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Abstract 

A study of anti-neutrino interactions in the 15-ft. bubble 

chamber filled with deutcrlum is proposed. We request a flux of 

about 5 x 1018 interacting protons (500K pictures "li th 1013 p/pulse 

interacting) at the highest available energy. 

Our experimentJ together with one or another of the proposed 

vd experiments J 1'1111 allow the complete matrix of cross-sections 

vPJ to be measured. As we will discuss J this should be a 

great help in separating out WIJ W3 for vPJ Dp.v12J 

It will also be possible to check several assumptions forming 

an important part of the basis of present theories. For example J 

with coupling to the I--spin current .• as is now believed. For this 

testJ we compare with the cross-section we will measure ln 

our approved hydrogen runJ da(vp). We feel it will be an advantage 

to have the same group analyze both processes since it will be easy 

to employ the same cuts and criteria. This w:Lll greatly facilitate 

comparisons . 

. We wl11 also be able to examine various specific channels un-

analyzable in hydrogen and search for neN i:1S/i:1Q violation channels. 
-FinallYJ this run will add to the statistics of vp runs. This 

is important since the cross-section j_s lower than the v cross-

section and for equal running times we will have less than v events. " 
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,.' I. 'Neutrino Energy Determination and Muon Indentification 

The first question that should be addressed is how", in deuter-
. do

ium, we can hope to measure *dq2dv "' i. e., hmv "Ne can estimate the 

energy of the incident neutrino. 

G. Myatt l has recently proposed a method which shows gr 

promise. An assumption must"' of course, be made but it is one 1'lhich 

can be tested by the data. It assumed that the hadronic energy 

comes out in a j and within the the transverse momenta dis-

tributions relative to the total jet momentum are typical hadronic 

values (i.e. around 0.3 GeV/c). 'rhis can be tested by examining the 

visible hadronic particles and is consistent with current Gargamelle 

data. 

If this proves to be true, then 1'7e can estimate the anti-

neutrino energy in the following way. Measure tho vector swn of the 

momenta of hadronic par tic s. sume the direction of 

this vector is the d:Lrection of the jet (visible plus invisible 

particles). This direction plus the energy and direction of the 

muon is sufficient to determine the energy of the anti-neutrino. 

Monte-Carlo ts indicate an r.m.s. error of around 10%· in the 

incident neutrino energy. 

If 	this proves unfeasib then many significant comparisons 
2similar to those below can sti be made but they will, of neces-

sity, be more qualitative. 

It is necessary also to iClentify the muon. For anti-neutrino 

reactions considerably more than 50% of the anti-neutrino energy 

goes to the muon on the average and we 1'1Ould assume the highest 

energy positiv.e particle is the muon. If the EMI proves usuable; 

it would certainly improve muon identification here and we would 

wish to use it. 
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If the hadronic energy comes out in a ;jct as assumed above, then 

various angle cuts based essentially on the muon and hadron jet having 

equal and opposite transverse momenta relative to the neutrino direc-

tion can be devised to help sort out the muon for the fraction of events 

in which the muon is not the most energetic particle. 

It may be premature to detail such tcs ts fur ther, un til vIe see 

what nature in fact does, but we will estimate crudely the fraction of 

events, which we might expect would need such treatment. This frac-

tion is expected to be VlOrse for the present experiment than for 

neutrino experiments. For anti-neutrino interactions, the muon carries 

off more energy, but the number of charged prongs needed to have a 

particle of the same charge as the muon is smaller. 

Barish3 has stated that the NAL narrow band neutrino experiments 

at about 50 GeV are consis tent \'lith a cc (l-y) 2, VIhere JT=E[l/Ev. 

This implies <y>='(/12.. '1'he firs t inelastic channels with a, pos:L tivel:; 
- + 	 + + - -charged hadron are; 	 vn p. P1T .7f or IJ. mr 1T IT 

- + + +-vp --J. IJ. P1T or IJ. mr 	IT 

If we take as a typical case, an even division of hadronic momentum, 

then for the case of 2 hadrons (vp ease), the dividing point is 

1/3 Ev, and for 3 hadrons (vn case), Ev. 

Hith this, we estimate that for tvw final state hadrons, vie would 

be correc t 85Jb and for three final state hadrons over 9(J}b of the time 

without any angle tests. For higher numbers of hadrons, we would 

do still better on the average. If the jets are present, then further 

angle tests should reduce the confusion area to a very small fraction 

of the events eve.n J:olithout an E1-1I. 

For gamma rays, we 110Uld expect to have about a 15% detec tion 

efficiency in an average 7 foot path length. For neutrons, we dis-
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tinquish 10\'1 and high l"or a low energy dis tribution of neu-

trons similar to that expected from elastic events, l'ie calculate 

about 40% to be visible. vie might find these hard to dis tinquish if 

there a background of other low energy neutrons in the chamber. 

Ii'or higher energy neutrons we estimate about 50% viill interac t and 

give visible stars in a 7 foot length. 

For spectator protons, the rule of thumb in practice has been that 

about l/} are visible in small bubble chambers. Since here, the ex-

pected resolution is worse for the 15' chamber, than for the small 

chambers, VIe expect an even smaller fraction, perhaps 1/6 to be visible. 

The measurement and monitoring of the neutrino spec trv.m was dis-

cussed in Proposal 1t5A4. 

II. 	Inclusive Reactions 

The inclusive cross-section can be written: 

d2 o e ) 
-< I 

\'1here: 	 e laboratory angle of muon 
E = neutrino energy 
EI := muon energy 
M = mass of nucleon 

WI' W2 ' W} are form factors which are functions of the invariant 

of momentum transfer squared, q2 = (p -p )2 and 1) ;;:= E-E'. The sign :r 
lJ U-

neutrinos 
is for incident [ anti-neutrinos 

If scaling holds, then in the scaling region 
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If the "lealc current couples to I-Spin then, F':t (vn) = Fi (vp). (Note 

that in spite of this equality, the q2 dependence is quite different 

since the sign for the V-A interference term is outside the Fi ). 

This relation tgnor'ffi the strangeness changing events (0:: sin2 (J) but 

they are a small correction. We should be able to check this result. 

If this seems correct, than by taking sums and diff'erences of z;P , 

-vn, 've should .ha.ve a fairly good way of separating 1"1' from 1"31"2' 
terms. tw,? runs done_ by the shoUld greatl;:l. 

facilitate comparisons . 
• " ... ' __ - ... _ ••", , ___ '.A 

We will be interested in comparing vp and vn cross·-sections. 

Since we will do this j.n the same experl.ment we hope to eliminate 

many flux bia.ses. These comparisons can also be done in neutrino 

deuteron experiments. In practice, if the current does couple to 

I-spin as indicated above, the two exper5meilts together can yield far 

better tests than either individually, i.e. 

F2 , lJnisolates iFl' 
F7. 

J 

isola·tes (£1'1' F2 , vp 

F3 

Some predictions are5 : 
ep en -

(CD);'::;5/9 (1"2 (CD)vn + f'2(CD)lJPj 5/9 (F2 (CD)VP+ F2(m)vn) 

I' -- )" 

F Vn .. 
2 ::: 2 in the limit of exact SU (6) symmetry 

vp 
F2 

( F vn + F z;p) I 3 F ep 1 for a.ll CD, if SU(6) exact 3/4 as 11m ,222  
6 1 in a particular SU(6) breaking mode1
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4 0 as lAo 4 0 (Feynman prediction)6 

Current experiments indicate F3 to be about as large as possible 

and 0tot (;:iN) "-' 1/3 0tot (vN).S The CERN rcsults 10 have indicated 

that for neutrinos the neutron cross-section is close to two times 

the proton cross-section (l.S± .3). This implies that only n 

quarks interact and that the anti-neutrj.no proton cross -section is 

tw'ice the anti-neutrinQ neutron cross-section. 

The total event rate (n and p) is',given in Table II. We have 

assumed 0total v = (.Sx 10-3SEv ) /3 (Le. 1/3 0total (v-nUCleon)), 
nucleon 

5 x lOIS interacting protons at 350 GeV/c and the anti-neutrino 

spectrum using 2 horns which we used in proposal 180. 9 

At very high energies vIe will be able .t,o exam,ine the Adler 

re18.t:LC'ns . 11 

G2do (f·p) - do ?(I.,:p) (cos'- Bc + 2 si112 
Bc)-0 co 

dq2 dqL:: E4 7r 

do G2(vn) - do (vn) -- ( sin2I cos2 edq2 -2 E-t co 7r C - Bc)
dq 

Again in the first of these relatiohs the fact that the same group 

will have vp and VP Hill greatly facilitate this examination. 

Finally we hope to examine the semi channels 'I'Jith either 

single or associated pairs of strange particles. As discussed in pro-

posal ElBa we might expect that as in hadronic interactions perhaps 15:% 

of the cross-section has associated pairs. Comparisons bet't\l'cen vn, vp, 

vp would be quite interesting. 

III. Exclusive channels 

The comparison with vp also will be quite interesting here. There 

are several channels that can be reached in vn that are quite difficult 

http:anti-neutrj.no
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to 	detect for the charge symm9tric l/P -reaction. 
+lln 	... I.L 1f 1f P J (llp ... I.L -1r+1f+n) 

+ + - - - - - + + +n)... IJ, 1r 	 Tr 1r 'If P ... I.L 1f 1r 1f 1r 

... IJ,+K°L;- ... I.L+K+L+ 

(or y't: 

I = 1) 
(the K+ is hard to identify) 

Let us look at the channel: -llN ... +I.L 6 

From the 61 = 1 
.rule we can 12predict that:: 

o (v + n ... I.L+ + 6-) == 30 (iJ + p ... I.L+ + 6") 

For -the 60 
, 1/3 of the decays are by the analyzable channel P1r-. - There 

are several models predicting specific cross-sections in the range 
2of a few times 10-39 cm . 12 We would have about 1200 events for a 

-7.9 23 x 10 em cross-section. For a]l events including non-6 events 

in these channels VIe have only the inequality 

o (vn ... p.-I- n'lf - ) 

This in fact may be somevJhat dif:ficult to check. The {\" ... p-rr c11annel 

will be detec table but the n1r- is OC and -thus requires that Vle 

see a neutron star to ita 2C case. fiS discussed in Section I, 

we will see Borne sort of interaction about 50% of the time but only 

experience will -tell us how easy it vTill be to distinquish _ from 

background in the chamber. 

interesting channels, isobar and vector meson 

searches possible as discussed in our proposal E180. 9 
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For straqgeness changing channels we will look for 
- .... I-l+L;-vn 

+ -11 n Forbidden 68 := 3 
+ -J.L A Forbidden 68 = 2 

I-l+n-Ro 'Forbidden 68 :::: 4 (or 2 if KO not RO) 

The first reaction above can be compared llJ'1.th iip .... 1-l+L;0 .... AOy. 
+, -

'llhe 61 == 1/2 rule predicts 11-j'.3= = 2 
11- 2::0 

The neutron reaction (1-l+L;-) is easier to identify than the proton re-

action. If we can l.dentify both vTe can test 61 1/2 at high energy.::C" 

If we cannot> we can use the rule to help sort out the vp results ,'dth 

AOtheir l:0> ambiguities. 

If there are sufficient events with KO mesons, a test for 68/6Q 

sensitive to the of the violation can be made. 13 

There are, of a ereat more allowed and non-allowed 

strangcness chang charulels with several final state particles. 

Some of these are catalogued in our proposal EH30, and vJ'C will be 

looking at all of them. 

As indicated :in proposal E180, VIC will search for T-odd correla-

tion in 2 body cbannels j especially strangeness changing ones in which 

the hyperon decay analyzes the polar:Lzation for us automatically. 

IV. Neutral Currents: Search for NOI'! Particles 

M If neutral currents exist and arc plentiful. we can examine whole , 
t . t new classes of events: 
l -f vn -+ VTr p 
!:t ___ 

-+ v Ii o 

! 
-t -I' ROI1--P  

Again, we would compare vn, vp, vn  

http:llJ'1.th
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If the currents are small the searches for neutral currents would 

be similar to those outlined in our proposal EIBo. For these searc , 
neon would seem to have some advantages over deuterium. These searches 

are made more difficult by the falling neutrino energy spectrum. If 

the CERN Gargonelle results are correct, then the neutral current 

events14 have a y distribution similar to the charged current. This 

implies that the neutrino given about one-half the energy in a 

typical neutral current event and the v:Ls :Lb energy is only one-half 

E. Hence, it "'Jill be comp'::l,red with chare;ed current events of lower v 
energy. Because of the s eply fal spectrum, this makes the 

background considerably Vlorse. 

We would search for ermediate sons, heavy leptons, and 

quarks of all flavors. Again, this is outlined in our neon proposal 

EISO here, alLhough neon would be lliUJ:e 

tive for many of searches. 
-v. vp Interactions 

-would considerably increase the store vp interactions. 

Since iJp cross-sections are smaller thc.;,n lJP, these results are harder 

to collec't and this will be signif ant addition. The kinds of 

things that can be done are discussed in our proposal EISO, and also 

in theiJp proposal of ANL-Carnegie Mellon. 15 

VI. Capabili'ties and Commitments of our Group. 

We have been active in preparing monitoring and measuring 

equipment to determine and monitor the neutrino spectrum in these 

experiments, 

We have other neutrino experiments requested at NAL, but since 

they all use the same bubb chamber, they will have to occur more 
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or less serially. Neutrino exposures for the most part are 

characterized by lots of film and few events. (The neon run 

should have more events, but is divided between 4 laboratories). 

Given tI-J.e range of commitments of the chamb81' and reasonable 

estimates for the fraction of time it can expect to be up and 

be a major part user it does not appear that our facilities 

will be strained by this additional experiment. We feel that, 

in fact, we will be quite experienced in neutrino events by the 

time we obtain this film and I'dll be able to do a very rapid 

efficient analysis. 

:::-::. 



References 

1. 	 G. Mya t t CERN EC FA Hepor t 

2. 	 D. Cline and E.A. hos, Phys. Rev. D (to be puhlished) 

3. 	 B.C. Barish talk at APS-DPF Meeting - August 173 

4. 	 NAL Proposal '-I-5A - oposal to Study Neutrino Interaction 
with 	Protons UBir:g the 15 ft. Bubble e1' at HAL .. Univ. 

Michigan, and HAL. 

5. 	 F.E. Close Partons Quarks. Daresbury ture Note  
S es No. 12--(19'15) .  

6. 	 F. E. Close Phys. • 4313 422 (1973). 

7. 	 R.P. Feynman Lee s of the 197? Balatonfured.. Hungary 
Conference. 

8. 	 Gargamelle Collaboration. Phys. Lett. 274. (1973).--' 
9. 	 NAL Proposal 180 A Study of Antineutrino eractions 

the 	NAL 15 ft. Chamber, fj. c1 Hyd:cogen 
Heon, Universi.ty higan, NAI.., S , ITEP. 

	 7}J B h J; 2 ( 10'""'1 ) 10. G. Myatt and D. .L•.2:.".:.._ :.,; ,- -::;(- • 

11. S. L. Phys. ] 8r)B '77:6 (J 'lr ,.. ) Ph -J l1L7• ___ _. -0- ->O:J'; ys. _'.L, . hev. ...:2' 
(1966) . 

12. C. Llewellyn-Smith ics Reports. . . 

13. B.P. Roe, 1969 NAL r Study Report, p. 109 

14. P. Musset Aix En e Conference Sept. 1973 

15. 	 NAL Proposal 31A, Propos to Investigate Anti Neutrino 
tions. in Hydrogen at l'UiL, ANL, Carnee;ie-I\-1ellon. 

\  

http:versi.ty


TABLE I  

Number of Anti-neutrino Evcnts for 5 x 1018 Interacting Protons  

Energy 
Interval 
(GeV) 

0-10  
10-20  
20-30  

50-60  
60-70  
70-80  
80-90  
90-100  

10o-rLO  
110-12G  
120- 0  

130-140  
lLW-150  

150-160  
160-rro  
170-H30  
180-220  

Total Number 

3000  
1()()00  
10000  

rr400 

3800  
1800  

800  
h20 

230  
160  
130  
100  

90  
70  
50  
30  
20  
,13  
13  

39000  

V::--,llM3  

1700  
5700  
5700  
4200  
2200  
1000  

400  
2LI-0 

130  
90  
70  
Go  
50  

30  
20  
13  

7  
7  

22000  



Addenda to Fermilab Proposal E294 
(ii in 15-ft. deuterium chamber) 

I. We wish to expand the groups involved in the experiment. 
The experiment is now proposed to be performed jointly by 
University of Michigan: C.T. Coffin., R.N. Diamond., B.P. Roe., 

A.A. Seidl., J.C. Vander Velde 
University of California., Berkeley - Lawrence Radiation 

Laboratory: A. Barbero-Galtieri., G.R. Lynch., 
J. Marriner., L.M. Stevenson 

University of Hawaii: R.J. Cence, F.A. Harris., M.W. Peters., 
S.I. Parker., V.Z. Peterson, V.J. Stenger. 

The spokesmanship will rotate between: 
B.P. Roe 
L.M. Stevenson 
V.Z. Peterson 

in the order given above at six month intervals starting 
at the date of approval of the experiment. 

II. Further Physics Discussion 
An EMI is an important element in the present proposal. The 

cross section for iin is expected to be the smallest of the neu-
trino nucleon cross sections. In the simplest quark model one 
expects cr(vn) = 2 cr(vp) = 3 o(iip) = 6 cr(iin). The EMI will be 
exceedingly useful in separating out the background events due 
to neutrinos which get through the horn system; an especially 
important effect at high energies. 

The laboratories involved in this proposal have now_ had some 
initial experience analyzing neutrino film. We realize that the 
scanning load is quite large and will require considerable effort 
from our combined facilities. We note., however., that because of 
the small cross-section large exposures are required. In a 20 m3 

(large) fiducial volume we expect 39,000 events of which only 
13,000 would be iin. If we wish the secondaries to have a large 
probability of traversing the EMI we may have to reduce this 

PROPOSAL # _:J _ _,.q..,_L...;.(.,...._ ___ 
MASTER 
DO FILE 
ELG 
JRS 
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fiducial volume considerably. 
Finally., we wish to point out that the laboratories repre-

sented here are all involved in the vp experiment EL~5. Most 
of the comparisons for sum rules that one wishes to make require 
comparing a(vp) with a(iin). In order to minimize relative biases 
and keep the: myriad of small factors that can creat~ systematic 
corrections uniform., it is a great advantage to have cln overlap 
in the groups analyzing the two sets of data. 
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