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ABSTRACT

We propose a detailed channel study of neutrino
interactions on protons and neutrons. To accomnplish this
we request a run using at least 200 BeV internal machine
energy to obtain 50,000 events in a deuterium-~filled track
sensitive target surrounded by neon. Using current flux
estimates from a double horn focusing system and assuming
1013 interacting protons per pulse, the run of 50,000 events
in deuterium would be obtainable with 500,000 pictures of
the l4-foot bubble chamber. The neuvtrino flux is limited

by the acceptable event rate in the neon.
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I. Physics Justification

An exposure of 500,000 pictures of neutrinés'in tﬁe
14-foot bubble chamber fitted with a deuterium filled track-
sensitive target surrounded bydneon‘will supplement quantitatively
the neutrino-hydrogen exposure (NHE) previously reportgd.l The
physics justification of the NHE proposal';s also the basic’
justification of this proposal, however witﬁ the neon blanket

around the target, quantitative studies can now be made of those

final states involving neutral pions. The total cross section
5 :
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and — 62

dvdg
invariance and search for intermediate vector boson production.

should be measurable to about 50 BeV to test scale

By using deuterium in the track sensitive targeﬁ, neutrino
interactions with neutrons can be studied.and the form factor
for the elastic channel determined at high q2 allowing CVC and
second class current tests. CVC and PCAC can be tested using
the 2adler test. This exposure is viewed as the first major
run of the l4-foot chamber with an interngl track-sensitive
target. A 500,000 picture exposure using an 5.5m3 track
sensitive deuteriun target will yield about 50,000 events on
neutrons and protons. |

An exposure to a track sensitive target filled with
deuterium will supplement the NIE experiment in several ways.
It will allow us to measure channels with,no mesons and to add
to the detailed channel study. We can clearly separate the

and higher N% branching

inelastic channels, look for p, Ay

ratios, and also perform a better search for neutral current
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interactions. In addition o, and ~§~3—-(or o —) should
total 2 %2
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be measurable up to beyond 50 BeV before bias and normalization
problems become too severe. If an intermediate boson exists
the total cross section should not rise linearly with energy
but should turn over. 1In fact, an intermediate boson causes

2 2 2 2 ) 2 9
a term (M /(q + MW» to multiply d o/dg dv]| . Calcu-

no boson

. 2, .
lations indicate that a measurement of o up to 40 or

total
50 BeV with about 10% error should be sufficient to detect a
turnover in the cross section corresponding to a 10 BeV boson
at about the 30 level. This is a one-way test. If there is
a boson, there is a turnover. If there is a turnover there
is either a boson or some sort of weak interaction cutoff or
violation of scale invariance. B2An intermediate boson can be
searched for directly by looking for dimuon events, muon
positron events or resonances in the strong particles up to

a mass of about 9 BeV or 14 Bev for a 200 Bev or 500
BeV exposure respectively.3 This search can be made in the
neon blanket as well as in the deuterium target.

A determination of dzo/dqzdv is necessary for studies
of the deep inelastic region. In addition to having more energy
than SLAC the neutrino experiments have the advantage of a
basically £l§E.q2 dependence rather than a l/qL+ dependence which
holds for electron interactions.

In addition, the very important neutrino reactions on
neutrons can be measured. This will ailow us to look at the

. . . . o 2 .
elastic cross section at high energies and high q  with good
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discrimination against 1n0 events. At high energies (assuming

. . L
locality) the cross section is governed by:
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W2 = l gAl

where Iyt f._ are obtained by CVC from electron scattering

v
data, In is the axial vector form factor and fA is an axial
vector second class current. At high q2 the last terms will
dominate giving only mild sensitivityvto 9a but allowing CVC
and second class cgrrent tests. The comparison of Ovp with
G$? and Son have been discussed by many people5 and are of
great interest in distinguishing various high energy strong
interaction theories. This experiment should allow a comparison
using uniform methods of analysis on p and n reactions.

, . .

We can perform the Adler test which relates low g

neutrino events to pion interactions. This is a test of CVC
and PCAC, If we make very stfingent cuts, i.e., ask that the

2 2
transferred energy be greater than 1 BeV and that ¢ <m_ ,

s
we should obtain of the order of 40 events. Hence, a 20% test of
this relation appears reasonable,

Using the neutron interactions, better AS/AQ tests
appear possible, For instance, limits on wvn - ¥~ % can be set
and a new amplitude test of AS/4Q using wvn - g"Kop is available
in this experiment. A large fraction of the Kz will interact
in the neon blanket making this three body strangensess chang-
ing channel interesting in its own right. Also new interest-

ing assoclated production channels become available such as




by
[

—t O

vn + p"K'A° or 9, vn ».u"K+K+ , etc. A comparison of the

{1

various N*productiOn ratios on n or p will afford tests of the
AT = 1 rule for nonfsfrangé weak interactions, perhaps even
as a function ofgénergy and q2: ~In this comparison the effect
of non--resgonant background must be,considered.7

Reactions in the neon part of the chamber may also
be of interest; v + Ne » u~ + Na is a process which should
be calculable and may serve as an additional means of flux
normalization.8 Based on theoretical results for carbon, a
yield of about 600 eveﬁts.can be expected for 50,000 events
in the target. 1In addition, diffraciion processes such as

)

v + Ne » Ne + y + X may occur and would be guite interesting

9
although a specific calculation has yielded a small result.

IT. Experimental Arrangement

The neutrino beam and detectqr configuration is the
same as requested in the NHE proposal except that the bubble
chamber is fitted with a Smea track sensitive tarcget.

Using 1013 200 BeV protons per pulse interacting
in the neutrino target, a two-horn focusing system and 5.5m
track sensitive deuterium target, we obtain a yield of about
50,000 events on neutrons and proton for a 500,000 picture
exposure., The energy distribution of these events 1s given
on Table 1. Here it has been assumed that the total neutrino-
nucleon cross section rises linearly with neutrino energy;
This is known to be true experimentallylo to approximately

10 BeV and should be true'theoretically if scale invariance




holds and there is no intermediate boson or cut-off in the

1 If the cross section saturates at 20 BeV

weak interaction.
then the total numbher of events expected is reduced by about
13%. The background Qf events in the neon surrounding the
target is about 3 per picture at 200 BeV operation. A study

of this background may lead to a reguest for more pictures

using a lower neutrino flux.

This proposal requests 50,000 events of neutrinos on
protons and neutrons. Using the present flux predictions these
50,000 events can be obtained in 500,000 accelerator pulses by
using 10'? interacting protons per pulse on the neutrino tar-
get. For an accelerator cycle of 4 seconds this exposure could
be obtained in 550 houré, or using a total experimental arrange-
ment efficiency of 30% the exposure time would be about two
and one-half months. The exposure could be longer if the neon
induced background wsre so seﬁious to force the reduction of
the neutrino beam flux,

The exposure to yield 50,000 events is considered
a minimum exposure because of event limited experiments. For
example, the Adler test consists of only about 40 events. It
is clear that we would not want less. The reaction
v + Ne - u  + Na which can serve as an additional flux
normalization method'gives only about 600 events. Dividing
the.flux into several encrgy ranges one gets only a 10% to
20% normalization due to limited statistics with the present

exposure.




- 11T, Apparatus

This exposure 1is viewed as a first major run of the
l4-foot chamber with an internal track-sensitive target,
Members of this collaboration have played a major role in the
invention and devélopment of this device. The major asset of
this exposure is to have an ability to detect gamma rays. A
track-sensitive target gives the largest solid angle for gamma
detection. The detailled design of the target is now under study
but depends both on bubble chamber technical considerations
and on whether a spark chamber array, such as the one that
Peterson and Stevenson12 have proposed, is installed and works.
If the spark chamber does work, then the target may go com-
pletely through the chamber. If we do not depend on that we
estimate a target of 5.5m3 can be built and with the same
assunptions as in the NHE experiment 50,000 events in deuteriumn
can be obtained with about 500,000 pictures if Sp “%un*

Deuterium 1s the easiest liguid to use in a track-
sensitive target since its thermodynamic properties are a
better match to neon than those of hydrogen. In addition, the

event rate is double that of hydrogen if gvp: on
The analysis of this experiment will be dominated by
scanning time. It is probable that every event will be examined
by a physicist. This seens quite feasibie with the present
group. The measurement load is modest by today's standards,

especially when divided between our two groups. This is true

even assuming that one might measure double the actual nunbers




of events eliminating fake events with the aid of track re-

construction

‘information. The University of Michigan and

NAL are currently building POLLY devices and the measurement

load is easily manageé. We anticipate having the NHE and

this exposure spaced about a year or so apart and hope to

have initial
the pictures
We

1. Neutrino

2. Neutrino

results from each run within a year of the time
are taken.
regquire:

focusing systemn.

flux monitoring system.

3. l4~foot bubble chamber fitted with a deuterium track
sensitive target surrounded by neon.

These pieces of equipment which are to be built by the people

involved in this proposal are to be available as NAL facilities,
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TABLE 1.

Distribution of 50,000 Events from a 200 BeV
Exposure.

Neutrino Energy Interval Number of Events
(BeV)
0 - 10 12,200
10 - 20 21,700
20 - 30 . 7,900
30 - 40 2,900
40 - 50 1,400
50 - 75 | 2,200
75 - 100 1,200

160 - 150 ) 500




