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SUMMARY

We propose a neutrino-deuterium experiment at Tevatron energies, 800-
1000 GeV, in the 15-foot bubble chamber using the Quadrupole Triplet Beam.
We request 2 x 1018 protons on target, corresponding to 200,000 pictures with 1013
protons per pulse. This proposal is submitted by the E545 collaboration, and is
intended to continue our program of study of all aspects of neutrine 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 obvicus that these
higher energles, which the Tevatron provides, make it possible to observe a much
wider range in the variables Q2 and W and hence to explore the new phenomena in
structure functions and fragmentation processes related to QCD. 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 y's and ei; and high resolution optics to

search for short decay tracks and examine vertices closely.
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I. INTRODUCT ION

This Tevatron proposal is submitted by the collaboration which is
carrying out E-~545, neutrino interactions in deuterium in the 15~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, 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° would be desirablc in
order to reduce neutral hadronic background originating in upstream neutrino
interactions.

The primary advantage of the Tevatron beam is in the substantial in—
crease cof high energy neutrinos and antineutrinos 1t produces. This makes
it possible to observe a much wider range in the variables Q2 and W and
hence to more effectively test QCD in structure functions and fragmentation
processes, In addition higher energy neutrinos and antineutrinos will
produce higher momentum short lived particles - fo; example, 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 liquid.
Not only can both neutron and proton processes be studied simultaneously,

but differences in their cross sections, that is, flavor non-singlet cross

* Proposal for an Extension of E-545 to Study Neutrino Interactions in ?euterium
in the 15-foot Bubble Chamber with Plates and High Resolution Optics Using the

400 GeV/c Wide Band Beam-




sections, can be obtained because the incident flux is the same for both
n and p. At these higher energles 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 up,
as has been suggested by en-ep data(l), as well as to measure QCD effects
on the ocean. In addition the strong correlation of K° production with
ocean quark targets (s - ¢) at small x can be exploited to study ss
densities as a function of Qz.

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 :ﬁh :@ in the same beam and under the
same conditions of analysis constitutes an ideal experiment.

We request 2 x 1018 protons on target using the Quadrupole Triplet Beam
in the deuterium filled 15-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.



IT. PHYSICS

A. CHARGED CURRENT PHYSICS

a. Structure Functions

QCD predicts how the structure functions deviate from scaling, that is
how they depend on Qz. In the present regime of neutrino energies, Q2 up to
100 GeVz, 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 prFn, these effects may be expressed in terms of the moments defined

]
by MN(Q'Z) = J‘ d x N 1 F(XlQ ). According to QCD (2)
o
AN o NuiN ;  higher order
5 N
MN(Q ) = (RnQ*/Az) {1 +1;1 ;En(Q /A ) Q ] + porttziiélon

The higher twist effects appear in the sum and are a[l/Qz]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 QQ. By going to Tevatron energies

we will be able to extend the studies of deviations from scaling over a range of
Q2 values up to 200 Gevze 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. Thése studies would be carried

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

the more abundant neutrino events.

In principle, in order to determine x and Q2 precisely, one should know
the momentum of the neutral hadrons. Although the proposed plates will detect
m°'s, we do not expect to be able to measure their energy well, and of course

neutrons and KZ will not be detected. Therefore the usual method for correcting

}



for neutral momentum will be used; that is to use momentum balance to determine
the component 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 T° decay with respect to

the charged hadron momentum axis could be studied as could 7° multiplicities
as a function of neutral hadron energy.

To test for asymmetries between uu and dd in the proton or neutron,

one can use the relation

e(n, 1

vn vp
A R

= _ g .3 e0)p _
u-d=75 (F, F 2 2

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

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

energies by QCD(3).

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

The bubble chamber, because of 1its 4w 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 1s 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 processes can be studied in

terms of the quark-parton model and deviations from the scaling behavicer
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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 G'may scatter from sea
quarks and diquarks, that they may produce ¢ 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 A®° and I° production in the forward hemi-
sphere as a function of Q2 can set limits on the higher twist contributions.
The K° and K°'s produced in small x collisions are a good monitor of

s ¢ and s + ¢ 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.(a ) Nevertheless it has become clear that in order

to answer the pressing questions, particularly concerning QCD, it is necessary
9
to expand the range of values of Qz, W and p; which can be examined, and to

obtaln some independent estimate of higher twist effects in the observed

reactions.

In the remalnder of this section we discuss a variety of topics con-

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
Gp cC reactions.( >) There is no apparent Q2 dependence, and the average

)
multiplicity tends to increase linearly with W . KNO scaling also is approximately



satisfied. These properties have now been studied for vn as well as vp
in E-545. 1In this experiment we would extend these investigations over
the broader range of W and Q2 made availlable by the Tevatron for

both v and V on both n and p, which will enable us to answer questions
such as the following: Does the average charge multiplicity grow faster

*

than £n s as has been recently observed for e+e— collisions? Does the

ratio DX<nc> increase at higher W and Q2 as suggested by QCD(6 }?

2) Separation of Current and Target Fragmentation Regions.

7

It has been shown that by using rapidity distributions or

Xp distributions in the hadron center of mass system or by appropriate
ghoice of forward hadrons in the Brelt system, reasonable separation of
current and target fragmentation regions can be obtained provided cuts
of W > 4.0 GeV and QZ > 1 GeV2 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 (Ay ~ QnWZ). Thus a
cleaner study of fragmentation functions and charge distributions will be
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 n and p targets struck by neutrinos, can refine these predictions

and correlations considerably. i



» Fragmentation Functions

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

written
d3 g do h 2
5 = T * D (x,Q7, z)
dxdQ dz dxdQ

where Dh(x, Qz, z) 18 called the fragmentation function into hadrons and
dc!dde2 is the event cross section; z is EhKEH where EH is the energy of
all hadrons in the lab system. In the simple quark-parton model, the frag-
mentation function satisfies the properties of factorization, Dh(x,Qz,z) =
Dh(qz,z), and scaling, Dh(Qz,z) = Dh(z). If one chooses only forward
hadrons, say in the hadron center of mass, then Dh(z) may be interpreted
as Dﬁ(z), the fragmentation function for the u-quark (d-quark for V reactions).

QCD predicts, because of gluon processes, that the D-functions will
have a Q2 dependence. Comparisons of these functions with QCD are facilitated
by the use of their moments defined by

D{m, Qz) = ‘Iizm-l bD(z, Qz) dz
c

Non-singlet moments, DNS = D+ - D, have a particularly simple form as a
function of Q2 such that a plot of one moment vs. another on a log-log scalg
will be a straight line.

A varlety of studies of fragmentation functions and their moments have

€9 testing factori-

been and are being carried out at present day energiles
zation, scaling and QCD predictions. There is reasonable agreement with QCD
but nevertheless it is very important to go to higher neutrino energies, and
higher QZ, to make these tests more reliable and more informatiye. Studying
these processes for the non sidglet combination (vn ~ vp) makes the com~

a0)

parison between theory and experiment substantially cleaner.

£
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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

the fragmentation. Altarellial) predicts ki(QCD) o Wzlin(szkz) for the

QCD contribution. Present studies have shown some qualitative though not
quantitative agreement with QCD; Q2 and W2 dependences are seen, particularly
at high z. It is clear that a higher range of Wz and Q2 will do much to
clarify the situation. Again, (vn - vp) as well as (vn + vp) analyses

are useful.

5) Jets

Jet analyses may be carried out in terms of the usual quantities -
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 lst order QCD a third jet should arise from gluon emission,
At presently a§ailab1e values of W, é 15 GeV, no such effects are seen and
even 1f present would probably be washed out by non-QCD 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 probably not
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.(lz)



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 F~-545 we have found a rate of

about 19% for the production of V°'s from deuterium in neutrino interactions -
13% K°, K°; 6% A°; and 0.2% A°.
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%Z. Thus the expected.§° rate from charm will be about 3-4%
and the A° rate only a few tenths of a percent. It is evident that most
of the strange particles arise from the fragmentatidn of the forward u
quark and the recolling diquark.
If the quark sea 1s SU2 symmetric (Yu = Yd) then we would expect in

the u~quark fragmentation that

Noo+ Ny Y

K°® K° M s
-+ —
Nor + Ny Yy

which 1is an independent method from that of the net forward charge {(section 7)
to determine YS. As pointed out before, with a higher range of W available
this determination will become more reliable.

The A°® production is of particular interest in that the A° is the only
baryon which we can identify over its entire momentum spectrum. As shown by
our rapidity distribution for A°'s, the largest part of them arise from
the backward moving diquark (in the hadron CM). A°'s which arise from gluon

AA pair creation are expected to cluster in the central region, about

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

A°'s may arise in two ways: first, from frasmentation of the emerging u or ¢ quark
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o @3)

and second, from a higher twist effect, the v scattering from a diquar .
which is expected to go as l/Qé. In addition, the production of a A° from a

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

since the required proééés‘iéhb + (dd) - (ud) with the (ud) picking up a
strange quark in the hadronization process to form a A°. 1In terms of valence
quarks, the dd of course only exists in the neutron. In view of this, it
would be interesting to have a Qzand W range large enough so that ore 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 Yy from forwardly produced I°'s

(Z° » A+y). Hence, if diquark absorption does occur we will be able

to compare (ud) > A with (ud) > £°, thus learning something about the
relative avounts of T = 1, § = 1 (ud) diquarks (needed for I°) and I = O,

S = 0 (ud) diquarks (needed for A).(lé) This field of study is uniquely

suited to a V=D, 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 Y, of producing a uu pair from

the sea as illustrated in the diagram below.

»*
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target region current region

Y = 0
uu for p e I = U
4~-—-—--—~~—-—-—.—~ Y
ud for n ‘f ) ]
/‘:} 11\
. . l\,
[
99, U
ulealf<
qj q, q, qj
The net forward charge will be
> = — =
<QF e, % Yiei 1 =u, d, s

i

where ey is the charge of quark 9y Yi is the probability of producing a

pair qiai from the sea, Zyiei is the "leakage' term, and

Yyt Ygtvg=1 or Yat¥s = Lo,
w>=2_¢2, 1 _1 -2_ 2 1 -1 -
Then <Qe> =3 - 3%, "3Ya 73] =33, v30gty) =1 -,

!

Furthermore if we assume Yu Yd then Ys = ] - ZYU.

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 reglon. Then
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<QF5 =e - Ly,e

+ 50, (e +
u 151 7 jk(ej e,)

where we may define

x=0I +7"  +0¢ +T +T +T

uu ud us dd ds 88
and
+ + = 1.
Yu + Yd Ys X
Then
<O > = - +
Q 1-v, r
where
I = ruu - rdd - Ius - lss'

For antineutrinos we find
< 6F> = —yu in the case of only single quark leakage, and

<0 >
QF

=Y, + I' if diquark leakage is also included.

The question remains as to how to determine the true value of <QF>. First
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 = =, which is done by extrapolating 1/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 46%> could benefit greatly by
extending the W range available. We have already observed interesting

differences in the exchanged charge for K° 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

Vv + n> p + X where the neutron dissociates into pr and the neutrino
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strikes the virtual m leaving a visible proton in the momentum
region 400-800 MeV/c. The effect, as described by Lusignoli‘gg._gé.(IS)

1s much larger and easier to detect with Ev > 100 GeV than at lower neutrino
energies. This method of determining pion form factors is straight—

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

to be very sensit;ve to higher order QCD 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
- - ot
vn+up, uA°K , etc.
- + -+
vp > upr , upK , 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 A production, vD =+ u A + X , can be studlied. In par~
++
ticular, a study of low momentum spectator A  can yield an estimate
of the fraction of the deuteron wave function in which a A
is present —- a quantity of considerable interest to nuclear
physicists. Using higher energy neutrinos for this study increases the
' ++ ++ . .
separation between spectator A and A 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 micron resolution optics, covering about 1/3 the available
fiducial volume, about 90 should be seen to decay. 1In addition, the
plates will make it possible to pick up the leptonic decays of charmed
particles into ei. The comparison of et produced from visible charmed decays
with overall et production will enable us to obtain useful information on

background sources of et.

In addition to the detection of ej from charm decays the plates will
also make possible the detection of 7°'s from these decays. As we have
pointed out in a recently submitted 400 GeV/c proposal, the number of
v events with charm which can be fit exclusively will increase with
7° detection in the plates.

The detection of charm in the v events would be a measure of the
amount of hadronization of charm from the sea, Yc, and would also

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

production in v interactions.

The expected production of F+ mesons 1s about 150, of which ~ 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 guyccessive decays b+b*s the characteristic zigzag could
be seen provided that the b lifetime 1s long enough. In fact the b lifetime
has been predicted to be comparable to the charm lifetime, lOW13 sec.,(le)
so that at higher energies their decays could be seen with HRO. Using
predicted cross sections for b production(l7) we find v 5 bottom particles
would be produced in this exposuré. 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 u+£h. 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 02 run.

C. NEUTRAL CURRENTS

The study of neutral currents in this proposed4experiment 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 possiblé to more accurately determine

the NC/CC ratios on both n and p. From this we ghould be able to obtain better
results on ui, di and sin28W than could be obtained in E-545.

With the use of the plates we will be able to detect most of the m°'s
produced in neutral cﬁrrant interactions (v60%). Thus we will be able to
determine neutral pion multiplicities from neutral current events. In addition,
we note that the detected 7°'s tend to be the fast forward omes 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
n° 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 6f 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. If the method does prove
valid we can then obtain in a given event an estimate of the energy of
the incoming neutrino as well as of the momentum and directilon of the
outgoing neutrino. All the relevant variables x, vy, Qz, 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 chafged current
events.

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

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

SU(2) x U(1) selection rules for charm production.
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ITI. EXPERIMENT

A. Proposal

We propose a 2 x 1018 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

and 1013 protons per pulse;

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
protons per pulse is less than 1013 we request correspondingly more

pictures.

EMI and IPF - The two plane EMI configuration and an extended internal
picket fence.

Plates - Two large stalnless steel plates at the downstream end of the
chamber for y and ei identification.

High Resolution Optics -~ we request three additional cameras, those which
normally serve as backups, to be adapted for high resolutilon 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.




TABLE I : EVENT RATES
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The event production rates for neutrino-deuterium and antineutrino-

deuterium interactions are estimated for 1000 GeV, 2 x 1018

p runs (1 x 1013

ppp and 280,000 pictures) assuming a quadrupole triplet beam and an 11 m3

fiducial volume of deuterium.

Reaction No.of Events Reaction No. of Events
E > 20 GeV E > 20 GeV
A )
- — +
vup + u X 5609 vup > U X 1160
v u X 8300 va-+yu X 770
+ v X 2300 Vp+vX 300
VP LY
vn -+ v X 2300 Voan+*vX 300
H H H
v (®) » uTAX 1000 3 ) » utax 150
un un
P o o (P +.0
vp(n) -+ 1 K°X 2400 vu(n) + u K°X 340
v ) >y + charm 1400 5

M'n

Seen with HRO

P -+
Vu(n) + U eX

(produced)

90

80

+
vu(n) +q bottom

- -+
NIERTED ¢ vV+uX
EV > 20 13900 1900
20 < Ev < 100 2600 600
100 < Ev < 200 4300 800
7000 500

Ev > 200
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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(ls) together
with cross sections
-3
OCC(vN) = (0.60 E x 10 8 cmz/nucleon(lg)
(E in GeV)

— -3
GCC(vN) = 0.30 E x 10 78 cmz/nucleon(zo)

to obtain charged current (CC) event rates. In Fig. 1, integrated CC
event rates are shown for the QTB, tge 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
1013 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 few
high energy events and a total event rate about 15 times less that that
for neutrinos.

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

greater than that ylelded 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 it 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 107 and 67 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 EG > 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 1s not at Eu < 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

n(18) of the QTB, necessary for the

good operational reliability
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 vd experiment. Our seéond choice would
be the neutrino SHB.

Antineutrino CC events would be studied simultaneously with
neutrino events in either cése. Neutral current neutrino events,

with a not unreasonable overall background of 5-107 from antineutrinos,

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

at higher energiles.
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C. SEPARATION OF vu AND‘?# EVENTS

In the Quadrupole Triplet Beam we expect the antineutrino
"background" to be V14% of the overall neutrino event rate. If
we wish to do antineutrino physics we need to know how well we can
identify antiﬁeuttino 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:

ZPL s the longitudinal momentum of charged tracks with respect
to the neutrino beam.

PT s, the highest momentum transverse to the neutrino direction
for a non-interacting negative track.

?TR , the momentum of the above particle transverse to the

charged hadronic total momentum.

ppg/ Ep3 D

vig, + for v's) 1s the muon candidate. p% are hadron momenta.

F o) = Max(pg

max ), the track which maximizes this (-~ for

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

-+
neutrino direction of the angle between ;(u ) and E(hadronic).

Figure 2 shows the fraction of v and V events as a function of
a cut on EPL. Figure 3 shows for neutrino events the effects of a
cut on PTR (greater than a value on the abscissa) for given EPL cuts.
Both the fractlon of events retained and the purity are gilven. Fig. 4(a)
shows the effect of the PTR'cut for antineutrino events, showing

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 Fmax(_) (less than the abscissa value) for given EPL and
ZPTR(+) events. Figure 4(c), finally, shows the results of a ¢{+) cut.
Our conclusion is that the kinemstical method with the cuts EPL > 20 GeV,

nax

Prp(H) > 3 GeV, Log, F max

+) > 0.6, LoglOF -) < 0.8 and ¢(+) > 100 degrees
can identify 71% of all zlﬂevents with a sample purity of 84Z.
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 chamber
The technical staff at Fermilab has 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 1in our proposal to ;xtend 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 1244X6. This modification is justified
by the following considerations:
1) We are convinced from experience with other plate experiments

that shower multiplication would make the reglons 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
serilous problem.
ii) The technical difficulties which appeared in the 4-plate test
would be significantly reduced with only one interplate region instead
of three.
1i1) The removal of the first plate will increase the usable fiducial
volume from about 60Z 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 thelr mounting supports already exist at Fermilab.
The only modification required is the trimming of the top and bottom
portions.
vi) Finally, 1t should be stressed that the electron identification
power for this two plate system is very high (%“93%), with a small
hadron contamination (§10_3).
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 m° veto to assist in fitting exclusive channels with

no neutrals.
b) to detect events where a single 7° is emitted which may
then give a constrained fit.
c) to detect electrons and positrons.

d) to assist in separating L°'s from A®’s.
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In addition, the use of plates with a light 1liquid such as
deuterium will result in improved neutrino energy by detecting a major

fraction of the neutral energy.

E. HIGH RESOLUTION QPTICS
Recently, tests with high resolution cameras which have taken
place in LEBC (Little European Bubble Chamber) and in the SLAC

(21)

40-inch chamber have met with considerable success, achieving

resolutions of the order of 50 -~ 80 microns. It has been proposed
at recent workshops on neutrino physics at Tevatron energies(zz),
that the 15-foot chamber also be equipped with high resolution capa=-
bility by wodifying the three spare cameras. Because diffraction
limited resolution 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 15-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

a region centered on the beam axis about 1 nmeter in depth and
covering the length of the chamber could be observed. This would
correspond to about 1/3 of the usual fiducial voluﬁe of the chamber.

We are of the opinion that high resolution optics is technologically

and economically 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 plctures 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° in order to reduce
coptamination 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 1s 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 2 years from the time of

the experimental runs. Physics analysis would proceed simultaneocusly.
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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 vu zzu‘u:lw‘:;l1 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 1s used.

Fig. 3. The pass rate for v“ charged current events with pTR greater than the
cut value is shown for three different values of the ZpL cut. The purity

of the vu event sample is also shown.

Fig. 4. (a) The pass rate form\.)‘u charged current events with pTR(+) greater than
the cut value is shown for the casezkﬁ > 20 GeV/c; using the cuts

EpL > 20 GeV/c and Prr > 3 GeV/c we show in (b) the pass rate for Su cC

" + e
events with LoglOFmax( ) greater than the cut value, as well as the vu
contamination, and in (c) the pass rate for'sﬁ CC events with LoglOFmax(—)

less than the cut value, and v“ contamination,

events for values of ¢(+) greater than

Fig. 5. Pass rates for v cc’ and VN

cc’ Vv C

the cut value, for events which have passed the cuts ZpE > 20 GeV/e,

p . 4 -3y < 0.8,
pTR(+) > 3 GeV/c, LOglOFmax(+) > 0.6 and LO&lOFmax( ) 0.8
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APPENDIX A

January 7, 1980

Detection of Neutrino Produced Pliotong and Electrons by Plates in the 15-ft,
Fermilab Bubble Chamber at Tevatron Energies

W.A. Mann and J. Schneps

In 1978 Fermilab approved a test of a downstream plate system inside the
15-foot chamber which was designed for the purpose of detecting photons and
electrons from neutrino and antineutrine interactions in hydrogen and deuterfum.
As it turned out, the plate test was not puccessful {n that the cameras which
viewed the reglons between plates did not obtain sharp pictures of tracks, and
the neutrino-deuterium experiment (E-545) subsequently ran without plates.

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

According to the Fermilab staff responsible for the plate system (Fig. 1,2},

the cure of the problem which led to the difficulty 1is straightforward. Iz
consists simply In cutting off about ten inches from the top and bottom of the
plates so as to eliminate the funneling effect which produced turbulence {n the
original design. In view of the fact that the plates and their mount&ng 8ystem
vxist, and that the carlier difficulty can be easily corrected, it becores
evident that reinstallation of the plate system in the chamber may be the
simplest and most economical way to achieve good photon and electron ?etcction
from neutrino and antineutrino interactions in light liquids. Therefore, {t
behtooves us to examine whether the arguments whiéh would have made the plate
system a useful adjunct to the 15-foot chamber at present Fermilab enerpgics
still hold true at Tevatron energles, and to compare the plate system to other

methods proposed for this purpose..

The advantages of hydrogen or deuterium fills in comparison with heavy

l1iquid f1lls are the better resolution, the ability to fit exclusive channels,
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and the reduction of smearing due to Fermi motion and secondary scatters within
a heavy nucleus. The disadvantages are in the event rate and the lack of
ability to detect photons and electrons in any great number. The plate system

can go & long way toward remedying the latter.

We also point out that the use of the plate system reduces the useable
f{ducial volume of the chamber from 18m3 to about 12m3, but this is still

considerably greater than the 3m3 available in the BEBC TST.

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

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 ability to detect T '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 determinatfon of neutrino energy and the variables x and y depends
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 iﬁ distributions
being smeared. Knowledge of neutral partical 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 neutral 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 hadronization into
neutral as well as charged particles.

5. The reaction?&v”—? F.q::an be used in deuterium for flux
normalization. The plates, used as a E:ray veto, can rule out
background.

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

detector, multilepton events in Hz or D2 may also be studied.

In 1978 we presented Monte Carlo results on photon and electron
detection efficiencies of the "trimmed" plate system for the single
horn wide band beam produced by 350 GeV/c protons. TFor exclusive channel
photon production containing1ﬂ‘”s. we used as input éeal events of the
typez’;\ P"’A’f /8 ‘and y:aﬁ-—b/-t.p *NIT , Nz2=~6 , treating
the charged plons as 7?"3. For inclusive charged current processes we
used]r'a observed in heavy neon-~hydrogen. §imulation of et production
was done using published distributions from the reaction%”ﬁ/&-cf)(
Probabilities for obaerving 3’ and ei induced showers in the 13mm stect

plates were estimated from shower tables for copper and probabilities for

a' 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 GeV/c, using the neutrino enerpy
spectra given by H. Mori. The results are shown in the accompanying

figures. Figures 3 and4 show the momentum and production angle distributions fer
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photons from the exclusive final state/»{.‘l) 'Tf’ ", Figure 5 shows

the number of plates along the line of flight of photons from this final
state. Figures 6,7 and 8 give the same information for inclusive
photons from the final states/u .L/ﬁ X + rfs . Figure 9 shows photon
detection efficiencies as a function of Evis for both categories of
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 Y 's.

At 350 GeV/c we conclude that the detection efficlency is
722 of Y'a from inclusive processes and 362 of X's from the one Yr%hanael.
The 72% detection efficiency would make it possible to raduce the undetected
hadronic energy 1in inclusive processes ;o the 10% level. The systom's
utility for separating fittable exclusive channels is seen from Fig. 11.
It is 2 85% effective as a shield against final states with 2 or more 77“'3.
In the case of single 71“final states, the system 1s Za 702 effective 1f one
or more charged pions 1s produced along with the?1'? Only for events
where the only pion produced is the single 7T°does the efficlency drop
below 50X%. At 800 and 1000 GeV/c, as the figures show, the concluslons are

almost 1dentical, there being only a slight increase in detection efficiencies.

Up to this point we have emphasized the imprﬁvement in the determination
of totallncutral energy and momentum and in the use of the platesas a 71‘°
veto. It may also be possible to make some use of the plate Information
to reconstruct Tr%s and use them in exclusive channel fits. Using the
predicted uncertainty of ~~30% in a’energies, the Purdue group, in a
Monte Carlo simulation, found a "ﬂ‘%«ass peak with FWIM of »~- 80 MeV. Use

of the kinematics of the production vertex will improve this.
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+
The efficiency for finding e from the final state/u < +x was

found to be e 73% It is then necessary to know what kind of background
+ +
to € events could be caused by ﬁT’ incident on the plates. The BC-65

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

showed that at 1.6 GeV/c only one"l'r‘:t in 20,000 caused a fake et shower

and at 3.1 GeV/c only cne in 100,000 did so, whereas true ea\:t tracks

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

Tohoku, using two tantalum plates cach of 1.6 radiation lengths, found

one in 10,000 VT't simulated an et shower. The plons came froﬁ&f})inrcrncnions
at 8 GeV/c and the result is consistent with the SLAC data. DBased on this

data it 1s estimated t:at in the proposed 13~foot plate system one TT-f

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

GeV/c, while A-95% of true e will be identified.

A downstream plate array poses new possibilities and also gome problems
for identifications and measurement of charged hadrons and muons in neutrino
events. It has been pointed out that energetic protons which interact upstrean
of the plates would, on the average, yield less energetic electromagnetic
showers in the plates than would secondary interactions of w+ mesong, hence

(1)

the plates would enable some discrimination. The probability that a hadron

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

plate is v 7%. Fbr negative tracks, this additional scattering within the
visible chamber volume provides discrimination between final state 7 's and u 's.
On the other hand, multiple scattering in the 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 volume

upstream of the plate array, all primary vertices and secondary V° vertices

are measured in liquid deuterfum where track reconstruction is 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. 12a, b)(z) 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 aand in
ordef to associate muon tracks with EMI hits, candiéate muon tracks will

certainly need to be reconstructed through the plate array; moreover, re-

construction of all charged tracks through the plates should probably be

attempted.



40.
FOOTNOTES AND REFERENCES

FNAL Proposal E-542, "Proposal for an Extension of E(31)/(390)
to Study Gb/Ch Interactions in the 15-Foot Bubble Chamber with

y-Converting Plates", Spokesman: A.F. Garfinkel.
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Collaboration, Thesis by E.E. Schmidt, Jr.
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APPENDIX B

’ SUMMARY OF PROCRESS 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 now
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 Sentember 1980 at
which time a full and complete DST for this experiment will exist. The 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 Neutrino 79
which took place at Bergen in June 1979, at the International Photon-Lepton
Conference at Fermilab in August 1979, at Japanese Physical Society wmectings in
October 1979 and March, 1980, and at the January 1980 Chicago APS mcctings.
Further reports will be presented at the 1980 Washington meetings and at
international conferences to be held in the summer of 1980, notably the
Interrnatiornal High Energy Physics Conference in July ar Madison. In addition, two
papers are now ready to be submitted to letter journals and others are in preparation.

In this section, we briefly report on the present status of our physics
analyvsis with the expectation that more substantial physies results will

be available in the near future.

(1) Charged Current Reactions ~ the n/p ratio and a comparison of the

quark distributions dn(x) and dp(x)

We have determined the value of the ratio R = g(vn U“X)fﬁ(vp )
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from our data. The separation of vd interactions into neutron target and
proton target events 1s complicated by the phenomenon of rescattering, in
which the products of an interaction with one of the nucleons in the
deuteron interact with the other nucleon. The correction for rescattering
is important because its effect on vn collisions 1s to change the topology
of an event to that of a vp interaction, while the topology of a vp event
in which rescattering occurs remains unchanged. The fraction of vd evenis
which rescatter has been estimated to be 0.094 + 0.035 in a phenomenological
study by extrapolating the rescatter rates observed in pd and md interactions
to vd collisions. This 1is done by assuming the rescatter rate is a liuncar
function of cross section.

With the present accumulation of data, we find the valuec of the ratio
R to be R = 1,83 ¥ 0.15. About 1/3 of the error is statistical and 2/3 i

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

in the deuteron.

In addition we have for the first time, by studylng vn scattering,
compéred the structure functions dn(x) and dp(x) for the valcnce down
quark in neutron and proton respectively. The general feature of these
distributions (see Fig.Bl) 1is that dn(x) is considerably broader than
dp(x).Therelative broadness of dn(x) compared to dp(x) is consistent with
the charge symmetric SU(6) breaking effect secen by SLAC when comparing
ep with en deep inelastic renctions.fh) Petailed stﬁdy of the structure
functions as a function of Qz, now in progress, can reflect both QCD and
higher twist (primary diquark) effects. In addition, the study of non-
singlet cross scctions obtained from the difference-gg(vn) - %g(vp),
(see Flg.p2, the Feynman-Field fit to our preliminar§ data), while

primarily useful for the study of valence quark propertles, can also be used in

the small x region to search for asymmetrivs between un and dd in the sca.




53.

The quantity 3[Fl(ep) - Fl(en)] - [Fl(vn) - Fl(vp)] = 2(u - d) is a dircet
measure of such an asymmetry, which is already suggested from a study of

(2

ep and en interactions alone.

Finally, in this neutrino run, we were able, by using the two-
plane EMI, to identify GU interactions, and determine their n/p ratio

to be 0.56 ¥ 0.16.

To obtain information about individual structure functions we can

normalize our neutrino flux to our observed number of v- d (I = 0) ecvents,

CC
TOT

determined by quasi-elastic events agrees with this method to the statistiral

(1

using the measured value of ¢ 0). We have checked that the flux

accuracy (Vv20%) allowed. We shall compare our y distributions with detailed
Jonte Carlo calculations in order to determine the relative coefficients

of terms proportional to 1 and (1 - y)2. Eventually, we will also be adile

to combine our vd data with vd data from the BEBC collaboration at CLRi.

(2) The Callan-Cross Relation

We have tested the Callan-Gross relation, Fz(x) = 2xFl(x) in

£ '
deuterium. The quantity R = 1 - fi’ where fl = fo 2xFl(x)dx and
1]
=f0 Fz(x)dx, is given in Table I for this experiment as well as

f
2
for others. We 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 a

deuterium target allows us to test the relation separately for neutrons

and protons.
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Table I

Test of Callan-Gross Relation

N(n+p) n p
This exp. E-545 (D,) -0.01 ¥ 0.07 0.001 ¥ 0.10  -0.03 ¥ 0.1
sesc(®) 0.11 ¥ 0.20
can‘® 0.32 Y o.21
cots <P -0.03 ¥ 0.04
crrrr(©) 0.17 ¥ 0.09

(a) P.C. Bosetti et al., Nucl. Phys. Bl42, 1 (1978).
(b) C.D.H.S. Collaboration, IX Int. Conf. on High Energy Physics, Tokyo (1978).
(c) B.C. Barish et al., 1ibid.

{(3) Neutral Current Interactions

We have found that it is possible to obtain a rather clean sample of
vu neutral current events by choosing those events with IPTR{ < 1.0 CGeV/ie,
where Prr is the transverse momentum relative to the remaining charged
particles of the negative particle with the highest transverse momentum
relative to the incident beam. In this sample, there cxist backgrounds duc
to vl and Vv charged current Interactions where the U is not identified,

;U neutral current interactions and neutral hadronic induced events.

The v“ background is corrected for by a Monte Carlo of the p%R spectrum of 31,

vu background by using the EMI to identify u+, and BU neutral current

cevents by using known results for GH(NC)/GU(CC). The neutral hadronic



background is essentially eliminated by the cut EpL > 11 GeV/c, where Py
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 = NC/CC:

On deuterium Rd = (.29 0.04
On protons Rp = 0.47 t 0.11
On neutrons Rn = (.19 t 0.05.

Using the results on n and p, and making appropriate experimenta!
correctlons, we are able to extract the neutral current coupling constants
9

up and di. A preliminary result is shown in Fig.B3.

(4) Strange Particle Production

At the present time, about 80% of the V° events in our film have boeen
analyzed and we are studying V° production in both charged and neutral
current events. In charged current events we find the following overall

ratios:

= 0.132 ¥ 0,05; o) g 057 ¥ 0003

G(K°2
(all CC)

“(all Cco)

and 0(5“)/0(&11 €C) = 0,002 t 0.001. The results are about the same on
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neutrons and protons. More detailed investigations of the properties of these

events are underway. Preliminary results show that the x distribution o the

valence region is much breoader for neutrons than for protons, as 1s the
casce for all charged current events. Striking peaks are also seen at small

x indicating that a considerable fraction of the K° and some of the A°

*

particles are made in interactions of the neutrino with sea quarks, including
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V+s+cHU. This kind of detailed strange particle production data
can complement the global sea quark content information provided by counter
experiments. Rapidity distributions in the W+-N center of mass are heing
studied as a means of separating target from current fragmentation regions.
One very exciting prospect is to use the Forward/Backward ratio of A" pro-
duction as a function of Q2 to set limits on the amount of higher twist
contributions present. If a (dd) diquark in a neutron, rather than a single
d quark, absorbs the weak current, the probability of forming a A° or
L% in the forward W+N hemisphere will be enhanced, since the direction of the
emitted (ud) diquark and the observed A°'s are strongly correlated.

An attempt to analyze our results in terms of the percent of charm
production and decay from the valence and sea quark targets is under way,

* *
The production of strange resonances K and Y 1is also being studied.

(5) Charm Production

For our charmed particle studies, about 80% of our film has
now been analyzed for V° events. After cuts used to obtain a
clean sample of charged current events we have found 564 K°'s and
481 A°'s. The mass resolutions for K°'s and A°'s are 5.1 and 1.7
MeV respectively as shown in Fig.B4. We note that for the K°'s, this
is more than three times better than the resolution obtained from a

neon experiment,




In an inclusive study of the final state combinations Aﬂ+,
Aw+n+ﬁ—, K°p, K°pn+w", we gee evidence for the A: charmed baryon at
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 V°s plus charged particles in the final state. Eleven candidates
for charmed baryon events have been found, seven for A: > Aw+, three
for'A: sAntnTn” and one for A: + K°p.

Of the seven A: -+ Aﬂ+ events two can be interpreted as vn - U-Az°
To confirm the Aﬂ+ events further, we show in Fig.B7 the Aw+ mass
distribution from events which have an exclusive fit for AS = -1 with a
A. We find four excess events above background at the A: mass.

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

evidence for Ac production in exclusive reactions.

-+

+ + + -
One event of three AC + Amr 7’1 candidates is interpreted as

vn - u-A:. The two other events have five pions in the final state
and can be fit to vn ~+ u“Aﬂ+n+n+n—n-. The first can be interpreted as:
vn > u“2:+(2&86 ¥ 19)m
+ + +
..;.'\C(22S? - 17w

He
Y (1382 ¥ 3)ﬁ+w+

A . .

57.
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The second can be interpreted as

-k
vn > 1L (2509 oyt

]......, !\:(2256 Yoo

+ -
\—”—9 Aromom o,

+ ) - A= - + .
The A -K°p event is fit to vp > p pm K m ™ and can be interproted as
c

vp - u'/\*(zzae eyt

L) A aann F oo e s
l-----) prrt l—~““?

Further and more detailed analysis of both the inclusive and exclusive

studies of charm production is underway.

(6) Uadron 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 scaftering are observed to
be similar to those in Ep annihilations, but systematic differences between
neutrino-nucleon and hadron-nucleon multiplicity distributions are noted.

The average charged hadron multiplicity, <nc>, is observed to be a
linear function of 1nw2, where W is the total hadronic energy, for both

vp and vn interactions. The variation of <nc> with W which we observe for
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vp interactions 1s consistent with that reported in two neutrino-

hydrogen experiments,(3’4)

while <nc> in vn interactions is systematically
lower than the vp values by about half a unit.

The variation of &he dispersion of the neutrino-nucleon multiplicity
distribution may he parameterized by D = A <nc> + B. The value of the
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. We 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 1s 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 analysils and we expect interesting results within the
conming months. We mainly list these topics here as 1t is still too early
to give precise results. Recall that neutrinos provide a uniquely labelled
source of quarks and diquarks whose fragmentation properties have been
used to describe essentially all 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) QCD effects ~

We are studying QCD 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
that the distribution of <p§> as a function of W2 1s consistent with
QCD predictions. The differences of neutron and proton (n-p) frag-
mentation distributions are of particular theoretical interest.(S)

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.
¢) T structure function -

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

(6)

is produced, one can effectively study ur scattering . 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' between current
and target fragmentation regions.

e) Resonance production -

Studies of production of baryon and meson resonances, both strange
and non-strange are underway.

Additional topics slated for study are: comparison of vq with eq
scattering, Adler sum rule tests, quasi-elastic vn = u-p scattering and

exclusive reactions with V°'s.
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FIGURE CAPTIONS

Bjorken x distributions for neutrino scattering on neutrons and protons.

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

o
The Feynman—?ield fit to L%;(vn) - g%(vp)]cc. The fit 1s normali:zcd

to the data at x = 0.14.

A preliminary result for the neutral current coupling constants ui
and di. Also shown 13 the prediction of the Weinberg-Salanm model.
Note that the vn line intersects the Vp line at a greater angle than
does the V(I=0) line (not shown) making this in principle a morc

sensitive method than previously used.

Mass distributions for K° and A events yielding resolutions of 5.1 and

1.7 MeV respectively.
Inclusive mass distributions for (a) An’, (b) K°p, and (c) their sum.

- + ot + -
Inclusive mass distributions for (a) K°w+n , (b)Y XK°n + K°w w7, and

(¢) their sum.

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

+ +
Also shown 1s the mass distribution for An 7 from these reactions.

-
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Figure Bl
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