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INTRODUCTION

Preliminary results are presented 00 searches for new particles
produced in the interaction of antineutrinos with nuclecons in the
15;ft bubble chamber. Indirect tests for new particle production are
made by investigating the x and y distributions of all charged current
events and by investigating the general properties of events with
neutral strange particles. Direct tests of new particle production
are made by searching for dilepton events and by looking for peaks in
the invariant mass distributions of events involving neutral strange
particles.

EXPERIMENTAL CONFIGURATION

This experiment utilized the 15-ft bubble chamber filled with a
21% atomic neon-hydrogen mixture (X, = 110 cm) exposed to the horn
focused antineutrino beam. The incident proton energy was 300 GeVv

and the average intensity was 8.5 x 1012

protons per pulse., The proton
spill time was 20 useconds which optimally matched the good focusing
time of the horn system. The horn system focused negative particles
{n~ 4-u'3') and defocused positive particles (v+‘+ u+v). To suppresé
even more the neutrino background iﬁ the antineutrino beam an
*absorptive plug" was placed downstream of the first horn to remdve
the wrong sign mesons which passed through the hold in the horn.
Figure 1 shows £he relative importance of the "absorptive plug" in
reducing the neutrino background. In this experiﬁent the neutrino
contamination was less than 4% of the total flux..

The external muon identifier (EMI) was used in this experiment.
The EMI consists of approximately 600 gms cmsm2 of zinc absorber and
magnet coils inside the vacuum vessel of the bubble chamber followed

2 - :
by 23 m” of multiwire proportional chambers.! Muon candidates seen in

the bubble éhamber are extrapolated to the EMI in an attempt to match

. e A A . . . . . . 2
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Because of the gcographical secalc of this collaboration and our
desire for a speedy result the bubble chamber film distribution
received special attention. The entire quantity of film was copied

3 fThere are no identified

using the direct reversal technique.
differences in measurements from the original orx copied film. Each
nation received 50% original film and 50% copied film but was
responsible for scanning and measuring only the original film. The
copied film was used for cross checking.

DATA ANALYSIS

Event Scan Selection: The film was scanned for all neutral

induced events with a total momentum, {(charged plus ncutral), IPy,
along the neutrinc beam direction greater than ~ 1 GeV. Events con-
sisting of a single charged track only werc not included in the scan.
Therefore the elastic cvents V4P u+ + n were not detected but those
with observed v° were recorded. About 3000 ncutral candidates were
found in the scan. Each of the four groups was responsible for
scanning and measuring 25% of the total data. The Hydra Geometry
program“ was used for geometrical reconstruction.

Muon Selection: The EMI is used to identify the muon tracks.

After the event is measured in the bubble chamber all tracks which
could be muons are extrapolated to the EMI. From the extrapolated
position in the EMY, the multiple scattering circle (the tracks
penetrate about ~ &00 g/c:rn2 of absorber between the fiducial volume
and the EMI) and the position of the nearest actual recorded hit in
the EMI, the confidence levels G of the track being a hadron and Cu
of the track being a muon are calculated. The track is taken as an
identified muon if it has Cy < 10% and C, > 4%.

Antineutrinoc Encrgy Deotermination: In the charged current events

the antineutrino energy is the sum of the momenta in the neutrino

direction of the muon, charged hadrons and neutral hadrons. For
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antineutrino interactions on the average only ~ 25% of the total cnergy
goes into hadrons (< y > 2 0.25) and only about one-third of that into
neutral hadrons. In this experiment a large fraction of the ncutral
enerqgy is undetected. The following is a procedure to correct the
apntineutrino energy for the energy missing in neutrals.

Assume that on the average the neutral hadrons in the hadron
shower arc symmetrically distributed around the mean charged hadron
direction. Then for a sample of events, with a certain average
fraction of the hadronic shower momentum undetected, on the average
the same fraction of longitudinal momentum, PE, and transverse
momentum, Pg, will be undetected. Due to Fermi motion and undetected
nuclear fragments we do not expect transverse momentum balance in
individual events. H;wever for a sample of events if there were no
missing neutrals the mean transverse momentum of the muon < P¥ > and
hadrons < Pg > should balance in the antinecutrino-mucn plane. There-
fore the mean transverse imbalance in the antineutrino-muon plane is
used to correct for thce missing hadronic longitudinal momentum.

We calculate the corrected antineutrino encrgy as follows. The
uncorrected energy transfer between the leptons and hadrons Vu from
the visible energy deposited in the detector is given by

H
=L
vu PL
H . .
wvhere PE and PL are the longitudinal momentum of the muon and hadrons.
- . H .
For fixed intervals of vu calculate £ = < Pp >/< P¥ > in the

antineutrino-muon plane and < Ya >. fThe mean corrected cnergy trans-

fer V. for each interval is given by

<\J¢>.-._f
The mean corrected cnergy transfer for intervals of the mean uncorrected
energy transfer is given in Figure 2. The distribution is well fitted

by the corrcction formula v, = 1.2 (W, + 1.0). All events axe

corrected for missing hadronic energy using the correction formula.
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We see the correction involves a 20% scaling plus an additive 1.2 GeV
which could account for unseen nuclear recoil and spallation nucleons.
The antineutrinoc encrgy is then the sum of the muon energy and the
corrected hadronic cnergy.

INDIRECT TESTS OF NFW PARTICLE PRODUCTION

A. x and y Distributions

Consider the antineutrino-nucleon interaction described by the
antineutrino. and muon with energies E and By and a virtual boson
propagator carrying the cnergy Vv = E - Ey and four momentum 92 =

. 20H\J' . . . 2
4EE), sin - The scaling variables are defined as x = Q /2mv and
¥ = V/E. 1In the scaling region the cross section for “neutrino”™ -

nucleon scattering is of the form

v,V 2
g’ _ Gqmc Y- = _ Y
ol [‘E‘z(x) (1-y) + 2xF1 ()5~ + xF3(x)y(2 2)]

where Fy, F; and F3 are the hadronic structure functions. Assuming
charge symmetry invariance and the Callan-Gross relation (Pz(x) =

2 x Fl(x)) the cross section can be written:

v 2
g:_dy = G'ni[q(x) +30a (1 - y)z] (1)
v 2
G ME —
zdy = “HE [q(x) (1 - le + q(x)] (2)

with g(x) = %[E‘z(x) + xF3{x)] and F{x) = %[t-‘z(x) - xl-“'3(x2]. Within the
quark-parton model gq{x) and a(x) are interpreted as the probabilities
of the guark and antiquark being involved in the interaction and
carrying the momentum fraction x. The relative momentum fraction of
the nucleon carried by the antiquarks is expressed in the jargon of

this subject by
xF_ (x)

- 3 - _ 2 glix)
B{x) Foy(x) 1 q{x) + g(x)

Re-expressing equations 1 and 2 in terms of B and integrating

over x gives
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aoV  G2Me 2
& "W j}'z(x)dx[(l-y+§—)+3y (1-%) (3)

ao¥ _ G2ME
dy - L)

/ gy _ Y

Fz(x)dx [(1 Yy + 3 Y+ By (1 22] (4)
As seen from equations 1 and 2 if the antiquark contribution to the
interaction is negligible then the ncutrinc y-distribution will be
constant and the antineutrino y~distribution will be (1 - y)z. A
sensitive determination of B comes from the antineutrino y-distribution
in the high~-y region which is dominated by the antiguark centribution.
We also expect the relative antiquark contribution to affect primarily
the low x region (x < 0.2) because of the rapidly decreasing ratio of
XF3(x) /Fa(x) for small x.°

Let us now look at the experimental data for the y-distributions.
The following data cuts were applied to the 3000 candidates described
in the data analysis section to produce an unbiased antinecutrinc data
set with well dctermined parametors:

1. Identify TR One- positive track must be identified by the
EMI as a muon, i.e., Cy < 0.10 and <y > 0.04.

2. Cut neutral background (n, K®, etc.): Previous studies® show
that most of the necutron, Ko, and other neutral background has an
energy of less than 10 GeV. Therefore we require E; > 10 GeV.

3. Well measurcd events: Require the event be greater than
65 cm from the downstream wall of the chamber to allow adequate
measurcment length for the tracks.

4. Good EMI Efficiency: For good EMI acceptance and to reduce
hadron background w¢ reguire that the muon candidate have a momentun
greater than 4 GeVv.

5. Good resolution of V,: Events with ¥y < 1 GeV are cut from
" the sample (1} beccause of the large fractioﬂal correction for missing
hadron energy7 and (2) because the small V region is biased from the

scanning loss of elastic events.



Applying these data cuts to the antincutrino candidates produccd
493 charged current antineutrino cvents between 10 Cev and 200 Gev.
The y-distribution for these events has bcen corrected for the EMI
geometrical efficiency which was calculated using Monte-Carlo ecvents.

The EMI geometrical cfficiency as a function of x and y is given in

Table I.
TABLE T
EMI Geometrical Acceptance Variation with x and y
for Mean Antineutrino Energy of 20 Gev

x
¥ 0.0 - 0.2 0.2 - 0.4 0.4 -0.6 |0.6 ~0.8 [0.8 - 1.0
0.0 - 0.2 0.98 1.00 0.95 0.94 0.96
0.2 - 0.4 0.94 0.99 0.93 0.88 0.96
0.4 - 0.6 0.93 0.94 0.93 6.8l 0.80
0.6 - 0.8 0.96 0.96 0.79 0.75 0.73
0.8 - 1.0 0.43 0.36 0.25 0.21 0.19

The y-distribution for all events between 10 GeV and 200 Gev with
0.0 < x < 1.0 is inconsistent with a pure (1 - y)2 distribution. A
maximum likelihood fit gives B = 0.79 ¥ 0.06. The y-distribution for
0.0 < x € 1.0 and the different antincutrino energy intervals 10-30 GeV
and 50~200 GeV are given on Figures 3a, 3b and 3c respectively and are
compared with the theoretical y-distribution with B = ¢.8. No
apparent variation with energy is observed. The mean antineutrino
energy in the 50-200 GeV distribution is about 62 GeV. Note that the
fitted range of the y-distribution as shown by the data points on
Figure 3 vary with antineutrino energy consistent with the v, > 1 GeVv
and Py > 4 GeV data cuts. The maximum likelihood fit to the y-
distributions in the three energy intervals was made and the B values
are given as a function of cnergy on Figurc 4. From these data alone

there is no evidence of an energy dependence of B. The data are
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consistent with B = 0.79 + 0.06 independent of energy which gives
a relative antiguark contribution to the interaction E%g:s =
0.10 + 0.03.

Let us compare the world data on B values for antincutrino
interactions as a function of cnergy. Table II summarizes the present
situation. The graphical presentation of these.data is given in
Figure 5. A least squares fit givesa

-3
B= (0.88 + 0.05) - (3.2 +1.4) Ex 10 ~.

TABLE I

B Values from Antineutrino Experiments

Approximate Fitted B Value
Experiment ' Mean Energy B=1- _zﬂf:
{GeV) 9+ 9
. - + 0.08
This experiment 20 : 0.76 _ 0.10
Fermilal~-ITEP-Michigan— 40 6.90 + 0.08
Serpukhov (FIMS) ) - 0.10
.+ 0.12
62 0.73 _ 0.18
Gargamelle oM ® 1.5 0.80 + 0.06
+ .
Caltech-Fermilab {(cF)'® 50 0.64 _ g ;Z
+ 0.30
150 0.36 _ 0.36
Harvard—?enn—wifconsin~ 25 0.95 + 0.10
- - 1 —_—
Fermilab (FDPWF) 28 0. 45 + 0.15
) - 0.10

Consider now the x dependence of B as detexmined from the y-
distribution. For each of the three energy intervals of Figure 3 a
maximum likelihood fit to B was made to the y-distributions for the x
intervals 0.0-0.1, 0.1-0.2, 0.2-0.4 and 0.4r1.0. The fitted B values
are given in Figure 6. Assuming that B is not a function of anti-
neutrino energy, the data of Figure 6 are folded together to give the

x dependence of Figure 7. Alsc given in Figure 7 is the x dependence
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2 which also fits well the

of B as predicted by McElhancy and Tuan!
Gargamelle data’. Even at high energies the antiguark contribution
to the interaction is dominant at small x, (x £ 0.15).

The x = szmu distribution (quark momentum distribution} will be
examined for three antineutrino encrgy intervals; 10-30 GeV, 30-50
GeV and 50-200 GeV. The x-distributions are corrected for EMI
geometrical acceptance. For cach energy interval only the cvents in
the y-range unaffected by the Py and V,, cuts are used. For exanple
in the 10 < E < 30 GeV (50 < E < 200 GeV) range Ymin = Ve /10 Gev =
2.4/10 = 0.3 (0.1) and yp . = E - 1=’ﬁi“/1-; = 10-4/10 = 0.6 (0.9). The
»x-distribitions for the three cnergy intervals are given in Figure 8.
The data are comparcd with ng {sLac)® normalized for x >0.2 wherc
the antiguark contribution in the antineutrino data is negligible.

In all three x~distributions, the data show an excess of events
conpared to ng for x € 0.2 and good agreement for x > 0.2. Is this
low x bechavior an anamcly? Probably not!

Expressing the differential cross section for antineutrino-
nucleons and electron-nucleons in terms of the weights of up quarks‘
(u),dogn quarks (d), and strange quarks (s) gives

dUVN

e« y+d+ 3(U0+d coszﬁc + 6 g'sinzec

dUeN

dx

cu+d+ (u+ad) + % (s + s5).

Assuming all the sea components have egual weight and neglecting the

Cabbibo angle gives:

d&UN

cu+d+ 3 {u+d

eN

do 7 - =
o « u+ d+ 3 {u + d)

Thercfore in the rcgion where the antiquark contribution is negligible
(x > 0.2) we expect agrcement botween the antineutrino x-distribution

and the electron x-diptribution. As the antiquark contribution
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becomes important (x < 0.2} we expect the antineutrino x—distribution
to lie above F;d(x). The B values dertermined from the antineutrine
excess at low x arce In agreement (within errors) with the B values
deternined from the y-distributien.
B. Properties of EFvents with Neutral Stranpge Particles

This is a very preliminary analysis of events with neutral
strange particles produced by antineutrino interactions. Most of the
events are produced from a nuclear target (Ne). HNo correction is at
present made for nuclear absorption, etc.

All events with two-prong “associated" secondary stars were

considered as events with V° (Ao

R X:) candidates. All V° candidates
were processed throupgh Hydra geometry and through Hydra kinematics
for three-constraint kinematic fits to the Ro‘or A® mass hypothesis.
Eighty-five events werc found inside the 21 m3 fiducial volume of the
chamber which fit cither K° or A. Requiring that the antineutrino
energy be greater than 10 GeV and that there be an EMI identified
muon in the event produced a charged current sample of 588 events
of which 41 contain a K° andfor a A. The energy distribution of the
v® events is given on Figure 9. The dashed line gives the shape of
the energy distribution of the antineutrino charged current events in
this experiment. There is no strong energy threshold above 10 GeV
for a new strange particle production channel.

What is the relative rate of ncutral strange particles produced
in antineutrino-nucleon interactions? The observed distribution of
v° events is given in Table I1I. The events with a A° or x° are con-
sidercd observed if they have kinematic fits to A® + pu~ or k% + wt .
For example there were five events with an identified K° and an iden-~
tified Ao, i.e. two V°'s. The corrections for neutral decay modes and

for particles decaying outside the chamber are given in Table IV. The

distribution of the corrected number of V° events 1is glven in Table 1II.
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TABLE 1II

The Observed and Correccted Distribution of
Neutral Strange Particle Events

Number of FEvents Number of Events
Class Observed Corrected
0
A 21 17 t9,
K° 14 22 %37
K + A° 5 22 10
K+ x° 1 94+ 9
TQTAL 41 * 6.4 70 + 13
TABLE 1V

Probability of Observinmgp Stranpe Particle Decay Mode
A Coming {rom Source B

A B A° K° Ak K%+
A° 2/3 0 4/9 0
K° 0 1/3 1/9 419

2+ A° 0 0 2/9 0

k® + k° 0 0 0 1/9

Applying additional corrections of 10% for the loss of v® which decay
too close to the event vertex to be resolved and 10% for V° events
lost from processing inefficiency pives the total corrected number of
B5 * 16 events containing one or more V°'s in the charged current
sample of 588 events. Thercfore (14.5 % 3)% of the charged current
antineutrino~nucleon events above 10 GeV contain one or more neutral
strange particles. In a previous cxpcrimené ¢ it was found that

(16 * 3)% of the charged current neutrino-proton events above 10 GeV

contain one or more neutral strange particles.
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The momentun transfer, Qz, discributlon and invarfant mass, V,
discribution are given in Figure 10 and compared with the total
charged current distributions. 7There is a tendency for the strange
particle events to be produced at slightly higher W than the charged
currcat events, This tendency was not statistfcally significant in
the neutrino-proton Vo interactions.‘6 The V° enhancement with in-~
creasing W can be better secen in Figure 11. It is clear that stranpe
particle production does increase with increasing W and to first order
the increase is independent of the particle which excites the nucleoa
be it a neutrino, ancineutrino, photon or electron. The x and y dis-
tributions for the neutral stranpge particle events are given in
Figure 12 and arc compared with the shape of the total antineutrino
charged current event sample. The shaded part of the dist?ibution
represents the v events with ¥ > S GeV. The total V° sample has an
x and y distribution consistent with the charged current events. Ilow-
ever, the V® events with ¥ > 5 GeV are concentrated at higher than

average y values.

DIRECT TESTS OF NEW PHEKOMEMA

A. Search for U-¢ Lvents

Recently evidence has been teportcdl?’ls for neutrine inducecd
events with both a positron and a nepative muon in the final state.
At high energy these events are reported to oceur at a level of ~-1% of
all neutrino interactions. There is evidence that the rate of strange
particle production in these events is anomalously high. Jlerein we
report on a2 search for similar events produced in the antineutrino
experiment.

The antineutrino events were selected as described in the Data
Analysis section. After the events vere mcasured, all events with

L Px > 7.5 GeV/c were examined by physicists searching for evi&ence
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of electrons or positrons at the primary vertex. Eaeh track was exam-
ined carefully under high magnification (X70) over its entire length.
Any track which spirallced smoothly to a point in the liquid or which
had any visual indication of catastrophic enerpgy loss .~ bremstrahlung
(sudden curvature changes and/or converteld pairs), tridents, large
ﬁ-rays, or annihilation (in the case of positrons) - was considered an
electron or positron candldate. Each electron or positron candidate
was measured and fitted over ite entire length to find evidence of
radiative energy loss. Electron or positron candidates which showed
definite evidence of energy loss inconsistent with any other mass
assignment were considercd as identified.

In order to measurc the detection efficierncy for eclectrons pro-
duced with the same spatial distribution as the events in the bubble
chamber, physicists examined both tracks of each electron-positron
pair produced within 20 ¢ms of the primary vertex of an event. Each
track was examined to sce whether it would bhave becn classified as an
electron or positron candidate using the same criteria as were used
for tracks from the primary vertex, Figure 13 shows the mzasurced
elcctrop detection efficiency as a2 function of the clectron enerpy Ee'
This efficiency decrcases with increasing Ec to an approximately con-
stant value of 0.70 + 0.08 for Ee > BOO NieV.

As the electron energy decreases the number of expected back-
ground cvents becomes large as discussed below. Therefore events with
electrons or positrons at the interaétion vertex with Ec < 200 MoV are
not considered further. After removing electron-positron pairs 12
events have an electron or positron apparently originating at the
interaction vertex. These events are listed in Table V. 7The enerpies
Ee are determined from curvature measurcments corrected whore appro-

priate for detccted bremstrahlung.
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TABLE V

List of Fvents with Single Electrons or Positrons
with Ee > 200 ¥MeV

5::2:: Er, Fe EMI Muon v°
1 26 GeV/e 1.4 % 0.1 GeV e' None None
2 8 GeV/e 2.0+ 0.1 GeV e None™ None
3 21 GeV/c 12+ 2 Geve' None None
4 33 GeV/c 32+ 7 GeV e+ None* None
5 54 GeV/e 35+ 5 GeV e 8.7 Gev 1™ None
6 56 GeV/c S6 1+ 13 GeV el None* None
7 68 GeV/c 67 + 10 GeV el None™ None
8 32 GeV/c 1.2 £ 0.01 GeV ¢~ | 17.3 Gev y* None
9 10 GeV/c 6.3 £ 0.4 GeV e Kone None
10 42 GeV/e 31+ B8 GCeV e None None
11 55 GeV/c 37 ¢ 12 GeV e None 4 GeV/e x:
12 153 GeV/e 130 + 40 CeV e None™ Kone

*
All secondaries identified as hadrons in the bubble chamber.

Five events have all tracks other than the clectron or positron
identifled as hadrons in the bubble chamber. Only events 5 and 8 have
a nwon identified by the EMI and are considered as lle candidates.
Event 11 has a 4 GeV/ce K:: ne other event shows any evidence for a
strange particle.

In order to aussess the significance of the two Me candidates
consider the following backgrounds:

1. Electron neutrines and antineutrines are expected to be
present in the beam at about the 17 level. Events 3 through 7 and ¢
through 12 in Table V lhave leading clectrons or positrons and arc very
likely to be Vc or Ge induced events. A Ve or Ge event can simulatce a

Ve event when a hadron is misidentified as a muon by the FMI. The
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probability that a hadron is misidentified as a muon by the EMI is
estimated to be ~3%. With the assumption that all the events in

Table V are Ve or Ge induced, this background is estimated to be ~0.03
U+e+ and ~0.15 ﬂ+e- events. The importance of suppressing the “e back~-
ground is clearly evident.

2. The film quality is such that a close in Compton electron
vertex (within about 2 cm of the interaction vertex) may not be re-
solved. This background has been estimated from the measured gamma
spectrum., Figure 14 shows the expected number of charged current
events with close in Compton electrons with Ee > Emin'

3. Fvents with asymmetric gamma conversion within 2 ecm of the
primary vertex or asymmetric Dalitz pairs having an undetected elec-
tron or positron, apparently have a single positron or electron at the
interacticon vertex. With the acsumption that clectrons or pusitrons
with Ee < 5 MeV are always undetected the expected number of such
events hos been estimated from the observed spectrum of Dalitz pairs
and close in pairs and is shown in Figure 14. As Ee decrcases below
200 MeV the background from both sources 2) and 3) increases rapidly.

4. Small angle Ke3 decays are estimated from the obscrved
number of K§ decays and decay kinematics te contribute 0.02 ¢ and
0.04 e+ background events.

Event 5 is the only u+e+ candidate. In addition to the U+ and
the c+ in this event there are two negative hadrons. Interpreted as a
Gh charged current event the estimated aqtineutrino enerpy E; is 64
GeV, and the estimates for the scaling variables are x = 0.001 and
y = 0.86. Ulowever the presence of a high energy leading et suggests
that this event may be a Ge event with a positive hadron misidentified
as a muoen even though the expected number of such events is only ~0.03.

Event 8 is the on}y u+e_ candidate. Events of the type u+e_

are of the particular interest because the lepton confipuration is
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charge conjugate to the configuration W e+ observed in neutrino inter-
actions as reported in References 16 and 17. In addition to the u+ and
e there are 4 positive hadrons and 2 ncgative hadrons in this event.
Intcrpreted as a gp event the estimates for the antineutrino energy

and the scaling varlables are given by Eg = 36 GeV, x = 0.066 and

y = 0.51. The combined background from all sources 1-4 considered
above for Ee > 1.2 GeV is 0.2 £ 0.2 events. 1In fact for this particu-
lar event there is a small track of unknown sign at the interaction
vertex which could be a positron with energy ~2 MeV which would indi-
cate that the electron is part of a very asymmetric Dalitz pair. See
Figure 15. The electron track overlaps 4 other tracks at the interac-
tion vertex and it cannot be excluded that it is due to a Compton
electron. The event 1s no; considered compelling evidence for Gu
induced U+e_ events.

Table VI shows the upper limit at 90Z confidence for the yields

- 4+ 4
of i ¢ and Il e cvenls relative to all antineutrino charged current

TABLE VI

Upper Limits for Antineutritno Induced Ve Evcnts as a
Function of Energy {907 Confidence Level)

Charged
5 §3§§§2t owey/cwtyy | oawtehsoaty  oaev®ysoaty)
>10 Gev 1120 0.5% 0.5% 0.3%
>20 GeV 630 0.9% 0.92 0.5%
>30 Gev 330 1.7% C1.7% 1.0%
>40 GeV 160 2.17 3.6 2.1%

events based on a single candldate in each case. Note that our maxi-
mum data sample has been used in this analysis. The upper limit on
the relative yicld of Ue events with associated meutral straage parti-

cles detected via charged decay modes (Vo) is also gilven based on zero
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candidates. The number of charged current events has been corrected

for missing single track cvents.)”  No correction has been applicd for
EMI acceptance; the assumption is made that the FMI acceptance for Ue
events is the same as for-all other charged current antineutrino events.
The upper limits have been corrected for the electron detection effi-
clency N = 0.70. The upper limits are applicable for electrons with

energies E, > 200 MeV and for muons with energy above 4 GeV.

B. Search for u-4 Fvents

We will present very preliminary results on the direct dimuon
production by antineutrinos interacting in hydrogen-neon. The search
naturally divides itself into two studies. The first study is for the
sample of dimuons where one muon is fast (Pu > 4 GeV/c) and thercfore
identified by the EMI and the other muon is slow and decays and is
identified in the bubble chamber (fast-stopping dimuons). The second
study is for the sample where both muons are fast and are identified
by the FMI (fast-fast dimuons).

Fast-Stopping Dimuons: The 1157 events with T ‘Px > 7.5 GeV studied

in the He search are further studied here. 1In several independent
physicist scans all events were scarched for continuous tracks which
terninated in an identified electron as described in the previous sec-
tion. These events contained direct electrons from the primary vertex,
¥-li-e decays and U-e decays. The direct electron candidates were used
in the W-c dilepton analysis.

Here we consider the events with T-li-e and H-e tracks which are
trapped in the bubble chamber. The bubble chamber is basically a
spherc of 1.8m radius with a magnetic field of 30 Kg. 1In principle
a 1.5 GeV/c track can be trapped within the chamber and decay. 1In
practice however the muon trappinp efficicncy drops to 10Z for anti-

neutrino events for muons of 600 MeV/c (muon range of 740 cm).
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Therefore in this study we restrict the slow muon to have a2 momentum
of less than 600 MeV/c.

There were several evonts with very slow stopping positive tracks.
In every case, these were ambiguously identified as stopping uad from
observation of the unmistakable ﬂ+~u+—e+ chain. Ve measured ard fitr
these tracks In order to pain some appreciation of the power of our
Geometry program in separating slow 7t from slow u+ orbits. It was
found that for stopping tracks shorter than about 15 cm, there is
inadequate difference between the quality of the fits for the U mass
and the T mass assumptions to allow convincing separation. 1In the
fast-stopping dimuon study we thercfere exclude all U candidates with
Pp < 0.1 GeV/c (corresponding to a ¥ with residual range of 22 cm).
However in the present data sample there were no nmuon candidate in
this momenturr region.

The events were scanned at almost life-size. In the 23% atomic
Nean-Hydrogen mix the range of the ¥ from a W decay at rest is ~ 3 mm
on the scanning table. Because of foreshorterning due to dip and
possible ¥ alignment with the incident direction cf the decaying pion
it is frequently difficult to separate the M-P-e decay chain from the
He decay at rest. Since it is difficult te visually detecr angle
changes less than 5% on a slow track, it is impossible to separate
W-U decays in flight with a trapped U subsequently decaying at rest
from ¥-e decays. For these recasons the nature of the track ending in
an electron was In most cases not determined at the scanning stage.

We measured evesy candidate track that did not have an unambiguous
T-j-e or an obvicus kink from the production point down to the electron
vertex with many points per view. The tracks were then f£it starting
at the production vertex in increasing arc length, looking for deviation
in anglec and momentum of the downstream orbit from Lhe prediction of

the fit to the upstream orbit larger than that predictable from multiple
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scattering. This process largely eliminates T-u decays in flight. 1In
the remaining events, the transition point between the parent track and
the electron track was discernable. Using the range-momentum relation
for pions and muons allowed the separation of the remaining sample into
probable stopping pilons with ipvisible daughter muons and probable
stopping muons. Three probable stopping muon events were found.

The properties of the three stoppling muon events are givén in
Table VII. Events 2 and 3 are interpreted as antineutrino charged
current high-y events with y values of 0.990 and 0.985. Observing two
+

high~y events 1s consistent with B = 0.8. Fvent 1 is an apparcnt H+ﬁ

event, Observing one such event is consistent with the estimated

TABLE VIT

Propertles of Antincutrino-Nucleon Events
with Jdentified Stopping Muons

Stopping Fast IMI
FEvent ¥No. A Py Muon Huon
Momentun Momentum
+ +
1 11.4 GeV . 170 MeV/c o 6 GeV/c W
2 17.8 GeV 174 Mev/e ut None
3 8.2 Gev 126 Mev/e u' Mone

background from early and swall angle T-U decay in flight. No u*h‘
events were found with one fast muon (Pu > & GeV/c) and one or more
slow muons (Pp < 0.6 GeV/¢). For antineutrino energiecs greater than
10 GeV a 90% confidence level upper limit on the production rate of
u+h~ events within the above momentum ranges is about 3% of all charged
current events. This limit has been corrected for the geometrical
trapping efficiency for the slow stopping muon and for the U~ capture
probability. The U+Ub background is estimated to be about 0.3 events

with the above cuts.
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Fast-Fast Dimuons: We report here preliminary results en a search

for events with two or more tracks identified as muons by the FMI,
The data set used here is approximatcely the same as used in the U-e
search. The previously described FMI nwon sclection procedure

(C“ < 10%Z, "Vl 4% and T 4 GeV) was applied to each leaving track
of the event which did mot interact in the chamber. An acceptable
multiple muon candidate satisfied the following conditions: the rwon
candidates did not have the same hit in the EMI, the time coincidence
of "muon hits" in the IMY was within 111 nscc, each muon candidate
had a momentum greater than 4 GeV/c and the total antincutrine energy
was greater than 10 CeV. With these conditions the total efficiency
for detecting the leading muon is ~75%. The total efficiency for
detecting the non-leading munn is ~70%. Tleven dimuvon candidates vere
found which satisfied the above conditions: 11{(++), 5{+-), 5(-+) and
0(-~) where the signs refer to the charpe of the leading and non-
Jeadingz muon candidates.

The dowinant background in this procedure to select dimuon
events is the normal charged current event accorpanicd by a pion
punching-through to the FMY and being misidentified as a muon. The
momentum spectrum of the non-leading muon candidates was calculated
by applying an estimate ??  of the punch-through probability to the
observed spectrum of at and T~ mesons in the charged current events
which exit the chamber without interacting. The observed and cale-
ulated integral spectra for the non-leading muon arc given in Table

VIII.
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TABLE VIII

Number of Observed Dimuon Candidates and Caleulated Background
as a Function of the Momentum P' of the Non-leading "wuon™

P’ N (++) N(+-) N(—+) N{--)
(GeV/c) obs, cale. obs., calc. obs. cale. obs. cale.
> 2 3 3.5 9 5 7 3.5 o 1.1
> 4 1 2 5 3 5 3 0 0.8
> 6 0 1 3 1.5 5 2 0 0.5
> 10 0 0.3 1 0.7 3 13 0 0.2
> 20 0 0.07 0 0.25 0 0.2 0 0.1

For events with P' > 4 GeV/e, 11 dimuon candidates were observed with
a calculated background of 8.B events. The observed number of dimuon
candidates is not statistically significant above the estimated back-

ground. Only one dimuon candidnte with P' > 4 GeV/c (P + = 11 GeV/e,

1]
P _ = 18 GeV/c, E_ = 180 GeV) has an associated neutral strange particle,
i v
s K°.

Assuming all the dimuen candidates in Table VII1 with P’ > 4 GeV/e
are real dimuon events and folding in the total muon identification
efficicncies, the 90Z confidence level upper limits for the rclative
rates of dimuon production with and without a v® in antineutrino reac-
tions is given in Table IX. The dimuon rates are relative to the
charged current sample which has been corrected for missing one-prong
events. The upper limits are given in Table IX for dimuen production
above antineutrino enerpies of 10-40 CeoV.

It should be noted that assuming that the momentum spectrum of
;he non—lcading muon in dimuon events is similar to the momentum
spectrum of hadrons produced in single muon events, the requircement
that the non-leading muon have Pu > 4 CeV will suppress the apparent

dimuon rate at lower antineutrine energles {~20-30 GeV),



-33.

It is clear that this type of analysis can be improved by using

higher density neon-hydrogen chamber fittings and by an improved FMI.

TABLE IX

90% Confidence Level Upper Limits for Antincutrine Induced Dinmucn

Events as o Function of Energy

Eg owhix) o 1) o u*v®)
(GeV) om™x) om*x) om*x)

10 1.4% 0.6% 0.35%
20 2.4 1.1 0.6

30 4.2 2.0 1.2

40 5.8 4.3 2.4

C. Study of the Strange Tartlcle Tnvariant Mass Spectra
A preliminary analysis is reported on semi-inclusive invariant
mass spectra of 3-7 pronp clurged current events above 10 GeV with
one or more observed neutral strange particles. This sample consists of
about 500 charged current events including 17 A, 12 K® and 2 ©°A cvents.
Semi~inclunive invariant mass distribution, were studied for
the combinatilons in brackets for the following reactions:

O - ut (r)x o+ ut oCmx

3wt anx st 0Cax

> ut (arhyx + ¥ (®Orhyx

> u” (nTyx +ut @O x
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For this analysis all unidentified charged tracks were taken as
pilons.

The (YY) mass distribution for all charged current events with
two gamma rays is given in Fig. 16a. The ° peak has a widch of 215
MeV centered at 130 MeV. The (AY) mass distribution is pgiven in
Fig. 16b. There is some indication for the production of I® (1190).
A scarch was made of all the other invariant mass distributions for
resonances with a widtﬁ of € 50 MeV., From a prelimlonary analysis, no
narrow pcaks were found which contained 4 or more events above back-

-

ground.

There 1s evidence from SPEAR for the existence of a charmed meson
D® (0°) with a mass ~1.87 GeV. In antineutrino interactions we might
therefore expect to produce.the D° which could decay B° + E°W+ﬂ-.
Figure 16c shows the (Ko ﬂ+ﬁ-) mass distribution. There is no evidence
for the productien of n° by antineutrinos. The upper limit on the

¢ross scction, relative to all charged current events, times branching

ratio for the mede D° - K°ﬂ+ﬂ_ is about 1.57.

CONCLUSIONS FROM ANTINEUTRINO-NUCLEQ: INTERACTIONS
1. vy distribution study - The relative antiquark content of the nu-
¢lcon is energy independent; Q_: « 0,10 & 0.03.
aH
2. x distributien study - The x distribution is consistent with
ng (SLAC) for x 2 0.2 and is enerpy independent.
3. Properties of v° events - The relative fraction of charped current
events above 10 GeV with one or more V® is 14.5 * 3%, incrcases

with inecreasing W and is consistent with Vp interactions.

4. M-e gearch - The upper limit on the production of H-e events by
owtex) '
o X)

antineutrinasg is < Q.5% for E, > 10 GeV.
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6. MW-} gearch -~ For antineutrino interactions greater than 10 GeV,

the ¥~ upper limit is

< 3 P _>4CV P _<O0.6GCeV

st _ 0 u

+
o0 %) < 1A% P, >4GeV P _> 4Gy

U H
7. ¥° invariant mass spectra study - No evidence was found for new
narréw resonances. The upper limit (cross section x branching
ratio) on the relative yield of D° in antineutrino interactions

is 1.5%.

WILAT 1S IN THE FUTURE

The present experiment based on approximately 1,000 charged current
antineutrino interactions laéks the statisrical semsitivity to make
strong conclusions on 1) the high-y anamoly, 2) the W-e production,
3) the U~il production and 4) peaks in the strange particle invariant
mass plots. During the {irst quarter of 1977 this experiment expects
with additional running at Fermilab to increase its statistics by al-
most an order of magnitude. With the improved statistics and improved
identification power of a hecavier neon-hydrogen mixturc it is antiei-
pated that it will be possible to obinin definitive answers to some of
the most Important outstanding questions 1n present day experimental

antineutrino physics.
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+—y212) - By(l - v/2) with & = 0.8 and extrapolating to y = 0,

The corrcetion is 14X for E_ > 10 GeV and less at higher cnergics.
v
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