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1. 

SUMMARY 

We propose a neutrino-deuterium experiment at Tevatron energies, 800

1000 GeV, in the l5-foot bubble chamber using the Quadrupole Triplet Beam. 

18 13We request 2 x 10 protons on target, corresponding to 200,000 pictures with 10 

protons per pulse. This proposal is submitted by the E545 col&aboration, and is 

intended to continue our program of study of all aspects of neutrino and anti-

neutrino interactions on neutrons and protons at higher energies. Moreover, the 

use of the Quadrupole Triplet Beam enables us to carry out an "ideal experiment" 

namely a comparison between neutrino and antineutrino interactions on neutrons 

and protons in the same beam and with the same analysis. It is obvious that these 

higher energies, which the Tevatron provides, make it possible to observe a much 

wider range in the variables Q2 and Wand hence to explore the new phenomena in 

structure functions and fragmentation processes related to QeD. In addition, 

higher energy neutrinos and antineutrinos will produce higher momentum short 

lived particles - such as charmed and bottom (and top) - and with additional 

experimental features we expect to identify them more effectively. 

Besides the EMI, the new features we are requesting in this experiment are 

the following: an internal picket fence extended to 360°; a two-plate system 

+inside the chamber for identifying yls and e-; and high resolution optics to 

search for short decay tracks and exam.ine vertices closely. 
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I. INTRODUCTION 

This Tevatron proposal is submitted by the collaboration which is 

carrying out E-545, neutrino interactions in deuterium in the IS-foot bubble 

chamber using the 350 GeV/c wide band beam. In a recently submitted proposal* 

we have reviewed the progress of E-545 to date (included here as Appendix B) 

and requested an extension at 400 GeV/c with the addition of plates and 

high resolution optics to the chamber. The present proposal is a request 

to continue our program of study of all aspects of neutrino-deuterium and 

antineutrino-deuterium interactions at higher energies t namely in the 

800-1000 GeV/c Quadrupole Triplet Beam. We again wish plates and high 

resolution optics for the chamber. the present two plane EMI and the Internal 

Picket Fence. An extension of the IPF to cover 360 0 would be desirable in 

order to reduce neutral hadronic background originating in upstream neutrino 

interactions. 

The primary advantage of the Tevatron beam is in the substantial 1.n

crease of high energy neutrinos and antineutrinos it produces. This makes 

2it possible to observe a much wider range in the variables Q and Wand 

hence to more effectively test QeD in structure functions and fragmE!Dtation 

processes. In addition higher energy neutrinos and antineutrinos will 

produce higher momentum short lived particles - for example t charmed and 

bottom - and the decay tracks of some of these particles would be observed 

Once again we emphasize the use of deuterium as the favored light liqui.d. 

Not only can both neutron and proton processes be studied simultaneously, 

but difference,s in their cross'sect1.ons, that 1.s, flavor non-singlet cross 

* Proposal for an Extension of E-S45 to Study Neutrino Interactions in Deuterium 
in the 15-foot Bubble Chamber with Plates and High Resolution Optics Using the 

400 GeV/c Wide Band Beam-
t~) 

--. __ ..._--_..._------------- .._ 
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sections, can be obtained because the incident flux is the same for both 

nand p. At these higher energies the ocean quarks contribute more 

importantly to the total cross section and it will be of great interest 

to search for differences in the number of ocean dd pairs in vn and vp, 

as has been suggested by en-ep data(l). as well as to measure QeD effects 

on the ocean. In addition the strong correlation of KO production with 

ocean quark targets (s ~ c) at small x can be exploited to study ss 

densities as a function of Q2. 

In this experiment we shall be able to separate the neutrino and anti-

neutrino interactions as well as to separate neutron and proton events. 

This measurement of both vn, vp and Vn, vp in the same beam and under the 

same conditions of analysis constitutes an ideal experiment. 

18
We request 2 x 10 protons on target using the Quadrupole Triplet Beam 

in the deuterium filled IS-foot bubble chamber with two plates, high 

resolution optics, the EMI and IPF. 

The physics justification and the questions of beam, plates, high 

resolution optics and event rates are discussed in the following sections. 
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II. PHYSICS 

A. CHARGED CURRENT PHYSICS 

a. Structure 	Functions 

QCD 	 predicts how the structure functions deviate from scaling, that is 

2 2
how they depend on Q. In the present regime of neutrino energies, Q up to 


2

100 GeV , it has proven impossible to separate the leading-order QCD effects 

from corrections coming from non-leading higher twist terms which may con

tribute 0-100% of the deviation. For a non-singlet structure function, 

such as FP_Fn, these effects may be expressed in terms of the moments defined 

N lby ~(Q2) = l' 
• 

d x x - F(X
I 

Q2). According to QeD (2 ) 

co 	 higher order
2 ------ 

~~(Q ) = (Q.,nQ2/ A2) dN 
{ I + r. perturbation } 

i=l 	 terms 

The higher twist effects appear in the sum and are a[1/Q2]i. If it is going 

to be possible to separate these effects it will be necessary to examine the 

structure functions over a wide range of Q2. By going to Tevatron energies 

we will be able to extend the studies of deviations from scaling over a range of 

2Q2 values up to 200 GeV . In addition, by using deuterium we can study the 

flavor non-singlet structure function; thus eliminating the effects of gluon 

and sea quark distributions in the nucleon. These studies would be carried 

out using the CC antineutrino interactions found in this film together with 

the more abundant neutrino events. 

2In principle, in order to determine x and Q precisely, one should know 

the momentum of the neutral hadrons. Although the proposed plates will detect 

1T 
O 

'S. we do not expect to be able to measure t1.eir energy well. and of course 

neutrons and KR, will not be detected. Therefore the usual method for correcting 
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for neutral momentum will be used; that is to use momentum balance to determine 

the compone.nt transverse to the beam direction, and then choosing the 

longitudinal component so that the total neutral momentum will be in the 

same direction as the total charged hadron momentum. The plates, however, 

could prove useful in checking the validity of such a procedure. For 

example, the angular distribution of photons from n° decay with respect to 

the charged hadron momentum axis could be studied as could n° multiplicities 

as a function of neutral hadron energy. 

To test for asymmetrieS between Ull and dO in the proton or neutron, 

one can use the relation 

I (Fvn
4 . 2 

where u and d are the corresponding quark parton densities in the proton 

C-u p == Q n = U). Such an analysis at high energies (and small x) will be 

able to confirm the hints from low energy ed and ep experiments that 

II is less than d by amounts much larger than is predicted at high 

energies by Qcn(3) • 

b. Properties of Final State Hadrons in Charged Current Interactions. 

The bubble chamber, because of its 4n acceptance and the ability to 

measure individual tracks in it, is a most suitable tool for obtaining 

detailed information on the hadronic final states in V and v CC interactions. 

In addition the analysis is simplified for these reactions because we are 

primarily observing, in the current fragmentation region, the fragmentation 

of u and d quarks respectively, and in the target fragmentation region, the 

fragmentation of a spectator diquark. Such p:--ocesses can be studied in 

terms of the quark-parton model and deviations from the scaling behavior 

http:compone.nt
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predicted by it can be used as tests of QCD. Of course there are complicating 

factors. On the experimental side, although individual tracks may be measured 

they cannot usually be identified unless they are slow. Thus fragmentation 

+ 
functions for K , K and p are difficult to obtain, as is also the case for 

neutral particles. Furthermore, the fact that v and v may scatter from sea 

quarks and diquarks, that they may produce c and s quarks (even t and b quarks) 

as well as u and d quarks, that higher twist terms may contribute, complicates 

the analysis. The proposed experiment can help unravel some of these 

competing factors. A study of AO and EO production in the forward hemi

sphere as a function of Q2 
can set limits on the higher twist contributions. 

The KO and KOls produced in small x collisions are a good monitor of 

s -+ c and s -+ c transitions respectively. A study of neutron minus 

proton, (n-p), fragmentation functions for v and v can isolate non-singlet 

terms and eliminate strange and charm complications. 

A great deal of work has already been done at present energies in studying 

the final hadronic state. ( 4) Nevertheless it has become clear that in order 

to answer the pressing questions, particularly concerning QCD, it is necessary 

2 2to expand the range of values of Q , Wand P which can be examine~ and toT 

obtain some independent estimate of higher twist effects in the observed 

reactions. 

In the remainder of this section we discuss a variety of topics (:un

cerning the hadronic final state which we intend to study. 

1) Multiplicities 

Multiplicity distributions for charged hadrons, as well as average 

multiplicity and dispersion have been studied as a function of W for vp and 

- (5) 2 
vp CC reactions. There is no apparent Q dependence, and the average 

') 

multiplicity tends to increase linearly with W"-. KNO scaling also is approximately 
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satisfied. These properties have now been studied for vn as well as vp 


in E-545. In this experiment we would extend these investigations over 


the broader range of Wand Q2 made available by the Tevatron for 


both V and \i on both nand p, which will enable us to answer questions 


such as the following: Does the average charge multiplicity grow faster 

•+ than ..en s as has been recently observed for e e collisions? Does the 


ratio D/<n > increase at higher Wand Q2 as suggested by QCD(6 )7

c 

2) Separation of Current and Target Fragmentation Regions. 

It has been shown( 7) that by using rapidity distributions or 


X distributions in the hadron center of mass system or by appropriate
F 


athoice of forward hadrons in the Breit system, reasonable separation of 


current and target fragmentation regions can be obtained provided cuts 


2 2

of W > 4.0 GeV and Q > 1 GeV are used. With presently available 


neutrino beams these are severe cuts which eliminate a substantial 


fraction of the events. With the higher range of W available from 


the Tevatron beams, not only will the fraction of events cut be 


reduced, but the separation into target and fragmentation regions will 


be improved because of the greater range in rapidity (/'..y ,\, ,R,nWL ). Thus a 

cleaner study of fragmentation functions an(l cl-targe distributions will he 
, ( 8' 

possible. Recent phenomenological theories ) successfully describe 

the bulk of strong interaction reactions in terms of a two sheet structure, 

where each sheet consists of a multiperipheral chain generated by a 

quark and a diquark. Obtaining more precise diquark fragmentation functions 

from nand p targets struck by neutrinos, can refine these predictions 

and correlations considerably. 
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1) Fragmentation Functions 

In general, for v charged current scattering the cross section may be 

written 

do h 2.,. • D (x,Q , z)
2

dxdQ dz dxdQ2 

where Dh(x, Q2, z) is called the fragmentation function into hadrons and 

2
do/dxdQ is the event cross section; z is EhlER where EH is the energy of 

all hadrons in the lab system. In the simple quark-parton model, the frag

h 2
mentation function satisfies the properties of factorization, D (x,Q ,z) = 

h 2 h 2 h
D (Q 	 ,z), and scaling, D (Q ,z) = D (z). If one chooses only forward 

hhadrons, say in the hadron center of mass, then D (z) may be interpreted 

as Dh(z), the fragmentation function for the u-quark (d-quark for V reactions).
u 

QCD predicts, because of gluon processes, that the D-functions will 

2
have a Q dependence. Comparisons of these functions with QCD are facilitated 

by the use of their moments defined by 

2 Ji m-l 2D(m, Q ).. 0 z D(z, Q ) dz 


NS +
Non-singlet moments, D = D - D , have a particularly simple form as a 

2function of Q such that a plot of one moment vs. another on a log-log scale 

will 	be a straight line. 

A variety of studies of fragmentation functions and their moments have 

( 9)
been and are being carried out at present day energies testing factori 

zation, scali.ng and QCD predic.tions. There is reasonable agreement with QCD 

but nevertheless it is very important to go to higher neutrino energies, and 

2
higher Q , to make these tests more reliable and more infQrmatiye. Studying 

these processes for the non singlet combination (vn - vp) makes the com

parison between theory and experiment substantially cleaner. ~O) 

http:scali.ng
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4) Transverse Momentum Distributions 

QCD predicts that single hadrons arising from the hadronization of 

the struck quark will acquire transverse momentum due to gluon brems

strahlung. The situation is complicated by other sources of trans

verse momentum, namely the primordial transverse momentum of the ori 

ginal quark in the nucleon, and a transverse momentum arising in 

2the fragmentation. Altarelli (11) predicts k;(QCD) a w /'In(Q2 /;.,2) for the 

QCD contribution. Present studies have shown some qualitative though not 

2 2quantitative agreement with QCD; Q and W dependences are seen, particularly 

at high z. It is clear that a 
2 2

higher range of Wand Q will do much to 

clarify the situatio~ Again. (vn - vp) as well as (vn + vp) analyses 

are useful. 

5) Jets 

Jet analyses may be carried out in terms of the usual quantith,s 

spherocity, sphericity and thrust. In the quark-parton model one expects, 

in the hadron center of mass, back to back jets arising from the hadronization 

of the struck quark and recoiling diquark. At sufficient hadronic energy, W, 

according to 1st order QCD a third jet should arise from gluon emission. 

At presently available values of W, r"< 15 GeV, no such effects are seen and 

even if present would probably be washed out by non-QeD effects. It will thus 

be very interesting to perform this type of analysis with the higher W 

available at Tevatron energies, although even here it will p~obably nQt 

be high enough to allow as clean analyses as at PETRA or PEP. On the 

other hand, in high energy neutrino interactions one can study and compare 

diquark jets with single quark jets, which should be interesting. (12) 
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6 ) Strange Particles 

Although it will not be possible to achieve good identification of 

charged strange particles in this experiment, a great deal can be learned 

from neutral strange particle production. In E-545 we have found a rate' of 

about 19% for the production of VO I S from deuterium in neutrino interactions 

It is now apparent that charmed particle production is of the order 

of 5-10% in neutrino interactions, of which the charmed baryon part may 

be as low as 1%. Thus the expected io rate from charm will be about 3-4% 

and the AO rate only a few tenths of a percent. It is evident that most 

of the strange particles arise from the fragmentation of the forward u 

quark and the recoiling diquark. 

If the quark sea is SU2 symmetric (Yu Y
d

) then we would expect in 

the u-quark fragmentation that 

which is an independent method from that of the net forward charge (section 7) 

to determine y. As pointed out before, with a higher range of W available 
s 

this determination will become more reliable. 

The AO production is of particular interest in that the AO is the only 

baryon which we can identify over its entire momentum spectrum. As shown by 

our rapidity distribution for AO's, the largest part of them arise from 

the backward moving diquark (in the hadron eM). AO's which arise from gluon 

t\ A pair creation are expecte¢l to cluster in the central region, about 

y = 0, and their number can be estimated from "the number of KO's. Forward 

AO's may arise in two ways: first, from fra~mentation of the emerging u or c quark 
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(1..3 )
and second, from a higher twist effect, the V scattering from a diquark , 

which is expected to go as 1/Q4. In addition, the production of a AO from a 

struck diquark should take place primarily from neutrons and not from protons, 

since the required process is v + (dd) ~ (ud) with the (ud) picking up a 

strange quark in the hadronization process to form a AO. In terms of valence 

quarks, the dd of course only exists in the neutron. In view of this, it 

2
would be interesting to have a Q and W range large enough so that one could 

examine forward A production in a high and a low Q2 
region, comparIng 

this for neutrons versus protons. It is important that the range of W 

available be large enough so that any observed Q2 effects cannot be 

attributed to phase space restrictions due to limitations on the mag

nitude of W available. With the two plates in the chamber we have a 

substantial probability of detecting the y from forwardly produced LOIS 

0:;° -+ A+y). Hence, if diquark absorption does occur we will be able 

to compare (ud) -+ A with (ud) -+ EO, thus learning something about the 

relative avounts of I = 1, S = 1 (ud) diquarks (needed for EO) and I ~ 0, 

S ;:. 0 (ud) diquarks (needed for fl.). (14) This field of study is uniquely 

suited to a V-D 2 exposure. 

7) Net Charge in the Current Fragmentation Region 

In neutrino interactions, the net charge in the current fragmentation region 

is not a measure of the charge of the u quark (d quark for V interactions) 

but only a measure of the probability Yu of producing a uu pair from 

the sea as illustrated in the d~agram below. 
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target region current region 

y = 0
R 

I..(-----

?~ I 

uuu for p """" 
ud for n 

The net forward charge will be 

i u, d, s 

where e is the charge of quark qi' Y is the probability of producing ai i 

pair qiqi from the sea, Lyie is the "leakage" term, andi 

1 1 - Y . 
u 

1 Y . u 

= 1 - 2y •Furthermore if we assume y 
uu 

As well as the leakage of a single quark out of the forward charge 

region we may also consider the smaller effect of the leakage of a diquark into 

the foward region. Then 
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where we may define 

and 
= 1. 

Then 

where 

r - r - r - r - r uu dd us ss 


For antineutrinos we find 


<: QF> = -Yu in the case of only single quark leakage, and 


<0 > -y + r if diquark leakage. is also included.
'F u 

The question remains as to how to determine the true value of <Q >' Firstp

one should prefer large x to minimize the contributions of scattering from 

sea quarks. Even so, there is still difficulty because at finite W there is 

overlap between the current and target fragmentation regions. One approach 

is to extrapolate to W = 00, which is done by extrapolating l/W to zero linearly. 

Since the largest W values used are about 10 GeV it is clear that the 

reliability of the measurements of <QF> and <QF> could benefit greatly by 

extending the W range available. We have already observed interesting 

~differenc.es in the exchanged c.harge for KO and A° events as compared 

to non strange particle events. These studies can be improved and extended. 

8) Pion Structure Function 

The pion form factor can be determined from events of the type 

v + n·+ p + X where the neutron dissociates into m and the neutrino 

http:differenc.es
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strikes the virtual TI leaving a visible proton in the momentum 

(15)region 400-800 MeV/c. The effect, as described by Lusignoli ~. 

is much larger and easier to detect with E > 100 GeV than at lower neutrino 
V 

energies. This method of determining pion form factors is straight

forward and completely different from the Drell-Yan method that seems 

to be very sensitive to ~igher order QeD corrections. It should be 

very interesting to compare the results for the two methods. About 200-300 

events of this type are expected in the proposed run. 

9) Other Topics 


Some additional topics of interest are the following: 


- The study of exclusive channels such as 


- 0 + vn ~ ~ p , ~ A K , etc. 

+ - +Vp ~ ~ pTI ,~pK , etc. 

can be extended to higher energies. 

- The current production of vector and axial vector mesons can be 

measured. 

- The Adler sum rule can be pushed to lower x-values. 

- Meson and baryon 'resonance production, both strange and non-strange, 

will be studied over a wider range of W. 

- Inclusive 6++ production, vD ~ ~-6++ + X , can be studied. In par

ticular, a study of low momentum spectator 6++ can yield an estimate 

of the fraction of the deuteron wave func.tion in which a 6* 

is present -- a quantity of considerable interest to nuclear 

physicists. Using higher energy neutrinos for this study increases the 

. ++ ++ 
separation between spectator 6 and 6 that Jare produced in ordinary 

vp collisions. 
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B. PRODUCTION OF NEW PARTICLES 

By new particles, we refer to charmed particles, T-leptons, and particles 

containing bottom or top quarks. With plates and high resolution optics 

it will be possible to obtain considerable information on charmed particle 

production in neutrino interactions. The number of charmed particles estimated 

to be produced in the proposed neutrino experiment is ""1400 • With 

the proposed 200 lnicron resolution optics, covering about 1/3 the available 

fiducial volume, about 90 should be seen to decay_ In addition, the 


plates will make it possible to pick up the leptonic decays of charmed 


tparticles into e . The comparison of e± produced from visible charmed decays 

with overall e± production will enable us to obtain useful information on 

+background sources of e-. 

fIn addition to the detection of e from charm decays the plates will 

also make possible the detection of nO's from these decays. As we have 

pointed out in a recently submitted 400 GeV/c proposal, the number of 

\l events with charm which can be fit exclusively will increase with 

nO detection in the plates. 

The detection of charm in the \l events would be a measure of the 

amount of hadronization of charm from the sea, Y , and would also 
c 

allow us to more precisely sort the sea production from direct charm 

production in \l interactions. 

The expected production of F+ mesons is about 150, of which rv 1/3 

would be in the high resolution.region. 
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In the case of the production of a bottom particle in an antineutrino 

interaction followed by the successive decays b~c~s the characteristic zigzag could 

be seen provided that the b lifetime is long enough. In fact the b lifetime 

has been predicted to be comparable to the charm lifetime, ~ 10-13 sec., (16) 

so that at higher energies their decays could be seen with HRO. Using 

predicted cross sections for b production (11.) we find ~ 5 bottom particles 

would be produced in this exposure. The probability of observing visible 

decays then is very small; on the other hand even a few examples could be 

quite convincing. 

Preliminary results at CERN and Fermilab suggest a mass bump in the 

5-6 GeV region from v events giving rise to ~ +l. - If real this would 

suggest a rather large cross section for single bottom events which could 

lead to interesting information about bottom production even in this 

proposed D2 run. 

G. NEUTRAL CURRENTS 

The study of neutral currents in this proposed experiment would be enhanced 

in comparison to earlier lower energy experiments by a reduction in the 

contamination of the NC event sample. We would expect that at higher 

neutrino energies the contribution to background by both CC events with slow 

muons and events produced by neutral hadrons would be reduced. In addition. 
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if the IPF were extended to 360° the neutral hadron background would be 

further reduced. Together with this the increased number of events at 

higher energies would also make it possibl~ to more accurately determine 

the Nc/cc ratios on both 	nand p. From this we shou-ld be able to obtain b~tter 

2results on ui, di and Sin e than could be obtained in E-545.w 
With the use of the plates we will be able to detect most of the nO's 

produced in neutral current interactions (~60%). Thus we will be able to 

determine neutral pion multiplicities from neutral current events. In addition, 

we note that the detected TTOIS tend to be the fast forward ones and 

thus carry an even greater percentage of the neutral hadronic energy 

in pions. Although we do not expect to be able to measure the individual 

TTO energies well in the 	plates we may be able to make a rough estimate 

of the neutral hadronic 	energy. We cannot be sure at this time how 

valid any such procedure 	would be, but in any case, it will be easy to 

check the validity of the procedure by applying it to the CC events and 

comparing it with the method presently used to estimate neutral energy, 

the so-called "Bonn" method described earlier. 1.f the method does prQve 

valid we call then obtain 	in a given event an estimate of the energy of 

the incoming neutrino as well as of the momentum and direction of the 


2
outgoing neutrino. All 	the relevant variables x, y, Q , W can then 

also be estimated and the neutral current events can be subjected to the 

same kinds of analysis we have already discussed for charged current 

events. 

We would also study VO production in NC events and contrast it with 

VO production in CC events. In this way we would try to test the 

SU(2) x U(l) selection rules for charm production. 
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III. 	EXPERIMENT 

A. Proposal 

18We propose a 2 x 10 proton neutrino-deuterium experiment in the 

Fermilab 15-foot bubble chamber at Tevatron energies which would include 

the following features: 

Beam 	- the quadrupole Triplet Beam at 1000 GeV/c with 400 GeV/c tuning 

d 1013 	 1an protons per pu se; 

Exposure and Event Rates - We request 200,000 pictures. The event rates 

corresponding to this exposure are shown in Table I. If the number of 

13protons per pulse is less than 10 we request correspondingly more 

pictures. 

EM! and IPF - The two plane EMI configuration and an extended internal 

picket fence. 

Plates - Two large stainless steel plates at the downstream end of the 

chamber for y and e! identification. 

High 	Resolution Optics - we request three additional cameras, those ,"hich 

normally serve as backups, to be adapted for high resoluti.oIl optics 

with 200 micron resolution. 

Except for the beam, these features are similar to those in our recent 

proposal to extend E-545 to 400 GeV/c running. They are discussed 

in more detail in the following sections. 



18. 


TABLE I EVENT RATES 

The event production rates for neutrino-deuterium and antineutri.no

deuterium interactions are estimated for 1000 GeV, 2 x 1018 p runs (1 x 1013 

3ppp and 260,000 pictures) assuming a quadrupole triplet beam and an 11 m 


fiducial volume of deuterium. 


Reaction 	 No .-of Events Reaction No. of Events 
E\I > 20 GeV E > 20 GeV\I 

\lp-+]JX
]J 

\I n -+ ]J-X
]J 

\lp-+\lX
P ]J 

\In-I>\lX
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]J ]J 
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V (p) -+ ]J+KOX
]J n 
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7000 
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B. 	 BEAM 

We have considered the following beams for this proposal: 

1. 	 The Quadrupole Triplet Beam (QTB) without sign selection; 

2. 	 The Single Horn focussed Wide Band Beam (SHB) with sign 

selection for neutrinos; 

3. 	 The Sign Selected Bare Target Beam (SSBT) for antineutrinos only. 

We have used the neutrino spectra obtained by S. Mori(18) together 

with 	cross sections 

38acc(VN) = 0.60 E x 10- cm2/nucleon(19) 
(E in 	GeV)

0 (VN) == 0.30 E x 10-38 cm2/nucleon(20)
CC 

to obtain charged current (CC) event rates. In Fig. 1, integrated CC 

event rates are shown for the QTB, the SHB for neutrinos and the SSBT 

for antineutrinos. Also shown are the antineutrino background for the 

QTB 	 and SHB and the neutrino background for the SSBT. The plotted 

quantity is the total number of CC events with neutrino energy greater 

than 	the value of the abscissa, in units of events per deuteron per 

1310	 protons on target. 

We have not considered the SHB, with or without plug, for anti-

neutrino running because the softness of the spectrum yields very fe\Ol 

high energy events a.nd a total event rate about 15 times less that that 

for neutrinos. 

For neutrinos we find that the SHB yields an event rate 1.7 times 

greater than that yielded by the QTB. On the other hand the QTB yields 

more high energy events. The numbers of events with E > 150 GeV are about 
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equal for the two beams, however for E > 300 GeV the event yield for 

the QTB is 1.6 times that for the SHB. In fact, 34% of the QTB 

events occur above 300 GeV, compared to 13% of the SHB events. 

The antineutrino background above 150 GeV in the QTB and SHB 

are about 10% and 6% respectively. With the aid of the EMI, as we 

have already shown in E-545, we would be able to isolate and 

analyze the antineutrino CC events. The QTB yields a factor of 

1.4 times as many antineutrino events as the SHB with E-
\) 

> 300 GeV. 

For antineutrinos, the SSBT yields a clean beam with event rates 

slightly less than the background antineutrino event rates of the 

QTB and SHB. Considering that we can separate the antineutrino CC events 

in the Q T B, we find the event rates for the SSBT far too low 

( ~2000 events for a 200,000 picture exposure) to justify an 

extended run in this beam. 

The exciting physics at the Tevatron is not at E\) < 100 GeV, 

a region which we are currently investigating and propose to 

investigate further (see our 400 GeV proposal), but at the highest 

neutrino energies available. This, together with the "extremely 

good operational reliability,,(18) of the QTB, necessary for the 

extended running envisioned, as well as the compatibility of the 

QTB with counter experiments, lead us to choose this beam as the 

one favored for our proposed \id experiment. Our second choice would 

be the neutrino SHB. 

Antineutrino CC events would be studied simultaneously with 

neutrino events in either case. Neutral current neutrino events, 

with a not unreasonable overall background of 5-10% from antineutrinos, 

would also be studied, and this background would decrease significantly. 

at higher energies. 
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C. SEPARATION OF v~ AND v~ EVENTS 

In the Quadrupole Triplet Beam we expect the antineutrino 

"background" to be "'14% of the overall neutrino event rate. If 

we wish to do antineutrino physics we need to know hOi>1 well we can 

identify antineutrino events and what background contamination we 

can expect. We have studied this for a kinematical method of 

separation by a Monte Carlo simulation. 

The following quantities are used in this method: 

r,PL ' the longitudinal momentum of charged tracks with respect 

to the neutrino beam. 

' the highest momentum transverse to the neutrino directionPT 


for a non-interacting negative track. 


' the momentum of the above particle transverse to thePTR 


charged hadronic total momentum. 


- 2 1/2
F (+) - Max(PT'PTR/(tpi) ), the track which maximizes this (- for max

v's, + for v's) is the muon candidate. P' are hadron momenta.
T 


~(+), the projected angle on a plane perpendicular to the 


.. + -1
neutrino direction of the angle between p(~ ) and p(hadronic). 

Figure 2 shows the fraction of v and V events as a function of 

a cut on tPL" Figure 3 shows for neutrino events the effects of a 

cut on P (greater than a value on the abscissa) for given tPL cuts.TR 

Both the fraction of events retained and the purity are given. Fig. 4(a) 

shows the effect of the P 'cut for antineutrino events, showingTR 

also the neutrino contamination. Fig. 4(b) shows the additional 
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effects on the v sample of cuts on Fmax~+) (greater than the abscissa 

value) and F (-) (less than the abscissa value) for given r.P and max L 

EPTR(+) events. Figure 4(c), finally, shows the results of a ~(+) cut. 

Our conclusion is that the kinematical method with the cuts EP > 20 GeV,
L 

T max· 	 max() > 	3 GeV, LoglOF (+) > 0.6, LoglOF (-) < 0.8 and ¢(+) > 100 degreesPTR + 


can identify 71% of all V 
).l 

'events with a sample purity of 84%. 


By combining this kinematical method with information on muon 

identification from the EMI we can achieve an even higher purity 

of our antineutrino sample. 

D. 	 PLATES 

In proposal P-545 we proposed a downstream set of four plates 

inside the 15-foot chamber. A test run of this system was not 

completely successful due to turbulent conditions in the regions 

between plates. Therefore the E-545 run took place in the bare chambCJ:;' 

The 	technical staff at Fermilabhas determined that the problem 

could be cured by trimming back the plates about ten inches on 

top and bottom. In Appendix A, a detailed analysis of the photon 

and electron detection capabilities of the trimmed 4-plate system 

is given. 

For this experiment. as in our proposal to extend E-545 at 400 GeV/c. 

we are proposing a modification of the 4-plate system, namely, that 

only two plates - the second and third - be used. The total 

radiation length would be 1.44X. This modification is justified 
, 0 

by the following considerations: 

i) We are convinced from experience with other plate experiments 

that shower multiplication would make the regions behind the 3rd 

------------- .......... ------- 
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and 4th plates unusable. It will be very difficult to follow tracks 


through these regions. With only two plates, this would not be a 


serious problem. 


ii) The technical difficulties which appeared in the 4-plate test 


would be significantly reduced with only one interplate region instead 


of three. 


iii) The removal of the first plate will increase the usable fiducial 


volume from about 60% to 70% of the chamber. 


iv) The reduction in photon and electron conversion efficiency is 


not great. Overall photon and electron conversion efficiencies will be about 


60%. However~ the efficiency for catching neutral energy is even greater. 


v) The plates and their mounting supports already exist at Fermilab. 


The only modification required is the trimming of the top and bottom 


portions. 


vi) Finally, it should be stressed that the electron identification 


power for this two plate system is very high (~93%), with a small 


< -3hadron contamination (~10 ). 

This is achieved by measuring the highest transverse momentum of the 

shower particles. 

As mentioned earlier, we will use the plates primarily 

a) as a Tfo veto to assist in fitting exclusive channels with 

no neutrals. 

b) to detect events where a single Tfo is emitted which may 

then give a constrained fit. 

c) to detect electrons and positrons. 

d) to assist in separating EO's from AO's. 
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In addition, the use of plates with a light liquid such as 

deuterium will result in improved neutrino energy by detecting a major 

fraction of the neutral energy. 

E. HIGH RESOLUTION OPTICS 

Recently, tests with high resolution cameras which have taken 

place in LEBC (Little European Bubble Chamber) and in the SLAC 

40-i.nch chamber have met with considerable success, (21) achieving 

resolutions of the order of 50 - 80 microns. It has been proposed 

at recent workshops on neutrino physics at Tevatron energies(2 2). 

that the IS-foot chamber also be equipped with high resolution capa

bility by modifying the three spare cameras. Because diffraction 

limited resolut1on and the depth of focus of a lens are intimately 

related, the 50 - 80 micron resolution referred to above would not 

be practical in a neutrino beam since the depth of focus is only 

a few centimeters. A reasonable goal for the IS-foot chamber would 

be 200 micron resolution which corresponds to a depth of focus of 

about 30 cm. With the three cameras focussed at different depths 

,'1 region centered on the beam axis nbout 1 meter in t;,epth lln,l 

covering the length of the chamber could be observed. This would 

correspond to about 1/3 of the usual fiducial volume of the chamber. 

We are of the opinion that high resolution optics is technologically 

and economi.cally feasible for Tevatron running. We note that 
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at CERN one camera has recently been modified for high resolution 

and very good pictures have been obtained. (23) 

As part of this proposal, we therefore request a three-camera 

high resolution system similar to that described. Our collaboration 

is prepared to lend considerable assistance to Fermilab in the 

design, development, and testing of the high resolution cameras. 

F. EMI AND IPF 

We propose to use the two-plane EMI configuration and an enhanced 

IPF (internal picket fence). We request that the present IPF with 

16 drift chambers be extended to cover a full 360 0 in order to reduce 

contamination of neutral current events by neutral hadrons coming from 

upstream interactions. 

G. 	 DATA REDUCTION 

The collaborating groups have already scanned, measured and 

processed the neutrino-deuterium experiment. E-545. The data pro

cessing systems now carry out geometric reconstruction in the 

15-foot chamber, kinematic fitting and EMI analysis and produce 

the final Data Summary Tape. If our recently submitted proposal for 

an extension of E-545 at 400 GeV/c with plates and high resolution 

optics is approved, we would then, at the time of Tevatron running, 

have working systems and the experience to take into account the 

additional information from these new features. 

The collaboration expects to be able to have "v40 experienced scanners to 

carry out the scanning and measurement of the film. Based on our present 

experience with E-545, we estimate the neutrino and antineutrino charged 

current events would be completely processed within "v2 years from thE! ti{;Je of 

the experimental runs. Physics analysis would proceed Simultaneously. 
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FIGURE CAPTIONS 

Fig. 1. Integrated charged current event rates for the quadrupole triplet 

beam, single horn beam for neutrinos, and sign selected bare target 

beam for antineutrinas. 

Fig. 2. Charged current selection for V~ and Vu events with PTR(+) greater than 

the cut value (abscissa) is shown. The quadrupole triplet beam with 

1000 GeV/c incident protons and 400 GeV/c tuning is used. 

Fig. 3. The pass rate for Vu charged current events with PTR gr(;~ater than the 

cut value is shown for three different values of the EP
L 

cut. The purity 

of the V event sample is also shown. 
U 

Fig. 4. (a) The pass rate for Vu charged current events with PTR(+) greater than 

the cut value, is shown for the case Ep. > 20 GeV/ c; using the cuts 
L 

EPL > 20 GeV/c and PTR > 3 GeV/c we show in (b) the pass rate for \)u CC 

events with LoglOF (+) greater than the cut value, as well as the \)
max U 

contamination, and in (c) the pass rate for V CC events with LoglOF (-)U max 

less than the cut value, and V contamination. 
U 

Fig. 5. Pass rates for vCC ' vCC' and vNC events for values of ~(+) greater than 

the cut value, for events which have passed the. cuts EpI; > 20 GeV/c, 

PTR{+) > 3 GeV!c, LoglOFmax{+) > 0.6 and LoglOFmax(-) < 0.8. 
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APPENDIX A 


January 7, 1980 

Detection of Neutrino Produced Plwtgns and Electrons by Plates In the I)-ft . 
.~rml1ab Bubble Chamber at Tevatron .E~erltes 

W.A. Mann and J. Sdllleps 

In 1978 FermUab approved a test of a downstrealll plate system iu"ide the 

15-foot chamber which waa deaigned for the purpose of detecting photons and 

electrons froll neutrino and ant1neutrino interactions 1n hydrogen and d.t'utcriUni. 

As it turned out, the plate teat was not successful 1n that the cameras which 

viewed the regions between plates did not obtain sharp pictures of tracks, and 

the neutrino-deuterium expert.ent (E-545) subsequently ran without plates. 

nle antineutrino experiment (E-542) still awaits running time. 

According to the Fe~ilab staff responsible for the plate system (Fig. 1.2), 

the cure of the problem which led to the difficulty 1s straightforward. It 

('onsises simply in cutting off nbout ten inches from the top and bottom of thl' 

plate~ so as to climinate the funneling effect which produced turbulence in tile 

Original design. In view of the fact that the plates and their mounting sys(':r:l 

.. xist. and that the .'arlier difficulty can be easily correctl'd, it becorr.cb 

evident that reinstallation of the plate systt·m in the chamber may be the 

simple!it and loost econollical way to achieve good photon and electron detect ion 
! 

from nl.!utrino and antineutrino interactions in light liquids. Thert"fore. it 

bel'oovt.!s us to examine whether the arguments which would have made the plnte 

system a useful adjunct to the IS-foot chamber at prescnt Fermilab ener~icu 

stUI hold true at Tevatl'on energies, and to compare the plate .ystem to other 

methods proposed for thia purpose. 

The .ld.v,1ntages of hydrosen or deuterium fills in compariaon with heavy 

liquid fills are the better resolution, the ability to fii exclusive channels. 

http:becorr.cb
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and the reduction of smearing due to Fermi motion and secondary scatters within 

a heavy nucleus. The d1eadvantages are in the event rate and the lack of 

ability to detect photons and electrons in any great number. The plato aystem 

can 80 a long way toward remedying the latter. 

We also point out that the use of 	the plate system reduces the usenble 

3 3fiducial volume of the chamber from 18m to about 12m • but this is still 

3considerably greater than the 3m 	 available in the BEBe TST. 

We will not review in detail the physics advantages that derive execpt 

to point out the following: 

1. 	 All information on charmed baryon production in neutrino 


interactions in bubble chambers comes from the analysis of 


exclusive channels. With the abiltty to detect ~·'s the 


number of exclusive charm channels which may be fit may 


increase substantially. Although much of the charm 


spectroscopy will be established by the time the Tevatron 


is available. charm production as a function of neutrino 


energy and other variables will be of interest. 


2. 	 A determination of neutrino energy and the variables x and y d('punds 

on a knowledge of the energy and momentum of the neutral 

particles produced in the interaction. At present a 

statistical correction is used which results in distributions 

bein~ smeared. Knowledge of neutral partieal momenta will 

sharpen these distributions. 
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3. 	 A knowledge of neutral particle energy also makes it possible 


to achieve a better separation of neutral current interactions 


and will result in a considerable improvement in neutr.al current 


distributions. 


4. 	 The hadronization of quarks, particularly of the charmed quarks, 


is aptly studied in neutrino interactions in light liquids. A 


proper study should take into account hndronization into 


neutral as well as charged particles. 


S. 	 The reaction;;1/-'1 fll. ~an be used in deuterium for flux 


normalization. The plates. used 89 a ~ray veto. can rule out 


background. 


6. 	 Using the EMI as a muon detector and the plates as an electron 


detector. multilepton events in 112 or D2 lTIay also be studied. 


In 1978 we presented Honte Carlo results on photon and electron 

detection efficiencies of the tttrimmcd lt plate system for the single 

horn wide band beam produced by 350 GeV/c protons. For exclusive channel 

o
photon production containing 11' f e. we used as input real events of the 

type ~ p ....,1,(./'."..,. and ~"""',Mp +N"'~, II =~ -" , treating 

the 	charged pions as 'Ireta. For inclusive charged current procease':; we 
+ 

usedl(ts observed in heavy neon-hydrogen. Simulation of e- production 

was done using published distributions from the reaction~N-,;~ -(!! +x . 
+ 

Probabilities for observing Y and e - induced showers in the 13nUll steel 

plates were estimated from shower tables for copper and probabiliti<:!s for 

~ conversion in liquid deuterium were determined from hydrogen data. 

We have now extended the calculations to neutrino beams 

produced by protons of 800 and 1000 CeV/c, using the neutrino energy 

spectra given by H. Hori. The results are shown in the accompanying 

figures. Figures 3 and 4 show the momentum and production angle distributions fer 

http:neutr.al
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.. ....,.... ".photons from the exclusive final state JA. P II Figure 5 shows 

the number of plates along the line of flight of photons from this final 

atate. Figures 6.7 and a give the same information for inclusive 

.. v'photons from the final state'l'" Vet X+ D ~ • Figure 9 shows photon 

detection efficiencies as a function of E i for both categories of v s 

events, and Figure 10shows this as a function of final state photon 

multiplicity. Finally, Figure 11 shows the capability of the plates 

for vetoing final states containing ~'s. 

At 350 GeV/c we conclude that the detection efficiency 1::; 

72% of Y'a from inclusive processes and 36% of r's from the onc 7f~hanne1. 

The 72% detection efficiency would make it possible to reduce the undetected 

hadronic energy in inclusive processes to the 10% level. The systi:!m's 

utility for separating fittable exclusive channels is seen from Fig. 11. 

It is ~ 85% effective as a shield against final states with 2 or more 1T'°'s. 

In the case of single rr'Unal states, the system is ~ 70% effective if one 

or more charged pions is produced along wi th the '1f ~ Only for (!vent s 

where the only pion produced is the single 71° does the efficiency drop 

below 50%. At BOO and 1000 GeV/c. as the figures show, the conclusions are 

almost identical, there being only a slight increase in detection efficiencies. 

Up to this point we have emphasized the improvement in the dctt'rmlnation 

OL total neutral energy and momentum and 1n the use of the plat~s as II 'rf tJ 

veto. It may also be possible to make some use of the plate information 

•to reconstruct If's and use them in exclusive channel fits. Using the 

predicted uncertainty of -30.% in renergies, the Purdue group, in II 

o
Nonce Carlo simulation. found a "tr maSS peak with FiJlll-t of ~ 80 Mt.:V. tJs~ 

of the kinematics of the production vertex will lmpr~ve this. 
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The efficiency for finding e -
+ 

from the final state~ -eo .,. X. was 

found to be ""'" 73%. It is then necessary to know what kind of background 

+ + 


to e events could be caused by 'tr- incid~nt on the plates. The BC-6.5 


experiment at SLAC, using three tantalum plates of 1.0 radiation length. 

+ + 


showed that at 1.6 GeV/c only one '71"- in 20.000 caused a fake e - show('r 

+ 

and at 3.1 GeV/c only one in 100,000 did so, vhereas true e- tracks 

+caused a good signature (94 - 1)% of the time. The Japanese group at 

Tohoku. using tvo tantalum plates eaeh of 1.6 radiation lengths, found 
+ + 

one in 10,000 '7f - simulated an e shower. The pions came fro~~·p lnterac.t!ons 

at 8 GaV/e and the result is consistent with th~ SLAC data. Based on lhl!{ 
+ 

data it is estimated that in the proposed IS-foot plate system one 11r-
+ 

in 7000 will fake an e at 1.6 GeV/c and one in 30,000 will do so at 3.1 
+ 

GaV/c, whUe """,95% of true e - will be identified. 

A downstream plate array poses new possibilities and also Bome problems 

for identifications and measurement of charged hadrons and muons 1n neutrino 

event~. It has been pointed out that energetic protons which interact upstream 

of the plates would, on the average. yield less energetic electromagnetic 

+showers in the plates than would secondary interactions of IT mesons, hence 

the plates would enable some discrimination. (1) The probability that a lwdron 

of several GeV/c momentum undergoes a hadronic interaction in traversing n 

plate is ~ 7%. Fbr negative tracks, this additional scattering within the 

visible duunber volume provides discrimination between final state 11-'8 a.nd lJ-'S. 

On the other hand, multiple scattering in tlH~ plates and reduction of measurable 

track length due to strong interactions in the plates will result in reduced 

momentum resolution for charged tracks. In the available fiducial Vel] ume 

upstream of the plate array, all primary vertices and secondary VO vertices 

are measured In liquid deuterium where track reconstruction i8 optimal. 
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Furthermore, track lengths greater than a meter will be typIcal. However, 

improved charged track resolution could be achieved by measuring tracks through 

the plates. The motivation for doing this is indicated by Figure 12, which 

shows that, In existing FNAL wide-band exposures, track momenta for charged 

hadrons and muons are typically 0-20 GeV/c (Figs. l2a, b)(2) for which track 

lengths of 1-2 meters are ideal (Fig. 12c)(3). In neutrino reactions at 

the Tevatron the muon momentum spectrum will shift upward by tens of GeV/c. 

In order to avoid substantial deterioration of momentum resolution and In 

order to associate muon tracks with mI hits, candidate muon tracks will 

certaInly need to be reconstructed through the plate array; moreover, rp

construction of all charged tracks through the plates should probably bl::: 

attempted. 



40. 

FOOTNOTES AND REFERENCES 


1. 	 FNAL Proposal E-S42, "Proposal for an Extension of E(3l) / (390) 

to Study vp/vn Interactions in the lS-Foot Bubble Chamber with 

y-Converting Plates U
, Spokesman: A.F. Garfinkel. 

2. 	 Data from VU'N Exposures: Fig. 12&. lIT, Maryland, Stony Brook, 

Tohoku, Tufts Collaboration (E-S45). Fig. l2b. Columbia-BNL 

Collaboration, Thesis by E.E. Schmidt, Jr. 

3. 	 Fig. 12c from J. Lach, ttStrong Interaction Physics in the NAL 

Bubble Chamber", in .!'rocecJJngs of International Conference on 

Bubble Chamber Technology, Vol. I, p.42, June 1970. 
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APPENDIX B 

SUMMARY OF PROGRESS IN E-545 

As stated in the introduction, at the time of writing about 2/3 of 

the film has been completely processed and all the events found are 110\" 

on a DST. The other 1/3 of the film has been double-scanned and the 

events found are now being measured and passed through our geometric and 

kinematic analysis programs. This work will be finished in Septeober 1~80 at 

which time a full and complete DST for this experiment will exist. TI1U total 

time elapsed from the run at Fermilab to the complete DST will be about 

20 months. 

At the same time, we have been pursuing the physics analysis of various 

topics. Reports on progress from E-545 have been presented at the April 

1979 Washington A.P.S. Meeting, at the International Conference Neutrin(l 7~ 

which took place at Bergen in June 1979, at the International Photon-Lc'pton 

Conference at Fermilab in August 1979, at Japanese Physical Society ll,ed illl',S in 

October 1979 and March, 1980, and at the January 1980 Chicago APS l'l<!t'l ill)'S. 

Further reports will be presented at the 1980 Washington tn('ctings and ;it 

international conferences to be held in the summer of 1980, notably thl' 

International Hirh Energy Physics Conference in July at Hml1son. In [lddit iOll, two 

pap('rs are now rpady to be submitted to letter journals and others are in preparation. 

In this section, we briefly report on the present status of our physics 

analysis with the expectation that more substantial physics results v,:i 11 

be available in the near future. 

(1) 	 Charged Current Reactions - the nIp ratio and a comparison of the 

quark distributions d (x) and d (x)
n p 

\.Je have determined the value of the ratio R 
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from our data. The separation of vd interactions into neutron target cwd 

proton target events is complicated by the phenomenon of rescatterint~, in 

,which the products of an interaction with one of the nucleons in the 

deuteron interact with the other nucleon. The correction for resc.:1ttering 

is important because its effect on vn collisions is to change the topology 

of an event to that of a vp interaction, while the topology of a vp ('Vt'llt 

in which rescattering occurs remains unchanged. The fraction of vd ev{'nLs 

which rescatter has been estimated to be 0.094 :t 0.035 in <l phenomenologicill 

study by extrapolating the rescatter rates observed in pd and TId intera{'t Ions 

to vd collisions. This is done by assuming the rescatter rate is a J illl'nr 

function of cross section. 

With the present accumulation of data, we find the value of the ratjo 

R to be R = 1.83 ± 0.15. About 1/3 of the error is statistical and 2/3 h 

due to the uncertainty in the fraction of events which contain rescatters 

in the deuteron. 

In addition we have for the first time, by studying Vn scatt.ering, 

compared the structure functions d {x} and d (x) for the va]0nce down 
n p 

quark in neutron and proton respectively. The general feature of these 

distributions (see Fig.Bl) is that d (x) is considerably broader than 
n 

d (x). The relative broadness of d (x) compared to d (x) is consistent with 
p n p 

the> charge synunetric SU(6} breaking effect sel~n by SLAC wlH'n comparing 

ep with en dl't.'p inelastic reactions. (1) Detailed study of the structllrl' 

2
fUllctions as a function of Q • now in progress, can reflect both QeD ClIIJ 

higher twist (primary diquark) effects. In addition, the study of 110n

. do do
singlet cross st..>ctions obtained from the dlfference dx(vn) - "d)/\'P), 


(;ice Fig'B2. tht> Feynman-Field fit to our preliminary data), while 


primarily useful for the study of valence quark properties. can also be used in 


the small x t"L'gion to search for asynunetrics between u;-{ and dd in thl' SC'il. 
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d) is a din-ct 

measure of such an asymmetry, which is already suggested from a stud:, or 

ep and en interactions alone. ( 2) 

Finally, in this neutrino run, we were [lble, by using the nlO

plane l;:r.n, to identify v interactions, and determin(~ their nIp rat iu 

jJ 

+to be 0.56 - 0.16. 

To obtain information about individual structure functions we can 

normalize our neutrino flux to our observed number of \) - d (I = 0) evenl!-;, 

CC
using the measured value of 0TOT(l = 0). \.Je have checked that the nUl: 

determined by quasi-elastic events .:lgrees with this method to the stl.ltiHtif'al 

accuracy (~20%) allowed. We shall compare our y distributions with detailed 

,Nonte Carlo calculations in order to determine the relative coefficivlll~ 

2of terms proportional to 1 and (l - y). EV(,lltually, we will [llso 1)(- ;!I,le 

to combine our vd data with Vd data from the BEBC collaboration at CJ:RN. 

(2) The Callan-Cross Relation 

We have tested the Callan-Gross relation, F (X) = 2xF (x) in
2 1

f1 I 

deuterium. The quantity R = 1 - 72' where fl = fo 2xFl (x)dx and 

in Table I for this experiment as well as 

for others. \.Je note that the result in deuterium is considerably 

better than in bubble chamber experiments using heavier liquids and 

comparable with the CDHS counter experiments. In addition, the use of ;1 

deuterium target allows us to test the relation separately for neutruns 

and protons. 
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Table I 

Test of Callan-Gross Relation 

N(n+p) 	 n p 

+This expo E-545 (D ) -0.01 - 0.07 0.001 + 0.10 -0.03 	+ 0.112
BEBC(a) +

0.11 - 0.20 

GGl-t(a) 	 +
0.32 - 0.21 

+CDHS(b) -0.03 	- 0.04 

+CITFR(c) 0.17 - 0.09 

(a) P.C. Bosetti et al., Nucl. Phys. B142, 1 (1978). 

(b) C.D.B.S. Collaboration, IX Int. Coni. on High Energy Physics, Tokyo (1978). 

(c) B.C. Barish et al., ibid. 

(3) Neutral Current Interactions 

We have found that it is possible to obtain a rather clean sample of 

Vp neutral current events by choosing those events with Ip'I'R i < 1.0 Ce\'h. 

wher~ P is the transverse momentum relntive to the remaining chargt,d
TR 

particles of the negative particle with the highest transv~rRe mom~ntum 

rL'lative to the incident beam. In this sample, there exist b<lckgrollllds dill' 

to V and v charged current interactions wllere the U is not identified. 
~l lJ 

V neutral current interactions and neutral hadronic induced events. 
\J 

2
The v background is corrected for by a Monte Carlo of the P spc'ct rum of It ,

II 	 TR 
+ 

\1 background by using the EMI to identify II • and V neutral current 
p U 

l'Vl'nts by using known results for v p (NC)/vp (CC). The neutral hadronic 



55. 


background is essentially eliminated by the cut EPL > 11 GeV/c, where p
L 

is the longitudinal momentum of an outgoing charged particle with respect 

to the beam direction~ 

Using our usual methods for separating n from p events, we obtain the 

following results for the ratios R = NClcc: 
+On deuterium 0.29 0.04Rd 

On protons R = 0.47 + 0.11 
p 

+On neutrons R = 0.19 0.05. 
n 

Using the results on nand p, and making appropriate experiment:!; 

corrections, we are able to extract the neutral current coupling constallts 

? 2 
u~ and dL. A r>reliminary result is shown in Fig.B3. 

(4) Strange Particle Production 

At the present time, about 80% of the VO events in our film hav(' 1)('l'n 

analyzed and we are studying VO production in hoth charged and neutral 

current events. In charged current events we find the following overall 

ratios: 

__ o(KO) + += 0.132 - 0.05; o . 0') 7 0 . OW) ;
(all CC) (all CC) 

+and (1(1\0)lo(a11 CC) = 0.002 - 0.001. The results are about the same 011 

neutrons and protons. More detailed investigations of the properties of these 

\.'vcnts an.~ underway. Preliminary results show that the x distribution 111 lhl' 

valence region is much broader for neutrons than for protons, as is the 

cas~' for all eharged current events. Striking peaks are also seen at: ~;1Il;1l1 

x indicating that a considerable fraction of the KO and some of the 1\0 

particles are made in interactions of the neutrino with sea quarks, including 
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v + s .... c + U • This kind of detailed strange particle production data 

can complement the global sea quark content information provided by countt'r 

+experiments. Rapidity distributions in the W -N center of mass are being 

studied as a means of separating target from current fragmentation reg i (Jn~;. 

One very exciting prospect is to use the Forward/Backward ratio of 1\0 pro

2
duction as a function of Q to set limits on the amount of higher twjsl 

contributions present. If a (dd) diquark in a neutron, rather than a Hillgle 

d quark, absorbs the weak current, the probability of forming a 1\0 or 

+EO itl the forward W N hemisphere will be enhanced, since the direction of the 

emitted Cud) diquark and the observed AO's are strongly correlated. 

An attempt to analyze our results in terms of the percent of charm 

production and dt'cay from the wlh'nce and spa quark targt·tH is under W;IY. 

The production of strange resonances K* and Y* is also being studied. 

(5) Charm Production 

For our charmed particle studies, about 80% of our film has 

now been analyzed for VO events. After cuts used to obtain a 

Clt',lIl sample of charged current events we have found 564 KO' sand 

481 /i.°'s. The mass resolutions for KO's and /i.°'s are 5.1 and 1.7 

HeV respl.!ctively as shown in Fig.B 4. We note that for the KO' s, t llis 

is more than three times better than the resolution obtained from a 

neon exp~rIment. 
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In an inclusive study of the final state combinations A~+ , 

°++- +- +
A~ rr rr , K p, KOprr rr , we see evidence for the A charmed baryon at 

c 

mass 2.28 GeV (to be submitted to Phys. Rev.) The results are shown 

in Fig.B5. For the D mesons we see a signal, Fig.B6, but it is clear 

we need more data. 

We have also had success in exclusive events which can be fit 

with VOs plus charged particles in the final state. Eleven candidates 

for charmed baryon events have been found, seven for A+ 
~ A~

+ , three 
c 


+ + + - +
for A ~A~ rr ~ and one for A ~ KOp.
c c 

+ + - +Of the seven A + A~ events two ean be interpreted as vn ~ ~ A . c c 
+ +To confirm the An events further, we show in Fig.B7 the An mass 

distribution from events which have an exclusive fit for ~S = -1 with a 

A. We find four excess events above background at the A+ mass. 
e 

An increase in our data by a factor of ~ 2 - 3 would give strong 

evidence for A production in exclusive reactions. 
c 

One event of three A+ + A~+~+n- candidates is interpreted as 
c 


- + 
vn ~ ~ A. The two other events have five pions in the final state 
e 


- +++-and can be fit to vn + U A~ ~ ~ ~ ~. The first can be interpreted as: 

- ++ + vn ~ p E (2486 - 19)1T
c 

I"A+(2257 ~ 17)TI+
e 

+ + + Ly*- (1382 3)1T 1T 

L 
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The second can be interpreted as 

1\+(2256 ~ 12)1T
c 

L ++
krr 1T 1T • 

+ ~o_+
Thl' 1\ -~Kop event is fit to vp -l- ]J p1T K 1T 1T and ean bl' intprprdl'd as 

c 


Vp -l-

Further and more detailed analysis of both the inclusive and exclusive 

studies of charm production is underway. 

(6) I~dron Multiplicity Distributions 

We have examined the multiplicity distribution of the final state 

hadrons produced in charged current vp and vn interactions. In this dis, 

cussion, all data are corrected for the effects of rescattering within the 

deuteron, as described in (1) above. 

The hadron multiplicity distributions in vN scattering are observed to 

be sir.tilar to those in pp annihilations, but systematic differences between 

neutrino-nucleon and hadron-nucleon multiplicity distributions are noted. 

The average charged hadron multiplicity, <n >, is observed to be a 
c 

2linear function of lnW , where W is the total hadronic energy, for both 

vp and Vn interactions. The variation of <n > with W which we observe for 
c 

L 
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Vp interactions is consistent with that reported in two neutrino-

hydrogen experiments, (3,4) while <n > in Vn interactions is systematically
c 


lower than the vp values by about half a unit. 


The variation of the dispersion of the neutrino-nucleon multiplicity 

distribution may be parameterized by D = A <n > + B. The value of the . c 

intercept B for vp interactions is found to be different from the value 

for vn interactions, although the slope parameter A is the same for the 

two targets. \ve find A - 0.34 for neutrino-nucleon collisions, which is 

only 60% of the value of A for hadron-nucleon collisions. The result that 

the intercept B is non-zero is evidence that the data do not obey KNO 

scaling. 

(7) Other Topics in the Hadronic Final States 

A variety of problems concerning the final state hadrons are or 

will soon be under analysis and we expect interesting results within the 

coming months. We mainly list these topics here as it is still too earl)' 

to give precise results. Recall that neutrinos provide a uniquely labelled 

source of quarks and diquarks whose fragmentation properties have been 

used to dl'scribe essentially nIl of hadron physics. More refined data 

along these lines for protons and neutrons are very useful for correla

ting a multitude of strong interaction observations. 

a) QeD effects 

We are studying QeD effects which may be observed in final state 

distributions as well as in structure functions and their moments both 
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for neutrons and protons. 	 Also. in preliminary studies we have found 


2 2
that the distribution of <PT> as a function of W is consistent with 

QCD predictions. The differences of neutron and proton (n-p) frag

mentation distributions are of particular theoretical interest. (5) 

b) Jets-

An analysis of jet-like properties of final state particles in 

terms of the usual parameters of sphericity, spherocity. thrust, etc., 

is also being carried out. 

c) n structure function 	

By studying \In events in which a slow proton (not the spectator) 

is produced. one can effectively study \In- scattering(6). We are now 

beginning this analysis. 

d) Charge flow and quark 	fragmentation 

Forward charge flow in the W+-N system is being studied along with 

questions of quark and diquark fragmentation and "leakage lf between curn~nt 

and target fragmentation regions. 

e) Resonance production 

Studies of production of baryon and meson resonances, both strangv 

and non-strange are underway. 

Additional topics slated for study are: comparison of vq with cq 

scattering, Adler sum rule 	tests, quasi-elastic \In -+ II P scatterin~~ (lnd 

exclusive reactions with VO's. 
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FIGURE CAPTIONS 


F1a. Bl. 	 8jorken X distributions for neutrino scattering on neutrons and protuns. 

The fits shown are based on expressions from Buras and Gaemera. 

da daFia. B2. 	 The Feynman-Field fit to Cdx(vn) - dt(vP)]cc' 

to the data at x • 0.14. 

Fig. B3. 	 A preliminary result for the neutral current coupling constants u2 
L 

2
and d • 	 Also shown is the prediction of the Weinberg-Salan lI!odc·l.

L 

Note that the vn line intersects the vp line at a greater angle than 

does the 'V(I-O) line (not shown) making this in principle a more 

sensitive method than previously used. 

Fig. B4,. 	 Haas distributions for KO and A events yielding resolutions of 5.1 ,inri 

1.7 MeV respectively. 

Fig. B5. 	 Inclusive mass distributions for (a) Arr
+

• (b) KOp, and (c) their !'lIln. 

+- + ++Fig. B6. 	 Inclusive mass distributions for (a) KOn n , (b) KOn + K"1T n 7T • ,Ind 

(c) their 	sum. 

+Fig. B7. Mass distributions for An from exclusive 	reactions fit with a single A. 

++Alsll shown is the mass distribution for A7T 1T from these reactiom;. 
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