and ioniza-
tion, or other possible indications. Only 15 events (AZ)
have’ been found wnere the dlrectlon of motion of the pros-
pective p— candidate, 1f lcav1ng the 1nteract10n, was

backwards (i.e. towards the horh).. Subsequently all 15 of

o




these A2 events have been eliminated as neutrino events
SRR by kinematical analysis, as will be describgd later.

ii) - secondary neutron star-with =©  production, For the

observed event spectrum the average probability that a
~ pion secondary interacts before leaving the champgrvis

about 60 %. Only 6 neutral stars have‘been qbserfed
where the only negative track interacts, andehéré all
other tracks are identified as. n+, ﬁo or proton, With
these 6 identified neutron stars there must be associated
about 4 events where the n left the chamber without
interaction and which contémihaté the 136 "v events". Ve
have preferred to accept thls rather than to adopt more
strlngent criteria, such as on track length in 1nd1v1dual

events, with conquuent loss in statlstlcs.

The energy distribution in Flg. 2 of the 6 neutral stars
with ©  emission, plus 5 other neutral stars with only n+, no
and protons emitted, shows that these events are of lower energy
than the bulk of the "v events'. _ Comparison -of these 11 events
with the 12 neutron stars associated with "v events" in the dhamber
confirms that all could be due to neutrons from neutrino_ipﬁeraétions

in the material around the chamber,

We conclude that noneucf_the-presumed sources of background,
.cosmic raYs, leakage neutrons, incoming qharged particles, Qr_incgmigg
fast héutrons would explain more than a few percent of the observed

ry events",

5. "y EVENTS"

a) Interaction length of vy "

In the fiducial volume the 142 events with negatiyngegqndaries

itm. oor pf, have a .total track length of 55.4 m.. Only 17.interactions,

e
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1nclud1ng scatters with transverse momentum transfer exceeding 50 MeV/c
are observed whereas the ftrack 1bngtn is about 76 times the nuclear
1nteract10n length. Of the 17 7© identified by interactions, 6 are from
the‘"neutral stars™ in which all other tracks are iden¥ified as nt or n°
or protons, and so are presumed due to energetic neutrons, The other 11 T
come frcm events containing an additional negative non-interacting particle
and‘so are presumed 1 from inelastic neutrino events, Thus we conclude

that about 97 % cf the 1%6 "v events" contain a p_ secondary, which is

consistent with most of them being due to ncutrino interactions.

'b)  Spatial distribution

If the 136 "v events" are indeecd due to neutrinos, then their
spatial distribution in the chamber‘along the bean axis should be uniform,
and would be hardly altered by the neutron background, which we have seeh
to be small, The spatial distribution in the plane normal to the beam
axis is uniform, but in the boam dlrcctlon there is a preponderance of
events nearest to the beam window. The ratio of events in the front half
to the back half of the chamber is 1 5f 0.25.: After consideration of
statlstlcal fluctuatlons and scanning b1as, our conclusion is that we
attach no phys1cal gignificance to the non—unlformlty in the’ spatlal

distribution of the neutrino events in thc chambe
c) Kinematics
~ We now examine some kinematical tests of the postulate that the
136 "y events" and the ‘15 doubtful "A2" events are due to the reactions :

v, + n — B+ D "elastic" ' (1) -

and _ e o
vy + N — 4 W¥ "inelastic" (2)

where N is a nucleon and N¥* an assembly of strongly interacting

particles.

The kinematics of reactions (1) and (2) are of course complicated
in freon by i) the Fermi motion of the target aucleon, ii) scattering or
secondary interactions of the resoil p or N¥- on its way'out of the

'nucleus, iii) undetected neutrons, From experiments with charged partlcle

.
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beams the cnergy carried off by undetected neutrons and heavy nuclear
fragments is known to average about 10 % of the beam energy, in contrast
to the large average momentum unbalance. Thus a measure of the neutrino
energy &, 1is Byigs the sum of the visible energy in the final state
particles, counting only kinetic energy of protons,
The momentum transfer q2 from 1epton to baryon is
¢© = 28, (B, - » cos8) - m“2 (3)
where © is the angle of emission of the muon.
. If the reaction is assumed to take place on a single nucleon with

Fermi momentum pg , the maximum possible q2- is (neglécting mu2 ASZQ?)

. (2B, )
qxiax ~ 43%/{1"' — J (4)

MF pe

where the positive direction of ﬁ; is parallel to 5; . Fig. 3 shows
2

. q°  vs E_.. for both "v events" and A2 events, The area above the

vV1is

- curved line represents the region in which qiax is allowed for.

pp-= 250 MeV/c., The straight line is the relation qiax = 4 Es s -l.e.
‘équation (4) with M = o< . Points lying below the curved line are excluded
on kinematiecal grounds for a v - nucleon collision. All the.15 A2 events
cah thus be rejected as v events and must be attributed to charged. (n)
primaries, while all the unambiguous "v events" are seen to lie in the

kinematically allowed region.

k-
by

M! is the effective mass of N and M° that of N¥ in

reaction (2),
w2 = w2 - 42w (8, - Eu) - (5)
(assuming - N is at rest in the lab).

Thus for elastic events M!C = M* and

w = ¢®/2(z, - E,), (6)
~ on the average, with some smearing due to Fermi motion (cf.-Fig. 8).
2 ; : R
B, - / 2M
Also E\e)l = b -

TR "
B A O

1 = (1 chose) o

is the neutrino energy calculated from the muon energy, angle (and velo-

e
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from the excited nucléus.. - Such neutrons, E <10 MeV, would rarely be
observed in their subsequent intéractions in the chamber. In fact only

3 neutrons (E > 50 MeV) from the elastic events have interacted in the

.chamber. . . . _
. The above cons1derations and the R distribution (equation 8

and Fig. 7) show that q2 is is on the average close to the true “qg ..

2 /2e1 ' 2
‘R.=.9044/9, . 1s the.ratio of q.;
nucleon collision from the momentum and angle of the muon. Since the_muon

2
should be essentially unaffected in 1ts passage through the nucleus, .qvel

to the q computed for_a,v—free

should equal qg on the average with a symmetrical distribution due to
Fermi motion. Fig. 7 confirms this for the elastic events. (Notevalso
that the effect of a final state mass M*r>'M. is tovskew the R digtri-
bution to the right for the inelastic events; that the symmetry of the
elastic distribution thus suggests only a small contamination of 1nelastic
events where the pion was absorbed; that the asymmetry of the CT events

suggests that at least half are inelastic)

. The M* distribhution (equation 5, Fig. 14) also confirms the
,‘elasticity of the "elastic" events in contrast to that of the "inelastic"
events. The M¥ distribution for the elastic events is centred on M
with a spread cons1stent with Fermi motion effects. The A2 events all

have small M*; they could be rejected in this way as well ‘as by qmax

The M! distribution (Pig. 8, equation 6) shows that the target
mass for the elastic events is compatible with M' = L with a randon
spread due to Fermi motion, if events are taken with P £ 300 MeV (to avoid
* missing neutrons) and q2 > 4 p% (>0.25 GeV2 to av01d discrimination by

-.the Pauli principle in favour of Pe parallel to P, at lowt‘q%;

.j‘h e) Conclus1on

- ~ This preliminary study, therefore suggests that the 68 elastic"
events are cons1stent with the kinematics of reaction (1), as modified by
the above effects due to nucleon targets bound 1n nuclei the(f distributlon

and total event rate are conSistent w1th theoretical predictions based on

the theoretical elastic cross—sections(z) and on the neutrino spectrum

.computed by van der Meer.
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7. INELASTIC NEUTRINO EVENTS

In the fiducial volume a total of 68 inelastic events has becen

observed, composed of 53 single pion gvents andv15;multipion events.

a) Energy spectrum : inelastic cross—-section

Fig. 9 shows the observed integral encrgy spectrgm for inelastic
events, together with the elastlc events for, comparlson. hfﬁé curves in the
diagram show the spectra computed from the calculated neutrlno fluxes for
(i) 0 = oelast io (Lee and Yang) (ii) 0 oo E, (iid) GJJC E . For
inelastic events (a) the cross—-section is secen to rise approx1mately as
Ei , but this conclusion depends on the validity of the calculated neutrino
fluxes. These fluxes are as yet poorly known at high energies, sd this
result should be considered extremely preliminary. However if one includes
only events with E, < 3 GeV, where the calculated flux may be more rellable,

“the inelastic cross—sectlon seems still to rise approximately as Ei .

This rise in Ginel. might be explained by @

i) A form factor effect associated with a hard nucleon core

(e.g. in FA) manifested only in the. inelastic events, Fig. 10

" however shows’ that the mean range of q2 rises rather slowly

with Ev .
ii) The effect of increasing 1nelasticity As the mass of the final

state M* increases in the reactlon v o+ N — p + M* the cross-
; rige as more 2 and more 1nelast1c channuls open (decgy
of the state M*) One can compute M¥ from“aquatlonw(B),” .«
Fig. 11 shows the. depondence of final state mass. M -on E .
and again a slow increase is observed., The curve shows the klne—
matical limit on M¥ 1mposed by conservatlon of energy and

momentuim. A e e

The statistical weight of the date is not as yet suffécigqt to

support an interpretation.

38

2 2
(a) The empirical relation chosen is G;nel = 0;37_Ev . 10 cm . per .neutron.
Thus, at E, = 10 GeV, 0, -2 _506,.
inel, el
0,75 /
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b) q2 distribution

The dlstrlbutlon is shown in Fig, 12. Comparison with Fig. 6
shows that the dlbtrlbutlon extends to much higher values, and that there
is no peak in the distribution at low q2. as the Pauli principle is no a

longer operative.

e) One plon events

' ~The s1ng1e pion produced nay come(7) from the strong interaction
vertex, possibly via a nucleon 1sobar, or from the weak vertex, via virtual
T or p exchange For an I = 3/2 nN state, + / 70 = 5, for an

1/2 state N, / N 20 = 2 ~and for p or m exchange N . / Nnd'= 1,

The observed ratio is 4 i 1.5.

1t -is p0531b1e to. estlmate the mass of the state by several o

_ methods = (i) from the invariant mass of n and proton (if there are h
several protons, the. resultant momentum vector 1s used), (11) from :
equation (5); (111) for the ‘events in which the final nncleon is a neutron,
the comservation laws can be used to obtaln the invariant mass of neutron
and pion., These methods lead to mass-distributions peaking in the region of
the 3/2 isobar mass (Pig. 13). However a not too different distribution is
cxpected merely from phase space considerations, so that most evidence in

favour of the 3/2 state comes from the sign ratios given above.

a) ngh multiplicity ovents

‘ o Fig. 14 shows the dlstrlbutlon in final state mass M¥* (equatlon 5)
in elastlc events, one pion events and multlplon events, The significance,

if any, of the apparent peaklng around 2 @eV in the multipion case is not
Aclear. (The multlplon events also include 9 one plon events which have, in

addition to a pion, a fast positive particle whlch could be a pion or proton)

e) Strange particle production

Among the 68 inelastic events, a few examples of strange particles
are observed : one case of A° + K° associated production and three cases
of single JNP, K° and Kp2' In each case, other tracks in the event could
be ascribed to strange particles, so that we have no evidence for strangeness

non-conserving interactions,

LIS o/o
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£)  Electron events (e7)

Three cases have been observed in which the only negat1Ve lepton
candidate woas a high energy electron. The background due to Vg (from

Kég decay) among the lnclastlo events is expected to be ~ 2 events.

,Ggg)h, Intermedlate boson candldates

.The:. 1ntermed1ate boson Whlch has been postulated 1n connectlon

with.ax_struoture in the weak 1nteract10n mould have the decay modes K

B v ey 1)
s ot + Vg 2)
—s nn's etc 3)

The status of the evidence for decays of typevi)iahd;a);willlbe
fully discussed in the renort on the soark-chamber data._ Among the bubble
chamber events, there is only one pos31b1e case of reactlon 2), namely

+ Bt
pt? — b 4Pt l—}e* + Vg. In addition reactions of the type .. ..

vV +1n ——su +n + B+ p + ;‘ + etc have been’ cons1dered In this case,
o ; :

track length statlstlcs on the pos1t1ve mesons (n or p+) show no strong
:iev1dence for muon palr productlon () 1ntevact10ns on 5 m pos1t1ve track

,length, fox events of E >3 GeV, q > 1 cev, p (n+ or’ p+) > 1 GeV/c)

sy b o s The distribution of. QT and pL 1n the 1ne1astlc events (Flg. 15)

has also beens examined. : In -this diogram, tie generally pos1t1ve values of

:hpi indicate -the existence of missing neutrons proaected 1nto the forward

i

‘hemiigphere.: 5 If in.a leptonic boson decay, 1) or 2), a neutrlno we ‘
”“Hat Wlde angle to the 1n01dent v—beam, a negatlve value of pL \ana Large
«valuc of PT ) would result A Thcre is no ev1dence at 211" for such events
”gwfrom Flg. 15 but the boson Would be expected(4) only rarely o emlt a

1neutr1no at w1de angle.'A

One can conclude provisionslly that the freqﬁeﬁcy of electro-
nic decays of the intermediate boson, if there ar¢ any at all, is less than

T % of the total event rate,'and of muonic decays, < 5 = 10 %.

' o u The 1nvar1ant mass dlstrlbutlon of comblnatlons of secondary pions
_ (Wluh unit net pos1t1ve charge) has been examined for ev1dence -of- plonlc
‘decay modes of tho boson, (see Flg, 16) There is no clesr ev1dence from
this data to indicate an intermediate boson of unique mass.

Q/ .
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ER S oF S

‘rm”Only a small ‘proportion of thevrunnihg_time to-date has been:
devoted to antineutrinos for Whieh negative barticles are fbcusedfbysthe-
horh.” There are about 15 ¥ events,” from-the ¥-run and from background
in the’v-runs. From,this,eam?1e the:genere1‘charaeteristics appear similar
to those of the v events, but aftempts at quantitatiVe analygiS»must_bet

deferred until more statistics are accumulated.

9, " CONCLUSIONS ...

1) .- Lepton conservation
Upper limits can be set for lepton non-conserving processes
_ such as I B

\)p’ + 5 N ‘—*I\I*‘nis EEEEEEEE (l)

- Yo F, N — p+ +etc ..., e (@)
"With regard to (1), we. restr¢ct ourselves 16 events of

'IVlS >71 GeV..” Only one neutral event 1s obscrved with an identified pion
~'and.no lepton candidate. One can estimate that there will be a- further
bneutral-eVent in Which fhe lepton'c%ndidafe is’ in fact a negative pion

" which does not 1ntcract, out of a tOtul of 101 -neutral events of .
v1s > 1 GeV The 2 events in questlon are attributed to neutrons, but
galternatlvely one. can set an upper limit to reactions (1) of .. 2/101 = 2

“'For reaction (2), we have to consider the 8 events in ‘the v-runs
with a  pt’ candidate, and no u_ candidate.' This rate is consistent
with the calculated v background of 4 events.AltérﬁafiVei&,-aﬁﬂupper limit

4

- on reaction (2) is 8/136 = 6 %.

'2) v, and vy,

' The dlstlnctlon Petween: electron and muon neutrlnos was demons—

(3)

”Telastlc events:in which the. lepton 1s an electron have yet been observed.

‘trated by the. .Brookhaven experlmen+ In our present experlment no

‘On the other hand., - 68 elastlc events contaln e nevatlve muon, -Among the

0/ .
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jnelastic events, 3 cases of e . were observed, compared w1th 68 events
" with a p The number of < events expected from the decay K 3 '

is ~2, Hence, the Brookhaven:- results are. conflrmed

'-3) Neutrino f1ip,’ strangs néutrings.

,. Accordlng to this hypothes1s, 4he kaons:undergo decay into
electron neutrinos : K s pf ¥vg, -The number: of events due to neutrinos
from kaons is estimated to be about 20°% of the total number. of neutrlno
events (136). As the number of e” 1events is only_jziwe eenflrm that the
spin flip hypothesis is untenable, o I
; It has also been suggested  that.the neutrino .associated with

Gstrange partlcle decay should produée”only strange. baryons, €8s . .
v+en— St ' We have observed-no S¥ production, event . We have no

‘ evidence.that v from K and m decay behave differently..-
4) AQ/ AS rule _ ) _ -
Neutrinos and antlneutrlnos can gi%é rise to-the inverse-decay

processes involving hyperons, such as : ; 7"

a) vV + P — ./\.o + p
b) V 4+ n ——> st o4 o0
‘Reactlon a) is allowed, while b) is forbidden under the . 5&2 = + 1 rule,

No event attributable to ‘reaction b) has ‘been observed. If the ZSQ/LSS

- rule were disregarded, one might have expected( ) a few percent of ‘the
elastic events to be ef type b). Hence we have no ‘evidenceiof violation

of the AQ/AS rule for values of q ~1 GeV (compared with g~ 0.1 GeV
' in decay processes). Until examples of Vv 4+ P «—*Jﬂk 4+ M+ ‘are observed in
subsequent v-runs, however, we cannot set an“upper limit to-the possihle

degree of violationt

5) Neutral lepton currents ,
St Byt D e ()
vV o+ P —ev + 1 +>ln+: U ¢-3)
V o+ & =V o+ e , ......EV..."... (3)
With regard to process (l), it will be remembered that no neutral
events involving only protons or neutrons have visible energy > 250 MeV

(Fig. 2). One can make comparison with events of type v + 1 — B+ Dy

J.
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where the proton klnetlc energy agaln exceeds 250 MeV. There ere-Bl events
in this category. Thus the cross—sectlon fer (1), compared with that for
the normal elastic process, is < 3 %. Similarly, the number (1I) of
neutron stars with identified pions is consistent with the number to be
_expected from secondaries of the normal elastic and inelastic neutrino
r '1nteractlons, but even if all these events were due to process (2). its rate

would be <8 % of the total neutrino event rate.

For process (3), it will be remembered that only 3 cases are
observed with high energy negative electrons, corresponding to at most
j'3 % of the normal process., In addition to the weak interaction (second
order in thc absence of neutral currents),; -an electromagnetic interaction
‘would occur( ) if ‘the neutrino possessed a magnetic.moment. A search for
electrons of energy > 25 MeV, was made on about 7 % of the total film daken,
None gas found, which sets an upper linit to the magnetic moment of Vp, of
. ~10~ Bohr magneton. The result that no. s1ngle proton of energy above
250 MeV was seen sets an upper limit of Vp of ~10~ =T Bohr magneton. The
upper limit on that of the Ue is 1.4 x 10 9 Bohr magneton, from a reactor

(8)

experiment

6) . Form factors and cross—sections '

At this stage of the analysis. the distribution of q2* in the

‘418&tic .ovents is consistent with the Hefstadter electromagnetlc form

v ifdetors of the nucleon. There is no evidence for a substantlal contrlbutlon

“.from o hard nucleon core, but this depends on. the assumed value of the mass

77 of the-intérmediate boson,

'In the 'q2 distribution for inelastic events there is a tail up
towb GeVZ, and the inelastic cross-section at E.‘AJlOiGeV appears 1o be
nearly two orders of magnitude greater than the asymptotlc elastic cross-

-38

section (numerlcally G~ 0.4 E in units of 10-°C em?). This last conclu-

experimentallyt In the absence of better'statlstlcs the increase in 6

2

- might perhaps be accounted for in terms of the increasing range of g and

i‘MfZ (M* = final state mass) at high energy.

o/o
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7)  One pion processes

The observed n+/n° ratio sugges'.s that the contribution from
peripheral interactions (n or p exchange) i unimportant, and that pion

production is dominated by the I = 3/2 pi-n nucleon state.

8) Cowan resonance

Experiments by Cowan have suggested(9) that a resonance effect
exists whereby low energy neutrinos (~150 MeV) have interaction cross-
sections 3 orders of magnitude greater than those considered here (10"38 cmz).
Our knowledge of the neutrino spectrum in that region is vague, but we have

observed no muons of E & 130 MeV in elastic events,
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FIGURE CAPTIONS

Fig. 1 Neutrino beam layout
Fig. 2 Distribution in E_. . in neutral events
vigible
Fig. 3 q2 nlotted against Ev for elastic, inelastic and
A2 events
Fig. 4 Distribution in Evis in elastic events
Fig. 5 Transverse momentum imbalance p (:Ap -p ), in
) L v b4
elastie events
Fig. 6 q2 distribution, elastic events
. 2,2
Pig. T R =9/% 00,
2
Fig. 8 Target mass in elastic events M' = —
2(B_-E )
A
Fig. 9 Integral energy spectra for elastic and inelastic events.
Fig., 10 q2 versus Ev for inelastic events
Fig. 11 MF versus Ev for inelastic events
Fig. 12 q2 distribution, inelastic events
Fig. 13 Isobar mass spectrum, one-pion events
Fig. 14 Final state mass spectrum in elastic, one-pion and
multipion events
Fig. 15 pT versus pL in inelastic events
Pig. 16 Invariant mass spectrum of pion combinations with unit

positive charge
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