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SIS/K 0939

Chairman's Resumé

In the meeting of the Gargamelle Users' Committee held at CERN on
April 25, 1968, the need was stressed for some type of short conferencé,
devoted only to discussions on the physics to be done with Gargamelle.
The Organizing Committee, appointed on that occasion (Professors Burhop,
Lagarrigue, Ramm and myself) decided that the Meeting should be held in
Milan on October 10 and 11, 1968.

About one hundred people attended this meeting, and we were very
pleased to see a large number of colleagues who work with other tech-

niques, and also theorists. Their contributions to the discussions were

quite essential.

The meeting was practically divided into short sections devoted to:
beams for Gargamelle, neutrino physics, hadron interactions at high
energy, decays of kaons, muons and antiproton phsyics, formation experi-
ments with -kaons and production experiments with pions and kaons. Each
consisted of one or more general reports, followed by open discussions,
which were quite brisk and did not lack some type of "contestation" (to
use the words of Prof. Faissner). We are quite glad to say that we had

never to cut one of them.

We reproduce here informally the reports presented at the meeting

and try to include the main points that arose in the discussion.

I want to express my gratitude to the Organizing Committee, to the
Physics Department of Milan University and to the National Institute for
Nuclear Physics. I thank all those who contributed to the success of the
meeting and particularly Dr. M. Rollier, for the organization in Milan,
and Dr. D. Cundy, Secretary of the Gargamelle Users' Meeting, who collect-

ed the reports and summarized the results of the discussions.



REPORT OF THE BEAM STUDY GROUP

CERN, Geneva

1. G1(k13) AND G2(m9)

. + + =
These beams are the electrostatically separated beams for 7 ,K , p,
p in the momentum range 1.2 to L.2 GeV/c. There has been no recent change
'. in the situation regarding these two beams. A detailed description of

their designs is given in NPA/Int. 68-L.

2. G3(ub)

Preliminary designs for the RF beam now exist in two forms. One of
these uses only standard d.c. magnets whilst the other has a first stage
containing pulsed quadrupoles. These two lines lie respectively to the
right and to the left of the present extracted proton beam. The left-
hand side solution has been considered because of its advantage with re-
gard to the shielding of the PS. It gives, however, a reduction in the
length available for the secondary beam by necessarily increasing the length
of the ejected proton beam. The high-field, pulsed quadrupoles are used
to allow the decrease of length without a decrease of the upper momentum

' limits of the beam. A comparison of all aspects of the two versions is

being made.

3. Gh(pb)

The report to the Track Chamber Committee edited by Prof. Fiorini
recommended that G4 be constructed alongside the v beam to provide a test
beam and possibly an experimental beam for Gargamelle. The design of GhL
has, therefore, been reconsidered to minimize the time needed to interchange
these two beams. It is hoped to publish a detailed description of the beam
soon, as an NPA Internal Report, and we only summarize here its main charac-

teristics.
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The beam uses the same target position and external proton beam as the
V experiment, although a smaller target size is required. The secondary
beam is unseparated and is constructed within the vV tunnel. It uses pulsed
quadrupoles and bending magnets of the type designed by B. Langeseth and
his group at CERN. It is intended that these elements, 10 or 12 in number,
and the 4 collimators required, be moved to the side of the tunnel during
a neutrino experiment. The only problem here concerns the second reflector
(R2) of the vV beam. Its present internal diameter is 20 cm and it is just
possible to pass GL(p6) through its inner conductor. W. Venus has calcu-
lated provisionally that a 5% flux gain at low V energies can be obtained
by halving this diameter. However such a change would require modifica-
tion of GU(p6) which would worsen the momentum resolution. Otherwise the
exact spacing of the G4(p6) elements is not critical and they can be moved ‘
slightly to accommodate small changes in the V beam. After leaving the Vv
tunnel the beam passes through the central pipe in the v filter and is
shaped for entry into Gargamelle. For the test version we intend using only
one (pulsed) quadrupole and one (d.c.) vertical bending magnet. The exact
extent of the v filter is not yet fixed and there are three possibilities

for this region:
a) the magnets are in air beyond the filter;
b) +the magnets are embedded in the filter;

c) the last stage of the filter consists of machined blocks which

can be moved by a crane in a few weeks. '

In the horizontal plane there is a focus at the centre of Gargamelle
and the dimensions of the beam never exceed 1 cmj; in the vertical plane
the beam diverges from a full width of about 12 cm at entry to 24 cm at
exit. This 1s considered adequate for the test version; if a parallel beam
is required then an additional (d.c.) quadrupole must be used and a greater

length of v filter must be moved.

The beam elements saturate at about 25 GeV/c; the momentum resolution
is then a little better than *3% and the solid angle acceptance is 0.03 msr.
Gl is intended primarily as a m beam. Particle production data at high
energies is meagre but we hope to obtain an adequate flux per one extracted
proton bunch for T momenta up to 22 GeV/c at normal PS operating conditions

of 25 GeV/c (or to within 3 GeV/c of the proton momentum for other operating
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conditions). At low momenta the beam may be limited by three factors.
Firstly, the U contamination has yet to be calculated but will certainly
be acceptable down to about i GeV/c. Secondly, the pulsed magnet power
supplies would have to be modified for operation below about 6 GeV/c; this
is not a difficult operation but about 6 months warning would be required.
Finally at very low momenta injecting the beam into Gargamelle becomes a

problem.

It may be possible to use G4 as a proton beam, either at the full PS
momentum or lower. Experiments on the ejection by diffraction scattering
of a small number of protons are soon to be made and, if these are success-

ful, we will try to combine this extraction method with our pulsed-beam

. transport.

A study of a number of possible forms of Ki beam (G7-blT) has commenced.

DISCUSSION

Lagarrigue (Orsay)
I think we should consider the possibility to build a cheap beam to

give 7" around 3 GeV/c in order to study the reaction:
‘ R A LI U

Miller (UCL)

When using 25 GeV/c protons it is very important to keep the number
of protons down to two per picture. If there are more particles than this
then many pictures are lost due to high multiplicity interactions which

fill the chamber with tracks and Y rays.

At Brookhaven in the 80 in H2-Ne experiment, 30% of the pictures were

lost due to this reason when using 28 GeV/c protons.

One should think seriously about methods of shuttering the beam.



Morrison (CERN)

If one wished to have higher momentum beams, i.e. protons of 27 GeV/c
and T of 24 GeV/c, it is possible to run the PS at 27 GeV. However, it
will be unpopular.

Lagarrigue (Orsay)
I would like to suggest that there should be two K£ beams, G7 and G8:

GT: K£ with known momentum obtained by using a hydrogen target. This

would be used to study the Ki form=factors,

G8: Ki without momentum definition (i.e. Xy type beam). This type of

beam could be used to study the K£ + 21 decay.

Schultze (Aachen)
With respect to the momentum defined KE beam, the intensity could
be improved by varying some parameters like the solid angle acceptance of

the T used to produce the K{"s°

Rubbia (CERN)

One should not worry too much about the low flux in the momentum

defined K° beam. At Berkeley they obtained about 100 Ki/pulse in a similar

L
beam for a counter experiment.

Fiorini (Milano)
I would like to ask about the feasibility of using Gargamelle with

the Interacting Storage Rings.

Lagarrigue (Orsay)
Due to questions of safety, money and perturbation of the ISR orbits

we have not pursued the matter.

Rubbia (CERN)

The use of a bubble chamber with the ISR is made very difficult due
to the high background level. Using the estimates of Hyams you would
expect several background tracks/microsecond. I would guess that Gargamelle

would be filled by background tracks during the 10 msec sensitive time.



NEUTRINO PHYSICS WITH GARGAMELLE

D.H. Perkins,
University of Oxford, England

EVENT RATES

Any discussion of the possible v program with Gargamelle necessarily
depends on the expected event rates both in Gargamelle and in other chambers
(the BNL T ft, the ANL 12 ft) which will be doing similar work at about the
same time (v 1969 = 1970). The first difficulty I encountered was that in
the Fiorini report, three or four sets of event rates are quoted, often dis-
agreeing with each other and with previous estimates -- due not to bad

arithmetic but to different assumptions.

I have therefore given yet another set of numbers in Table 1. A few

words of explanation are required:

i) The basic data are from the CERN 1963/1965 runs in CF,Br. L5L v events
were observed in 220 litres fiducial volume (0.16 ton n, 0.16 ton p), using
the old horn and 7.3 X 10'7 protons on target. (av. intensity 5.7 x 10! ppp).
The events subdivided roughly in the proportions 30% elastic, 50% 1w, 20% 2
27, strange particles, etc. For the same filling, chamber and beam, and the

horn focusing negatives, the V rate was v 10% of the v rate.

ii) The existing focusing system at CERN, expected to yield a factor 5 en-
hancement in v intensity, in fact gives a factor of order 2.5 under adverse
conditionsf). This conclusion is based on the propane run results; for

the same number of protons on target, one obtains just over twice the number
of events in C3Hg as in CF3Br with the old beam for approximately the

same detection mass (i.e. 1/4 the effective density and L times the effective

volume). This is a provisional number; assuming the system is run under

+) The adverse conditions of this experiment included: (i) a plug on a
short target, (ii) 2 metres extra shielding, (iii) reduction of proton
energy to 19 GeV. These three modifications were made in order to reduce
the background muon flux in the spark-chamber experiment. In addition,
the current in the first reflector was only 0.8 Imax’ for safety reasons.
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optimum conditions for Gargamelle one can take a factor 5. I include a
penalty factor of 1.5 against Gargamelle because of the larger frontal

area, and then scaled as the fiducial volume. This gives for CF3Br

filling:

Gargamelle rate per proton in existing CERN beam (1968) -
01d NPA chamber rate in 1963/196k4 beam =90
It can also be hoped that the PS intensity will be improved somewhat
by 1970, and I assume a factor 10'?/6 x 10'! = 1.6 in protons per pulse.
This gives a final factor of 1hlh. Although the repetition rate will be
increased at both CERN and BNL, it is not clear to what extent the large

chambers will benefit. So, I have quoted events per 10° pulses.

iii) To get the rate in the BNL T ft chamber, I have again used the penalty
factor of 1.5 against the bigger frontal cross-section. The AGS intensity
has always been T~ 2 X that of the CERN PS. On the other hand we know the
BNL focusing system is inherently less efficient and is underpowered. I
assume these two factors will just cancel.

iv) The ANL 12 ft chamber event rate has been computed from their calculated

2 averaged over the

spectrum. Essentially this spectrum gives, per m
12 ft frontal area, the same number of neutrinos per proton as the old

Van der Meer spectrum averaged over the (old) CERN NPA chamber frontal area.
This seems not unreasonable. The ANL spectrum is of course much softer than
the CERN spectrum. Thus, ANL is at a very serious disadvantage for study-
ing the higher-energy processes. It is also clear that, to determine form-
factors (e.g. for the elastic process) in a spectrum-independent manner,

one must restrict oneself to events of EV > 1 GeV say. In this case the

ANL rate relative to CERN/BNL should be reduced by a factor 2.

SOME CONSIDERATIONS ON THE RELATIVE PROGRAMS
AT CERN, BNL, ANL (1969/1970)

What essentially comes out of the table is that the expected event
rates on free protons (neutrons), for the same number of pulses, under

columns (c¢), (d) and (e) are about equal:

Gargamelle C3Hg or C3Dg
BNL 7 ft Hy or D2
ANL 12 ft H, or D,

Same event rates/picture

to within a factor v 2 or 3
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It is important to emphasize that the actual numbers will depend
critically on the spectrum shapes, selection of events, and the proton
energy chosen, and the practical performance of the focusing systems employed.
The time scale refers to the interim period, before the arrival of the new

linac at BNL (1971) or of the booster at CERN (1973).

On the face of it, one can therefore say that Gargamelle operated with

propane, or propane with a small freon admixture, will be able to make at
least a major contribution to low-energy (< 5 GeV) neutrino physics over the
next two or three years. There are however other considerations than Jjust
the number of events on free protons or quasi-free neutrons. Some of these
are: |
i) In C3Hg or C3Dg one has the advantage that there are also events =~ .
about four times as many -=-on the bound nucleons in carbon, as well as a
good Y and neutron-detection efficiency (especially in a propane-freon mix-
ture) and the possibility of measuring proton polarization from elastic

scatters on carbon.

ii) The kinematic fitting of the elastic and single pion neutrino events
on free nucleons in Hs or D, should certainly be superior to that in the
Gargamelle events. Firstly, the intrinsic accuracy of measurement is
better, and secondly, the background contributions (for those D, events
without a visible spectator) will be very much less than in propane. The
1967 CERN propane runs indicate a carbon background of 15 * 5% for the
total cross-sections. Obviously, to get detailed information on form-factors,
one needs to know the background out to high values of qz, where the uncertain- ‘
ties are likely to be much greater. On the other hand, in the antineutrino

studies (e.g. v o+ p>rn+ u+) the much better neutron detection efficiency

of propane compared with hydrogen is quite decisive.

iii) The usefulness of the pictures depends very much on how easy or diffi-
cult it is to analyse them. With Gargamelle one will have the complication
of collaboration between several widely-spread laboratories. It is also
possible that the geometrical reconstruction problems may be inherently more
difficult than with the smaller BNL 7 ft chamber, for example. I do not

believe anyone could honestly assess these factors at the present time.
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ATTEMPTS TO ARRIVE AT A SUGGESTED FIRST
EXPERIMENT WITH GARGAMELLE

Essentially, one has to make decisions on the beam arnd filling for

the first Gargamelle experiments.

i) vor v |

ii) beam length (spectrum shape)
iii) propane, propane/freon,or freorn.

Obviously, (i) and (iii) can be finally decided at short notice.
Fortunately, calculations show modification of the beam length (ii) to
alter the spectrum shape, could produce changes in any one part of the

spectrum of at most 30% in dN/dEv, so no long-term decision on this aspect

1s necessary.

Although a final choice, for a first experiment, on (i) and (iii) is
neither necessary nor desirable now-—=remember that one is still assessing
the propane run in the CERN NPA chamber —=some preliminary discussion, to

serve as a basis for the final choice, when it is made, is perhaps useful.

A reasonable case can probably be made out for any of the above combi-
nations. One can however, I believe, state at the outset that to run
comparable proportions of each of the three or four possible options, in
say, the first 10° pictures, would be disastrous. What is needed is a
decisive experiment, rather than a succession of explanatory surveys

(which were well justified for the NPA chamber program).

The various proposals in the Fiorini report describe in some detail
the processes which could be studied with each choice of sign of beam and
chamber filling and there is no need to describe them again in detail.
However, I have put an asterisk in the table for those reactions where

Gargamelle possesses a really decisive advantage over its competitors.

These are:

a) V run in propane. For every 10° pictures, one would obtain about 125

examples of the elastic reaction

- +
V+Dp>UuU+n
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on a free proton, where the neutron direction is measured by production
of an associated interaction, this providing a 2C kinematic fit. The

corresponding number of events (3C fits) in the BNL chamber would be roughly

an order of magnitude less, and thus hardly useful.

b) V run in freon. This appears to offer the only possibility, in the
near future, to study hyperon production with a reasonable event rate.

Probably such studies would be better deferred until the advent of the
booster.

¢) Highly inelastic processesT). A V run in propane or freon would have
decisive advantages over H;/D, chambers in the study of the complex inelastic
processes. This stems partly from the six-fold higher event rate, but more
importantly from the better identification of the muon and of associlated
Y-rays++).

d) In the other reactions listed in the table, Gargamelle would not have
decisive advantages over the hydrogen chambers, but would not necessarily
be at a grave disadvantage. No one laboratory is going to obtain so many

events, and be sufficiently confident about flux and background estimates,

that a comparable experiment with another type of detector would not be
valuable.

From these considerations it appears that one has to make a clear
choice between (a) a V run in propane or propane/freon, where it is clear
that Gargamelle has a decisive advantage for study of the elastic process,
but where the number of events is small, and (b) a V run in propane or
propane/freon, where one would get many more events, but, for study of the
elastic or simpler inelastic processes, one would be competing =—- probably
on unequal terms -- with the big hydrogen chambers. As far as I know,

most potential Gargamelle users favour a V run in a propane/freon mixture.

Such an experiment would yield some 3000 free proton events and nearly

+) 25 GeV operation; frequency of high-energy events is as follows:
E > 5 GeV 5% of total events

V
Ev > 10 GeV 1% of total events

Associated production 13% of total events

++) In the CERN propane run, “25% of the events of Ev > 5 GeV were
ambiguous in assignment of the negative muon.
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15,000 on bound nucleons == enough to allow several collaborating laboratories
each to make a decisive contribution with a respectable number of events

to analyse. One can argue about the merits of various mixtures. Table 2
indicates some typical numbers. Obviously, a moderate admixture of freon
dramatically improves the y—-detection efficiency, while not impairing the
momentum resolution too much. My argument here is that pure propane is
already a factor 3 worse than hydrogen, and to increase this to 43 cannot

be disastrous. On the other hand, one does not know how well in practice
the theoretical momentum precision of the big chambers will be realized, so
the situation may be even better. In adding freon one also dilutes the free
proton concentration and impairs polarization measurements from carbon
scattering, but the advantages of surer identification of the outgoing lep-
ton, and vastly improved information content in the complex inelastic events,

appear overwhelming.

Table 2

Propane/freon mixtures
(average secondary path length = average Y path length = 1.5 m)

Vol. per cent Vol. per cent
CF 4Br CaHe Xo (cm) n.o | Ap/p
100 | 0 11 100% | 7%
20 80 39 90% | 3.5%
10 90 56 TT% | 3.1%
0 100 102 W% | 2.3%

OTHER NEUTRINO PROCESSES

Many other topics which could be studied in the Gargamelle neutrino

film are mentioned in the Fiorini report. Some examples are:

a) Conservation of muon number and lepton number.
b) Existence of the W boson.

¢) Neutral currents.

d) Time reversal invariance.

e) Tests of sum rules, PCAC etc.
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Essentially (a), (b) and (c) all depend on beam characteristics and back-
ground problems, and not so much on the qualities of the detector. It

does not appear that the Gargamelle experiments as such are likely to
improve greatly on existing data, but more detailed studies of the beam
and background problems might be rewarding. With regard to (d) and (e)

the information will come as a matter of course. Since T-violating effects
are likely to be extremely small in any case, it is probably not justified
to prejudice the rest of the analysis by determining the type of filling

purely on the basis of a possible T violation.

OTHER ASPECTS OF THE NEUTRINO PROGRAM

I would like to mention some important aspects of neutrino experiments

which do not appear in the Fiorini report. .

I have heard it recently remarked that the physics analysis of neutrino
film, and the engineering of the neutrino beam itself, could be effectively
decoupled. This conclusion seems to be directly contrary to all experience
at CERN over the last five or six years, and I think is absolutely wrong.

I would like to make a strong plea that as many of the user groups as possible

get involved in the beam and background problems:

i) First let me remark that less than half the events in the film will be
classed as "V events'". We do not at present understand the other half. May-
be they are due to neutrons, pions, K’'s etc., but no very detailed and

systematic studies have been made.

ii) After five years of effort in CERN, no one is able to guarantee Vv fluxes
to better than 30%; in some regions of the spectrum the situation is much ‘
worse. It is somewhat ludicrous to go to the labour of accumulating

thousands of events and accept such large uncertainties in cross-sections.

There are formidable problems to be solved here, certainly comparable in

magnitude to the whole of the physics film-analysis put together.

iii) Ways and means should be investigated to improve still further the

~

neutrino flux, which at present amounts to only = 1 neutrino for every 1000
protons accelerated.
iv) With the much more intense and energetic beams available at the 300 GeV

machine, the burst of neutrino-produced muons emerging from the end of the

main shield, and entering the detector, is likely to be of order 100 per
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pulse. The exact number cannot be calculated since the high-energy neutrino
cross=sections are unknown. Gargamelle experiments, whiéh will extend the
range over which the energy dependence of the inelastic processes 1s known,
will be of vital importance from this viewpoint (as well as being of very

great intrinsic interest).

These are just some of the problems associated with the neutrino studies,
and not simply the film analysis, where groups outside CERN could make original

and possibly vital contributions.

DISCUSSION

Musset (Ecole Polytechnique)

I am afraid one can be misled by your table. Events in complex nucleil
will also be useful. If one added 10 v 20% freon to the propane the measure-

ment precision would not be seriously affected and the m’-detection efficiency

. would be very high.

The number of events on free protons would only be reduced by 10 Vv 20%

and one would get v 20,000 events on complex nuclei.

Perkins (Oxford)

My figures for propane are only for events on free protons. These are

the events with which one will do the most physics.

I agree that the exact mixture to be used must be discussed.

Lagarrigue (Orsay)

I consider that Musset's proposal is a good solution for the first run.

Myatt (CERN)

In view of the fact that a heavy-liquid chamber has an immense advantage
in the study of antineutrino physics, where most processes result in the
emission of one or two neutral particles, it would be interesting to know

to what extent the optimized V beam would be non-optimum for V's.
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Burhop (UCL)
In the light of Professor Perkin's talk one would perhaps draw the con-

clusion that the neutrino experiments in Gargamelle should be postponed until

after the CERN PS improvement program.
Salmeron (Ecole Polytechnique)
I would like to reply to Professor Burhop's remark.

Gargamelle is a new chamber with new scanning and measurement problems.

For this reason I think it is best to start with the neutrino experiment.

However, in spite of the large number of 'elastic' events produced
in freon I am doubtful if they will add much to work already done by the
CERN heavy-liquid and the spark chambers. This is especially true if ‘
the v flux will still only be known to 20 v 30%.

I imagine it would be useful to study N¥ production and single hyperon

production. What do the theoreticians think?
Veltman (Utrecht)

I agree that the study of N¥ production can very usefully be extended
in Gargamelle. However with respect to hyperon production one sees that

the rates are still very low.
Faissner (Aachen)

Just for amusement some daring theoreticians have tried to calculate the

mass of the intermediate boson. All these numbers lie around a few GeV. ‘



- 17 -

NUCLEAR EFFECTS IN NEUTRINO REACTIONS ON PROPANE NUCLEI

C. Franzinetti
Istituto di Fisica dell'Universitd, Torino
and

CERN, Geneva, Switzerland.

INTRODUCTION

In this report I intend to present a brief account of some work,
which has been carried out recently, to estimate nuclear effects on re-

actions induced by neutrinos on light nuclei.

In fact I shall 1limit myself to ‘2¢ nuclei, which are better known
than most others and are of interest for experiments in propane: heavier
nuclei = such as bromine — present a much more difficult problem and the

results so far published are probably not very reliable.

NUCLEAR EFFECTS IN ELASTIC NEUTRINO REACTIONS

Calculations on elastic neutrino interactions on '?C have been per-
formed by Piketty?), Lecourtois and Pikettyz), Franzinetti and Manfredottiz),
L¢vseth“), Yoshiki’/. I am not including in this list work done on coherent
scattering which is a comparatively rare process. The calculations carried

out by Yoshiki are not yet available in a written form and I am unable to

discuss them here.

2)
5
.

1
2.1 The model used by Lecourtois and Piketty

This model assumes that the target nucleon is on a definite nuclear
shell. The interaction of the recoiling proton with the nucleus is
described by a spherical optical potential (spin—orbit coupling and terms
of the same order of magnitude are neglected). The parameters of the
optical potential are obtained from p-nucleus experiments. Thus the Pauli

exclusion principle is automatically satisfied.

The interaction is described by an effective Hamiltonian which is

correct up to terms in the second order in IEJ/M where a is the three-
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*
momentum transfer from the leptons to the nucleus and M the nucleon mass ).

Thus for very large |q| (say |q| > 0.7 GeV/c) it fails.

They consider only events in which the proton escapes from the nucleus
without interacting in it. Moreover they notice that, in the limits of the
approximation they use, the differential cross-section d?U/dQQ dlal,
plotted as a function of qo for fixed lal has a shape which depends
essentially on the Fermi motion of the target nucleon and not on the

neutrino energy Ev’ Thus, for a fixed IE, the integral

wz=(lal)
(0/dg dlql) dqo (1)

a1 ([al)

contains approximately the same fraction of events for any choice of Ev'

One can choose the two curves qo = qo1(]q|) and qo = qo2(|q|) so that
for any'laJ the integral (1) contains the same fraction of undistorted
events. For example the curves indicated in Fig. 6a refer to propane and
should contain ~95% of them. They claim that most of the inelastic events,

disguised as elastic, are eliminated by this method of selection.

2.2 Ldvseth's model*)

Igvseth uses an independent particle model with a "realistic"
momentum distribution. This is, in fact, a gaussian distribution of

momenta given by

y
G(y) = E -[o e ¥ /2dx

withy = (P - PF)/A; Py = 0.225 GeV/c and A = 0.075 GeV/c. He also takes
into account the Pauli principle by introducing an appropriate suppression
factor. He ignores the fate of the recoil proton and calculates the q°
distribution of the events. To do so, he averages the theoretical cross-

. 2 . .
section do/dq®, for neutrino scattering on a free neutron, over the

-> . -> -> -> . .
*) q = (g, igo) where ¢ = p - p, and qo = E, - Eu. For all kinematical

notations the reader is referred to Ref. 3.
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primary neutrino spectrum ¢(Ev) and the target momentum distribution G(y).
The analysis of the events is then carried out in a standard way fitting

the theoretical curve on the corresponding experimental distributions.

2.3 Monte Carlo'calculations3)

These were carried out using a Fermi gas model of independent part—
icles in a potential well. The depth of the well was taken equal to
38 MeV; the Fermi momentum Pp = 204 MeV/c and the Fermi gas was assumed
to be at a temperature of 4 MeV. Each event was assumed to be due to the
interaction on a single neutron. The proton recoil was followed through
nuclear matter and its fate determined until it fell below the edge of the
potential well or emerged from the nucleus. Cross—sections for proton-
nucleon interactions were calculated from empirical formulae given by

Metropolis et al.s), but the constants included in them were re-~determined

over more recent data.

2.4 Discussion of the results obtained in the work quoted above

Before beginning on the discussion of the work mentioned in the previous

sections, a general remark is appropriate. Some of these authorsz’s) have

derived their analysis of neutrino reactions from calculations related to
electron-nucleus scattering. Although there are many obvious similarities
between the two processes, there is one fundamental difference: in electron
scattering, the energy of the primary particle is known (or can be measured
directly on each event); whereas in neutrino reaction the neutrino energy
is not known and it can only be estimated from the total energy released

in the reaction or from the total longitudinal momentum of the final pro-
ducts. Because of the difficulty in detecting neutral secondaries, there
is a systematic loss in estimating the primary energy. This, in turn,
introduces a systematic bias in any other parameter which is derived from
the neutrino energy Ev' Thus, what is needed, is a prediction of the dis-—

tribution of measurable quantities, rather than an estimate of nuclear

effects on quantities which are not directly accessible to the experimental

analysis.

)

This point is the main difficulty encountered in Lévseth's work®’.
He calculates the gq? distribution f(q?) = f¢<Ev)dEv dG(EV,qz)/dq2 as dis-
torted by nuclear effects, but still assumes that the exact q2 can be

measured and is given by
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2 _ op _
a 2 uEv(l BH cos Gu) (2)

(the notations are self-explanatory and, in any case are the same as in

Ref. 3) whereas what is measured is

2 = -
q? . °E. E . (1 Bu cos eu) (3)

where Evis is that fraction of Ev which is associated with the charged

final products of the reaction.

This effect is not large -- in general —- if one selects only elastic
events which produce only a u_ and one proton (lp events). But even for
this class it plays a role at large momentum transfer [q2 >1 (GeV/c)zj

which should be excluded from the analysis.

Lecourtois and Piketty avoid this difficulty —-- as we have seen =-— by
computing the partial cross-section of events in which the recoil proton
emerges from a '2C without interacting (the undistorted wave). This method
assumes that "undistorted" events can be experimentally unambiguously

identified from others: this is not always possible.

In my opinion the Monte Carlo calculation presents a number of ad-

vantages. It "generates" complete events, i.e. for each event all the

parameters which define the final states are known. Thus, on them, one
can see what errors are likely to interfere with experimental measurements.

I shall give some examples.

One starts generating events from an assumed theoretical cross-section
and an assumed neutrino spectrum*). Then one classifies the events accord-
ing to the number of protons which are ejected from the 120 nucleus,
assuming that the energy which goes into excitation of the residual nucleus
or into ejected neutrons is not visible. Then one can compare the visible

energy with the original neutrino energy.

*#) We used the cross—section given by Bell (J.S. Bell, CERN, 63-37, 1963,
p.l) and the v spectrum given by Venus (W. Venus, private communication).
(See Ref. 3 for other details of the calculation).

|
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The result is shown in Fig. 1b. Figures la and lc give the equivalent
scatter-diagrams for Op or 2p events. Figures 2 and 3 tell you where the
missing energy goes. En is the energy which goes into neutrons and E' the
excitation energy absorbed by the residual nucleus, which is subsequently
released into soft y rays. If this model is correct, in Op events the
missing energy goes almost entirely to excite the residual nucleus whereas

in 1p or 2p events it goes predominantly into neutrons.

The predicted proton momentum spectrum for elastic events is shown in
Fig. 4 and is compared with some preliminary data from neutrino experiments
in propane. Despite the small number of events plotted there, a marked
difference is shown which is confirmed by later observations. Thus the
model which we have used does not describe adequately the behaviour of

protons in nuclear matter even if it agrees qualitatively on most of its

aspects.

However, i1t must be pointed out that such a discrepancy is not as
big as shown by the other models. In Fig. 5 we show the proton kinetic
energy distribution calculated by Lecourtois and PikettyZ) for events in
freon, compared with the experimental distribution. Several curves have
been calculated for different axial vector parameters MA *)- None of them--
in particular not that one corresponding to the optimal value MA = 0.75
GeV/c? == agrees with the experimental results which -- once more =- con-

tain more low—-energy protons than expected from theory.

The region of discrepancy is above 200 MeV/c in both cases, i.e.
where effects due to the excitation of discrete nuclear levels should be
absent and the quasi-free nucleon cross-section should describe correctly
the primary elementary event v + n > W+ p. Thus the discrepancy should

be attributed to the interactions of protons in nuclear matter.

Lgvseth has not given any proton spectrum for neutrino events. How=-
ever, he has used the same model to study e-p scattering and for this pro-
cess his results predict a distribution for the energy transfer which
differ considerably from the experimental data. Thus I do not see any

reason to prefer his method with respect to others.

*) They take F, = [1 + (a?/M2)]7%.
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In Fig. 6a the predictions of Lecourtois and Piketty's method are

compared with those of Manfredotti and myself. As those authors had pre-
v 0.7 GeV/c about 95% of

dicted, up to three-momentum transfers of Ia
the "undistorted" events fall in the region contained by the curves de-

fined in Eq. (1). However, also some of the distorted events fall in the
same region: in fact according to the Monte Carlo calculations the sample
of 1p events which would be selected by this method would contain "12% of

distorted elastic events.
Finally, the following conclusions are pertinent to this question:

a) None of the nuclear models which have been used to describe lepton-
nucleus scattering works really in a satisfactory way. The main discre-
pancy is seen in the proton momentum spectrum and also in the proton angu-
lar distribution. It lies in a region where a v-n collision should be
in fact a direct collision with an individual neutron, thus the discrepancy
should be attributed to the effect of the nuclear model on the description

of the subsequent interaction of the recoil proton in nuclear matter.

b) If the above is true, and also the result shown in Fig. 1b is believed,

for lp_events Evis yY Ev and thus qéis noq2. Then, using the gq? distribu-
tion to determine M,, the nuclear effects mentioned in (a) should not be im-
portant and we should get a result not too far from the true one. This
conclusion seems to be confirmed by the graph of Fig. T, where the events
"generated" by the Monte Carlo were subsequently re—analysed in the same
way as one would analyse real events. The X2 analysis of these events has
a minimum for MA " 0.8 GeV/c? whereas the events were generated using a
cross-section with MA = 0.85 GeV/c2.

c) - The discrepancy which is observed may affect our criterion for the
selection of the events. However, all the results obtained by different
methods indicate that the distortion introduced by the !2C nucleus on the
essential dynamical parameters is small in general. In fact most of the

elastic events (R80%) appear as lp eventss and no appreciable bias is

introduced by ignoring the others.

d) We do not yet know how to make a reasonably precise estimate of the

contamination of disguised inelastic events in the sample of 1T events.
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NUCLEAR EFFECTS IN SINGLE PION PRODUCTION

To my knowledge, nuclear effects in neutrino inelastic reactions have
been performed only by Manfredotti7). He uses again the same model out-
lined in the previous section, extended to include nuclear cascades pro-

124,

duced by 17 inelastic events in He assumes that, when inside the

nucleus, the pion sees a potential depth of 20 MeV.

As a test of his model, he calculates a number of distributions re-
lated to nT=12¢ in propane at different energies. In fact an experiment
has been performed at Saclay, by the Orsay-Milan groups (see Ref. 7 for
details) just to test nuclear effects in propane. In Figs. 8 and 9, the
prediction of the Monte Carlo computations are compared with the experi-
mental data at various momenta. Figure 8 contains distributions as a
function of the total number of visible tracks and Fig. 9 distributions
as a function of identified protons. The agrecment is excellent in both

cases.

Figure 10 compares pion spectra at different angles; while the for-
ward production is fitted very well by the computed spectrum, that in the
backward direction agrees less well. In Fig. 11, some preliminary data
from neutrino interactions are shown. One can see that the T energy
distribution is in good agreement with the data from neutrino experiment.
Equally good agreement is found in comparing the i angular distribution

(Fig. 12).

On the other hand a short disagreement is found in comparing the
theoretical and experimental proton momentum distributions (Fig. 13). These
protons are mainly due to nucleons produced directly in the original

neutrino reactions.

The model of proton cascade was not found satisfactory in connection
with elastic events either. However here the disagreement is far more
pronounced and I am inclined to believe that it may be also due to the

theory of neutrino inelastic reactions.
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DISCUSSION

Bell (CERN)

Have you considered the possibility of determining electromagnetic
form-factors from complex nuclesr events as a test of your kind of analysis? |
Franzinetti (CERN)

Yes, but one would have to use a muon beam and no experimental mate-
riael is available,

Veltman (Utrecht)

Can one measure the elastic form-factors by measurements on complex

nuclei?
Franzinetti (CERN)

Up to a point, yes.
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Bell (CERN)
Do you think the nuclear physics is under sufficient control to make
it worth while piling up statistics on complex nuclei to study the elastic

form-factors?

Franzinetti (CERN)
No.

Cundy (CERN)

Concerning the study of N*** production on free protons in propane
I would like to ask at what number of events does the systematic error

from the carbon background become equal to the statistical error?
Franzinetti (CERN)

Calculations have shown that for the present CERN chamber 2,000 ~
~ 3,000 events andvfor Gargamelle 50,000,

Myatt (CERN)

What is your estimate of the pion re-sbsorption in carbon?
Franzinetti (CERN)

Roughly 25% averaged over the spectrum.
Nyatt (CERN)

Does this agree with the data from the Saclay exposure?

Franzinetti (CERN)

We have not compared it yet.
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Figure captions

Fig,

Fig,

Fig.

Fig,

1

The neutrino energy <Ev) plotted versus the energy associat-
ed with the charged particles (Evis) ejected in elastic in-

teractions

a) for Op events

b) for 1p events

c) for 2p events

d) for > 3p events

Distribution of the elastitc events as a function of the
energy going into neutrons (En), for different proton multi-
plicities.

Distribution of the events as a function of the energy going
into nuclear excitation (F' ), for different proton multipli-
cities,

Proton momentum spectra for elastic events, compared with
the preliminary experimental data from the neutrino experi-
ment in propane.

Proton energy spectrum from elastic events in freon, compar-
ed with the theoretical predictions of Lecourtois and Piketty,
calculated for different values of MA (see text and Ref, 2).

Lecourtois and Piketty's analysis of elastic events.

a) Scatter diagrams of 1p events in which the recoil proton

did not collide before emerging from the parent nucleus.

b) Scatter diagram of events in which the recoil proton col-
lided.
The numbers give the expected frequency of events computed

by Franzinetti and Manfredotti5 .

x° fit on events generated by the Monte Carlo to determine

the best value for MA‘

Distribution of ﬂ+ - 120 interactions as a function of the
number of visible tracks for ﬂ+'s of 280, 380 and 1730 MeV/c.



Figo 9

Fig, 10

Fig, 11

Fig, 12

Fig. 13

.
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Distribution of the same events as in Fig. 8, as a function

of the number of identified protons,

Kinetic energy spectrum for r produced by 195 MeV kinetic
energy 7 impinging on '2C.

Cascade produced by secondary pions ejected in neutrino re-
actions (N33 production): kinetic energy distributions of

secondary particles.

Angular distribution of the secondary particles produced as
in Fig. 11.
Cascade produced by protons ejected in N§3 production in 'ZC.

by neutrinos, Comparison with preliminary experimental data.
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