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VABSTRACT
A search for pe events produced in an antineutrino

hydrogen-neon experiment using the Fermilab 15-foot bubble
chamber is reported. Based rn a single candidate the 90%
confidence upper limit for the relative yield of p+e_ events
is 0.5% of all charged current events with antineutrino

energy greater than 10 GeV.
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Recently evidence has been reported for neutrino induced
events with both a positron and a negative muon in the final
state. At high energy these events are reported to occur 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. The existence of these events cannot be
explained in terms of the properties of known particles and
interactions.*'?

This letter reports on a search for similar events produced
in an antineutrino beam. The data are based ¢ an exposure of
-T+,400 pictures obtalned using the Fermilab 15-foot bubble cham-
ber filled with a hydrogen neon mixture containing 21 atomic
percent of neon. The density of this mixture is 0.3 gms cm-3
and the avecrage gamma'convcrsion length 45 140 cms.

The chamber was exposed to a broad-band double horn
focused antineutrino beam. An absorptive plug downsﬁream of
the target was used to suppress the neutrino contamination to
less than 4% of the flux. The proton energy was 360 GeV and
the mean proton intensity was 0.8 - 0.9 x 1013 protons/pulse.

The external muon identifier (EMI) was used in this experi-
ment. The EMI consists of approximately 600 gﬁs c:m.-;-.'2 of zine
absorber together with the magnet colils inside the vacuum vessel
of the bubble chamber followed by 23 m2 of multiwire proportional
chambers.® Muon candidates seen in the bubble chamﬁer are extra-
polated to the EMI in an attempt to match them with fitted coor~
dinates in the proportional chambers.® For low momentum muons

both EMI geometric acceptance and background problems are impor-

tant; therefore only tracks with an acceptable match in the EMI
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and with momentum greater than Y GeV/c are considered as identi-
fied muons.

The film was divided equally among the four laboratories
and scanned for neutral induced events with visible momentum
along the beam direction, Py» greater than about 1 GeV/c. Events
consisting of a single charged track only were not included in
the scan. A total of about 3000 events were found. |

Events with P, 2 7.5 GeV/c in a fiducial volume of 21 ﬁ3
were examined by physicists searching for evidence of electrons
or positrons at the primary vertex. Each track was examined
carefully over its entire length. Any track aich spiralled
smoothly to a point in the liquid or which‘had any visual in-
dication of catastrophic energy loss - bremstrahluné {sudden
curvature changes and/or converted pairs), tridents, large
é-rays, or annihilation {(in the case of positrons) - was con-
sidered an electron or positron candidate. Each electron or
positron candidate was measured and fitted over lts entire length
to find evidence of radiative energy loss. Electron or positron
candidates which showed definite evidence of energy loss incon-
sistent with any other mass assignment were considered as iden-
tifried.

In order to measure the detection efficiency for electrons
produced with the same spatlal distribution as the events in
the bubble chamber, physicists examined both tracks of each elec-
tron-positron pair produced within 20 cms of the primary vertex
of an cveni. Each track was examined to see whether it would

have been classified as an electron or positron candidate using
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the sawme criteria as were used for tracks from the primary ver-
tex. Figure 1 shows the measured electron detection efficiency
as a function of the electron energy Ee' This efficiency de-
creases with increasing Ee to an approximately constant value
n=0.70 ¢+ 0.08 for E, > 800 MeV. _

As the electron energy decreases the number of expected
background events becomes large as discussed below. Therefore
events with electrons or positrons at the interactlion vertex
with E, < 200 MeV are not considered further. After removing
electron-positron pairs 12 events have an electron or.positron
apparently origlnating at the interaction ver.-ex. These events
are listed in Table I. The energies Ee are determined from -
curvature measurements corrected where appropriate.ror detected
bremstrahlung. -

Five events have all tracks other than the electron or posi-
tron identified as hadrons in the bubble chamber. Only events
5 and 8 have a muon identified by the EMI and are consideréd
as pe candidates. Event 11 has a ¥ GeV/c Kso; no other event
shows any evidence for a strange particle.

In order to assess the significance of the two pe candidates
consider the following backgrounds:

1) Electron neutrinos and antineutrinos are expected to

be present in the beam at about the 1% level. Events
3 through 7 and 9 through 12 in Table I have leading
electrons or positrons and are very likely to be Ve

or ;e induced cvents. A v_ or Ge event can simulate
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a pe event when a hadron is misidentified as a muon

by the EMI. The probability that a hadron is misiden-
tificd as a muon by the EMI i3 estimated to be -3%.
With the assumption that all the events in Table I

are v, or 58 induced, this background is estimated

to be ~.03 ute* and ~.15 p*e” events.

The film quality is such that a close in Conmpton elec-
tron vertex (within about 2 cm of the interaction
vertex) may not be resolved. This background has

been estimated Crom the measured gamma spectrum. Fig.
2 shows the expected number of char,e¢d current events
with e¢lose in Compton electrons Qith Ee > Emin.
Events with asymmetric gamma conversions within 2 cnm
of the primary vertex or asymmetric Dalitz pairs
having an undetected electron or positron, apparently
have a single poszitron or electron at the 1nterac§ion
vertex. With the assumption that electrons -

or positrons with Ee < S_MeV are always undetected

the expected number of such events has been estimated
from the observed spectrum of Palitz pairs and close
in pairs and is shown in Fig. 2. As Ee decreases
below 200 MeV the background from both socurces 2) and
3} increases rapidly.

Small angle Ke3 decays are egtimated from the obsérved

number of Kso decays and decay kinematics to contribdb-

ute 0.02 e~ and 0.04 e* background events.
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Event 5 1s the only pte* candidate. 1In addition to the
u* and the e¢* in this event there are two negative hadrons.

Interpreted as a v, charged current event the estimated anti-

i
neutrino energy® E; is 64 GeV, and the estimates for the scaling
variables® are x = 0.001 and y = 0.86. However the presence

of a high energy leading e* suggests that this event may be a

;e event with a positive hadron misidentified as a muon even
though the expected number of such events is only .0.03.

Event 8 is the only pu*e” candidate. Events of the type
u'te™ are of the particular interest because the lepton configura-
tion is charge conjugate to the configuration u7e+ observed in
neutrino interactions as reported in references 1 and 2. In
addition to the p+ and the e~ there are % posltive'hadrons and
2 negative hadrons in this event. Interpreted as a 5“ event
the estimates for the antineutrinc energy and the scaling vari-
ables are given by Ej = 36 GeV, x = -0.066 and y = 0.51. The
combined background from all sources 1 - 4 considered above for
E.> 1.2 GeV is 0.2 t 0.2 events. In fact for this particular
event there is a small track of unknown sign at the interaction
vertex which could be a positron with energy ~2 MeV which would
indicate that the electron is part of a very asymmetric Dalitz
pair. The electron track overlaps 4 other tracks at the inter-
action vertex and it cannot be excluded that it is due to a
Compton electron. The event is not considered compelling evi-
dence for G“ induced p*e™ events.

Table II shows the upper limit at 902 confidence for the

yields of yte™ and pte’ events relative to all antineutrino
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charged current events based on a single candidate in each case.
The upper limit on the relative yield of ye events with asso-
ciated neutral strange particles detected via charged decay modes
(v?) is also given based on zero candidates. The number of char-
ged current events has been corrected for missing single track
events.] No correction has been applied for EMI accebtance; the
assumptlion 1s made that the EMI acceptance for pe events is the
same aa for all other charged current antineutrino events.

The upper limits have been corrected for the electron detection
efficiency m = 0.70. The upper limits are ap-licable for elec~
trons with energles Ee > 200 MeV and for muons with energy above
i GeV.

We wish to thank the Hawalli and Berkeley groups for their
asaistance in operating the EMI and for making available to us
their EMI programs. We also wish to thank the membera of the
Neutrino Laboratory at Fermiladb and the scanning, measuriné and
secretarial staffs at our respective laboratories for thelir con-~

tribution to this experiment.
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*In this experiment a muon is considered to be identified by
the EMI if the muon confidence level for the match 1s greater
than 4% and if the-hadron confidence level is less than 10%.

*The antineutrino energy E; is estimated for individual events
.uging an average currection for neutral energy loss character-
iatic of the total event sample.

* The scaling variables are defined by x = Q2/2mu and y = v/E;
where Q2 is the square of the 4 momentum transfer, v is the
energy transfer to thé hadrons in the lab system;. and m is
mass of the proton.

? The missing single'track events are expected to be largely
confined to the region of small y. The number of missing events
is estimated assuming a y-distribution of the form dN/dy = (1
+y + y2/2) - By(1 - y/2) with B = 0.8 (see for example:

W. G. Scott, Vanderbilt Conference; AIP Conference proceedings
30; Particle Searches and Discoveries 1976; Edited by R. S.
Panvini) and extrapolating to y = 0. The correction is 14§

for E; > 10 GeV and less at higher energies.
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TABLE 1
LIST OF EVENTS WITH SINGLE ELECTRONS OR POSITRONS WITH E_ > 200 MeV
Event P, E, EMI Muon ve
Number
1. 26 GeV/e 1.4 ¢ 0.1 GeV None None
2. 8 GeV/c 2.0 t 0.1 GeV Nonef None
3. 21 GeV/c 12 - 3 2 GeV None None w
N, 33GeV/c | 32 2 7 GeV None" Nore
5. 54 GeV/c 35 ¢t 5 GeV 8.7 Gev u* None
6. 56 GeV/c 56 % 13 GeV None' None
1. 68 GeV/c | 67 % 10 GeV None None
8. 32 GeV/c 1.2 ¢ .01 GeV 17.3 GeV u* None
9. 10 GeV/c 6.3 % 0.4 GeV None 'None
10. 42 GeV/c 31 ¢t 8 GeV None' None
1. 55 GeV/c 37 % 12 GeV None h GeV/c K.°
12. 153 GeV/e | 130 % 40 Gev None" None

.All

secondaries identified as

hadrons in the bubble chamber.
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TABLE 1I

UPPER LIMITS FOR ANTINEUTRINO INDUCED we EVENTS AS A FUNCTION
OF ENERGY (90% CONFIDENCE LEVEL)

Eg gggggﬁg a(ute™)/a(u*x) alute*)ZoCu*x) | ¢(pev®)/aoly*x)
EVENTS

>10 GeV 1120 0.5% 0.5% 0.3%

»>20 GeV 630 0.9% 0.9% 0.5%

>30 GeV 330 1.7% 1.7% 1.0%

>80 GeV 160 2.1% 3.F4% 2.1%
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FIGURE CAPTIONS

Figure 1: The electron detection efficiency n determined from
a study of electron positron pairs plotted as a func-
tion of elecctron energy Ee'

Figure 2: The expected number of background events with Ee>

due to close in Compton clectrons and due to

Epin
asymmetric Dalitz pairs and close in pairs.



v g

A9 23 “x0M3NI. NO¥LD3N3

L 9 g b g 2

} i . [} i i

APIN-008<®3 ¥O-
80'0502L0=L

-42-

¥0
190

80

Q

L AON3IDI443 NOILD3ALIA NOYLD3T3



~-43-

SY¥Ivd NI 350710
JIYLINNASY + SHIVd ZLIMVYA ORILIWWNASY == ——

SNOYULO3T3 NOLJWOD NI 38010 ———

SIN3IAd (3103dX3



