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Abstract 

We propose to take one million pictur,es of high energy neu-

trinos 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 F.MI. Our experience in F.-28A 
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has shown that the capability of recording and analyzing high mul-

tiplicity, multiple gamma conversions, secondary neutron interac-

tions, 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 ~earn 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 detection of high 
'· 

... 

energy electrons froro 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, usina the 15' bubble chamber 

with a 20% Ne/H2 filling and a quadrupole triplet neutrino beam 

optimized for an energy range of 30-200 GeV. 

The main emphasis will be on: 

1. phenomena with electrons in the final state 
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2. a detailed study of dilepton events (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 = o2/2Mv. 

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 energy 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 quad 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-

• 
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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 long spill of 

the beam should allow for the detection of dimuon events using a 

coincidence of two penetrating tracks in the F.MI. 

II. 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 s'Ufficient lifetime and 

stab~lity 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 alonQ 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 

• 
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millisec spill reduces the chances of accidents to a very low 

value. 

B. Anomalies at small x in deep inelastic proces~es 
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Recently, anomalies have been observed for deep inelastic pro-

cesses in they-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 numbers • . 
These effects have to be confirmed in an independent experi-

ment. For such studies the use of the auadrupole 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 they-

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 FN1'L 

bubble chamber by use of a Ne-rr..., mixture. With the 20% by volume 
"-

Ne-H2 mixture of E28 we estimate that 50% of the hadrons in a high 

energy neutrino interaction can be identified visually because 

they will 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 aid in the 

identification of those tracks which have not heen visually identi-

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

be used. 

... 

.. 
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D. Electron Detection 

The detection of electrons is possible with a Ne-H
2 

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 loses greater than 30% of its 

energy so that the change in curvature is sufficient to be easily 

seen. If the brem converts and we can identify the gamma then the 

identification of the primary electron is clear. This requires 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 100cm as in the case for 20% by volume fraction of Ne two radia-

tion lengths is half the chamber so we expect 25% detection effi-

ciency for a primary electron. A slightly enriched Ne-H
2 

mixture 

would moderately increase the detection efficiency depending 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 level of a few 

hundred events. 

However with a heavily enriched Ne-H2 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. 

.... 
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III. 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 is 

a neutrino interaction every 8 frames. . 
The raw rate of the quad 

triplet beam decreases by a factor of 6 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 10
13 

protons on target and 400 GeV primary pro-

ton energy a 20% Ne-H2 will yield an event in every 20 frames. 

There will be an event over 30 GeV every 40 frames. For an expo-

sure of 1,000,000 pictures we would have 25,000 events. The di-

muon event rate is about 1% so 250 dimuon events would be produced. 

Assuming a 20% electron detection efficiency we would expect 
- + 

50 µ e events uniquely identified. We estimate that at least 70% 

of theµ+µ- events will be detected for a total of 200 events. A 

few tens ofµ e andµµ events should also be detected. 

IV. summary, Conclusions and Detailed Proposal 

we Propose to run this coming spring, 1976, during In summary, 

run for E310, with the enriched Ne-H2 mix avail-the quad triplet 

able from the immediately preceeding bubble chamber neutrino runs. 

d the bubble chamber and neon Since the neutrino beam will be on an 

there, it 

advantage 

h . unique opportunity to best seems good sense to use tis 

and run the two experiments concurrently. 

neutr].·no spectrum reduces the b~ckqround The relatively flat 

].·nteractions without suppressing the of conventional neutrino 

high energy neutrino interactions of interest. Because all events 

.. 
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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 k0 associated with (e\() events 

from the 15 foot chamber at FNAL, has created a great interest in trying 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. However, 

for studying in greater detail the complicated phenomena associated with these 

events, the increased statistics gained by the heavy mixture of Neon would appear 

at this time to be more productive. 

It appears to us that there are three other basic explorative experimenti re-
+ -t-lated to (µ e-) events which have yet to be done; namely (1) the production of 

+ e-- in neutral current interactions both in neutrino and (2) in antineutrino beams 

and (3) the production oi µ+e- in charged current antineutrino interactions. It 

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

process (t) will probably come from horn v runs with a heavy mix which have al-

ready occurred. 

We wish to emphasite that the study of this phenomena in antineutrino beams 

is considerably more difficult than in neutrino beams because of the background of 

electron phenomena associated with y rays as well as possibly a reduced flux pnd 

reduced cross section. Because of the considerations it is important to reduce the 

vµ and ve flux to as low a level as possible. 
+ - -For(µ e ) v neutrino events, backgrounds can come from · µ -

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 (/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) 

3) 

v jnteractions in the N.C. (they must be separated 
1-1 

teracti ons) 

v. charged current interactions. These, aside from their , e . 
· :variables, automatically fit tlie category of N.C. 

. . 
'. >, ' • 

This .. long list of backgrounds makes it imperative that 

tam'i ~ati oir:,be lower than the vJ.J flux by at 1 east two orders 

knowledge,._tfri.s.-can o:nly be accomplished by a sig~ 

This beam has ;a,fluxcons1derably higher than the 
. ' -, " . . . 

spectial shape'.)s a:horn beam and has. a background of vµ 

· two orders .of rr,iagni tude. 

As·a matter of fact, one event which looks like a 

this catJgo~y of events has been observed ·in E-28 . . ,, ' / ; , .. 
. a mu,on of;,?. GeV whJd{ has .a good hit i'n the EMI, along with oth~t 

sketch of 'thi if evei:rt; fa 'enc 1 osed. If the event i 5 real ' 

partial cross section is probably not very small. 

sketch of this eveni is'included. 

I I. .. Beams . and Fl u·x · 

A new sign selected broad band beam has been 

beam uses a bare target followed by dipoles and a beam dump to ;actiteve{;:;Ql~'a'fli• 
' '~\ ,,/( "'.1 

separation between· oppositely cha-rged particles in the secondar,Y;oeam:Jh:imJtie_ .. :;., '•: . - ~, ,,~> ' -

3 

target. With a proton energy of 400 GeV on target the resulting)anti11e.utd.~o ··' 
> • a ',', • S 

beam is very clean while the yield is greater than the proposed DC dic.hrorna~ic 

beam. Figure .1 shows the relative .v flux ratios for the double horn: ·~(tli' plug;: 
' ' < -- '>:/. - '~ ./ 

sign selected bare target and dichromatic beams (with the largest momentum'bfti}~-
Also shown is the background neutrino flux. It can be. seen from, thi.s .. {i gurfl 

,•-, '•, -- -.. · 
that the sign selected bare target beam gives the largest yield of htg~ energ~ 

antineutrino flux while maintaining a good sign selection at high ener,gy .. _'.Note 



that the ~high energy horn flux is strongly contaminated by neutri 

III. Event'Rates 

We assume l7 ton fiducial volume f?r the heavy Neon-1:12 mix in 

chamber. We also ass1JR1e a 100,000 picture run with 1013 protons on. 

giving 1018 protons on target. The total yield of antineutrino events 

run will be 4000-5000 depending on the actual ;_cross section at hi 

(present measurements of av/av from ElA indicates a rising av/ay cross 

ratio with energy exceeding 0.5 somewhere above 50 GeV). The avera 

will be ~100 GeV. We estimate the dilepton yield from the data 

give 

Rate(~+ N µ \1 -vx) = 2 ± 1 % 

for Evis > 40 GeV and E _ > 3 GeV. The rate estimates could be in 

factor of 2. The resul ~i ng µ +e ... number of events.is 44 :I: 22 events. tsfrice;;,'fki1 .. 

4 

+ ,':,', ·::.'.·, '';, 
data from E28 indicate more events with e momentum below 3 GeV than. at?ove/ we es'-

timate the 

This yield 

actual number of µ+e-events will be greater than twice or-i;:{aJ:·± 44.~ 
appears adequ!}te to uniquely identify the µ+e- signal and tb' sto:dy 'th~. 

possible association with strange particles as well as the xvis andy 

tion to compare with the dimuon events. We also expect to be able to ~e. 

muon events thus increasing the rate by another factor of ~l/3. 

IV. Request 

We request a run of 100,000 pictures with the 15 foot chamber filled with the 

conventional "heavy neon 11 mixture exposed to the bare target sign selected anti-

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



MODEL OAT£ 

( 

0 /0() .2co 
E,o IN G£V 

Fig. 1 



I < • 
'-· 

Fig. 2 


	fermilab-proposal-0459
	fermilab-proposal-0459-addendum

