
NAL PROPOSAL No. 44 

Correspondent: 	 B. Roe 
Physics Department 
University of Michigan 
Ann Arbor, Mich. 48104 

FTS/Off-net: 313-769-7100 
764-1817 

PROPOSAL TO STUDY NEUTRINO INTERACTIONS WITH PROTONS AND 

NEUTRONS USING THE 14-FOOT 

BUBBLE CH~BER AT NAL 

R. Roe, D. Sinclair, J. VanderVelde 

University of Michigan 


W. 	 Fowler, R. Hanft, R. Huson, Y.'Kang, J. 'Lach, F. A. Nezrick 
National Accelerator Laboratory 

June 15, 1970 



PROPOSAL '1'0 S'fUDY NEUTRINO IN'fERACTIONS \UTH PROTONS AND 
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ABS'fRACT 


We propose a detailed channel study of neutrino 

interactions on protons and neutrons. To accomplish 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 

. 	 .10 
13 

lnteractlng protons per pulse, the run of 50,000 events 

in deuterium would be obtainable "li.th 500,000 pictures of 

the 14-foot bubble chamber. The neutrino flux is limited 

by the acceptable event rate in the neon. 
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•
I. sics Justif 

An exposure of ~~O,OOO pibtures of neutrinos' in the 

14-foot bubble chamber fitted with a ium filled track-

sensitive target surrounded by neon will supplement quarititatively 
1 

the neutrino-hydrogen exposure (NH~) previously reported. 

physics justifi of the NHE proposal is also the basic 

justification of this proposal, however with the neon blanket 

around the targe~ quantitative studies can now be made those 

final states involving neutral pions. The total cross section 
2

d crand -----2 should measurable to abo~t 50 BeV to test sca 
dvdq 

invariance and for intermediate v~ctor boson production. 

By using deuterium in the track sensit target, neutrino 

interactions with neutrons can be s·tudied and the form 

for the elastic channel determined at high q2 allowing CVC and 

second class ,current tests. evc and PCAC can be tested using 

the Adler test. This exposure is v as the first major 

run of the 14-foot cilamber vIi t.ll an track-sensit 

, ,3
target. A 500,000 p~cture exposure us~ng an 5.5m 

sensitive deuterium target will ld about 50,000 events on 

neutrons and protons. 

An exposure to a track sensitive target filled with 

deuterium will lement the NnE experiment in several ways. 

It will allow us to measure channels with nO mesons to add 

to the detailed channel study. tve can clearly sep<1rate the 

inelastic channels, look for P, All and higher N* anching 

ratios, and also perform a better search for neutral current 
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2
d 0 do

interactions. In addition 0total and --2 (or ---.) should 
dvdq dM*2 

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. In fact, an intermediate boson causes 

2 2 2 2 2 2 
a term (M /(q + M ) to multiply d o/dq dvl Calcuw w no boson· 


. 2.. h f t 40
latlons lndlcate t at a measurement o· 0 up 0 ortotal 

50 BeV with about 10% error should be sufficient to detect a 

turnover in the cross section corresponding to a 10 ReV 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. An 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. 

2 2
A determination of d 0/dq dv is necessary for studies 

of the deep inelastic regi.on. In addition to having more energy 

than SLAC the neutrino experiments have the advantage of a 
2 4 

basically flat q dependence rather than a l/q dependence which 

holds for electron interactions. 

In addition, the very important neutrino reactions on 

neutrons can be measured. This will allow us to look at the 

elastic cross section at high energies and high q2 with good 



discrimination acrainst I 0 events. At high energies (assuming
:1" Tf 

4
locality) the cross section is governed by: 

2 2 2 
vJ 2 :::: r gA 12 + I g - 2Mf 1 + q ( f I +v v 	 v 

where gv' fv are obtained by cve from electron scattering 

data, 9 is the axial vector form factor and fA is an axialA 

vector second class current. At high q 
2 

the last terms will 

dominate giving only mild sensitivity to gA but allowing CVC 

and second class current tests. The comparison of a vlith vp
5 

a- and a have been scussed by many people and are of vp vn 

great interest in distinguishing various high energy strong 

interaction theories. This experiment 	should allow a comparison 

using uniform methods o~ analysis on p 	 and n reactions. 

6 2 
We can perform the Adler test" which relates low q 

neutrino events to pion interactions. This is a test of CVC 

and PCAC. If 'Ide make very stringent cuts, i . e. , ask that the 
2 2 

transferred energy ater than I BeV and that q < nlTf , 

we should obtain of order of 40 events. Hence I a 20% test of 

this relation appears reasonable. 

Using the neutron interactions, better 68/6Q tests 

appear possible. For instance, limits on vn ~ ~-I+ can be set 

and a new amplitude test of 6S/6Q using vn ~ ~-Kop is available 

in this experiment. A large fraction of K~ will interact 

in the neon blanket making this three body strangeness chang

ing channel interesting in its own right. Also new interest

ing associated production channels become available such as 
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vn c. A comparison of the 

, '* d' t' 	 'II af tes of thevarl0US N pro uctl0n ra lOS on n o~ p Wl 

III 1 rule for non-strange weak teractions, 'perhaps even 
2 

as 	a function of energy and q ~ In this comparison the effect 

non-resonant backgiound must be. considered. 7 

Reactions in the neon part of the chamber may so 

be of interest. v + Ne ~ ~- + Na is a process which should 

be calculable and may serve as an additional ~eans of flux 

' 	 " norma..lza-clon. 8 on 

yield of about 600 events can be expected 50,000 even·ts 

in the target. In addition, diffraction processes such as 

v + Ne -+ Ne + ~ + X may occur and would be quite interesting 

l	 Based theoretical results for carbon, a 

9
although a specific calculation has yielded a small result. 

Th'e neu-c':.I'ino beam and detector configuration is the 

same as request in the NHE proposal except that the bubb 

chamber is fitted with a 5.5m
3 

track sensitive target. 

Using 10 
13 

200 BeV protons per pulse interacting 
3 

in the neutrino target, a t\-.Jo-horn focusing system and 5. 5m 

track sen tive 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 is given 

on Table 1. Here it has been assumed th~t the total neutrino-

nucleon cross section rises linearly with neutrino energy. 

This is known to be true experimentallylO to approximately 

10 DeV and should be true theo cally if scale invariance 



-5

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

. J' -11 
weak lnteracClon. If the cross section saturates at 20 BeV 

then t.he total number of expected is reduced by about 

13%. The background of events the neon surrounding the 

target is about 3 per p ture at 200 BeV operation. A study 

of this background may lead to a request for more pictures 

using a lower neutrino flux. 

This proposal requests 50,000 events of neutrinos on 

protons and neutrons. Using the present flux predi ons these 

50,000 events can be obtained in 500,000 accelerator pulses by 

using 10 
13 

in'teracting protons per pulse on the neu trino tar-

For an accelerator cycle of 4 seconds this exposure could 

be obtained in 550 hours, or using a total imental arrange

ment efficiency of 30% exposure time would about two 

and one-half months. The exposure could be longer if the neon 

induced background were so serious to force the reduction of 

the neutrino beam flux. 

The sure to yield 50,000 events is considered 

a minimum exposure because of event limi 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 ~ ~ + Na which can serve as an additional flux 

normalization method gives only about 600 events. Dividing 

flux into several energy ranges one gets only a 10% to 

20% normalizaticin due to limited statistics with the sent 

exposure. 
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III. 

This exposure is vi as a first major run of 

l4-foot chamber with an in track-sensitive target. 

Members of this collaboration have played a major role in 

invention and development of this device. The major asset of 

th exposure is to have an ability to detect garmna rays. A 

track-sensitive target gives largest solid angle for gamma 

The detailed des of the target is now under study 

but depends both on bubble chamber technical considerations 

and on 'Vlhether a spark chamber such as the one that. 
12 

Peterson and Stevenson have e~ is installed and 

If the spark chamber does work, then the target may go com

p tely through the chamber. If we do not depend on that "'ve 

estimate a target of 5. 5m 
3 

can be built and with the saIne 

assumptions as in the NHE e :c t 50,000 events in deuterium 

can be obtained with about 500,000 pictures if a =0
\ip \in 

Deuterium is the eas st liquid to use in a track-

sensitive target since its thermodynamic propert s are a 

better match to neon than those of hydrogen. In addition, the 

event rate is double that hydrogen if 0-0
\ip \in 

The analysis of s experiment will b~ ated by 

scanning time. It is probable that every event will be examined 

by a physicist. This seems ite feasible with S811-C 

group. The measurement is modest by today's standards, 

cially when divided between our two groups. This is true 

even assuming that one might measure double the ac numbers 
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of events e'liminating fake events with the aid of t.rack re

construction information. The University of Michigan and 

NAL are currently building POLLY devices and the measurement 

load is easily managed. We anticipate having the NHE and 

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

have initial results from each run within a year of the time 

the pictures are taken. 

We require: 

1 . . Neutrino focusing system. 

2. 	 Neutrino flux monitoring system. 

3. 	 14-foot bubble chamber tted with a deuterium track 
sensitive target surrounded by neon. 

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

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 

100 - 150 500 


