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Abstract

A search for charred particle production in
antinecutrino~nucleon neutral current interactions is
reported. The recocnition signature used was positron
decay of the charmed particle; however all single pesi-
tron events found can be attributed to known sources.
Based upon a possikle signal of one event, the 90% confi-
dence level upper limit for the rate of neutral current
charmed particle production with subsequent posityron decay
relative to charged current interactions is 0.87 x 10_3.
Assuming a branching ratic of 0.1, we find corre;ponding

limit for the right handedi uc coupling is 1.9 x 10—2.



The production of charmed particles in charged current
neuntrino an@ antineutrine interactions is éxperimentally well
established and is, at least qualitatively, well understood,!
In the standard model of weak interactions developed by Wein-
bexg and Salam® the weak neutral current is guark flavor
conserving: according to this model charmed particle produc-
tion in neutral current interactions should occur only in pairs
“from c¢- and c-quarks in the sea. This production mechanism is
expected to be strongly suppressed.’r~There exists a number of
other gauge models which are consistent with available charged
current data but which allow neutral current induced transitions

between different quark flavors,”r*

In particular in these
models enhanced charmed particle production is expected via
valence u-gnark to c-guark transitions: 3ﬁu + Vﬁc. We report
here a search for this charm changing neutral current (CCNC}
process using as the charm signature the subsequent positron
decay of the c-quark: c + e+vex. -

The data come from an 8%,000 picture exposure of the
Fermilab 15-ft bubble chamber to the two-horn broad-bard anti-
neutrino beam. Calculations indicate that the four kirds of
neutrinos in this beam should produce events in the ratios
GL/uu/3;/ve = 100/12/0.6/0.6. The chamber was filled with a
mixture of 64% neon and 36% hydrogen by atoms which has a
radiation length of 39 cm.

The film was scanned for neutral induced events with

visible momentum along the beam direction greater than 1 GeV/c.

These events were closely examined for a single electron or
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single positron (not paired with a positron or electron,
respectivélyl having momentum Pg > 0.8 CeV/c at the primary
vertex. The sample obtained was purified by requiring the
electron or positron to show two or more of the following sig-
natures, at least one of which must be a bremsstrahlung coﬁ-
version: spiralization to a point, sudden change of curvature,
bremsstrahlung conversion, trident production, annihilation

for positrons only), and large delta rays. The efficiency of
the purification process was determined to be £83%.by applying
ovr procedure to known electrons ané positrons from garma
conversion, The External Muon Identifier supplemented with
a kinematic selection method was used to identify events which
alsc have muons; +those events are reported in detail elsewnere.®

After removing events with identified muons, we oﬁtained a

sample consisting of 74 events with a single e+, 67 events with a
single e , and two events with high energy e+/ei where the sign of the
electric charge cannot ke deternined. We interpret the majority
of these events as 3; and Ve induced charged current events.,
These numbers of everts are consistent with expectations based
on calculations of beam performance. This interpretation for
the e events is further supported by the YVIS distyribution in
Fig. 1 vhich shows the characteristic (1 - y)z = (1 - YVIS}2
kehavior expected for Gé {and 3;) charged current events.' For
carparison the dasheé curve in Fig. 1 shows the YVIS distribution

obtained from the same experiment's Vﬁn > u+x events.
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We remark that a possihle source of single positron

events is heavy lepton 2t production via ?hn +~ M'x followed by

vegﬁ' Using calculations hased on the work of

Albright et al,,” we analvzed the Yor

obtain a 98% confidence level lowver limit of 6 GeV for the mass of the

the decay rt . ef

- distribution in Pig. 1 to

M+, assuming the branching ratio of the decay Mt +.e+veVL to be 20%.
In order to enhance any possible CCEC signal we employed

two selections: (1) Charmed particles produced in 5& and Vu

charged current interactions in Fermilab wide-band beams have

laboratory momenta of the e  and et decay preducts, respectively,

of a few GeV/c.%r? e expect CCNC charm production in 3;

interactions to aive e’ alsoc of a few GeV/c; such events vhen

{incorrectly) interpreted as 3; charged current events would

have large values of YVIS or, equivalentliy, small values of

z = pe/ZpsIs. Therefore we searched for the CCNC signal in the

region z < 0.5, (2) In addition we considered the guantity

UVIS = Xi1s (1 - YVIS) which is useful for characterizing neutral

current events. It éan e estimated as (Ep¢is)2/2 MP EP;IS'

vhere p#ls and p;IS are visible hadron mormenta components per-

pendicular and parallel, respectively, to the beam direction.

Since the final state antineutrino, which is expected to have

substantial transverse mcmentum component, is not included in

the summations, UVIS

events. If the expression for Uvis is evaluated for Vé charged

is expected to be large for neutral current

current events by including the observed et {incorrectly) in

the sums over hadrons, the resulting value of UVIS will be

small, usually less than 0.02. The effectiveness of the cut



uVIS > 0.02 in further renoving Ué charged current events was
tested by assuming pe universality and studying the Cyrg dis-

tributior obtained Irem known vu produced charged current
events znalyzed bv including the final state u+ in the sums.
After applving the restrictions z < 0.5 and Uyrg > 0.02
to the sample of et events we obtained one candilate event.
The background indicated by the study of ﬁh charged current
events is 2.9 ¢+ 0.8 Vé charged current events, Other sources
of background considered@ are neutral current events with
asymmetric Dalitz pairs or close garma conversions, KeB decays,
and u"e+ pairs with vnidentified muons. The total expected
number of background events from all sources is estimated as
3.8 2 0.9 events.
To estimate the selection efficiency of the z ané‘UVIs
cuts we used 12 u+e_ and € u-e+ events found in same £ilm®
that have been interpreted as charmed particle production in
3; charged current irteractions. The scatter plot in Fig. 2
15 for these pe events and,
for comparison, this distribution for the single et events.

shows the distribution of z and UV

Thirteen of the 18 pe events fall in the region selected to
enhance any CCRC sicnal. This suggests our z. UVIG selection
would lose only ~30% of any CCNC signal.

The effects of the z, U cuts were also investigated

vis
using a Monte Carlo nodel cphlculation for CCNC charm production.

The salient fcatures incorpbrated into this calculation are (1)

the known V, kecam energy spectrum, (2) only p° production with a

¥
step function excitation cukve, (3) three-~hody decay to K°e+ve.



(4) fragmentation functions found to be consistent with counter

'% apd (S} experimental resclution func-

erperiment dimuon data
tions obtained €rom ocur ?ﬁ data. This calculation indicates
that the z and UVIS selections lose ~35% of CCHC events and the
P > 0.8 GeV/c cut loses an additional ~20% of these events.

After subtracting the backaround and correcting for the
discussed efficiencies, we obtained the following 90% confidence
level upper limit for the production of CCNC events with subse-
guent positron decay relative to 5L charged current events witﬁ
Eg > 10 GeV:

Events (Ghﬂ +.3h CX: C + ety X) -3
R = £ < 0.87 x 1077,

Cvents (Fﬁn + u'ty

In some SU,8 U, gauge models off diagonal CCNC currents of

the form J = hL(Gb)L + hR(EC)R are allowed where the left-handed

2

coupling hL is assured to be much srmaller than the right-handead

2
R °
CCEC cross section as

coupling h Following Ref, 4 we assume hL2 = 0 and vrite the

2
2 G'm_ Eg
e . T2 ¥ [ut) +dax] hl e - u)
dxdy 4w

where uf{x) and d(x) are the u- and d-guark densities, ¥ is the
hadronic mass, and the sten function € accounts for the charm

production threshold at ¥, = 2.8 GeV. Using our limit R £ 0.87

3 +

x 1077 and the branching ratio Be (C + e vex) = 0.1 we obtain



2 -
hR 2£1.9%9 x 10

a factor of five to seven lower than the limit that can be

2 .+ the 90% confidence level. This limit is

obtained from high energy wrong sign single muon production"

_and single e' production'? in a neutrino beam.
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The distribution of YVIS for single et events.
The dashed curve shows the distribution function

obtained from ﬁh charqged current events.
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Fig. 2
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The U - z plot for sinale et events (o) and

Vis

ve events (+). The dashed lines show the

experimental cuts Uy, > 0.02 and z < 0.5.



