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PROPOSAL TO STUDY ANTINEUTRINO INTERACTIONS IN HYDROGEN
AND NUCLEI WITH AN INTERNAL TARGET AND CONVERTER SYSTEM
IN THE 15-Ft. BUBBLE CHAMBER

ABSTRACT

We propose to investigate antineutrino interactions
on free protons and simultaneously on nuclei with 90% gamma
conversion and 95% electron and muon identification by using
an Internal Target and Converter (ITC) system in the 15-

Ft. bubble chamber.

We request an exposure of 500,000 pictures in a broad-
band antineutrino beam with two horns. We request a primary
proton intensity of 1.3—1013 ppp at 400 GeV/e. Based on
the yields of antineutrino events in E-180 and E3! we expect
to obtain between 20,000 and 30,000 antineutrino interac-
tions in this exposure.

The following physics topies will be investigated:

I. New particle production: the detection of two
leptons énd/or strange particles in the final
state will be a signature for new particle pro-
duction.

II. Deep inelastic scattering: investigation of

inclusive distribution {(x and y distributions,



multiplicities,(Sn/Gp ratio and resonance pro-
duction) for both charged and neutral currents.
III. Nuclear effects: A-dependence of total cross

sections and nuclear scaling.



INTRODUCTION

Neutrino and antineutrino experiments in the last few years
have provided many new results which have significantly advanced
our understanding the characteristics of the weak interaction.

In addition to the discovery of neutral currents several entirely
new phenomena associated with charged current reactions have
been revealed:

1) Dimuon events in both neutrino and anti-neutrino in-

teractions.

2) M-e events in neutrino interactions.

3) The high y-anomaly in antineutrino interactions and

the rise of the<5$/dvratio as a function of energ&.

It is clear that continued experimental effort in this field
is extremely important.

We propose to investigate antineutrino interactions in the
Fermilab 15~Ft. bubble chamber filled with hydrogen supplemented
by the Internal Target and Converter system (ITC)iand the External
Muon Identifier (EMI)F

Our request is for an exposure of 500,000 pictures in a
broad-band antineutrino beam with two horns. We request a pri-

13

mary proton intensity of 1.3 x 10 ppp and a primary proton
energy of 400 GeV., Based on the yields obtained in Experiments
E-180 and E-31 we expect to obtain approximately 25,000 antineu-

trino events.
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The unique features of the proposed experiment are:

1) The experimental arrangement combines the advantages
of free proton target characteristic of the hydrogen bubble
chamber with the improved detection efficiency for neutral par-
ticles usually associated with a heavy liquid filling. This
feature provides the ability to make 3-C fits, in the case of
the CC events and meaningful 0-C fits, in the case of NC events
for a very much larger class of reactions than would be possible
using the bare bubble chamber alone. The hydrogen fiducial

3

volume for the ITC system is 16 m” which is comparable to the

3.

fiducial volume for the bare chamber (20 m This is approxi-

mately four times larger than the hydrogen fiducial volume for
a typical TST design (~U m3).

2) The thickness of the plates and the maferial of the
plates can both be changed. This means that the effective number
of nuclear interaction lengths and the effective number of radia-
tion lengths can be varied independently for the ITC system.
Furthermore by using plates of different materials it is possi-
ble to investigate the A-dependence of the antineutrino cross
section. In the bare bubble chamber filled with a neon-hydrogen
mixture the fraction of neon is the only free parameter.

A corresponding neutrino experiment with the ITC system
has been proposed. We anticipate that important conclusion will

be drawn from comparisons made between the results of the two

experiments.
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ITC SYSTEM

The ITC system has been described in detail in : . We will
not repeat these details here. Instead we simply enumerate the
principle features and advantages of the ITC system which are
relevant to this proposal.

The ITC system consists of a series of 9 stainless non-
magnetic steel each one 0.9 cms (0.5 radiation lengths) thick.
The average gap between the plates in the middle plane of chamber
is 30 ecm. Each plate is tilted to provide maximum fiducial
volume for cameras #5 and #6. Only parts of each track segment
are visible on the third view. The ITC systém provides a total
of 4.8 radiation lengths of material (4.5 r.l. of steel and 0.3.
r.1 of hydrogen). The average } convefsion efficiency is approxi-
mately 90% for a fiducial volume of 16 m3.

The momentum uncertainties for }f-rays and 7°'s are given
by Ap/p ~0.31 and Ap/p ~0.17 respectively. By measuring convert-
ed bremstrahlung ¥-rays these uncertainties can be reduced to
Ap/p ~0.1 and Ap/p ~0.06 respectively. The momentum resolution
for charged hadrons is expected to be better than 2%.

Electrons will radiate in the plates and are expected to
be identified with 95% efficiency. While the EMI will be very
important for identification?}ast forward muons it is less use-
ful for slow muons produced at wide angles. For slow muons the
only method of identification will be a study of interactions

in the plates. The overall muon detection efficiency will be

approximatley 95%.
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Using the EMI data, plate penetration and transverse momen-—
tum balance we can identify > 95% of charged current events.

The hadron energy resolution is ~8% and the resolution in anti-
neutrino energy E3 is ~3%. Using the method of transverse momen-
tum balance we can reduce the error on E3 to ~1.5%. In this
experiment the resolution in W, QZ, v, x and y will be much

better than in bare hydrogen bubble chamber experiments (see

Table II). Neutral current events are identified with~95% effic-~
iency by the non-observation of a muon and by transverse momentum
balance.

The spatial separation of the hydrogen and the nuclear tar-~
get in this experiment makes it easy to idenﬁify the target for
each event in contrast with experiments using a hydrogen-neon
mixture. This makes it possible to study both nuclear events
and hydrogen events separately and to determine with

high accuracy the cross-section ratio(53n/6-

p in both charged

and neutral currents,
In addition to its physics advantages, the ITC system has

some technical advantages over the bare chamber. The fact that

the entrance and exit points to the plates are corresponding

points supplies additional information. This may, for example,help

to solve the track match problem for event with high multiplicity.
In conclusion we emphasize again that the unique feature

of the ITC is the excellent neutral detection efficiency for

a hydrogen fiducial volume comparable to the bare chamber.
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PHYSICS

Several recent experimental results very likely indicate

that new particles are being produced in both ¥ and ¥ interac-

3

tions. The discovery of neutrino induced dimuon events (HPWF,

CTFLand ITEP-IHEP% and observation of p"e+ pairs accompanied

b& strange particles (GGME BCHWZ CB% is strong evidence for new
particle production by neutrinos. There is also evidence for
new phenomena in antineutrino reactions., The HPWF collaboration
has reported the observation of antineutrino induced dimuon
events, an anomaly in the antineutrino y-distribution, a rise

in the mean value of vy y) and a rise in the cross-section
ratio(fs/Go with increasing energy. Howevef,so far there is

no evidence for antineutrino induced p+e- events in experiments
E-180 and E-172.

It is difficult to explain all this experimental data using
only one model. The existing theoretical models each predict
very different levels for new particle production by antineu-
trinos. For example, usihg the simple quark-parton model one
predicts charmed particle production only from the quark-anti-
quark sea in antineutrino reactions which seems to be in contra-
diction to experimental data on G 5/60 and <y) as functions
of energy. Alternatively one can consider models in which there
is new particle production off valence quarks. In these models
one expects a larger effect and a strong energy dependence.

Some models predict new particle production only in antineutrino
reactions. It is clear that new experimental information on

antineutrino reaction is urgently needed.
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I. New Particles

The intrinsic advantages of the ITC system discussed above
are particularly important in this experiment because they make
it possible to detect charmed particles with high efficiency.
The free proton target coupled with good neutral detection make
it possible to use the 0-C fits for some charmed particle pro-
duction channels. In particular 0-C fits will provide good mass
resolution ( 50-100 MeV) in the case of semileptonic decays.

The easiest way to detect charmed particles is to find evi-
dence for semileptonic decays by searching for events with two
charged leptons in the case of charged current reaction and for
event with a single lepton in the case of the neutral current
reactions.

Hadronic decay modes can be detected by analying events
with strange particles. In this experiment we can detect with
high efficiency not only neutral strange particles, which can
be detected by practically any bubble chamber, but also charged
strange particles (K;, Zi, etc). For charged strange particles
hydrogen is to be preferred because of the large nuclear inter-
action length (~Tm).

Effective AS = AQ violations are characteristic of charm
particle decays and can serve as a distinctive signature for

charmed particle production, for example:

o~ -

Gpp > u+T:p As = -AQ
K'nn
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In general strange particles are expected to be produced

preferentially in charmed particle decays by a factor dgzec and

the detection of a strange particle in an event will be an useful

signature of possible charmed particle production in the proposed

experiment.

1)

Leptonic Pair Production

The bubble chamber used in conjunction with the ITC
and the EMI provides efficient and reliable identification
of muons and electrons.

e pairs
Possible reactions with a muon and an electron in the

final state are:
v.p » ue’x (1)
u
S Nue - ute™X (2)

For the reaction (1) we expect to be able to set an
upper limit as low as 10"3 (for the yield relative to the
single muon events) and for the reaction (2) we expect to
be set an upper limit as low as ~3 ° 10-u. If the relative
yield of u+e~ events in antineutrino interactions is the
same as the relative yield of u_e+ events in neutrino inter-
actions we expect ~15 events for reaction (1) and ~50 events
for reaction (2) respectively.

The main background for the reaction (1) is due to

electron neutrino interactions, for example:
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-+
VoD > e T X

where the fast n° is incorrectly identified as a muon by
the EMI. Based on the calculated Vg contamination in the
beam and the "punch-through" probability we expect ~1 back-
ground event from this source.

For the reaction (2) in additioﬁ to the v, induced
background there are backgrounds due to Dalitz pairs, and
due to assymetric pairs and Compton electrons produced by
gamma-rays which convert in the plate where the interaction
occurred. By requiring that the eleetr&n momentum be great-
er than 1 GeV/c and by eliminating events where the invari-
ant mass of the e and any primary gamma ray is consistent
with a no, this background can be reduced to a reasonable
level ~10 events.

The observation of a few tens of u'e” events will en-
able us to study the accompanying hadrons in these events
and in particular to measure the yield of strange particle
production. The excellent energy resolution in this experi-
ment enables us to investigate the detailed production mech-
anism for these events and to check for example the hypo-
thesis that the pe events are produced by the decay of a

new particle:
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and also to investigate other possible production mecha-

nisms.

Uy pairs

Possible reactions with two mesons in the final state

are:
Gup ERRTRITD ¢ (H)
- + -
quuo > uu X (5)

Based on the CTF data we expect to obtain ~16 events
for reaction (4) and 50 events for reaction (5). The main
backgrouond is due to EMI "punch-through". Based on the
E-180 data we conclude that the "punch-through" probability
is 6.5% for hadrons with momentum greater than 6 GeV/c.

The background will be comparable to the expected signal.
Using various kinematic cuts we expect fto be able to reduce
this background further. An analysis of u+u+ events will
be useful to check the background estimates. An analysis
of the associated hadrons in the dimuon events, particu-

larly a measurement of the yield strange particles, will



67/ L/‘

-10-

help to understand the production mechanism of the dimuon events
and inparticular will help to check the hypothesis that the

dimuon events are produced by the decay of a new hadron:

S N->put Y X

u “L
-
HVy

2) Search for Direct Leptons in the Neutral Currents

If the direct lepton yield for the neutral currents
is approximately the same as dilepton yield for the charged
currents, we can expect ~5-10 neutral current events with
a charged single lepton generated in pure hydrogen.
The background in this case comes from two sources:
i) Ordinary charged current Gu, Ge and Vo interactions
and
ii) neutral current events where a hadron is misidenti-
fied as a muon by the EMI.
3-C fits for the charged current events will help to elimi-
nate background (i). Events with large transverse momentum im—
balance will be good candidates for direct lepton production
by neutral currents. By eliminating events in which the momentum
of the charged lepton is very high we can reduce the background
from both sources (i) and (ii).

3) Effective Mass Inclusive Distributions

We will search for new narrow resonance production
by plotting the invariant mass combinations for events with
strange particles (e.g., K°nm, A°nm, where n = 1, 2 cvv....

charged or neutral pions).
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Analysis of Exclusive Channels with

Strange Particle Production

As is shown in Table I we expect ~300-500 strange par-
ticle events in pure hydrogen. Therefore a total kinematic
analysis of exclusive channels with strange pérticle pro-
duction will be possible. The following are possible reac-

tions involving associated production of strange particles.

5> utakOM”)
> ntr%kOu
> utETK™M
> uts k™™
+ ut="k% "M
> u¥=%°M

> u+pK_KOM

The cross section for strangeness changing processes
AS = AQ in charged current reactions is directly propor-

tional to the Cabibbo angle - sguared.

v+ utAM

> ntrM
> utrTet

ptetaM

¥

i{-)

M means either nothing or ntn” pairs with (without) 7° mesons.
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The most interesting possibility is the detection of -
AS = -AQ reactions which are characteristic of charmed par-
ticle production. Possible examples of AS = -AQ reactions

in Vp interactions are:

Gp + u+pKoW"M

+ prprk"atM
One possible example for a AS = - AQ reaction

vp > uTAn Tt

was found in a neutirnoc exposure. No evidence has yet been

found for antineutrino induced AS = -AQ events.

Very little information exists on strange particle
production by neutral currents. We will be able to observe
strange particle production by neutral currents in this

experiment. Possible associated production reactions are:

Up + VAKTM

+ J2 M AS

1]
o

+ 9% tM

> 9nTKkt M

We will be able to place upper limits on strangeness

changing neutral currents reactions, for example:
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vp -+ GKOpM

> GA°v+M

> vI*tM ' AS = 1
=vO,_+

> VETT'M

—a=_+_+
> vV T M

It will be possible to make useful 0-C fits and to
investigate in detail the production mechanism for strange
particles in neutral currents.

II. DEEP INELASTIC SCATTERING

Charged Currents

There are several reasons why it is important and in-
teresting to study deep inelastic scattering of neutrinos
and antineutrinos. We can extract very fundamental infor-
mation from this data about constituents of the nucleons,.
Additional information is obtained by comparing this data
with data from eN and uN scattering experiments. Observa-
tions of deviations from Bjorken scaling are very important
theoretically.

In the bare hydrogen bubble chamber neutral particles
are detected with very low efficiency and it is not possi-

ble to estimate the energy of the incoming antineutrino
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(or the inclusive variables x, vy, QZ, W2

, ete.) very accur-

ately. In this experiment it will be possible to do 3-C

fits for the charged current events. This feature will

very much improve the accuracy of the inclusive variables.

This will permit a detailed study of scaling violations

and will lead to a better understanding of the high y-anomély.
By comparing our results with the result from the cor-

responding neutrino experiment we will be able to obtain

good estimates for the weak structure functions and to test

some theoretical relations and sum rules, for example the

Adler sum rule.?

2) Neutral Currents

The excellent energy resolution in the proposed experi-
ment is particularly advantageous for the investigation
of neutral current events. In previous experiments the
only measured variable was and the other variables E,
X, V, Q2, etc., were not precisely determined. In this
experiment there is good neutral detection efficiency and
good energy resolution and the energy of incoming antineu-
trinos can be obtained from a 0-C fits. Up to the present
time that the distributions in the scaling variables
(x, v, Q2, W2, etc.) have not been measured for the neutral
currents. Measurements of inclusive distributions for
understanding the nature of the weak neutral current. We

expect to obtain approximately 1,500 antineutrino-proton

and 5,000 antineutrino-nucleus neutral current interactions:
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vp > VX (7)
Vv, Nuc > ¥ X (8)

The most important background for the reactions (7)
and (8) is due to neutrino induced neutral current events.
The use of the plug to suppress neutrino contamination in
the beam will help tc decrease these backgrounds.

Measurement of R = vaiggn in Charged and Neutral Currents

Some models predict that the ratio R = o3 /0= wWill
p Vn

be energy dependent and a good measurement of R as a func-
tion of energy will be a sensitive test of these models. '’
The hydrogen bubble chamber together with the ITC sys-
tem will provide a very simple method,forﬁméésuring R in
both charged and neutral currents. The spatial separation
of the hydrogen target from the nuclear target and the large
hydrogen fiducial volume make it possible to measure R to
an accuracy of ~U4%. A measurement of R in the bare bubble
chamber with a hydrggen-neon mixture is considerably more

complicated and uncertain due to the problem of identifying

the target for each event.

Multiplicity Distributions

It is important to obtain information about the neutral
multiplicity in neutrino and antineutrino interactions.
In this experiment it will be possible to investigate multi-
plicity distributions for both charged and neutral parti-

cles as functions of w2 and Q2 in both charged and neutral
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current antineutrino interactions in pure hydrogen. These
measurements can be compared with corresponding data from

electroproduction and photoproduction experiment.

Exclusive Channels

A comparison of P-meson production in the neutral and

charged current reactions

Sp > upp

Sp + %

will provide important information abouﬁ the isotopic spin
structure of the weak interaction. Using the vector domi-
nance model the coupling constanté for W e* and 7Z%° can
be obtained.

We can also study other meson resonance production,
for example wo, n, n', 9, AZ’ f, ete.

Baryon resonances could be studied in the following

reactions

Gp +*U+AO’ N

The high neutral detection efficiency in this experi-
ment will enable us to study the simultaneous production
of meson and baryon resonances in the same reaction by both

charged and neutral currents.
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S > ut 0° Ao, N© 9 + v p° at, Nt
> ut o7 at, Nt > v ot A%, n°
> ut pt a7, N7
+ ot o° Ao’ N°

6) Electron Antineutrino Interactions

There is a small admixture ~2-3% of Ge in the Gu beam.
We expect ~100-200 5e p events and 300-600 §e Nuc events.
These events can be identified at the scanning stage with
very high efficiency. The statistics will be good enough
to enable us to study some characteristics of electron anti-
neutrino interactions.

III. STUDY OF NUCLEAR INTERACTIONS

We propose to investigate the possibility of using an ITC
with plates of different materials. This would enable us to
investigate the A-dependence of the total cross section and to
study nuclear effects as a function of A.

We propose to install nine plates in the chamber méde from
different materials: Al, Fe, Sn, Ta. The proposed modification
would allow us to measure the cross section for different values
of A in one experiment with the same systematics. The atomic
weight changes from 1 (in the hydrogen) through 181 (in the
tantalum). The arrangement of the plates would be basically
similar to the arrangement described in proposal #489 and the
effective number of radiation lengths would be approximately

the same.
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We would also like to investigate a specific nuclear effect

referred to as nuclear scalingf1 The

2
E§ 49 for protons produced in the

p dpdf

" laboratory system has an exponential

ments made in recent years show that

invariant function f =

backward hemisphere in the
2
_.Bp

form £ = ¢c e Experi-

the parameter B is independ-

ent of the initial energy, the type of incident particle and

the atomic weight of the target. The parameter C is independent

of the energy.and type of incident particle. It will be inter-

esting to check nuclear scaling for neutrinos and antineutrinos.

We estimate that we will obtain approximately 800 events with

protons in the backward directions.



Sy

~19-
REFERENCES

1J. P. Berge, et al., Fermilab Proposal #489, April, 1976.
2F. A. Harris, et al., Nucl. Inst. and Meth. 103, 345 (1972).
3$A. Benvenuti, et al., Phys. Rev. Lett. 34, 419, 597 (1975).
“B. Barish, et al., Phys. Rev. Lett. 36, 939 (1976).
5V. Khovansky, et al., Proceedings of the Aachen Neutrino
Conference (1976).
6§H. Deden, et al., Phys. Lett. 58B, 361 (1975).
7J. Von Krogh, et al., Phys. Rev. Lett. 36, 710 (1976).
8C. Baltay, et al., Proceedings of the Aachen Neutrino Confer-
ence (1976). |
%S. L. Adler, Phys. Rev. 143, 1144 (1966).

1oc, M. Albright, et al., Phys. Rev. 14D, 1780 (1976).

11G. A. Leksin, Preprint ITEP-147, (1976).



-20-

TABLE I

EXPECTED YIELD OF v EVENTS in 15-Ft. CHAMBER WITH ITC

Number of Events

Reaction E-180 E-28 This Experiment
v, D ¢ 3500 6000 4000
> UX 1300 2200 1500
> A/K X 300 500 300
> ute’X 10 15 10
IRTRATED ¢ 10 15 10
Gp > anything 5000 9000 6000
SNue »p*X 13000 21500 14500
vX 5000 8000 6000
> ue™X 40 60 40
> puTX 40 60 40
VNue > anything 18000 30000 20000

The calculations were done for 5

10

p photos, 1.3 - 1013

ppp, 400 GeV protons, 2 horns with a plug, 16m3 hydrogen,

LPx

> 8.5 GeV/c.

J

</ g/
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TABLE II

A COMPARISON OF THE RESOLUTION FOR SOME KINEMATIC

VARIABLES IN THE BARE CHAMBER AND THE

CHAMBER WITH THE ITC SYSTEM (FROM P-489)

Charged Currents

Neutral Currents

Variables
H2 H2 + ITC H2 H2 + ITC

ES 8% 2% Not measureable 20%
t

X 0.03 | 0.007 " 0.1

Y 0.04 | 0.01 " " 0.1
2 1" "

Q 8% 1.5% 20%
. n 1t

v 16% 49 5%
" 1t

W 8% 2% T%
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PROPOSAL TO STUDY ANTINEUTRINO INTERACTIONS IN HYDROGEN WITH

A GAMMA RAY CONVERTER SYSTEM IN THE 15-FT BUBBLE CHAMBER

ABSTRACT

We propose to investigate antineutrino interactions on
free protons with 90% gamma conversion and 95% electron and
muon identification by usingia downstream converter (DC) system
in the 15-ft bubble chamber.

We request an exposure to 500,000 pictures in a broad-
band antineutrino.horn beam. We request a primary proton
intensity of 2> 1.3—1013 protons per pulse at 400 GeV/c. Based
on the yields of antineutrino events in E-180 and E-31 we
expect to obtain 6,000 antineutrino interactions from this
exposure.

The following physics topics will be investigated:

I. New Particle Production
The detection of two leptons and/or strange particles in
the final state will be studied as a signature for new
particle éroduction.
II. 1Inclusive Reactions
Investigation of the neutral current structure and parity
nonconservation usiﬁg free protons as isovector targets.
ITI. Exclusive Reactions
IV. Nuclear Interactions
A-dependence of total cross sections and nuclear scaling.

V. Electron Antineutrino Interactions



INTRODUCTION
Neutrino and antineutrino experiments in the last few
years have provided many new results which have significantly
advanced our understanding of the characteristics of the weak
interaction. In addition to the discovery of neutral
currents, several entirely new phenomena associated with
charged current reactions have been revealed:

1. Dimuon events in both neutrino and antineutrino

interactions.

2. uy—-e events in neutrino interactions.

3. Trimuon events in neutrino interactions.

It is clear that continued experimental effort in this
field is extremely important.

We propose to investigate antineutrino interactions in
the Fermilab 15-ft bubble chamber filled with hydrogen, and
supplemented by the downstfeam converter {(DC) and the External
Muon Identifier (EMI).

Our request is for an exposure of 500,000 pictures in
a broad-band antineutrino horn beam. We request a primary
proton intensity of > 1.3 x 1013 protons per pulse and a
primary proton energy of 400 GeV. Based on the yields
obtained in experiments E-180 and E-31 we expect to obtain
approximately 6,000 antineutrino-hydrogen events.

The unique features of the proposed experiment are:

1. The experimental arrangement combines the advantages of

the free proton target characteristic of the hydrogen



bubble chamber with the improved detection efficiency

for neutral particles usually associated with a heavy
liquid filling. This feature provides the ability to

make 3-C fits, in the case of the CC events and mean-
ingful 0-C fits, in the case of the NC events for a very
much larger class of reactions than would be possible
using the bare bubble chamber alone.

The introduction of the DC system allows the identification
of electrons with high efficiency while keeping unbiased
accurate measurements of the electron energy.

90% of the gamma-rays produced in antineutrino intéractions
would be detected. Their energy will be measured with
reasonable precision (20%-30% for ehergies above 3 GeV).
Therefore, a major part (70%) of energy going into neutrals
which is lost in bare chamber experiments, is detected.

In addition, the reconstruction of neutral pions which

is possible with the proposed DC system allows the study
of exclusive channels containing one final state pi-zero.
Observation of gamma-rays can be used also as a veto

signal for exclusive channels which do not contain a

pi-zero.

PHYSICS

New Particles

The intrinsic advantages of the DC system are particularly

important in this experiment because they make it possible to

detect charmed particles with high efficiency and low background.

The free proton target coupled with good neutral detection



make it possible to use the 0-C fits for some charmed particle
. production channels. In particular, 0-C fits will provide
good mass resolution (50-100 MeV) in the case of semileptonic
decays.

The easiest way to detect charmed particles is to find
evidence for semileptonic decays by searching for events with
two charged leptons, in the case of charged current reaction,
and for events with a single lepton in the case of the neutral
current reactions.

Hadronic decay modes can be detected by analyzing events
with strange particles. In this experiment we can detect
with high efficiency not only neutral strange particles, but
also charged strange particles (Ki, Zi, etc.). For charged
strange particles hydrogen is to be preferred because of the
large nuclear interaction length (~ 7m).

In general, charmed particles are expected to decay
preferentially into strange particle final state by a factor
ctgzecand the detection of a strange particle in an event will
be a>useful signature'0f possible charmed particle production
in the proposed experiment.

A. Leptonic Pair Production

The bubble chamber used in conjunction with the DC and
the EMI provides efficient and reliable identification of
muons and electrons.

y—e Pairs
The reaction with a muon and an electron in the final

state is:

VP > pte™x (D



Based on the preliminary results of E-180, we expect ~ 15
events for reaction (1).
The main background for the reaction (1) is due to
electron neutrino interactions, for example:
Vep + e~ rntx

where a fast w+

-is incorrectly identified as a muon by the
EMI. Based on the calculated v, contamination in the beam
and the "punch-through" probability we expect ~ 1 background
event from this source.

The observation of u+e_ events will enable us to study
the accompanying hadrons in these events and.in particular
to measure the yield of strange particle production. The
excellent energy resolution in this experiment enables us to
investigate the detailed production mechanism for these events

and to check for example the hypothesis that the ue events

are produced by the decay of a charmed particle such as:

VP~ WF pu* (2)

L e Ventn~

Gﬁp > u+ﬁbAM (3)
e~ VeK'

v > DT ™M | (4)
>e VeK®

and also to investigate other possible production mechanisms.

. . + - . . . o
*M means either nothing or m 7 pairs with or without w mesons.



uuy Pairs

The reaction with two opposite-sign muons in the final

state is
Uﬁp > uTuTx | (5)
‘This reaction can be studied if the EMI is improved to reduce
the "punch through” background from hadrons. An analysis of
the associated hadrons in the dilepton events, particularly
a measurement of the yield of strange particles, will help
ué to understand the production mechanism and in particular
will hélp to check the hypothesis that the dilepton events
are produced by the decay of a new hadron:
VN > T Y x

+u—UuX'

B. Search for Direct Leptons in the Neutral Currents

If the direct lepton yield for the neutral currents is
approximately the same as dilepton yield for the charged
currents, we can expect ~ 5-10 neutral current events with
a charged éingle lepton generated in pure hydrogen.

The background in this case comes from two sources:

i) Ordinary charged current Uﬁ, Ge and vg interactions, and '
ii) Neutral current events where a hadron is misidentified
as a muon by the EMI.

3-C fits for.the charged current events will help to
eliminate background (i). Events with large transverse momentum
imbalance will be good candidates for direct lepton production
by neutral currents. By eliminating events in which the
momentum of the charged lepton is very high we can reduce

the background.



C. Search for Hadronic Modes of New Particle Decays

Using the excellent resolution of the hydrogen f£illing
we will search for production of new Narrow resonances by
studying invariant mass combinations. The reactions which

we can study are, for example:
Uup + utDOAM
K n~ (ROx+r—)
vup + u D Ity
+ROr~ (KT~ 1™)
VP > 1 FTPM
+>KTR~ 7~
Exclusive channels with new particles produced can be extracted
with low background from the sample of events with 3-constraint
fits. A direct comparison in the same experiment of hadronic

and semi-leptonic decays of new particles opens the possibility

to determine branching ratios for these decays.

ITI. Inelastic Scattering. 1Inclusive Reactions

A. Charged Currents

In the bare hydrogen bubble chamber_neutral particles
are detected with very low efficiency causing difficulties
in estimating the energy of the incoming antineutrino. In
this experiment it will be possible to do 3-C fits for a wide
class of charged current events. This will improve the
accuracy in determining the.inclusive variables allowing
scaling violations to be studied. Kinematic separation of

protons and the reconstruction of 7°'s allows one to determine



the three quark fragmentation functions which can then be
compared with QPM predictions.

By comparing our results with those of the corresponding
neutrino experiment we will be able to obtain good estimates
"for the weak structure functions and to test theoretical
relations among them and the sum rules.

B. Neutral Currents

At the present time our knowledge of the NC structure
ig very poor. Therefore ﬁhe direct measurement of parity
nonconservation and the measurement of NC total cross section
on protons in antineutrino interactions at high energy are
very important for the theory of weak interaction.

We propose to study the parity.nonconservation by
measuring the longitudinal polarization of the A-particles
in the reaction

vyp > VpAx
or determining the density matrix of p or A in the reaction
th + Uup(A)X.

We expect to obtain approximately 1500 antineutrino-proton
neutral current interactions. The absence of nuclear effects,
the high neutral detection efficiency and good energy reéolution
are of primary importance here. The proposed DC system allows
the measurement of distributions of x, y, 02 and specifically
U = X (1-Y) which is associated with hadron characteristics
only. The CC background can be decreased by a combination of
EMI data and an improved kinematic procedure for muon
identification. The neutron background can be estimated from

fits to the reaction

(np + pp1 ).



The weak neutral current is described by four parameters

a, B, vy and §:

(ﬁypU - ayud) + % (ﬁyuysU - H#HYSU) + (ﬁ#nU + Eﬁud)

o

dne = 2
+ 5 (Tyyvgy + Ty, vsl) -

The NC total cross section data in v and v beams on nuclei
with I =0 (including the deuteron) allow the determination of
only two combinations of these parameters, a? + 62 + yz + 52
and aB + v§.

In the proposed experiment using.free proton targets
with I = 1/2 we will be able t§ find independent combination

of the same parameters:

2({ay + &8) + (aB + By).

C. Multiplicity Distributions

It is important to obtain information about the neutral
multiplicity in neutrino and antineutrino interactions. In
this experiment it will be possible to investigate multiplicity
distributions for both charged and neutral particles as functions
of W2 and Qz in both charged and neutral current aﬁtineutrino
interactions in pure hydrogen. These measurements can be
compared with corresponding data from electroproduction and |

photoproduction experiments.

ITII. Exclusive Reactions

A. Two Body and Quasi-Two Body Reactions

This experiment opens attractive possibilities for the

study of the simplest exclusive channels, for example:



-10-

VP > VP ( 6)
VP > u'n (7)
VP > utA (8)
vup ~ wire (9
vup + uFrTp (10)
Uup + ptnon (11)
v,p > utrCA (12)

The use of the DC system as a veto signal for additional neutral
pions cleans the sample of events for reactions 6-12. Further
rejection of background can be done by kinematic analysis. The
fraction of events of each of these reactions is about 1% of
the total yield. Reaction 6 is extremely important for under-
standing the nature of neutral currents. Previous experiments
studying this reaction have been done with nuclear targets.
Producticn of single strange pérticles in Reactions 8 and 9
provides a good check of the Cabbibo theory. By selecting
events of reactions 10-12 with a very low energy baryon in

the lab system, we can study the scattering of antineutrinos

on pions and kaons, which have not yet been measured.

B. Strange Particle Production

As is shown in Table I, we expect ~ 300-500 strange
particle events in pure hydrogen. Therefore a kinematic
analysis of exclusive channels with strange particle production
will be possible.

The most interesting possibility is the detection of
AS = -AQ reactions which are characteristic of charmed
particle production. Possible examples of AS = -AQ reactions

in Vp interactions are:
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vp > u+p§°ﬂ_M.
> ptpr~ntM
Very little information exists on strange particle
production by neutral currents. We will be able to observe

strange particle production by neutral currents in this

experiment. Possible associated production reactions are:

vp > VAK M

+ VETROM
AS

It
D

> VIOR™™
> Vi K M
We will be able to place upper limits on strangeness

changing neutral current reactions, for example:

vp > GKOpM

> VAT ™M

-+~ vty AS
> viOrtM

i
=

+ vr~ntrTy
It will be possible to make useful 0-C fits and to

investigate in detail the production mechanism for strange

particles in neutral currents.

C. Resonance Production

A comparison of p-meson production in the neutral and
charged current reactions
vp » upp

vp + vp©p
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will provide important information about the isotopic spin
structure of the weak interaction. Using the vector dominance
model the coupling constants for Wipt and ZopO can be obtained.

We can also study other meson resonance production, for
example w°, n, n', ¢, Ay, £, etc.

Baryon resonances could be studied in the following
reactions

vp + uta®, x°
+ VAT, N+*, etc.

The high neutral detection efficiency in this experiment
will enable us to study the simultaneous production of meson
and baryon resonances in the same reaction by both charged
and neutral currents.

o ,0

p® A%, n

<]

vp » ut 0% 2%, N° Tp -

O

> pt o= A%, wt >V pt A%, N

<l

+ ut pt AT, N

+ pt o A0, N°

IV. sStudy of Nuclear Interactions

| We propose to investigate the possibility of using in
the DC system the plates with different materials; for
example, to replace one steel plate with a plate made from
Ta. This would enable us to investigate the A-dependence
of the total croés section and to study nuclear effects such
as nuclear scaling.

The essence of this phenomenon is as follows: The

invariant function f = gj-%%gﬁ for particles produced in the

backward hemisphere in the laboratory system has an exponential
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form £ = ¢ e"BP", Experiments made in recent years show
that the parameter B is independent of the initial energy,
the type of incident particle and the atomic weight of

the target. The parameter C is independent of the energy
.and type of incident particle. The preliminary results-from
E-180 show the same features of the invariant function in
antineutrino interactions. We expect to have about 100
events with protons produced in the backﬁard hemisphere and

to study this process in more detail.

V. Electron Antineutrino Interactions

We expect 50-100 v p events from the 1-2% of vg and
Ve in the Vu beam. These events can be reliably identified
at the scanning stage because of showering in the plates.
The electron energy can be measured with high precision
allowing the characteristics of electron antineutrino

interactions to be studied such as the x, y and Q2

dependence.
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TABLE I

EXPECTED YIELD OF v EVENTS IN 15-FT. CHAMBER WITH DC

NUMBER OF EVENTS BASED ON:
REACTION E-180 E-31 P-489
Vp ntx 3500 6000 4000
+ VX 1300 2200 1500
> A/ROX 300 500 300
> uTe™x 10 15 10
> utu"x 10 15 10
Vp + anything 5000 9000 6000

The calculations were done for 5 . 10° photos,
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1.3 - 10 ppp, 400 GeV protons, 2 horns with a plug,

LPx > 8.5 GeV/c.





