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ABSTRACT

A clear observation of u'e” events produced in an
antineutrino heavy neon-hydrogen experiment using the
Fermilab 15-Ft. bubble chamber is reported. The relative
production rate, Vee yield, and scaling variable distri-
- butions are presented, and the events are interpreted as

charmed particle production from ocean quarks.
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The production of ue pairs in neutrino interactions!'”
dimuon pairs in neutrino and antineutrino interactions®~7 has been
well established. 1In this letter, which reports our further study

8 we study the production rate

of ue production by antineutrinos,
and general properties of a sample of 12 u*e_ events.?

These data come from a new expésure of 85,000 pictures in the
Fermilab 15-Ft. bubble chamber to the broad band antineutrino beam.
The primary proton beam had an energy of 400 GeV. The bubble
chamber was filled with a mixture of 64% neon and 36% hydrogen by
atoms resulting in a radiation length of 39 c¢m and an interaction
length of 125 cm.

The film was scanned for neutral induced events. Electrons
and positrons produced at the primary vertex were recognized using
as track signatures spiralization to a point, a sudden change in
curvature, bremsstrahlung, trident formation, annihilation (for
positrons), or large delta rays. A partial rescan showed the effi-
ciency for so recognizing electrons to be B5 * 5%. Obvious e+e_
pairs were discarded. The sample of single electron events was
purified by requiring the electron to exhibit two signatures, at
least one of which was a bremsstrahlung conversion. Application of
this selection rule to known electrons from y conversion pairs
showed its efficiency to be 83 * 5% for electrons with momenta Pe
greater than 0.8 GeV/c.

To identify muons we relied primarily on the external muon

identifier (EMI).'® To detect muons which the EMI failed to iden-~

tify because of instrumental inefficiency or geometric acceptance
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we also used a kinematical method (BIGPT).'! We required that the

muon momentum Pu and the visible energy E satisfy Pu > 4 GeV and

vis
E,is > 10 Gev.'?

The most serious background is Compton electrons spatially un-
resolved from the primary vertex, wbich decreases as the electron
momentum increases. Examination of events on the scan table indi-~
cates that, on the average, Compton electrons within 2.5 cm would
not b; recognized as such. In order tao retain adequate signal above
the Compton background we required that the electron momentun
satisfy P, > 0.8 GeV/c,'’ resulting in an estimated background of
1.5 events from this source. Other sources of background consid-
ered were electron neutrino events in which a hadron is
misidentified as a muon, § -rays close to the primary vertex, very
asymmetric Dalitz pairs or close—in gamma conversions, and small
angle Koz decays in flight; these contribute 0.5 background events
to the pte” sample and 0.3 background events to the p e’ sample
produced by the neutrinoc contamination in the beam.

Using the above selection criteria we obtained a sample of 12
p¥e™ events and 6 pu e’ events with estimated backgrounds of 2
events and 0.3 events, respectively, in a sample of 6320 anti-

s + +

neutrino and 770 neutrino charged current events. One p' e and

no i e events were found. In Table I we give the distribution of

5 Correction for the

the u+e“ events in different energy intervals.!

efficiency of finding a primary electron and identifying it by two
. . . + - . .

signatures gives the relative p e cross sections presented in

column 4 of Table I for Pu > 4 GeV/c and Pe > 0.8 GeV/c.
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In Table II we list the properties of the 12‘ u+eﬁ events,.!®
The mean value of E_, . for these events is 62 GeV whereas for all
other charged current events it is 28 GeV.

Associated with the 12 u'e” events are 10 neutral strange par-
ticle decays (Vees). Table 1Y gives our identification, using
kinematic fitting, of these Vees as Kg *'u+u“, A+pr,or Kk ~+ pT .
For ambiguous Vees the identification with the lower probability is
giveﬁ in parentheses. The K: in event 11 and AJKg) in event 12
appear to have undergone small angle scatters before decay. The
Vee in event 3 consists of a positron and a negati§e hadron; it is
likely to be either a K., decay or A beta decay. The yield of ten
Vees in these u+e— events differs markedly from the 0.8 Vees ex-
pected in 12 ordinary charged current events.!?

Opposite sign dilepton events are presently interpreted as
resulting from the decay of charmed hadrons. In antineutrino in-
teractions charmed hadron production is expected to proceed predom-
inantly by the transition of an antistrange quark (é) in the ocean
to an anticharm quark (¢c): Vv + S »>ut + &. If the C is dressed as

a charmed mesgn, e.q. b° or D , the subsequent decay Will produce a

k¥ or K°. If the ¢ is dressed as a charmed baryon, e.g. Kc' its
decay will produce a A or L. Charmed baryon production involves
creating a baryon-antibaryon pair and is likely to be suppressed.
However this is the probable interpretation of event 12. The ob-
served number of Vees implies a total of 21 * 8 neutral strange

particles in our 12 p'e” events.'® The orphan strange quark (s)

from the ss ocean pair is likely to produce a KN or A/Z final state.
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Therefore there is no clear prdéedure to corréctly estimate the
number of undetected charged strange particles. The data, however,
are not inconsistent with the above picture of charmed hadron pro-
duction which predicts a total of two strange particles per event.

Making plausible assumptions about charmed hadron production.
within the context of the quark-parton model and allowing for ex-
perimental acceptance and neutrino beam energy spectrum, Lail? has
obtained reasonable agreement with the‘opposite sign dimuon data
from the CDHS collaboration.’ We use Lai's model, computed by him

for our experimental conditions and with quark fragmentation func-

[

tions that fit the CDHS data, to assess our data.? This model

indicates that the average acceptance for the u+e-events is 62%.

Corrected relative production rates R are shown in Table I; for

corr
u+e“ production we find a corrected rate of (0.36 * 0.11)% of anti-

neutrino charged current events, and for n—e+ a rate of
(1.9 * 1.0)% of neutrino-charged current events. Our u-e+'rate is

not inconsistent with the (0.5 % 0.15)% reported in Ref. 3 for the

1

. ; . -+
same process.? Distributions of xv' and Y for p e events are

is vis
shown in Fig. 1 together with the model predictions which are

characteristic of production from anti-quarks. Also shown for
comparison are x and y distribution functions for ordinary charged
current events.?? The model is consistent with the concentration

of events at low X {ten of the 12 events have Xv. < 0.3} and

vis is

with the existence of events at higher values of Yois® We conclude

that our ufe— events are examples of production and subsequent

semileptonic decay of charmed hadrons.
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E sin26/2)/2Mp(E;-Eu), where —Qz and 0 are the four-momentum

u
transfer and the angle respectively between the incident anti-

neutrino and the muon, and Mp is the proton mass. Because Ej is

difficult to determine precisely, we employ Yois and xvis which

are y or x evaluated at E; = Evis'
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. + - . .
Relative rates of p e production for selected antineu-

trino energy intervals. The rates R are corrected for

background and scan efficiency but are restricted to

P > 0.8 GeV/c and P]_l > 4 GeV/c.

e The rates R

corr are

corrected for acceptance losses using the model of Ref.

19.

+ + - + -

ES WX ooweX plucX 2

{GeV) (Events) (Events) og(u X) corr

(%) (%)

10~ 30 4240 3 0.08t0.05 0.1220.08
30~ 60 1540 4 0.31:0.17 0.51%0.27
60-150 540 5 l.1 0.6 1.4 0.8
All 6320 12 0.22:0.07 0.36£0.11
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Table II: Properties of u+eh events.

Eygs ¥ Py Pe Yyis  Xuis Vee
{GeV) 1D {GeV/c) (GeV/e) Observed
1} 23,1 EMI 7.7 3,8 0.67 0.07 A
2) 25.1 EMI 8,5 1.2 0.66 0.02
3)  25.8 .EMI 6.2 3.4 0.76 0,21 KO
4 30,4 BOTH  10.7 1.9 0.65 0.08 A(xO)
) 31.7  EMI 6.2 1.7  0.81 0.26
6) 42.6 BOTH  36.3 1.2  0.15 0.69
7)  46.9  EMI 5.1 1.0  0.89 0.14
8) 68.4 BOTH  54.2 2.3 0.21 o0.00 2
9) 86.5 BIGPT 64.0 3.2 0,26 0.45 Kg
10) 102.4 BIGPT 86.9 4.6 0.15 0,21 LT 54
11) 115.1 BIGPT 103.9 2.7  0.16 0.09  x2(2)
i2) 141.9 BOTH  87.9 6.6  0.38 0.12  A(x°) (3

(a)Likely to have undergone small angle nuclear scatter

before decay.
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Distributions of xvis and Yvis for n e events. The

solid lines and shading indicate the range of pre-
dictions of the charm hadron production model of Lai,
Ref. 19 for the two prefel:'red B(z) functions. The dashéd
lines show distribution functions obtained from ordinary

charged current events, Ref. 22.



