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Abstract

We propose to take one million pictures of high energy neu-
trinos in an approximately 20% mixture of Neon and Helium using
the FﬁAL 15 foot bubble chamber exposed to the quadrupole triplet
focussed neutrino beam with the EMI. Our experience in F-28A
has shown that the capability of recording and analyzing high mul-~
tiplicity, multiple gamma conversions, secondary neutron interac-
£ions, and high energy electrons makes this instrument uniquely
useful in searching for new phenomena in neutrino interactions.

The principle advantage in using thé quadrupole triplet heam is

1. A greater proportion of the events occur at high energy
(i.e. >35 GeV) allowing a fast and more efficient analy-
sis of the characteristics at high energy. The results
of the counter neutrino experiment indicate that new
phenomena are very likely to occur at high energy.

2. A 20% Ne/H2 mixture makes possible the detectio? of high
energy electrons from the primary vertex. For a sub-
stantially higher density of Ne, this detection effi-
ciency will be much worse due to a confusion of the

primary with secondary vertices from interactions and

radiation losses.
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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, usino the 15' bubble chamber
with a 20% Ne/H, filling and a quadrupole triplet neutrino beam
optimized for an energy fange of 30-200 GevV.

The main emphasis will be on:

1. phenomena with electrons in the final state

2. a detailed study of dilepton e&ents (with both electrons

and muons in the final state) observing their hadronic
features such as their association with strange particles.
3. recently observed anomalies in the deep inelastic region
at small x = Q2/2Mv. .

These phenomena appear to have a threshold at about 30 GeV
neutrino energy. For their investigation the broad band beam
neutrino spectrum with its large flux of low enerqgy neutrinos pro-
vides a large "background" of low energy neutrino events. The
analysis of high energy interactions is prolonged because of the
large number of low energy neutrino events. There is a difficulty
of interpretation because of the corrections necessary with a
rapidly falling neutrino spectrum. The analysis is greatly simpli-
fied for the neutrino spectrum from the gquad triplet beam. This
beam suppresses the low energy neutrinos and somewhat enhances the
high energy neutrino spectrum as is seen in Fig. 1. The main ad-
vantage lies in the ease of analysis. Essentially all neutrino

interactions are in the region of the new phenomena while the back-



ground due to low energy neutrons from low energy neutrino inter-
actions is suppressed. We anticipate far fewer cuts necessary on
the data since most of the interactions will have an energy in the
region of the new phenomena. Finally the relatively leng spill of
the beam should allow for the detection of dimuon events using a

coincidence of two penetrating tracks in the FMI.

ITI. Detailed Description
A, Dilepton

Experiment E310 or ElA has evidence from their investigation
of dimuon events that the new phenomena occur at the hadron vertex.
This implies a possible new particle of sufficient lifetime énd
stability so that it must decay via the weak interaction. E310
proposes to investigate the properties of leptons produced in di-
muon events, with rather‘course sampling of the hadronic component.
The 15 foot FNAL bubble chamber with an enriched Ne-H2 mix also .
provides an excellent tool for investigation of the hadronic com-
ponent of neutrino interactions. The direction and multiplicity
of the hadron component is seen visually and the electro-magnet
component from pi-zero or other neutral decay is seen because of
the conversion to gamma rays in the neon. If, in fact, there is a
new particle with new quantum numbers, of sufficient lifetime, it
may be visible in the bubble chamber along with its subsequent
decay. The search for dimuon events using the EMI is greatly
aided by the use of a 1 millisec spill. The structure in the time
distribution of events for multiple turn extraction along with the
timing information available for the EMI allows a correlation in

time of the 2 muon tracks of a dimuon. The many buckets in 1



millisec spill reduces the chances of accidents to a very low

value.

B. Anomalies at small x in deep inelastic Processes
- Recently, anomaliés have been ohserved for deep inelastic pro-
cesses in the y-distribution for events in the small x region.
Likewise, there seem to be deviations from the Adler and Gross~
Llewellyn Smith sum rules at high energies. Such anomalies could
be related to the production of hadrons with new quantum numperé.
These effects have to be confirmed in an iﬁdependent experi-
ment. For such studies the use of the guadrupole beam is of the
greatest importance. The flux obtained from horn focussed neutrino
beams, which falls rapidly with energy (three orders of magnitude
for 10 < E < 160 GeV) introduces systematic distortions of the y-
distributions, which are difficult to be estimated. The spectrum

obtained from the quad beam, with its almost flat energy distribu-

tion minimizes such distortion effects.

C. Muon Detection

The detection of muons is made possible in the 15 foot FNAL
bubble chamber by use of a Ne-F, mixture. With the 20% by volume
Ne-H, mixture of E28 we estimate that 50% of the hadrons in a high
energy neutrino interaction can be identified wvisually because
they wiii kink, scatter, interact or decay. The likely high mul-
tiplicity of the events with dileptons precludes a much larger mix-
ture of Neon. The External Muon Identifier (EMI) can aiévin the
identification of those tracks which have not been visually identi-

fied. For dimuon events a combination of the two technicques will

be used.



D. Electron Detection

The detection of electrons is possible with a Ne~H2 mix.
Electrons will bremstrahlung and lose energy. An abrupt
change in curvature can be detected visually. The most unambiguous
identification of a high energy electron occurs when. the electron
has a brem in which the electron locses greater than 30% of its
energy so that the change in curvature is sufficient té be easily
seen. If the brem converts and we can identify the gamma then the

1dent1flcatlon of the primary electron is clear. ThlS requlres at

least two radiation lengths in the chamber plus some initial length
for the primary interaction to take place and some visible length
of the converted bremsstrahlung gamma ray. For a radiation length

of lOOcm as 1n the case for 20% by volume fractlon of Ne two radla—

‘ﬂtlon lengths is half the chamber SO0 we expect 25% detectlon effl—
ciency for a primary electron. A slightly enriched Ne-~H2 mixture
would moderateiy increase the detection efficiency dgpending on
the mixture used. High energy electrons tend to develop an electro-
magnet shower. Electron neutrinos comprise 1-2% of the total neu-
trino flux. The detection of the electron will allow an investiga-
tion of electron neutrino interactions at the levgl of a few
hundred events.

However with a heavily enriched Ne-H, mixture the event be-

comes difficult to analyze as can be seen (Fig. 2) from the
attached events. The produced gammas will convert near the main
vertex and secondary interactions will occur to the vertex. This

-

causes many tracks to overlap so that is is very difficult to study

the details of the primary interaction.



IIX. Event rates

E28A has found that with 6 x 1012 protons on target, a pri-
mary energy of 300 GeV and a Ne mixture of 20% by volume there ig
a neptrino interaction every 8 frames. The raw raté of.the quad
triplet beam decreases by a factor of & compared to the horn
focused beam. The flux is essentially the same above 100 GeV and
substantially reduced for lower energies. For the present quad
triplet beam with 1013 pProtons on target and 400 Gev primary pro-
ton energy a 20% Ne—H2 will yield an event in every 20 frameé.
There will be an event over 30 GeV every 40 frames. For an ekpo—
sure of 1,000,000 pictures we would have 25,000 events. VThe di-
muon event rate is about 1% so 250 dimuon events would be produced.
Assuming a 20% electron detection efficiency we would expect
50 u e’ events uniquely identified. We estimate that at least 70%

of the p*u” events will be detected for a total of 200 events. A

few tens of u e  and u u~ events should also be detected.

IV. Summary, Conclusions and Detailed Proposal

In summary, we propose to run this coming spring, 1976, during
the quad triplet run for E310, with the enriched Ne-H2 mix avail=-
able from the immediately preceeding bubble chamber neutrino runs.
Since the neutrino beam will be on and the bubble chamber and neon

there, it seems good sense to use this unique opportunity to bhest

advantage and run the two experiments concurrently.
The relatively flat neutrino spectrum reduces the background
of conventional neutrino interactions without suppressing the

high energy neutrino interactions of interest. Because allre?ents



are interesting high energy neutrino events even though the total
number of events compared to broad band are reduced, the analysis
is greatly simplified. Depending on the neon mix available we
would expect 1 interaction in about 10 pictures. We request 1

million pictures with 400 GeV proton and 1013

proton on target.
The beam structure, spill time, is compatible with running the
bubble chamber and E310 at the same time. Of course the EMI will

be used to enhance muon identification and aid in neutral current

*

determination as well as for the dimuon search.
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I. Introduction

The discovery of the high multiplicity of k° assoc1ated with (e u ) events
from the 15 foot chamber at FNAL, has created a qreat interest in try1ng to deter-(
mine the properties of this particle. The light mixture in the 15 foot chamber~ |
seemed to be ideal for.the initial proof for this particles existence;/‘waéVer,':.‘;fy
for studying in greater detail the complicated phenomena associated withathéée  ¢

events, the increased statistics gained by the héavy mixture of Neon would appearf"'

at this time to be more productive.

| It appears to us that there are three other basic explorative expériments ré;w

lated to (u;ei) events which have yet to be done; namely (1) the produétion‘df

ei in neutral current intgractions both in neutrino and (2) in antineutrino béém$f 
“and (3) the productioh of u+e in charged current antineutrino 1nteract1ons l;;f‘

-

is the study of processes (2) and (3) that we would like to pursue. Results from

process (4) will probably come from horn v runs with a heavy mix wh1ch“h§ve a]- -
ready occurred.

We wish to emphasize that the study of this phenomena in antineutrino béams
is considerably more difficult than in neutrino beams because of the background oflf
electron phenomena associated with y rays as well as possibly a reduced - flux and
reduced cross section. Because of the considerations it is important to reduce‘the.
vy and GE flux to as low a level as poséib]e.

For (u+e') Gﬁ neutrino eventé, backgrounds can come from

1)  compton electrons plus hadron punch-through

2) very asymmetrical Dalitz pairs plus hadron punch-through

3) Ve interactions plus hadron punch-through.

For the study of (u+e—) production in neutral current interactions the back-
grounds are even more serious. They are the following

1) neutron interactions with any electromagnetic phenomena giving an elec-

tron




2)‘igvugjnteractions~in the N.C. (they must be separated:fromfvﬁ

teract1ons)

Py

f7c3)‘ ve charged current 1nteract1ons TheSe aside from thet

var1ab]es, automat1ca11y fit the category of N.C. 1nteract1ons

th1s category of events has been observed in E 28 It has an electr

‘V

sketch of th1s<event 1s enc]osed IF the event 15 rea1

then;the-ant
part1a1 cross sect1on 1s probab]y not very sma]] E

sketch of thls;event,is 1nc1uded.

II. Beams and F]ux ;‘1,7*

A new 51gn se]ected broad band beam has been des1gned by Ray Stef
beam uses a bare target followed by dipoles and a beam dump to’aih1ev

separat1on between oppos1te1y charged part1c1es in the seconda,

target W1th a proton energy of 400 GeV on target the resu1t1ny

A]so shown is the background neutrino flux. It can be. seen from. th1s ftgure
that the sign se]ected bare target beam gives the 1argest y1e1d of h1qh energy

ant1neutr1no flux while maintaining a good sign selection at h1gh energy : Note




- that the v /“h1gh energy horn flux 1is strongly contam1nated by neutrfnos

we assume 17 ton f1duc1a] vo]ume for the heavy Neon H2 m1x 1n T

chamber., Wevalso assgme a 100,000 picture run with 1013

giving 1018 ﬁrotOnskon target - The total yield of ant1neutr1no events

protons on«ta et p
run w111 be 4000 5000 depend1ng on the actual v .Cross sect1on at h1g

ratio w1th energy exceeding 0.5 somewhere above 50 GeV). The averaq

will be ~100 GeV. We estimate the dilepton yield from‘the.datavof ETA which

give

| Rate(yt N+ uTuVK) = 2 £ 1%
 for E is > 40 GeV and E _ > 3 GeV. The rate estimates could berih'err>
,factor of 2. The reSu1¥1ng u*e number of events.is a4 x 22 events
data from E28 indicate more events with e’ momentum below 3 GeV than bove we)e
‘,t1mate the actua] number of u e events will be greater than tw1ce 0) 4
This yield appears adequate to uniquely 1dent1fy the u e s1gna1 and‘to;st dy't

possible- assoc1at1on with strange particles as. well as the x ahd‘y7

vis
tion to compare with the d1muon,events. We also expect to be able to se]ectad1'

muon events thus 1ncreas1ng the rate by another factor of ~1/3.

IV. Request
We request a run of 100, OOO pictures with the 15 foot chamber f111ed w1th the

conventional "heavy neon" mixture exposed to the bare target sign se]ected ant1—f.

neutrino .beam, along with the EMI behind the chamber.
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