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In this talk we will be concerned with conclusions that

can be drawn from the experimental results. First, I once more

stress the fact that especially the efforts of Prof. Bernardini

made this experiment possible. In addition to the names of the

members of the neutrino group, as quoted by tne earlier speakers,

I want to further mention Drs. Bell and L vseth. Especially, the

work done by Drs. Gundy and Perkins, on the bubble chamber results,

has been a very great help.

The conclusions that will be given are obviously prelim-

inary, as the experiment is not yet finished. Results are only

partly analyzed and not quite digested. Nevertheless already now

the amount of information on neutrino physics is an order of

magnitude better than a few months before and mignt oe very useful

in deciding on new experiments.

In interpreting results, almost always the neutrino spectrum

comes in as a badly known factor. For the sake of definiteness,

* Present address: LINAC, Stanford University Stanford, California
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we take the spectrum, as given by van der Meer, based on inter-

polation formula on experimental results given by von Dardel.

Variations with a factor up to 2 are quite possible.

In the following we will use some new notations:

Furthermore, in speaking about "elastic" or "inelastic"

processes, we will always refer to the definitions used in the

classification of events in the spark chamber and bubble chamber.

Whenever speaking about elastic or inelastic processes witnout

special reference to either spark chamber (S.C.) or bubble chamber

(B.C.) we refer to the usual theoretical definition, i.e.

elastic

inelastic
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Let us now first write down some observed facts:

(a) The total number of elastic events is roughly equal

to the total number of inelastic events (B.C. and S.C.).

(b) Above 4 GeV all B.C. events observed are inelastic.

(c) The ratio of observed inelastic total cross section to

theoretical elastic cross-section (as given by Lee and

Yang) rises with neutrino energy at least as fast as the

neutrino-energy (B.C.).

(4) One event of 11 GeV has been observed. This must be a

event. There was no electron present.

v-flip, 2-v hypothesis. On the basis given above, one

expects (B.C.) 15 inelastic and 0 elastic events out of a total

250 events. Among these 10% (= 0.6% of the total number of

events) are expected to be events. Observed are 3 e- events.

In the Spark Chambers out of 2000 events, 34 electron showers

were observed (1.7 ± 0.3%). This is in accordance with tne two

neutrino hypothesis, and together with point d above with no

neutrino flip.

Lepton conservation. The horn enhances either neutrino

or antineutrino. In neutrino runs (B.C.) on a sample of 44

elastic events 1779 cm. of negative track without visible inter-

action has been observed. This we interpret as the production

of negative muons. Similar observations, although the situation
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is more complicated, can be made on the inelastic events.

Furthermore, reversal of sign of the horn current should affect

the ratio if lepton conservation holds. S.C. magnet

results: v-run, 75 negative/9 positive tracks; -run,

5 negative/10 positive tracks.

Elastic process. A detailed investigation of the elastic

process taking into account Fermi-motion and exclusion principle

has been made by J. L vseth. Slide 1 shows cross-sections as

functions of for two different choice of form-factors (Hofstadter

form factors and form factors with a hard core as

indicated by recent electron-proton experiments.) Vector and

axial form factors are chosen alike. Slide 2 shows a typical

angular distribution for = 2 GeV.

One may now compare the experimental results with the

theoretical curves. The information is not yet accurate enough

to distinguish between the two curves. For the time being, we

can only say that the agreement is quite good for small momentum

transfers. This excludes already a dramatic behaviour for the
(*)

axial form factor . We stress the fact that for high energy

recoiling protons the elastic event may well appear as inelastic

in both B.C. and S.C.

Inelastic processes. As yet no detailed theory is known.

Several authors have discussed a number of possible reactions on

(*) Remark made by R. P. Feynman.
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the basis of simple models. These models are:

(i) exchange of a single particle

(ii) use of the static theory of Chew and Low for the

nucleon current (J.S. Bell and S.M. Berman).

We now remark that on single pion-events, the

numbers of pions of different charges is as follows:

Sample of 50 events. 19 C-events

(events where one cannot decide

between or p) are included.

This gives that the ratio of

The single exchange reactions as

in Fig. 1 give a ratio of 1:1.

Thus we infer (barring secondary

nuclear interactions) that these

reactions are not very important.

The reaction giving rise to a 3-3

resonance, as in Fig. 2, gives a

ratio 2:1. Let us assume tnat

indeed the process of Fig. 2

dominates. Then, b y observing muon

angle and energy, as well as total

Fig. 1

3/2 3/2

Fig. 2
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visible secondary energy, we can calculate the mass of the

recoiling object. The experimental results are in good agree-

ment with the known mass of the (3/2, 3/2) isobar. Other

methods for determining the mass of the recoiling object give

similarly good results.

Heavy leptons. Several authors have speculated on a heavy

muon with a mass bigger than the K-meson mass. It would be

produced as the ordinary and decay subsequently in other weakly

interacting particles. Production rates would be very much the

same as in ordinary -production once is well above

threshold (for instance, the production cross section for a of

mass 1 GeV will already be at 50% of the maximum occuring value

for =1.8 GeV). It would be seen as traversing some distance

before decaying. If the decay length is about 290 X

(This distance decreases with the fifth power of

the mass of This means that it should have been seen 2 to 5

times (B.C.) . None is observed. A limit of 1.5 GeV for

seems reasonable in view of the present evidence.

Electromagnetic properties of the neutrino. 20,000 pictures

(B.C.) have been scanned carefully for events of the type

None are ooserved. Assuming for definiteness, only a magnetic

moment for the neutrino, a cross section less than 5% of the total
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rate is obtained. This gives a magnetic moment smaller than

Bohr magneton (Cundy).

Neutral currents. There is a strong scanning bias (B.C.)

against events of the type

Therefore we can make no statement concerning this reaction. There is

one inelastic event that could be a neutron induced event or

However, a further restriction on neutral currents is possible.

Alvajer, Faissner, Kjell-man and Stoude, using a set-up with liquid

counters behind the spark chambers, put an absolute limit of

for the cross section for production of particles with

an energy bigger than 10 MeV.

W-production. Observed in B.C.: in 250 events, one W

candidate of the type

Range chambers: (Gaillard and Kaftanov) Observed are 19 two-prong

vertices. Selecting the shorter track and subtracting the first
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20 cm, one finds 307 cm track length (=7 interaction length as

calibrated), with k interactions. This gives an upper limit of

about 1$ of the total rate for pairs.

Production region: In 2000 events, 34 electron showers

are observed. There are 9 showers without accompanying track.

As a crude method of estimating W-candidates we compare the

multiplicity of these events with the multiplicity of the -type

events. On this basis, we expect, among the shower events,

events with one accompanying track and 1 event with 2 or more

accompanying tracks. Observed are 13 and 12 respectively. This

indicates that the process producing these showers differs from

the -producing events. Furthermore, the total track length

in snower events with 1 accompanying track is 16 interaction lengths

with k interactions observed. Again 1% or less can be W-event.

Calculations of the cross-section for production by a neutrino

of a of 1.3 GeV mass give a rate of 5%, with energy and

angular distribution for the positive and negative lepton as

shown on the following slides (slides 3 and 4). Neglecting

uncertainties in the branching ratio in the decay of W, we

conclude that 1.3 GeV.
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Slide 1
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