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Abstract

We propose to take 100,000 pictures of high energy neutrinos
in an approximately 20% mixture of Neon and Helium using the FNAL
15 foot bubble chamber exposed to the quadrupole triplet focussed
neutrino beam with the EMI. OQur experience in E-28A has shown that
the capability of recording and analyzing high multiplicity, multi-
ple gamma conversions, secondary neutrino interactions, and high
energy electrons makes this instrument uniquely useful in searching
for new phenomena in neutrino interactions.

The principle advantage in using the quadrupole triplet beam
is that a greater proportion of the events occur at high energy
(i.e. >60 GeV) allowing a fast and more effective analysis of the
characteristics at high energy.

This experiment allows a sensitive and bias-free search for
the following:

1. phenomena with electrons in the final state.

2. phenomena with muons in the final state. The EMI is

an important adjunct to this study.




multiple leptons (ue, up, ee, pee, pue, uup, eee)

in the final state.

Possible anamalies in scaling distributions of charged
current events.

possible anomalies in distributions of neutral current
events.

other anomalous phenomena which may occur at high

energy.

comparison of characteristics of events produced by

ve(vu) to those by ve(vu).




Search for New Phenomena |[Associated with

High Energy Neutrinos Using the Quadrupole Triplet Beam

I. Introduction

This proposal is for an exploratory experiment concentrating
on new phenomena at high energies, consisting of 100,000 pictures
of the 15' bubble chamber filled with 20¢% Ne/H2 and exposed to a
quadrupole triplet neutrino beam optimized for an energy range of
30-200 GeV.

For the investigation of these phenomena the quadrupole trip-
let focussed neutrino beam (QTB) is optimal, at least until the
“long spill"” horn becomes operational. A major reason is that
satisfactory operation of the EMI with the horn requires the
maximum primary proton intensity to be limited to ~5-6 x 10]2 pro-
tons per burst. Higher intensities result in an unacceptably high
rate of random accidentals. Since the QTB can be used with a spill
1 msec in length the random rate is 50 times smaller than that with
the horn. As a result there is no limitation on primary proton
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intensity with the QTB. We will assume 1.5 x 10 protons per pulse

in calculating rates.

The large number of low energy neutrino events produced by a
double horn beam provide a "background" to the search for high
energy phenomena. This is particularly apparent in the case of
neutral currents where events with small visible energy are produced
by high energy neutrinos. The QTB suppresses this effect, about
half the events have energies greater than 60 GeV compared to

about 25% in the horn beam.




It is readily apparent that search for new phenomena must be
as unbiased and as sensitive as possible. We have studied in detail
the effect of the radiation length on the detection of direct
electrons and on the "analyzability" of events. The results are
presented in Appendix I and II. We conclude about 12-17% of the
events can not be analyzed because of an early shower or secondary
interaction which obscures the vertex of the detection and measure-
ment of neutral strange particles. An event is considered un-
analyzable if its energy cannot be measured, or the presence of a
drect electron cannot be determined, or if the number of hadrons
is so great because of secondary interactions that the EMI con-

tributes no information. The blind region caused by the

analyzability problem is obviously biased against Tg}ge hadrdn
energy and high energy direct electrons (such as those from Ve
interactions) although the extent of the bias has yet to be deter-
mined. Above about 30 GeV we think that neither the momentum nor
even the sign of the charge of an electron can be détermined for
more than about one half of the electrons in heavy mix.

The detection of muons using the EMI (1 plane) is difficult
to evaluate because no experience has been gained with long spill
(1 msec). Nonetheless with the usual increased collimation ex-
pected at high energies the utility of the EMI will be enhanced by
suppression of accidentals. The detection of multiple muons has
proved difficult with the horn beam (E-28). The primary reasons
are that only muons with energies greater than ~3 GeV can be

identified with good efficiency and that the accidental rate in

EMI with horn beam further degrades identificaiton efficiency.



Both these restrictions are minimized by use of the Quad Triplet
Beam with its high energy and long spill.

In Table I we present a detailed comparison of the advantages
and disadvantages of the various v beam-detector combinations for
several topics of cﬁrrent physics interest. Grades are awarded
based on our quantitative studies of electron detection and back-
grounds for direct electron identification and on our qualitative
estimates of the utility of the sample with respect to the physics
goals. For completeness we also present in Table II a similar
comparison for v beam-detector combinations. Note that the QTB
allows both v and 3’studiqs to be made simultaneously under iden-

tical beam conditions.

Summary and Conclusions.

The main emphasis of this experiment is to search for new
phenomena at high v energies (Ev > 60 GeV). As jllustrated in
the tables a 100,000 picture exposure of the 15' Bubble chamber
filled with 20% mixture of Neon and Hydrogen exposed to the Quadru-
pole Triplet Neutrino Beam is an ideal combination for this
investigation. Specifically, we propose to make an unbiased
sensitive search for:

1. - phenomena at high energies producing direct electrons.

2. phenomena af high energies producing direct muons.

3. electron neutrino and electron anti-neutrino interactions

and comparisons between them.
4. phenomena at high energies involving multiple direct

leptons (ue, ee, uu, epy, nee, uup, eee).




anomalous characteristics of neutral currents at high
energies such as increased production strange particle
production,

new phenomena in charged current neutrino interactions,
particularly when compared to Gﬁ.

anomalous energy dependence of charm production.




Appendix 1
STUDY OF EFFECTS OF RADIATION LENGTH ON
THE ANALYSIS OF NEUTRINO EVENTS

We have experimentally studied the effects of radiation

length on the detection and analysis of neutrino events. The

data were obtained from an examination of about 2000 events

in a 1Tight mixture of Neon in hydrogen (20% Ne by volume,
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116 cm) and about 100 events in a heavy mixture of Neon

in hydrogen (70% Neon by volume, Ap = 40 cm).

A.

Analyzability of events

We catagorize an event an unanalyzable:if the energy cannot
be measured, or the presence of direct electrons cannot

be determined, or the multiplicity of tracks entering the
EMI make the interpretation of EMI data questionable.

By these criteria we find no unanalyzable events in 20%

mix and 1724 % of the events in 70% mix ¢ nnot be analyzed.
The reasons are: early development of the electromagne-
tic cascade which obscures the vertex and makes measure-
ment of other hadrons very difficult; an energetic hadron
which interacts close to the vertex; and occasionally

the unmeasurability of an otherwise useful event be-

cause it is superimposed in one stero view on an ener-
getic shower from a v event in the wall.

This problem is exacerbated when direct electrons are
present, in that case the electro magnetic cascade starts
at the vertex. Electron neutrino interactions will be
particularly difficult to study although the extent of

the difficulty has not been quantitatively determined.




Measurement of momentum of hadrons. _

:The measurement error due to multiple coulomb scattering
depends inversely on the square root of the radiation
length. At Tow and intermediate energies this is the dom-
inant error. As a resd]t the identification of K; amd A
will be less precise. The K/A ambiguity is less than

10% in light mix but i%creases to about 25% in heavy

mix even with 3c fitting.'

The interaction mean free path is about 1 meter in
heavy mix. The‘seCondary 1nter$ction of energetfc
hadrons will 1imit the track length available for mo-
mentum measurement in an appreciable fraction of the

events. This is not a problem in Tight mix.

Measurement of Electron energy

Because the radiative energy loss greatly exceeds ijoni-
zation energy loss at electron energies above 800 MeV the
effect of radiation length on electron energy measurement
is linear. Thus the energy resolution of the measurement
of a high energy electromagnetic cascade in heavy mix
will be substantially 1nferioﬁ to light mix despite the

increased detection probability.

Measurement of Neutrals

The smaller mean free path for hadrons in the heavy mix
will increase substantially the detection of neutrons and
KE. However, on the average a small fraction of the energy
is carried by these particles. We estimate 85-90% of

the average total energy will be measured in the light




mix and 90-96% in the heavy mix.
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Appendix 11

A study was made to determine the .effect of the radiation
length of the bubble chamber fluid on the identification and mea-
surement of direct electrons. The comparison was made using film
taken in E-28 (20% Ne) and E-53 (70% Ne). The study is still in
progress, preliminary results will be presented here.

There are two major aspects to the problem of the detection
of direct electrons. The first deals with the detection of the
electron, as well as a determination of its charge and its energy.
The second deals with the background due to conventional electro-
magnefic processes which simulate direct electron production but
which cannot be distinguished event by event. It will be seen
that these different aspects make conf]ictihg requirements on the

properties of the liquid and a compromise will be necessary.

1. Detection Efficiency

a. 20% Ne
In this study, electrons were identified exclusively by
electromagnetic processes. A track was considered identified as
an electron if it showed any one of the following signatures:
- a rapid energy loss consistent with beamsstrahlung
- a converted e’e+»pair pointing tangentially to the track,
and ndt to the main vertex
- the presence of‘a e e’ pair directly on the track, point-
ing tangentially along the track.

The detection efficiency was calibrated with external e"e+ pairs,

as a function of the momentum. It was measured in the region up
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to about 5 GeV/c. That the extrapolation to high energies up to
100 GeV is reasonable is confirmed by our observation of the ex-
pected number of electron-neutrinos ve; at high energies.

An electron gets detected in about 50%, as expected from the
radiation length. From our experience in E-28 we have established
that for every detected electron both the charge and the energy
can be reliably determined. In 20% Ne, there also is no problem
with electromagnetic showers of high energy w°'s making events

unmeasurable. Hence there is no loss of electrons due to measure-

ment problems.
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b. 70% Ne

In order that a particle is identified as an electron, two of
the electromagnetic signatures of/section (a) was required. Since
the radiation length for the heavy mixture is X° = 40 cm, this, in
principle, leads to a high efficiency, close to 100%. Unfortunate-

ly, the short radiation length also has disadvantages, which




partly cancels the increase in efficienéy, especially at high
energies: Due to conversion of photons from neutral pions close
to the vertex with its accompanying electromagnetic shower, in
about 12% of the cases a direct electron will not be recognized
as such due to the confusion of its shower with the shower from
the neutral pion. Studies of film from E-53 indicate, that

(12 + 3)% of the total events will be unanalyzable due to dense

showers.

At higher energies, there is the additional problem of an
early onsef of a shower from'the electron itself, which often
renders a determination of charge or energy impossibie. ‘Hence the
useful detection efficiency is smaller than 100%, especia]ly at

high energies.
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2. Background to direct electrons from conventional sources

Obviously, there are conventional reactions which will result
in electrons or positrons, which seem to come from the interaction
vertex. In this section, we do not want to discuss the more ob-
vious background as from Vas Gé, and symmetric Da]itz-pairs, which
can be eliminated by cuijtable cuts or by the use of the EMI.
Rather we would like to concentrate on the 1imitations after such

cuts, the "irreducible", undetectable background.

a. The major source of such background comes from asymmetric

Dalitz pairs, where e.g. the e  is of such low energy that it can-
not be observed. For this background, an operational definition
of the term "Dalitz pair"” has to be used. It includes real Dalitz

pairs, as well as external pairs, close enough to be mistakenly

eJ 4

e

taken as coming from the vertex.

This background depends very much on the energy spe%trum of
photons, the energy cut off for the et and e” as well as on the
radiation length of the liquid. It is given by the integral {or

sum) over all photon energies E, > EE

1 - i
Ntot i i

where:

E® is the upper 1imit, below which electrons will not be
observed.

£ is the lower limit for the positron to be accepted.

+
Ni is the number of "Dalitz pairs" in the ith energy bin.




1t turns out that Ni is approximately inversely proportional to the
radiation length, since a large contribution comes from external
pairs close to the vertex. ‘ |

This background rate was evaluated using the observed photon
energy spectrum in the neutrino experiment E-28, which is given in
Fig. 3. An electron energy cut off of 5 MeV for 20% Ne and 10 MeV
for 70% Ne was used. These values are based on a preliminary

study of frequency distributions of low energy &-rays.

20% Ne 70% Ne
background E? < 5 MeV E? < 10 MeV
0 -4 -4
E, > 300 MeV 4.3 x 10 26.0 x 10
ES > 1 GeV 0.55 x 10°% 3.3 x 1074

These background rates have to be compared with an observed

u*e+ signal rate,

20% MNe ’ 70% Ne
signal rate (n-e¥) = 20.0 x 10”% 70.0 x 10”% ,
(measured) (not measured,

estimated from
E-28)
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b. For short radiation lengths, there is a second contribu-
tion which comes from a close symmetric "Dalitz pair" with a sub-
sequent large energy loss due to bremsstrahlung of the negative

electron.

w
Q-

If the brems process of the e  is close to the vertex of
the pair, the e will appear like a &-ray on the positron, since
the tracks have not separated sufficiently. Much of this back-
ground can be eliminated by requiring that the positron not have
a & ray above a certain momentum close to the vertex. There re-
mains, however, a irreducible contribution, even after a &-ray

cut. It is given by

N. E.-E®
1 B0 T ()
L

N E.

[+]
tot X j -

where 2 is the distance along the track of the e to the brems-

1
point. 20% 70%

E® < 5 MeV E® < 10 Mev
background 2 1 = 4cm X° = 110cm 1 = 4cm X° = 40cm
ES > 300 MeV 0.5 x 107% 7.2 x io™4
ES > 1 GeV 0.01 x 1074 1.3 x 1074

For 1ight mixtures it can be neglected, this is not true for the

heavy mix, however.
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In the following table, the combined background is expressed

as a percentage of the observed signal.

total 20z | 60z
Dalitz background E” < 5 MeV E- < 10 MeV
E2 > 300 MeV 12% 47%
EQ > 1 GeV 1.6% 7%

c. Background from particle decays.

Semileptonic decays of hadrons can simulate direct electrons.

The largest contribution 0f>this kind comes from the process Kkt >

etrov . The background from this source has been estimated to be

e
1.4 x 10'4 for positron energies Ee+ > .5 GeV, using the measured

momentum spectrum for kaons in E-28. A1l other decays give smaller

contributions.
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