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ABSTRACT 

We propose a program for a systematic study of neutrino and 

antineutrino interactions using the Fermilab 15-foot bubble cham

ber (Be) at the Tevatron energies. This proposal is based on the 

use of deuterium filling in the 15-ft bubble chamber which will 

suppress the fermi-motion and intranuclear cascade effects. Thus 

we will be able to investigate weak interactions on proton and 

neutron targets separately. 

In conjunction with the 15-ft bubble chamber the following 

devices are expected to be used: a new internal shower picket 

fence enabling timing of the interactions, identification of 

photons and electrons and measurement of their energies; a two

plane EM! (External Muon Identifier); a muon spectrometer to 

measure the energies of hard muons. In this proposal we also 

discuss possibilities to improve the focusing and monitoring of 

the neutrino beam. 
19

To perform this experiment 1. 2x 10 protons at the beam 

energy Ep = 1000 GeV are required. The proposed statistics con

sists· of about lOOK interactions in each of the v and v expo

sures. 

The main purpose of this experiment is a systematic study of 

properties of the hadronic final states and especially the 

mechanism of gluon jet production. 

The physics program also includes a study of the energy 

dependence of the total cross sections; investigation of general 

features of the deep inelastic vN and vN scattering; nucleon 

structure functions and scaling violations; search for new 
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particles and phenomena including mul tilepton events ; exclusive 
I 

channels including those with a ~o s; detailed study of the 

structure of the weak neutral current. 
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I. INTRODUCTION 


The study of neutrino (antineutrino) interactions has a 

major role in the research programs of the high energy accel
1 

erators. Some of the experiments have been completed, the 

others are in progress. 
2 

Operation of the 1 TeV proton 

accelerator at FNAL extends experimental possibilities for 

investigation of the weak interactions with neutrino beams to the 

incident neutrino energies of Ev > 200 GeV. 

The use of a large bubble chamber (BC) as a detector brings 

a significant extension to the range of problems which can be 

solved in neutrino experiments. A detailed picture of an inter

action provided by the bubble chamber is essential for the 

careful studies of the hadronic final states which is not 

provided by the electronic detectors. However, up to now 

statistics obtained in a typical neutrino experiment with a 

bubble chamber is less than 10K events. 

Here we propose to continue the systematic investigation of 

neutrino/antineutrino-nucleon interactions and concentrate mainly 

on studies of the hadronic final states wi th statistics of about 

lOOK €vents using wide band v~ and v~ beams. 

The Fermilab 15-ft bubble chamber, as the basic detector, 

will be filled with deuterium. To provide interaction time 

coincidences, to identify electrons and to measure gamma energies 

we propose to construct a new Internal Shower Picket Fence 

(ISPF)3 with about 2," and ±45° acceptance for horizontal and 

vertical directions, respectively. We expect that the new ISPF 

will be able to measure photon energies with a reliable accuracy 
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and efficiency. The new ISPF should be installed instead of the 
'+present IPF. 

To select charged current interactions the present 2-plane 

External Muon Identifier (EMI)5,6 will be used. To measure the 

energy of the fast muons (PIJ > 150 GeV/c) we propose to use an 
7

External Muon Spectrometer. 

The use of the deuterium filling will allow us to separate 

interactions off protons and neutrons. 

It is important to concentrate the data handling to a single 

experimental collaboration which has possibilities for a compar

able analysis of the v N and v N data.
IJ 'iJ 


The proposed experiment will allow: 


1. to study general properties of the hadronic final states 

including properties of the quark and gluon jets; 

2. to investigate multilepton final states with soft 

electrons; 

3. to obtain new data for energy dependence of the vp, vn , 

~p and ~n charged current cross sections in a wide energy inter

val (10 - 500 GeV); 

4. to study general properties of the deep inelastic v 

and ~ scattering on proton and neutron target separately; 

5. to investigate the structure functions [F~(X,Q2), i=1,3, 

k = vp,vn,~p,~n] and the scaling violations; 

6. to provide an excellent possibility to study the 

exclusive neutrino processes with uO mesons in the final state; 

7. to search for new short-lived particles; 
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8. to study hadronic final states in the vN and UN neutral 

current interactions. 

We are interested in collaborating wi th other groups to 

perform this experiment. The collaboration would enable to us to 

complete the data handling stage in a reasonable short period of 

time. 

This proposal may be overlapping wi th other proposals for 

bubble chamber neutrino experiments. New experimental results 

+ which will be obtained in ee, vN and ~N experiments in the near 

future may introduce some changes to this proposal. 
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II. EXPERIMENTAL LAYOUT 


2.1 Bubble Chamber 

As a basic detector we propose to use the Fermilab 15-ft 

bubble chamber filled wi th deuterium for the study of neutrino 

interactions at Tevatron energies. Such filling allow us to 

suppress fermi motion and intranuclear cascade effects of complex 

targets and to study neutrino interactions off proton and neutron 

targets separtely. 

The fiducial volume of 17m
3 

can be chosen to analyze neu

trino events (radius R = 165 cm and potential length Lpot > 65 

cm) • 

The relative error in momentum for bubble chamber track mea

surements is given as follows: 

A P / p = 3. 6 pc: / (RL2 ) , 

where p-particle momentum (GeV/c), R magnetic field (KG), L-track 

length (m), € space track setting error in space (mkm). For the 

track length of 2 m and € = 300 mkm the bubble chamber allows to 

measure the charged track momentum with better than 10% accuracy 

up to-the momentum of p = 150 GeV/c. The bubble chamber can thus 

provide good measurements of the track momentum for the whole 

interval of charged hadron momenta. 

2.2 External Muon Identifier (EMI) 

The present two-plane 
5

EMI will be used for muon identi 

fication. The overall geometrical EMI efficiency is expected to 

be 96% at Tevatron energies. The combined electronic EMI 

efficiency (with the new ISPF) is expected to be about 92.%. 
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2.3 External Muon Spectrometer 

We have shown above (see Sect. 2.1) that the bubble chamber 

can provide the accuracy of about 10% for the measurements of 

muon momenta less than 150 GeV/c. To measure momenta of fast 

muons we .intend to use an external muon 
7 

spectrometer. Such a 

spectrometer can be constructed from an array of toroidal iron 

magnets and drift chambers. The muon momentum will be measured 

by observing magnetic deflection of the muon track traversing the 

toroid spectrometer. The average magnetic field of 15 kG can be 

achieved for coil current about 700 A. For toroid thickness ~ 20 

cm and a drift chamber resolution ~ 200 mkm the spectrometer 

momentum resolution is 

where n is the number of modules. Thus for n equals 20 the 

momentum resolution will be about 10% for the muon momentum up to 

500 GeV/c. 

2.4 Internal Shower Picket Fence (ISPF) 

The present 
4

IPF for the Fermilab 15-ft bubble chamber is 

used to determine the time of a neutrino event inside the bubble 

chamber and has relatively low electronic efficiency of about 70

80%. We propose to build a new ISPF which also would be placed 

in the vacuum tank between the bubble chamber body and the super-

conducting magnet. 

The new feature of this detector is the possibility to 

measure the electron/gamma energies and to separate electrons 
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from hadrons. For these purposes the measurement of the number 

of particles in the maximum of an electromagnetic shower can be 

used. 

To decrease the influence of a strong E x B effect the new 

ISPF would consist of a large number of high pressure argon or 

xenon ionization chambers. The ionization chambers will be made 

from 10 mm diameter stainless steel tubes. The detector will 

have 2n azimuthal acceptance and ±45° vertical acceptance for 3 m 

tube length. An addi tional Pb or W convertor just in front of 

the tubes would be installed to achieve the total of about 5-6 

radiation lengths together with the 1" stainless steel bubble· 

chamber vessel. Minimum mechanical reconstruction will be needed 

to assemble the new detector. 

We expect the following parameters of the new ISPF: 

the energy resolution for electron/gamma showers llE/E 

(FWHM) = 0.75/{EG 

the elctron-hadron separation efficiency less than 5%; 

- the electronics efficiency about 99%; 

- the time resolution about 0.5-1.0 ~sec. 

(N . 

Besides this new ISPF will be able to associate secondary 

neu t ra1 0 . -stars, Vo 'S).w~ th pr~mary neutrino inter-b Jects 

actions. The 2n azimuthal acceptance will provide high selection 

between neutrino neutral current events and neutral hadron inter

actions induced by neutrinos in the magnet coils and other up

stream materials. 

The results of the prototype test of the proposed ISPF will 

be presented separately. 

----------- ..-.~----
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The general layout of the !<'ermilab 15-ft bubble chamber with 

the external devices is shown in Fig. 1. The expected energy and 

angular resolutions are discussed in Appendix II. 

2.5 Neutrino Fluxes and Expected Event Yields 

We propose an exposure of the 15-ft bubble chamber to wide-

band neutrino and antineutrino beams. Here we consider the use 

of the "beam guide ll focusing system with a central conductor 

. 38 
( w1re) in the present decay pipe as one possibili ty for the 

focusing system. The details of the description of this system 

and the corresponding calculated neutrino and antineutrino fluxes 

are given in Appendix I. 

The v and v fluxes obtained using one horn system and 

proposed wire focusing system are identical, within errors, 

according to our calculations (Figs. 2 and 3). However, the wire 

focusing system enables deflection of the 'IT and K mesons of a n 

opposite charges in the whole length of the decay pipe. This is 

important for the composition of the anti neutrino beams. To 

suppress the neutrino contamination in the plug is not needed and 

consequently the antineutrino flux can be enhanced in the high 

energy part of the spectrum (Ev > 100 Ge V by a factor of 2 (see 

Fig. 3). 

Purity of the neutrino fluxes is essential for the study of 

neutral current neutrino interactions. The proposed system will 

provide the maximum neutrino fluxes at the minimal contamination 

from wrong type neutrinos. 

Note, that the wire focusing system does not impose as 

strong restrictions on the focusing element itself as the horn 

system does, during the Tevatron fast spill time of 2 msec. 
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The expected charged-current event yields in the 17m
3 

13
fiducual volume of the 15-ft bubble chamber at intensity of 10

ppp are given in Table I. We propose to carry out this 

experiment with event statistics of about lOOK events both in 
18 

neutrino and antineutrino exposures, i.e. exposures of 2x10 
19 

protons for the neutrino beam and 10 protons for the anti-

neutrino beam are required. 

Using the expected parameters of the Tevatron (I = 2x 10
1 3 

ppp, cycle time 60 sec) we estimate that 500 days are needed to 

take the total event sample. The required statistics can be 

taken during 3 years with 2 runs per year lasting about 2.5-3 

months each. 

To surpress by a factor of 5 the event yield in the soft 

part of a neutrino flux (Ev < 100 GeV) a collimator with e < 3 

mrad after the target can be used. The high energy part of the 

neutrino spectrum will not change Significantly (10-20%). 

2.6 Neutrino Beam Monitoring 

To determine the total neutrino cross-sections and to study 

the a:bsolute values of structure functions it is desirable to 

know the v~ and ·v~ fluxes with an accuracy of about 5-10%. 

To fulfill this program the measurement of 1T and K yields 

from the real neutrino target would be done. The neutrino flux 

reconstruction can be made using muon flux measurements. 

The measurements of muon momenta and angular distributions 

can be carried out wi th an array of standard magnets and drift 

chambers wi th a total magnetic length of 15 Tm. This system can 

be used for proton intensity ~p to 10
10 

protons/sec. 
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An ionization chamber system installed in 3-4 arrays of the 

iron shield can be used to integrate the muon intensity and to 

check the operation of the neutrino channel during an exposure. 
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I I 1. PHYSICS 


3.1 Analysis of Properties of the Hadronlc Final States 

The systematic investigation of hadronic final states in the 

wide intervals of hadronic center-of-mass energies Wand lepton 

4-momenta transfered, Ql, is one of the basic goals of this 

experiment. At the Tevatron energies these intervals are 

1 < W2 < 900 GeV2 and 0 < Ql < 500 (GeV/c)2. 

The 15-ft bubble chamber will provide reasonable momentum 

resolution aph/Ph ~5-6% and angular resolution ae ~3 mrad for the 

charged hadron measurements. The new ISPF will give high (99%) 

electron/gamma detection efficiency and energy resolution about 

75/(E)1/2% (FWHM). Monte-Carlo calculations show (see Appendix 

II) that the combined BC + ISPF detector will enable the 

measurement of the total hadronic energy flow with the energy and 

angular resolutions O"E /Eh ~ 10% and 6 ,., 8 mrad at high Eh • 
h 

3.1a Search for the gluon jets 

The gluons begin to play an essential role in the deep 

inelas'tic scattering with the increased neutrino energies. Hard 

gluon bremsstrahlung from the outgoing quark leads to the jet 

broadening and eventually to the two-jet structure in the current 

fragmentation region. IS 

About 2.5% of all charged current interactions (or 2500 

events) will have a high invariant mass of the final hadronic 

system 20 < W < 30 GeV and about 7.5% of the events will have W 

> 15 GeV. Thus, a detailed comparison of the gluon jets produced 
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in neutrino reactions and in e+e- annihilation at PEP and PETRA 

energies is possible. 

Theoretical predictions for the jet cross sections as 

functions of the variables T (thrust) and S (spherocity) have 

been calculated in the first-order QCD perturbation theory.16 

These variables are defined as 

(3.1 ) 

(3.2) 

where Ii is a sum over all particles; 

Ei is a sum over the particles in the hemisphere; 

PL,PT are longitudinal and transverse momenta with respect 

to the jet axis determined by (3.5) and (3.6). 

For W > 20 GeV, the first-order perturbative QCD contri

bution to the cross section l/a (da/dT) can be separated from the 

non-perturbative background for T < 0.73. 16 A similar separation 

can be done for the averages <1 - T> and <S> as functions of W. 

Hard gluon bremsstrahlung also contributes to the angular 

correlations of hadrons relative to the lepton plane. In 

particular, azimuthal asymmetry is expected for the averages 

<cos </> > and <cos 2</> >,11 where </> is the azimuthal angle of a 

hadron in the plane transverse to the Q vector. 

Effects of the hard gluon bremsstrahlung are expected to be 

seen also in the angular energy flow. 1S 

http:theory.16
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The study of CC events with final-state hadrons having large 

transverse momenta is also important for the verification of the 

QCD predictions. QCD predicts a rise of <P~> of hadrons as a 

function of W2 and Q2 .19 In the selected region W > 20 GeV and 

T < 0.73 the first-order QCD contribution is dominant. 

The smallness of the nucleon fermi motion in deuterium 

target and a reasonable energy resolution will enable us to 

investigate the primordial fermi motion of the initial quarks. 

To study the primordial transverse momentum we intend to use PT 

correlations of the current and target fragments. There is no 

such possibility in the e+e- experiments. 

3.1b Study of fragmentation processes and fragmentation 
function properties 

The fragmentation functions are fundamental for the 

description of the quark fragmentation into observed final-state 

hadrons. 

Neutrino-induced reactions give an ideal possibility for 

their study due to the possibility to select the initial quark 

flavor • In the region where the valence quarks dominate. (XB 

> 0.1) the neutrino (antineutrino) interacts almost exclusively 

with the d(u) quark. 

With the standard notation the fragmentation function Dqh 

describes the probability that a quark q disintegrates into a 

hadron h. Isospin and charge-conjugation symmetries reduce the 

number of independent fragmentation functions to twelve: six for 

pions and six for kaons. 
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'!f + 
At present there are only poor experimental data20 for Du 

Ks K K 
Du ' DdS' and Ds fragmentation functions. 

The proposed experiment will enable us to measure three 

remaining fragmentation functions for neutral 
0 '!fo 0 

pions (D'!f D'!f ) and to improve present results. TheDd ' u ' s 
'!fo

combined \l and v analysis will be needed to measure D • s 

There will also be a possibility to investigate the 

factorization and scaling properties of the fragmentation 

functions in this experiment. 

The QCD predicts factorization of the single-particle 

inclusive distributions as follows: 21 

where qi are quark (antiquark) distributions and D~ is a fragmen

tation function. The region where factorization holds is pro

vided by 

o.s/'!f < < 1; R.n Ql/A2 > > R.n x, R.n (1 - xL R.n z, R.n (1 - z). 

In this region QCD predicts a logarithmic Q2 evolution for . 
the z moments of the fragmentation functions. 22 

The proposed experiment wi 11 allow us to study both non

singlet moments23 due to the quark fragmentation mechanism and 

singlet moments24 due to the gluon fragmentation mechanism. 

3.2 Multilepton States 

Multilepton final states in neutrino (antineutrino) 

interactions are directly connected to the new phenomena--the 

heavy quark or lepton production. 
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There will be a good opportunity to search and study the 

multilepton events in detail. The bubble chamber provides a full 

description of the produced hadrons, especially of the neutral 

strange particles (KO,A). On the other hand, external detectors s 

provide high efficiency for the lepton (electron and muon) 

detection. The two-plane EMI will allow identification of the 

multilepton events with an efficiency of ..... 90% for p > 4 GeV/c. 

The new ISPF will enable identification of electrons hitting the 

ISPF plane with the efficiency of "'95%. Moreover, the bubble 

chamber will enable the identification of direct electrons with 

Pe < 1 GeV/c by their spiralization in the bubble chamber. Use 

of the deuterium filling suppresses the main sources of 

background for direct electrons such as closing Compton electrons 

and closing asymmetrical gamma rays. The lowest electron 

momentum cut off will be at Pe > 300 MeV/c. 

The proposed experiment is thus suited to study the ue and 

uee processes in a wide kinematical range of the electron 

energies (Pe > 300 MeV/c) • 

.opposi te sign dileptons are qualitatively understood21 as 

the decay produces singly charmed mesons; however, the present 

statistics (especially for the u+e- in antineutrino interactions) 

should be increased. 

Using "'500 ~e and ..... 500 uu opposite sign dilepton events in 

the v/v beams we would investigate: 

1. Form of the fragmentation function D(z)c for charmed 
q 

mesons. Here the low energy cut off for the second lepton is 

extremely important; 



-15

2. The strange quark structure function f (x,Q2). Expecs 

tations from the QCD calculations predict a 30% change of 

f s (x,Q2 ) from Q2 = 2 to 100 (GeVIc). 

The study of like-sign dilepton events is connected both 

wi th the associated charm-anticharm (CC) production and b-quark 

contribution. 

The u + b (c + b) transitions in v interactions and 

the u + b (c + b) transitions in v-interactions are the main 

sources of b-quark production. Theoretical estimates for the 

b-quark production rate in v/v interactions26 give for 

r = 5x10-4 and r = 10-3 at ~. = 100 GeV in neutrino and antineu
v~ 

trino scattering, respectively. An antineutrino experiment is 

thus better in studying b-quark production. 

A final-state b-quark disintegrates into B-hadron and then 

decays. Lepton signals from the b-quark decay have been 

investigated by many theorists. 27 Leptons from the b + cR. v 

decays have large PT with respect to the B-hadron direction of 

flight. We expect ~15 semileptonic B decays in the antineutrino 

and -10 semileptonic B-decays in neutrino interactions. 

Trilepton events have created interest because they are 

considered to be manifestations of the "new physics." It has 

been shown, however, that at present energies (E C 200 GeV) the 

observed \.1-\.1-\.1+ v events28 and the \.I+IJ+\.I- vevents29 are due to 

ordinary charged current events with an additional muon pair from 

the radiative and hadronic origins. Trilepton events of the kind 

http:theorists.27
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u-u-e+ or u-p+e- would be of particular interest since they could 

not be from muon pair "background." 

3.3 	 Inclusive Charged-Current (Anti-) Neutrino Scattering 

The kinematics of inclusive charged-current (anti-) 

neutrino-nucleon 	scattering 

(V-)+ N + p± + X (3.3 ) 

can be described with three variables: 

Ev = neutrino energy; 

_q2 = ci = 4EvEp sin2 e/2 = square of the four-momentum 

transfer to the hadronic system; 

v = Eh - M ~ Eh = energy transfer to the hadronic system or 

in terms of the scaling variables X = ci/2Mv and Y = v/E •v 

Assuming the V-A form of the weak charged-current 

interactions the double differential cross section for the 

process (3.3) has the following form: 

d2 a v, v G2ME. 2 
= 1T v [(1 - Y)F (x,ci) +~ 2xF (x,Q2)dxdy 2	 1 

(3.4) 

± (y - y2 /2) x x F3 (x , Q2 )] , 

where the +/- sign refers to neutrino/anti neutrino scattering. 

The three structure functions Fi (x,Q2) (i = 1,2,3) contain the 

dynamics of the process (3.3). 

If the Callan-Gross relation 2xF = F2 is valid,S then the1 

differential cross section (3.4) has the form: 
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d2 av, v = G2ME [1/2(1 + (1 _ y)2)F (x,Q2) ± 1/2 (1 - (1 _ y)2)dxdy n 2 

x xF (x,Q2)]. (3.5)
3 

The structure functions can be extracted from the measured 

cross sections of the neutrino and antineutrino-nucleon inter

actions since 

d20V d2,.,v d2 v,v
F (x,Q2) + ~ or F (x,Q2) _ 0 ly=O 

2 dxdy dxdy 2 dxdy 

With the deuterium target it is easy to separate the (anti-) 

neutrino interactions off protons and neutrons and thus determine 

Fvn xFvn xFvPthe structure functions FVP and using the as
2' 2' 3' 3 

sumption of charge symmetry in the neutrino-nucleon scattering, 

FVP Fvn FVP Fvn . - d = 1. • e. , i - i an i i • 

The scaling hypothesis predicts that 

The existing experimental data indicate that the deviation from 

the scaling at moderate Q2 is about 10%. This experiment gives a 

possibili ty to extend the Q2 range up to 500 GeyZ and to verify 

the scaling hypothesis in the whole Q2 region. 

The verificatiionof violation of the Callan-G'ross relation 

using a wide Q2 range is of great interest due to unreliability 

of the existing experimental data. 
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Knowledge of (anti-) neutrino fluxes with a precision of 10% 

permits measurement of the behavior of the total cross sections 

in the new energy range E > 200 GeV. 
\1,\1 

The comparison of \lp and \lp data at X 1 gives a possi-I

bility to verify model predictions for the quark ratio u/d at X 

= 1. For example, in a QPM9 u = 2d and in the QCDlO u = 5d at X 

= 1. 

The comparison of \lp and \lp data is important also for a 

verification of the Adler sum rule 

The investigation· of the Ql dependence of the structure 

functions observed in eN and ilN experiments be 

functions is important for understanding of the nature of the 

scaling deviations. The significant 
2

Q -dependence of the 

ll 12 
structure can 

explained neither by threshold effects connected with production 

of heavy quarks nor by the target mass effects. On the other 

hand the assymptotically free field theories predict deviation 

from Bjorken's scaling, one of them - the quantum chromodynamics 

(QCD), which claims to a role of theory of strong interactions. 

In this experiment there is a possibility to verify the 

quantitative predictions of the QCD with a reasonable accuracy. 

For comparison with the QCD, moments of the structure 

functions are usually used since only for them the QCD gives 

unambigous predictions. In a simplest cast Nth moment of the 

2 
structure function F2 or XF3 (Fi(x,Q )) has the form 
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(3.6) 

Rowever, at moderate neutrino energy it is impossible to 

calculate correctly the integral (3.6) since at a given value of 

Q2 the X variable does not cover the whole X interval (0.-1.). 

. 2 hAt h1gh Q t e X values are restricted from below due to natural 

restriction in neutrino energy (Ev < 200 GeV). At low Q
2 

the X-

values are restricted from above because of the Eh selection. 

For example, by this reason the BEBC group was forced to use the 
2

data from Gargamelle for the analysis of the Q - dependence for 

· 13t he structure f unct10n moments. This experiment will cover a 

wider Q2 _ region (see Fig. 4) and will have a considerable 

advantage in the study of structure function moments. 

Thus, for example, the moments of the "valence" quarks 

(structure function XF3) do not depend on the distribution of 

gluons in the nucleon and these moments have the simplest form in 

the QCD1 
... 

dNS 
= const. x (In Q2 /11. 2 )

where 

= 4 (1 2 4 t.i ~)
33-2m - N(N+1) + ~=2 J 

and m is the number of quark flavors. 

It is necessary to note once more that the data on the deep-

inelastic vN/vN scattering, obtained in this experiment, will be 

considerably cleaner than in the counter experiments since wi th 
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the use of the deuterium target fermi-motion and intra-nuclear 

cascade effects are strongly suppressed. The usage of a wide

band v /v -flux enables to cover a wide Q2 region in a single 

experiment. 

3.4 Study of Exclusive Channels 

Up to now little experimental information about exclusive 

channels exists. 

These data would give answers to the following questions: 

- what are contributions of individual exclusive channels to 

the energy dependence of the total cross-sections; 

what is the role of diffractive processes in resonance 

production; 

what is the role of resonances in generation of scaling 

violations; 

does the Q2 - dependence of helici ty effects, similar to 

those found in eN + eN* reactions, exist. 

The proposed experiment will give possibilities to answer 

these questions. The deuterium target will allow to select 3C

fi t ehannels. The ISPF will enable to detect 11 a-mesons in the 

final states. Thus, there will be possibilities to investigate a 

great number of exclusive channels including a chance to obtain a 

detailed information about octet 1=1/2 and decuplet 1=3/2 baryon 

production. 

3.5 Study of Neutral Strange Particle Production 

The bubble chamber is an ideal detector to observe decays of 

neutral strange particles (K~, A, K). We intend to obtain new 
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data for inclusive strange particle production and exclusive 

channels with neutral strange particles. Neutral strange 

particle production in neutral current v/U interactions is of 

particular interest. There is practically no experimental data 

on NC events. 

3.6 Study of Neutral Current v and v Interactions 

The new ISPF will provide 211' azimuthal coverage of the 

bubble chamber. Charged hadrons from the upstream v/v inter

actions will give signals in the forward hemisphere of the ISPF 

and any event induced by secondary neutrals in the bubble chamber 

will be eliminated directly. For CC events the muon will always 

penetrate the ISPF and Monte-Carlo calculations show that tue 

overall probability of self-vetoing is about 92%. The time 

coincidence with Kt or neutron interactions will allow to reduce· 

this background by 65% for the total hadron energy cut Eh > 5 

GeV. Moreover, the characteristics of this background, i.e., 

absolute magnitude, energy spectrum, etc., can be determined. 

The use of the wire focusing system for secondary mesons 

would reduce the contamination from background neutral current 

v/v interactions. 

The neutral current interaction of neutrinos with nucleons 

is presented as 

L = - ~ v Y (1+y 5 ) v [u Y {uL (1+y 5 ) + uR (1-y 5 )} u + a a 

+ d Y {dL (1+y 5 ) + dR (l-y S )} d + ••• 
a 

-----------~ ..--..-.-
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It is interesting to measure the couplings uL' dL, uR' dR 
••• and to discriminate those between theoretical models. These 

coupling constants summarize the structure of the neutral current 

interaction and contain vital information about the properties of 

intermediate bosons. 

The proposed experiment will allow us to obtain new informa

tion about the following subjects: 

a. Isoscalar-isovector interference 

The deuterium target will allow to deparate NC interactions 

on protons and neutrons. A direct probe of the isospin structure 

is the combined data analysis of v and v inclusive cross sections 

d2which allows to obtain the estimation of 6 =u2 - andL L L 

d26 =u2 R R R 

a 
P 
~ an 

= 6L+ 1:. 6R 
<1p+ n v+v ° 3 

° - onP = 1.9 (6 R + 1:. 6 )- - 3 Lop+ on \l+ V 

Measurements of the n+/n- ratio in NC and CC semi-inclusive 

reactions can help to give additional restrictions for the 

ut, u~, dt, and d~ using the relations: 

.+ n+ 
IDTi 

(7) = D
U Un v+J,.I

+ -(~) on n+ 
v+J,.I+ = /Dun U 

+ 
+. (ut + ~ u~) on 

u + (dt + 3~2R)Dn 
u

(~) = + 
n \l+ v 1r1 2 + ':d2 )D1T 

(u2 + !r UR) D + (d2 
L u L 3 R u 



-23

+<_11"_ ) []= L+R 
11" v+ v 

b. Study of selected exclusive channels. 

In almost all of the models based on the GIM mechanism,30 

the neutral current is predicted to be symmetric under d-s or u-c 

interchanges. It is important to determine the NC couplings of 

the 	sand c quarks. 

The NC coupling to strange quarks can be measured 

using KO s f S in the v /v neutral current interactions. Assuming 
2

sin = 1/4, parton densities in the proportion Q/Q = 0.1 and9 w 
31

Qs/Q = 1/3 one finds that the average multiplicities 
KO+RO 

<n > for z > 0.5 are 

0.069 with S6v+v .044 without S8 

.087 with S5 

.039 without S8 
The CC contribution may be estimated using CC events with 

the wrong sign lepton signature at high y. I~e., an elementary 

process vc + vc followed by the decay c + sl+"" ('0 + 51- v) can 

+ + produce events like vN + ~ x, e x; vN + ~ x, e x. The ISPF for 

electrons and the wire focusing system may help to solve this 

problem. 

c. Diffractive Production of Mesons. 

Diffractive production of vector and axial vector mesons is 

a direct way to determine the quantum number f s of the neutral 

current. In the presence of an 5S component in the NC one 
31 

expects the following proportion for their production 

o 0 o ° A : p : 4> : 4>a = 1:1.2:0.2:0.1.1 
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IV. CONCLUSION 

The proposed experiment is aimed at a systematic study of 

neutrino/anti neutrino-deuterium interactions at statistics of 

N100K events in v and ~ - beams. 

The 15-ft bubble chamber, supplemented by ISPF, EMI, and the 

muon spectrometer, will combine the basic benefits of a bubble 

chamber and electronic techniques. 

This will allow us to obtain a detailed picture of neutrino 

interactions and provide high electron and muon identification 

efficiency as well as measurements of electromagnetic component 

and hard muon momenta. 

To accomplish our physical program we require the total 

1019number of protons of 2x1018 and in a v and v exposures, 
1 3 

respectively. With the proton beam intensity I = 2x10 ppp, the 

neutrino exposure will take about SO days of the bubble chamber 

operation and the antineutrino one N400 days. 

It is expedient to take the total neutrino statistics in the 

first run of the experiment which should continue during three 

monttis. As to the antineutrino statistics, we suggest that it 

should be taken in subsequent exposures. 

For scanning and measuring we can use 10 projectors with low 

(15x) and high (60x ) magnification, one or two automatic CRT's, 

and one HPD. Our experience in 1S-ft bubble chamber film data 

handling in previous experiments E-1S0 and E-564 indicates that 

the scanning rate is about 200 frames/day per device and the 

measurement rate is about 25 events/day per device. 
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Our contribution into the construction of the 15-ft bubble 

chamber hybrid system could be the following: 

1. 	 manufacture and test of ISPF ionization chamber pickets; 

2. 	 development and production of high pressure gas system; 

3. 	 participation in the development and production of 

channels of electronics based on combined radio

components. 

If Fermilab makes a decision to modify the neutrino channel, we 

are ready to consider a possibility to participate in these 

efforts. 

To have all the work on the 15-ft bubble chamber hybrid 

system accomplished and the film analyzed in a reasonably short 

period of time, we are interested in this experiment to be 

carried out in collaboration with other laboratories. 
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APPENDIX I 

Wide-band neutrino and antineutrino beams at the Tevatron 

A wide-band meson focusing for neutrino beams has some 

. h 32peculiari ties at high energy. Magnet1c orns and parabolic 

lenses,33 widely used now, become ineffective and, moreover, 

their utilization causes significant technical difficulties. 

The main reason of horn inefficiency is that at high 

energies the fraction of secondary mesons with small production 

angles increases extremely and, therefore, a magnetic field does 

not deflect them. Consequently the background of wrong sign 

mesons increases considerably. The use of the plug for the 

background suppression decreases the neutrino flux from right 

sign mesons especially in unknown high energy part of spectra 

which should be studied. 

The design fast spill time for a new generation of high 

energy fixed target accelerators will be a few msec. In this 

case the high current pulse of the horn power supply will cause a 

significant heating of the horn cover. As was mentioned in Ref. 

34, the horn utilization for the Tevatron will require further 

considerable efforts. 

To obtain high intensity neutrino beams at Tevatron energies 

we propose to use lIbeam guide" meson focusing system36 ,37 with a 

thin central conductor along the axis of the decay pipe. The 

advantages of this focusing system for high energy mesons, which 

will be called here focusing wire (FW), were discussed in detail 

in Ref. 38. 
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The axially symmetrical magnetic field is induced by a 

current pulse in a thin central conductor (wire) stretched along 

a full length of the decay pipe. The vacuum tube can be a 

reverse conductor. 

Charged mesons accomplish an oscillatory movement in the 

radial direction due to the prolonged magnetic field of the 

focusing wire. The neutrino flux increase is provided by a 

considerable portion of meson decays which occur in trajectory 

sections parallel to neutrino channel axis. 

To reduce the meson absorption in the wire the transverse 

dimensions of the proton beam on a neutrino target should be 

increased. This is also useful for protection of a neutrino 

target against extensive pulse heating by a high intensity proton 

beam. 

The FW magnetic field has a maximum around the wire and 

decreases proportionally to 1/r. The strong magnetic field near 

the axis reduces the contribution of wrong sign mesons produced 

at small angles. 

As was shown in paper,38 the FW provides a reasonable 

acceptance for secondary mesons induced by protons with Ep= 1 TeV 

at pulse currents about 1-2 KA. This magnitude is 100 times less 

than horn current. Due to a low value of the FW current the 

natural cooling can be provided for a 10-50 msec FW pulse. 

Figure 5 shows the integral neutrino flux (l-st curve) and 

flux densities at fixed Ev energies (curves 2, 3, 4, 5, 6, 7 and 

8 are for E = 10, 50, 100, 150, 200, 250, and 300 GeV, respec

tively) for the 15-ft bubble chamber as a function of the FW 
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current assuming the gaussin distribution of the proton beam on a 

target with op=l cm. At the current growth up to 2 kA neutrino 

fluxes increase and then become a constant. 

Figure 6 shows the neutrino flux and flux densities as a 

function of the proton beam size 0p (curves 9 and 10 are for E = 

350 and 400 GeV). It seems that fluxes are independent on 0p for 

op> 0.5 cm. 

Figures 7 and 8 show the same background antineutrino fluxes 

and densities as a function of Iw and ape 

It is possible to choose two modes of the focusing: 

to obtain the maximum of the signal/background ratio; 

to obtain the maximum of the basic v~ or v~ flux. 

The background/signal ratios for a neutrino beam are 

summarized in Table II as a function of Iw and 0p. 

To calculate the v~/v~ fluxes we used a modified NUADA 
39 

program for the focusing wire with the following parameters: 

Iw = 2KA, 0p = 1 cm J = 400 m, and rw = 1 nun. For theLw 
40

secondary meson spectra we used the IHEP parametrization 

obtained by fitting 1£ and K yields from the thick Al target in. 
the angle range o T 50 mrad and the momentum range 5 .... P .... 55 

GeV/c at proton energy 67 GeV/c.41 Systematic errors for 1£± and 

K± mesons are 5% and 10%, respectively. 

We choose the invariant cross section in the following form: 

a2 
a 1 (l-x) ,x exp(a3 x - "i1 {(1-a )exp(-a6I1) +a4 S 

+ aSexp(-a7p~)} 


http:GeV/c.41
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where E, P and n - energy, momentum and solid angle for secondary 

mesons, x = 2p* liEf, and PT-meson transverse momentum. 

Parameters of this form for an A1 target with the length 

equal to 60 cm and the radius equal to 3 cm are given in Table 

III and were used for calculation of neutrino fluxes. 

The momentum spectra of secondary mesons at 1 TeV proton 

energy are shown in Fig. 9 for production angle e ( 40 mrad. 
42

A comparison of this and Stefanski-White parametrizations 

with the available meson production at 300 GeV/c43 is shown in 

Fig. 10. 

Expected fluxes for neutrino beam are shown in Fig. 2. To 

make comparison more convenient the correspondent relative fluxes 

and event yields are given in Table IV. liorn parameters are 

taken from Ref. 44. 

The same fluxes and estimations for antineutrino beam are 

given in Fig. 3 and Table V. 

From Fig. 2 (Fig. 3) one can see that the neutrino 

(antineutrino) flux is the same for one horn and the FW, but the 

wrong sign contamination for the FW is 5 times less than for the 

horn. For the antineutrino beam the use of the plug with horn 

decreases 2 times the antineutrino flux for the energy greater 

than 100 GeV. 

Some technical and electric parameters of the FW system are 

given in Table VI for the blacken copper wire. Energy parameters 

for the FW system are given in Table VII, assuming rectangular 

current pulses which can be achieved using the method of Ref. 47. 
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APPENDIX II 


Investigation of an experimental accuracy of the bare 15-ft 

bubble chamber and the bubble chamber equiped with the ISPF has 

density 0.14 g/cm absorption length 300 and radiation length 

been done by Monte-Carlo simulation of neutrino events. It was 

assumed that the bubble chamber is filled with deuterium with 

3 
, cm 

3
900 cm. The fiducial volume was restricted by 17 m and was 

chosen so that potential length for secondaries along neutrino 

direction was greater than 65 cm. The neutrino flux which was 

used in Monte-Carlo program is shown in Fig. 2. 

For the simulation of a lepton vertex in a neutrino event 

the quark-parton model with Feynman-Field parametrization of 

quark d1str1 ut10ns45 was use • the of a hadron· 'b' 	 d For generation 

system we have used the model 	 of uncorrelated production which 
46 

was described in detail in Ref. This model reproduces satis

factory the main properties of the hadron production in the deep-

inelastic neutrino scattering. 

The neutrino vertex was determined inside the bubble chamber 

and ihe all particles were followed through the bubble chamber 

and the ISPF. The appropriate bubble chamber measured errors for 

tracks were assigned. 

It was assumed that the ISPF covers 2'/l' radians in the 

azimuth and ±45° in the vertical plane as it is shown in 

Fig. 1. We also assumed that the ISPF detects only y' s with the 

energy greater than 500 MeV and its detection efficiency equals 

99%. The ISPF energy resolution for a single was taken in the 

form 
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where Ey - energy of y in GeV. 

We have investigated the characteristics of the measured 

hadronic energy flow for the bubble chamber with and without 

ISPF. Figure 11 shows normalized distributions of the measured 

fraction of total hadronic energy 

r = 

for the bare bubble chamber and for the BC+ISPF hybrid system 

integrated over the hadronic energy range of (1-600) GeV. Figure 

12 shows the average value and the resolution of r for the bare 

bubble chamber and for the BC+ISPF as a function of the total 

hadronic energy. 

The use of the bubble chamber together with the ISPF 

essentially improve the accuracy of total hadronic energy 

determination. At Eh - 100 GeV the hybrid system detects 95% of 

the total hadronic energy with an accuracy ~10%, while the bare 

bubble chamber detects only 70% of the hadronic energy with ~23% 

accuracy. 

Since the ISPF records only two coordinates of photon 

showers in the azimuthal plane it is impossible to determine the 

dip angle of the y-quantum. The unknown angle is obtained using 

the minimization of the following square form: 

S = +a 2 a 2 z Y 
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where pvis and pvis are the z and y components of the totalz y 
, 

momentum of a neutrino event measured in the bubble chamber; Oz 

and 0y are the errors of the pvis and P vis respectively: pY andPY z y Z YI # 

are the correspondent components fo the Y momentum. 

The distributions of the angle 0 between the true and the 

measured directions of the hadronic system for the bare bubble 

chamber and the BC+ISPF system are shown in Fig. 13. The energy 

dependences of the resolution for the direction of hadronic 

shower in both cases are shown in Fig. 14. At the Eh ~ 100 GeV 

the angle resolution is ~ 5 mrad for the BC+ISPF system and -15 

mrad for the bare bubble chamber. 
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TABLE I 

3
Expected charged-current event yields in the 17m fiducial volume 

for 1 TeV protons. (10
13 

proton on target, deuterium filling.) 

E 
(GeV) 

Neutrino 
Exposures 

Antineutrino 
Exposures 

10-50 
50-100 

100-150 
150-200 
200-250 
250-300 
300-350 
350-400 
400-450 
450-550 

0.208 
0.203 
0.055 
0.035 
0.025 
0.016 
0.010 
0.006 
0.004 
0.002 

0.0525 
0.0371 
0.0091 
0.0045 
0.0027 
0.0014 
0.0007 

Total 0.562 0.108 
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TABLE IIa. 

Relative contribution of background antineutrino flux as a 

function of the FW current, proton beam radius up = 1 cm. 

Iw (KA) 0.5 1.0 1.5 2.0 3.0 

fdN
dE~ dE\)' 

0.170 0.085 0.050 0.030 0.018dN 
f dE\I dE\I 

, \I. , 

dN-/dEv \I 
(E =10) 0.245 0.130 0.070 0.050 0.026

dN\l/dE\I \I 

dN.,.../dE\I \I 
(E\I=100) 0.260 0.130 0.080 0.060 0.037dN IdE\I \I 

dN-/dE\I \I 
(E\I = 200) 0.130 0.090 0.055 0.035 0.018dN IdE\I \I 

dN-/dE\I \I 
(E = 300) 0.090 0.050 0.030 0.023 0.010

dN\I/dE\I \I 
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TABLE lIb. 

Relative contribution of background antineutrino flux as a 

function of the proton beam radius: 0p, Iw = 2 KA. 

0p (cm) 0.1 0.25 0.5 1.0 2.0 3.0 

fdN
_'" dE
dE- '" 

'" 0.018 0.016 0.020 0.030 0.060 0.085dN
f dE'" dE", 
-, '" , 

dN-/dE
'" '" (E",=10) 0.035 0.025 0.035 0.050 0.088 0.011

dN",/dE", 

dN-/dE
'" '" (E",=100) 0.035 0.029 0.035 0.060 0.110 0.180

dN",/dE", 

dN-/dE
'" '" (E", = 200) 0~015 0.013 0.019 0.040 0.067 0.085

dN",/dE", . 
dN-/dE

'" '" (E", = 300) 0.005 0.007 0.010 0.023 0.040 0.057
dN",/dE", 
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TABLE III 


Parametrization for the Al target with 1 = 0.6 m, r = 0.03 m. 


, , 
" :". H " 

~1 a2 . a3" ...a4, ap a6 a7 

1(+ 4.51 4.41 7.37 7.88 0.495 13.2 2.96 
1( 3.66 4.08 4.0 7.07 0.608 14.0 3.38 
K+ 0.256 3.41 5.25 6.25 0.975 11.0 2.97 
K 0.288 8.69 11.2 8.65 0.810 14.4 3.97 
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TABLE IVa 

Relative fluxes for neutrino beam at the 15-ft bubble chamber 

normalized to neutrino flux with the horn (%) 

, . 

-v v 
' ,~ focusing 

" ~, defocusing
E 
(~eV) horn + 

, horn plug' , 

10-400 
10-50 
50-100 
100-200 
200-300 
300-400 

100 
73 

17.5 

7 

2 


0.5 


73 
56 

11.5 
4.3 
1.0 
0.2 

horn + 
FW" horn' , plug . FW 

91 
66 
16 

7 
1.5 
0.5 

15 1.7 
9.8 1.35 
3.7 0.25 
1.3 0.085 
0.2 0.015 
0.06 0.0025 

2.5 
1.6 
0.6 
0.25 
0.04 
0.01 

TABLE IVb 

Relative event rates for neutrino beam at the 15-ft bubble 

chamber, normalized to neutrino event yield with the horn (%) 

, , , . I. --''-', ", ' ,~ -, "'~ , .... -, ' .. 

-v focusing v defocusing
IJ .' IJE 

(Ge~) 
. 'horn 

horn + 
plug FW horn' 

horn 
plug 

+ 
FlV 

10-400 
10-50 
50-100 
100-200 
200-300 
300-400 

100 
40.5 
25.5 
21.5 
8.5 
4.0 

68 
32.7 
16.7 
12.5 
4.5 
1.6 

93 
37 

23.5 
19.5 
8.5 
4.5 

17 
6 

5.5 
4 

1. 
0.5 

1.5 
0.75 
0.40 
0.25 
0.08 
0.02 

2.7 
0.82 
0.82 
0.77 
0.23 
0.06 
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TABLE Va 

Relative fluxes for the antineutrino beam 

chamber normalized to antineutrino flux with 

at the 15-ft 

the horn (%) 

bubble 

\I \I 
II focusing . II defocusing

E-
, 

(G~V) horn + horn + 
horn plug FW horn plug 'FW' 

10-400 100 78 112 41 5 8.3 
10-50 78.5 65 90 21.7 3.4 4.3 
50-100 16.5 11 17 11.2 0.9 2.1 
100-200 4.3 2 4.4 5.8 0.5 1.4 
200-300 0.6 0.8 0.5 1.6 0.16 0.37 
300-400 0.1 0.04 0.1 0.7 0.04 0.13 

TABLE Vb 

Relative event rates for antineutrino beam at the 15-ft bubble 

chamber, normalized to antineutrino event yield with the horn (%) 

\I focusing \I defocusing
II .llE

(G~V) 
horn 

horn + 
plug FW " horn 

horn 
plug 

+ 
Fi'l 

10-400 
10-50 
50-100 
100-200 
200-300 
300-400 

100 
54 
28 
14 

3 
1. 

70 
43 

17.5 
'1.7 
1.5 
0.3 

107 
58.5 
28.5 

15 
4 

1. 

71 
15.7 
19.5 
19.5 
10. 
6.3 

6.5 
2.3 
1.5 
1.55 
0.85 
0.30 

14.5 
2.7 
3.6 
4.9 
2.3 
1.0 



-42

TABLE VI 


Wire length (m) 

Wire radius (rom) 

Decay pipe radius (cm) 

Distance between wire suspensions (m) 

Wire draw strength (kG) 

Wire sagitta between suspensions (mm) 

Inductance (ll) 

Resistance (n) 


TABLE VII 


400 

1 


45.7 

-5-8 

-100 

1-2 


-0. 5x 10-3 


-3 


Cycle time (sec) 60 

Number of fast spill pulses 1 

Wire current length (msec) 2 

Peak current (kA) 2 

Vol tage (kV) 6 

Magnetic field storage energy LI2/2 (kJ) 1 

Dissipation energy I2R per pulse (kJ) 24 

Wire heating per pulse (OC) 6 

Average heating power (wt/m) 4 

Wire average temperature (Oe) 50 


Average consumed power (wt) 1600 
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FIGUHE CAPTIONS 


Fig. 1. General layout of the Fermilab 15-ft bubble chamber with 

the external devices. 

Fig. 2. Neutrino fluxes obtained using the horn system and the 

wire focusing system. 

Fig. 3. Antineutrino fluxes obtained using the horn system and 

the wire focusing system. 

Fig. 4. Q2 and x regions covered by the proposed experiment. 

Fig. 5. Integral neutrino flux (curve 1) and the flux densities 

(curves 2-8) for different Ev energies (10, 50, 100, 110, 200, 

250, 300 GeV) as a function of the ~V current. 

Fig. 6. Neutrino flux (curve 1) and the flux densities (curves 

2-10) as functions of the proton beam size 0p for different Ev 

energies (10, 50, 100, 150, 200, 250, 300, 350, and 400 GeV). 

Fig. 7. Background anti neutrino flux and the flux densities as 

functions of the ~V current (see Fig. 5). 

Fig. 8. Background antineutrino flux and the flux densities as 

functions of the proton beam size (see Fig. 6). 
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Fig. 9. Momentum spectra of the secondary mesons at i TeV 

proton energy (AI target, 40 mrad).8prod ( 

Fig. 10. Comparison of meson production at 300 GeV/c from the Al 

target with the IHEP parametrization and the Stefanski

White~2 parametrization (see text). 

Fig. 11. Normalized distributions of the measured fraction of 

the total hadronic energy r = (Eh , - Eh)/Eh for the bare 

bubble chamber and for the BC+ISPF. 

Fig. 12. Average value and resolution of r = (Eh , - Eh ) /Eh for 

the bare bubble chamber and for the BC+ISPF. 

Fig. 13. Distributions of the angle c between the true and 

measured hadronic jet direction for the bare bubble chamber 

and for the BC+ISPF. 

Fig. 14. Energy dependences of resolution for the hadronic jet 

direction for the bare bubble chamber and for the BC+ISPF. 
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