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EXPOSURE 

We intend to take 300,000 pictures in a horn-rocuss~d neutrino 

beaIn rrom 350 GeV/c protons. In order to estimate the expected
1) 

number or events we use the calculations done at NAL with the 

rolloHing beam parameters: 

10131) incident protons per pulse. 

2) current NAL neutrino beam conriguration. 

3) real rocussing. 

4) one interaction length target. 

5) Hagedorn-Ranrt model and TI and K rluxes. 

6) detector radiua or 1.35 m. 

The resulting neutrino rIme together \.,ri th event rates is shoi-ln 

in Fig. 1 as a runction or neutrino energy. The inelastic event 

rates ror vn and vp are calculated with a cross sectton rJ (inel) == 

(0.75 x 10-38cm2)"Ev(GeV) as measured at CERN up to about 10 G~v2) 

and recently conrirmed at NAL with a point at about 30 GeV3 ). 

For the event rates with constant cross sections we used: 

a(vn + ~-p) 4) = 0.8 x 10-38 cm2 

10-38 2rJ(vp + ~-~++) 5) = 1.0 x cm 

We/have used a conserv8tive riducial volume or 1.5 m in radius "'hleh 
} 

corresponds to a volume or 14 m3 • In table I we list the numbers 

or expected events ror a 300,000 picture exposure. 



- - - - -

- - - - -

\ 

T8.ble I 

E {GeV} \In + \lp \In elastic\l inelastic 

5-10 


10-15 


15-20 


20-25 


25-30 


)0-35 


35-45 


40-45 


45-50 


50-60 

60-70 

70-80 

80-90 

90-100 

100-120 

1500 

3750 

5400 

5550 

4950 

4050 

3000 

2250 

1650 

2250 

1290 

900 

690 

570 

470 

107 

161 

168 

134 

100 

67 

44 
28 

19 

20 

10 

6 

It 
3 

5 

Total 38,270 876 
In SUITL."11Sry, \.J8 expec t to find 

19,000 \In inelastic events 

19,000 \lP inelastic events 

880 \In elastic events 

IJOl.~O \lp -+ ll-t\++ 

350 \l n -+ II -A+ 
(us i ng the It\ I [ 1 rule). 
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As shown in the following sections our proposed exposure of the 

bare 15-root bubble chamber contains a rich variety of measurements. 

The recent, more realistic, estimates of obtainable neutrino fluxes 

shmi that a large number of pictures at the highest proton energies 

will be required to answer physics questions of interest. Huch 

time and manpOHer will be needed to extract all the physics infor­

mation from a neutrino exposure. ide feel justified in proposing 

an initial v-D experiment at 350 GeV/c with 300,000 pictures v/hich
2 

is complementary to existing proposals. 

Although much can be done without external identification of 

the ').t-, investiga.tion of inelastic processes would be racili tated 

by such a devic.e, and we would be interested in collaboration wi th 

other groups for its use. 

DETERffINATION OF THE NEUTRINO FLUX 

The neutrino flux CE.n be estimated by calculating the TC and K 

production spectrum and traci6} it through the focussing elements 

and the beam-detector geometry. He intend to use the elastic l'1lents 

and ./:l++ production in order to measure the v flux in the energy range 

from 5 to 45 GeV. This measurement will provide an important check 

or the flux calculations in the lower energy range. 

1) vn-*l.lp: 

~ 2
The elastic cross sections at q = 0 is constant roX' all v 

energies and is given by 
2

do ~_ (q2=O) == G (l+A 2) ~ 2 x 10-38 cm2/ (GeV / c) 2 
dq 2n AFA(O)/Fv(O) =: 1.23 

Hence the energy dependence of the event rate at q2 = 0 deter­

mines the v flux. Using events with q2 < 0.1 (GeV/c)2 we expect to 

find about 170 events. The Pauli exclusion 'dDmping' at lOt-] q2 

http:vn-*l.lp
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2is illustrated in Fig. 2. The theoretical uncertainty in the q 
7) 

dependence at small q2 is estimated to be about 5%. For 4 bins 

of 10 GeV from 5 to 45 GeV we estimate 15% error in the normali­

zation of the neutrino flux in each bin. 

2) VF -+ 11- t.++: 

Data from Argonne and CERN (Fig. 3) indicate that the cross­

section for this reaction flattens out at E v = 1.5 GeV. If this 

cross section remains constant in the energy reg:ion from 5 to 

45 GaV, 've expect 1040 events which will enable measurements of 

the shape of the v flux to ~101o using 5 GeV bins. 

Together with the low q2 elastic events we estimate the error 

in neutrino flux to be between 10 and 15%. 

PHYSICS JUSTIFICATION OF TH3 EXPOSURE 

1) The El as tic He ac t ion vn -+ ll-P: 

Assuming the conventional V-A interaction with T--invariance, 

no second clL3s currents, and neglecting terms proportional to 

the muon mass. the \veak hadronic current has the form 

2 m 11 
Jl1 = Fv (q ) yl1 + 2MN FM(q2) allV qv - iA FA (q2) Y Ys 

The form factors are normalized to F(q2=0) = 1. The axial seal 

is given by A. Ii'A(O)/Ii'V(O) = 1.23. The scale of the weak magnetism 

:i!s given by eve ~d th }J. =).1 -11. The q2 dependence of FV and PHP n 

from eve is q2 -2 

F ,.(q2) =(1+(,84)2-) 

VrI 


The differential cross section da / dq2 is then a function of a 

single parameter, the axial vector mass HA in the dipole expression 

for the axial vector form factor: 
2

2 q -2 
FA (q)=(1+H 2 ) 

A 
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2 2We expect 710 events with q > 0.1 (GeV/c) • \-lith the neutrino 

rlux determined to 10-15~ an accurate axial f'orm f'actor rit is 

2
possible. This vrill be an important extension to higher q of' 

the f'orm re.ctor f'i ts obtained at Argonne and Brookhaven. At higher 

q2 one may detect f'orm f'actor behavior dif'f'erent f'rom the suggested 

2
dipole f'orm. Anomolous behavior at large Ev and q could signal 

the presence of' second class currents such as an axial magnetic 

transi tion FE{q2) 8) 

do C2 {Fv2 + )..2F 2 + q2 ~ [ (l1FM) 2 + (CEF ) 2]} • 

dq~ ;; 21T A ~ E


Ev -+ 00 

2) Other Specif'ic Channels 

a) L\(1236)Production and Test of' the /AII == 1 Selection Rule: 

For the quasi-t\vo body £\(1236) production the 1£\11 == 1 rule predicts 

the ratio 

The events v p ~ - ++u £\ allO\-1 3-constraint 1'i ts but wi th unseen l'3utron 

spectator. The events 

Vn -+ 11-£\+ 
. L;. p1T o 

n1T+ 

are zero-constraint events; those with an unseen spectator proton 

(about 2/3 of' the events) allow only II'Heak o-e" f'i ts in uhich starting 

values of' 'V 0~50 NeVlc are assigned f'or the cartesian momentum com­

ponents of' the spectator. One additional constraint is provided by 

conversion of' a Y f'rom a 1'inal state 1(0 ( 30,% probabili ty f'or conversic 

of' either y f'rom a 1(0); at least two constraints are provided by 

interaction of' a f'inal-state neutron ('" 50~ detection probability). 

Assu..-rning validity of' the 161 I =1 rule '-1e expect to f'ind 350 vn· -+ u-t/ 

events of' Hhich 150 v1111 have additional constrain ts rrom neutrals. 
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\</e 1vill be able to look for isotensor currents by studying I::. ++ 

and 1::.+ production in the same exposure. 

b) Se arch for t:. S = -8 Q. Trans i t ions: 

It is important to check the t:.S = t:.Q selection rule at high 

q2. We will scan for the forbidden reactions 

\In -+ ll-z.;+ (inverse 1:+ leptonic de cay) 

\In -+ ~- ( ~: ) ~+ 
and also 

9) 
c) Multi-pion Production 'and the Adler Test): 

The Adler relation connects neutrino production of a hadronic 

state F wi th the).l going i'or\-lard to the production oi' F by pions. 

cj2(j ( vN -)- ll-F) +-l- (J (~N -+ F) " V :::': Ev - Ell­
dq:':d\l elJ~o 

For example, the reaction 
\I n -+' ~- p n+ n"" 

is to be compared wi th '7[+ n -)- p ~+~.,.. The neutron target is 

advantageouE here, since it permits reactions in vlhich all final 

state particJes are charged. 

d) t:.++ Production and N- A Axial Transition Amplitudes: 

The differential cross sectioni'or is a COl11­

plicated function of the vector and axial vector helicity matrix 
. 10) 

el~ments _ At our neutrino energies KEll>'" 20 GeV for A-production) 

many of the helicity matrix elements are suppressed and measure­

ment of a i'ew terms not separable at lower energies (e.g. at the 

ZGS) is possible. Here He 'tvill be able to contribute 101-1-0 t:.++ 

events to samples obtained from V-H2 exposureSi. 

e) Assoc ia ted stran!7.e Particle Produc t ion 

We will measure the cross sections for associated production 
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i.-1ith reactions of the type 

v n + II - KO E+ 

1\0- K++ II (Eo) 

and 


- K+ E+
V P + II 

3) Inelastic Events 

Before discussing the physics in the inelastic reactions He 

describe procedures to identify p, tracks, and to estimate statis­

tically the hadronic final state energy and hence the incident 

neutrino energy. 

Muon Identification 
11) 

For neutrino energies up to 9 GeV it is observed that the ~ 

takes on the average one half of the v energy. This result is also 

predicted frem Bjorken scaling of the three inelastic structure 

functions and the ratio cr(W\!)! cr(VN) = j 12) Then one 

expects that: or at least 50% of the inelastics the u- can be 

selected as the most energetic particle in the fihal state. For 

tHO and three -pl'ong events the U is unique ly identified. For 

hi'gheJ:' multiplicity events the final state 'IT t S must share the energy 

not taken by the P,-. Hence selection of the fastest negative track 

as the}J. should be valid for a majority of the events. 

This procedure can be tested in the subsp..mple of events in 

which Jt - t S are identified by the ir in terac tions ,,,i thin the fiducial 

volume. 'l'he average Ev for inelastic events in this exposure Hill 
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be nbout 25 GeV (see Fig. 1). By extrapolating the CERN meaaure­
13 ) 

ments for pion multiplicities we estimate the average charged pion 

multiplicity to be <Yl;r± > ~ 4-5 pions at our average E\,l. It is in 

the lO'Her mUltiplicity finnl states 't'Jhere the assignment of fast 

nega.tives as muons is probably more uncert.ain. Consider reBctions 

containing two negative tracks, such as 

V ·n p 

The average n-N cross section will be ~ 40 mb (not including the 

t:. (1236) region) which implies a 501& probabili ty for the 1T to inter­

act inside the chamber. For increasing levels of ambiguity i.e. 

1,2,3 

one has probabilities of 25%, 12%, and 6% respectively for identi­

fying all of the n-'s. These events can be used to study the u­

kinematics, to determine cuts for u- selection, and to measure the 

uncertainty in its identification. 

D~termination of the Average Final-State Hadron Energy 

The neutr:Lt10 energy cen be determined on a statistical basis 

by estimating the final state hadron energy from the visible energy. 

1A rought estimate for the neutral pion energy is that E 0 ~ -3 R
1T -hadron· 

1 o 
) then En° < (; Ev The average n multi­

plicity should be about 1/2 the charged pion multiplicity, i.e. about 

O1-2 n , s. Thus the 30Jt convers ion prob abi Ii ty for one or both yl s 

from a TI 
o should provide an adequate measure of the corrections to 

Eh c1 0 due to E o. Similarly, the invisible energy carried by nautronsa .1' n n 

can be estimated from secondary neutron interactions ( ~50% internction 

probabil i ty) • Addi tional information about the frac tionE'.. l energy 
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going into final sta te neutrals ' .... ill be supplied by the. neutrino 

exposures of the l5-foot chamber with neon and neon-hydrogen mixtures. 

\rIe expect to find rv 19,000 v n rase tions and rv19, 000 v p reactions in 

this exposure. Using the above techniques for muon identification 

and Ev estimation we will study the follovling topics in the inelastic 

events: 

8.) 9omparison of a(vn) and a(vp) in One Exposure: 


A diffractive model predicts 


O(Vn) = a(vp) 

whereas a quark model predicts 

14)O(vn) = 20(Vp) 

It is adve.ntageous to measure a ('Vn) and ex Vp) simultaneously il: one 

exposure ~vi th the same neutrino flux for both cross sections. 

Neutrino-neutron and neutrino-proton interactions are idenifiable 

as even and odd prong events respectively. \1e expect that about 1/3 

of the \h interactions will have a visible spectator proton yielding 

an odd: prong count. The specte. tor momentum, ho,·,ever, is nearly ahlays 

less than 200 I-leV/ ' resulting in a charact.eristic short, stoppingc 

tre.ck. Data .from the v-H exposures 'viII enable one to estimate2 

the overlap of 10vl momentum interaction. protons wi th the Hulthen 

spectator momentum distribution. 
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b) Structure Functions 

The inelastic cross section 

will be measured for proton and neutron targets simultaneously. 

The measurement of EjJ' eJl and Ev is required and can be done on a 

statistical basis. It \~ill be interesting to compare the structure 

functions \Y. for nand p reactions vlith each other. For example, 
~ 

vn sum rules for (It! vn - Wv p) and for (H + \'[3vP ) in the scaling
2 15) 2 3 

region can be tested. 

c) Inclusive final state hadron distributions: 
16) 

As indicated by Feynman , inclusive distributions of final ste.te 

hadrons can be used to look for parton structure of the nucleons. 

We will examine dis tributions in transverse momentum P.L and rapidi ty 

1 Ec + PI/ 

y == - In ( Ee - P )


2 II 

in reactions of the type 

v + N + Jl- + ~ + anything 

d) Linear Rise of the Total Cross Section 

Counter experiments Hill have investigated 0tot as a function 

of Ev. The bubble cha.111ber study may reveal Hhich final states 

(top310gies at least) are responsible for a turn over of ifa tot 

one is f'ound. 

4) Neutral Currents: 

Deep inelastic inclusive processes may be the best place to 
17) 

look f'or neutral wen};: hadronic currents and test the Weinberg theory.
18) 

Using Bjorken scaling Pais and Treiman have calculated bounds for 
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the ratio 

cr(V + N ~ V + anythinp,) 
== cr(v + N + u- + anything) 

Data from inclusive electro-magnetic and w'eak cross sections imply 

the fol101-ling limi ts: 

.5>R. 1 > .. 2 . l.nc 

Using events in which all negative particles interact in the chamber, 

we will be able to give an anSi-ler to the leve·l of the theoretical 

lower bound. 

5) New Particles: 

It will be very interesting to scrutinize the photographs and 

measurements for existence of completely nevI phenomena such as 

heavy leptons or W-bosons. If any new phenomenon is revealed by 

earlier experiments using massive-- target detectors, our proposed 

high energy exposure of the 15 - foot chamber filled wi th deuterium 

should be able to clarify the situatir.~. 
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11ANPO'd~:R AND EQ.UIPHENT 

The SUNY-Tufts Collaboration is prepared to commit the .full 

resources o.f two active bubble chronber·groups to this experiment. 

These resources are: 

Physicists: 

SUNY: 5 Ph.D Physicists 

Tu.fts: 4 Ph.D. Physicists 

Graduate Students: one .from each group. 

Present Operations: 

Sc s.nne r-l1e asurer Measuring Hachines Sc an Machine s 
FPDt s IPD's 

SUNY 9-10 3 4 
Tu.fts 6-8 2 2 5 

Two o.f the experimenters, R.E. and \v.A.H. have gained 2 years 

experience in the v-hydrogen and deuterium experL~ents with the 

Argonne l2-foot bubble chamber. 
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Fi~ur'e Captions 

Fig. 1 Expected neutrino f'lux and event rates for inelastic 

events (linearly rising cross section) and the sum 

of elastic events plus f5. ++ production (constant cross 

section) • 

Fig. 

Fig. 

2 

3 

da 
dq2. 

f'or elastic events in the Argonne l2-f'00t 

dhamber filled wi th deuterium (Ref. 4) • 
Cross section for vp+ u - f5.++ measured at the ZGS and 

CERN (Ref'. 17). 
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This Addendum 

1) adds some relevant physics points to our original proposal 

2) emphasizes our working experience with the IS-Foot BC (analysis
• 

of 300 Gev pp interactions ) 

3) emphasizes our experience with V - physics in the ANL l2-Foot Be and 

with the handling of the deuterium "target engineering" 

4) underlines the commitment of both labs to use all their manpower 

and equipment solely for the proposed experiment 

5)spells out our position with res'Pect ~o"the External Muon Identifier (EMI) 

1) "Some additional physics points:
• 

The eventrates calculated in our original proposal for the FNAL 2-Horn configuration 

~eflect the current status.at FNAL and are not expected to vary much in the near 

£uture.For example,theFNALl>- Summer Study revealed that a new,shorterY - beam 

run at lower energy would not result in a substaritially higher \) - flux (1) • 

a) 	Neutral current (NG) reactions: 


We will focus our attention on low multiplicity ex.;:lusive channels, e.g. 


Vll'\.~ Y(r-rr-) . 
" y 4>'"-7r1Ji - ) .... 

with the;r- interacting and the help of the EMI (see point.6) ). 

The first reaction gives a clean signal and answers for example the question whether 

an I m 3/2 hadronic state is excited by the NC.We expect to find about 100 events of 

this type. 

In the analysis of higher multiplicity events we will exploit known features of 

charged current events in order to sepa~ate off a muonless sample(~) and 

http:status.at
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use the EMI.The combination enables the separation of NC events even at higher mul­

tiplicities.(3) 

b) Search for charmed particles: 

A recently found candid~te for aAS = -AQ event at BNL(4)


Vr -=> r-~.A. "+ tT"t-lt-t-1f­

motivates a search for strange excited states QLnlr).At Stony Brook such a search 

was made in 200 Gev pp interactions with limited statistics of the strange particle 

and a negative result. 

2) Working experience with the lS-Foot ~C: 
t 

Both laboratories are currently working together in tne analysis of 300 Gev pp 

interactions in the lS-Foot BC.Modified scanning and measuring equipment allows 

large magnification inspection of difficult events during scanning and measuring.We use 

the ANL software for geometrical reconstruction and achieve currently shout SOO 

microns setting error in space,a value similar to the FNALengineering experiment(S). 

0' . 0 0
We point V s and gammas reliably and separate A:,K and gammas kinematically. 


A systematic study of this separation and the scanning efficiency across the chamber 


exploiting the symmetry in the pp CM system is underway.Results will be presented 


at the Seattle Meeting in august 1975. 


We are acquiring a good working knowledge of how to handle the lS-Foot BC. 

3) Experience with» - physics at lower energies: 

W.A.Mann from Tufts and R.Engelmann from SUNY have worked together for two years 

in the ANL V- program investigating reactions as 


ym4r-P , 

}If ~r -(,,11"+) 

in the 12-Foot BC with hydrogen and deuterium filling. They were fur.therp'articipating 

,-------------,~'--~ 
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in the initial phase of the neutral current search.They are well familiar with the 

deuterium "target engineering" techniques in )I - physics such as the treatment of 

exclusion principle effects etc. Furthermore both labs ana1ize currently 100 Gev 

(SUNY) and 300 Gev (Tufts) pd interactions in the 30-Inch Be and have learned how 

to handle the deuterium target with many particles in the final state. 

4) Manpower and equipment: 

The resources of both labs are slightly bettef than outlined in our original proposal. 

In particular modified and new equipment for large magnification ( about 60 ) 

is available.The resources are: 

Physicists: 


SUNY: 4 Ph. D. Physicists (pl~s one additional postdoc and one visitor ) 


Tufts: 4 Ph.D. Physicists 


Each lab will have 2.graduate students on this experiment. 

Scanner-Measurer: 

SUNY: 9 fulltime 

Tufts: 7 fulltime 

Equipment: 

Measuring/scanning Scanning 

SUNY: 3FPD 4 lID 3 

Tufts: 3 2 5 

. Computing: 

Stations are on - line controlled. Sufficient large computing facilities for 

off - line analysis are available in both labs. 
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S) Commitment of resources to the proposed experiment: 

Both laboratories commit their full resources to the proposed experiment. 

Any other film analysis in conflict with this commitment will be handled 

by the respective collaborators of both laboratories. (In the case of SUNY 

a conflict with a possible 500 GeV/c pp analysis of 30-inch Be film would 

be eliminated by entering a collaboration at the appropriate time. Prelimi­

nary contacts have shown that this certainly would not be difficult to do.) 

6) Use of the EM!: 

We ~ave made the 'agreement with the EM! group (L. Stevenson, LRL, and 

V. Peterson, Hawaii) that SlnrY Stony Brook will have one PhD physicist work 

with the ~ group on the on-line data taking and off-line analysis as 

. well. This will ensure that with the technical assistance of the EM! group 

we will learn how to run the EM! and analyze its data. (For example, in 

our hadron-deuterium runs in the 30-inch Be ~~ use the downstream PWC system 

generously made available by the MIT consortium.) 

A collaboration - on a limited scale on the part of the EMI group ­

is left open at the moment. 


Summarizing, we want to emphasize that we feel confident 

that our experience with the IS-foot Be analysis and with 

neutrino physics in deuterium, as well as our strong scanning 

capacity enable us to execute the proposed experiment well 

and speedy. 
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