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1. Introduction

We present preliminary results on antineutrino-proton interactions
observed in the Fermilab 15-foot hydrogen bubble chamber. The data were
obtained in two separate exposures of 23, 000 and 38, 000 pictures, respectively..
In the first (second) exposure, the antineutrino/neutrino beam was produced
from a 300 GeV/c (400 GeV/c) extracted proton beam focused on an Af target.

12
The average proton intensity per pulse was~6 x l()12 (8 x 10

). The pro-
duced negative and positive particles were focused and defocused, respectively,
by one (two) magnetic ""horn.'" The charged-current interaction rate was 1
event per 190 frame; (1 event per 80 frames). All the data from the first ex-
posure and ~60% of the data from the second exposure have been included in
this analysis.

The iilm was scanned for all topologies with three or more prongs
having a visible momentum in the forward hemisphere greater than 2 GeV/c.
The scanning efficiency for these topologies is approximately 95%. (In a
separate scan, the one-prong scanning efficiency is ~40%, and these events
have not been in.cluded in the present analysis.) Tracks were reconstruc‘ted
using a modified version of the ANL 12-foot chamber TVGP. After repeated
measurements, the average event pass rate inside a 18.7 m3 fiducial volume
was 87%.

Interactions produced by the v /v beam can be grouped into the inclusive

reactions
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vp=pn t ..., v (1)

CcC
vp-p.-+.... vCC {2)
RV ;NC " Neulral t3)
vpe—vt .. VNC I Current (4)

Note that antinewtrino and neutrino neutral-current events (reactions 3 and 4)

cannot be separated on an event-by-event basis.

11. . Charped-Current Interactions

The correct identification of the muontrack is crucial to the study of
both charged-current and neutral-current events. In order te assign cvents
to their respeclive inclusive channels, we usc the following proccdurn:“)
Let R be the ratie of the momenta of the fastest to the sccond fastest charped
track and PT be the largest momentum transverse to the beam direction of
any track. If R = 2 the fastest track is assumed to be the muon; if R € 2
and PT 2 1 GeV/c that track is assumed to be the muon; il neither condition
is satisfied, the event is classified as a neutral-current event. In addition,
charged-current events were required to have a visible momentum greater

than 5 GeV/c.

(2)

We have used the External Muon ldentifier (EMI) to check the

reliability of our muon assignment and have found that the v sample has

ccC
less than 10% background. This is in agreement with the estimated contamina-

<e +
tion calculated using the number of tracks wes have classificd asp by the

above techniques which are observed to scatter in the bubble chamber. At




present, we do not use the EMI on an event-by~event assigament because of
high "punch through' probability and because of low geomelric acceptance of
the EIMI for high ¥ events.

The bram cancerpy {(£) for the events was caleulated usiog o madificd

3

version of a technique proposed by A, Grnnl.t Using a Monte Carlo calcu-
. . : e e 4 v
lation, we have found the resulting resolutions in E, X = Q /2M(E - E ),
j13
. g o2 2 ; . .
Y= (k -E YE, Q = (Pv - P ) and W : hadronic mass to be £ J0%, 20, 05,
s 18
0,07, £315% and £0.5 GeV, respectively.  In Fig. 1, we show the calculated
)
antincutrino/meutrino beamwm spectra appropriate te the second exposure
“>l’ * 400 GeV/e)., Where both spectra peak at ~ 15 GeV/e, the v flux falls
off mere rapidly than the v flux, so thatat E > 120 GeV, the neutrine {lux
is larger than the anlineutrino flux. In Fig. &, we show the encrgy distribu-

tion for the 332 vp events sclected to be charged-current events.  The average

enerpgy/event is ~30 GeV.

The quark parton model (QPM) prediction for the differential cross sec-

tion as a function of X and Y is given by the cxpression

ale  20iMEx

2 -
v ¢ -7 ux)y s dooyl (5

where u(X) and d(X) are the quark and antiquark distribution {unctions, respec-
2

tively, Equalion (5) can be rewritten interms of W and Q or V= XY and U +

X /7Y thus yielding predictions for the distribution in any of the variables X,

2
Y, Qz, W and V. In Fig. 3, we show the average value of Q as a funclion of

. 2
E-. A linear rise with cnergy is observed with a slope of (0.17 2 0.01)) GeV/c




5)

in puod agreement with the predictions of Barger and Phillips‘ and McElhancey

)

and 'l'uan( of 0.19 and €, 17, respectively.

In Fig, 4, we show the Y distribution for all the data. The loss of
cvents at low Y(Y £ 0.1) is due mainly (o the loss of onc-prong events which
have not been included inwnis sample.  The distribution has becen corrected
for events belonging te either neutral-current or neutrino charged-current
events which were misidentificd as antineutrino charged current, using the
results of a Monte Carlo study. No correction was made for any biases in
the ¥ distribution due to errors in identifying the p+ introduced by our muon
sclection criteria.  (This cifect is expected to be important only for Y = 0, 38.)
In Fip. 5 we show the X distritribution for events with Y > 0.3. The curves
an hoth X and Y distributions are predictions of Barger and Phillips(s) and
arc in pood agreement with the data. The dip observed for events with low X
values is due in part to a loss of events at high Y.

In Figs., 6 and 7, we show the V= XY and W distributions for all events

(5

with Y = 0.1. The curves are predictions using the naive QPM, and the

agreemeat with the data is good.

In Fipg. Ba, b we show the Y distributions for the two energy intervals

5 & . < 30 GeV and E; > 30 GeV, respectively. The Y distributions shown

’

have Leon fitted to the form
Z .
dN/dY « {{1 - Y + Y /2) - BY(1-Y/2}} (6)
for the range of 0.1 £ Y < 0.8. The parameter B is related to the relative

antiquark content of the nucleon by QAQ + Q) = -1-—5-2- « The value B = 1 gives

ll
uﬁ




6

a pure (1 - Y)Z distribution, and the value B = -1 gives a flat distribution in Y.
The resulting fits give B = 0.91 * 0.08 and B = 0.82 + 0.14 for 5 <€ E; <30
GeV and E‘_, > 30 GeV, respectively. Assuming that there are no strong energy
dependent corrections to the Y distribution, then there are no significant dif-
ferences between the two distributions. In addition, within the statistics of

2
this experiment, both distributions arc consistent with (1-Y) .

In Fig. 9a, b, c, we show the Y distribution for the different topologics;
a strong correlation between Y and the multiplicity, n, is observed. The in-
crcase in the average value of Y with increasing n is probably a reflection of

the correlation observed between Y and W, and W and n.

The properties of the hadronic system x? in vp ~ p+ + X° can be used
to investigate the production mechanism involved in this reaction. Assuming
the reaction proceeds via an exchange mechanism described in Fig. 10, it
is interesting to compare the properties of the hadronic system X with those
produced in other reactions, c¢.g., e-p ~-e + X+. In Fig. 12, we show the

invariant distribution of the Feynman variable, X_ = P ”/st. defined in the

F
center of mass system of XO. for the positive and negative pions. We note that
both distributions exhibit the same feature showing a steeper slope in the ;.ro-
ton fragmentation (XF = <1) region than in the current, W, fragmentation re-
gion (XF = 1}, Both Yp and e b collisions show a similar effect. Using the
QPM Sehgal has calculated the average ©  multiplicity in the current frag-

7
mcentation region as a function of Z = E" /(Ev - E ).( ) In Fig. 13, we show
1

a comparison of the experimental <z *n > distribution as a function of Z.
™

i
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i
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The curve shows the Sehgal calculation with absolute normalization. The

agreement in the current fragmentation region (large Z) is ex-«llent.

111, Neutral-Current Interactions

The existence of neutral-current events in both v and v interactions

(8)

has been observed previously. In this experiment, we attempt to measure
R 5 the neutral-current to charged-current cross section ratio in hydrogen.

Since neutral-current events cannot be assigned a unique beam cnergy, one

can only calculate the average, <R‘;>, integrated over our becam energy sprc-

trum E
_max o
EJ ;E(Vp- v +...)dE
B 1in -
R.; = E . (l)
max de -
f :I—E(vp-p. +...)dE
E .
min

In order to calculate R; in this experiment, we first have to estimate
the hadronic induced background in the necutral-current sample. In Fig. 14
we show the MMZ distribution of the incident particle for all three-prong
events assuming a final state of pp'n" (ioe., MM+ p~p+tp+m ). Aclear
pcak is seen near MMZ = Mi indicating a substantial contribution from neutron-
induced reactions. After imposing a visible momentum cut of 3 GeV/c, most
of the peak is removed. In Fig. 15a,b we show a scatter plot of ¢ vs. PVIS

(¢ is the angle hetween the visible hadronic momentum vector and the beam

direction and Pv is the visible momentum of the hadronic system) for v

Is ccC
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and neutral-current events. Above 3 GeV/e, the angle ¢ for the ;CC system
is bounded by 30° while neutral-current candidates show a few events at high
¢ which are most probably ncutron-induccd background. The number of np ~
ppT " events in the exposure was determined from 1C fits tu ihis hypothesis
together with the MMz plot and by incorporating EMI intormation. The ncu-
tron background was determined from these events knowing the distribution

in neutron momentum, and scaling by the known topological cross scection
ratio of np - 3 prongs, np - 5 prongs, elc. (as a function of ncutron maomen-

tum) to the np =~ ppT  cross section. The neutron background in the neutral-

current sample of 127 events with PVIS 2 3 GeV/c was cstimated to be 292 10
cvents.

Knowing R o the neutrino neutral-current to charged-current cross

scction ratio, the following relations can be solved for

E
Nl -Nxcn+NZeu+N3e3x+N4c‘n
= N_ ¢ + N e32-i~l\'4e42

E
Ny =Ny e v Nye,p #N,
E

=N +
Nag™ Ny egag PNy cpgg PNy eg v N ey gy
0=N,R -N,

where the subscripts 1, 2, 3, 4 represent reactions (1), (2), (3), and (4),
respectively. (ij is the probability that an event of reaction i will be classified
as belonging to reaction j. N;E are experimental numbers of events found in
each channel. The efficiencies Eij were calculated using a Monte Carlo pro-
gram. The events were generaged with X, Y distributions prudicted by ihe

(5)

QPM with quark density functions given by Barger and Phillips (1974). The

£
R
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coefficients ¢ ij were found to be inscensitive to ¢ W' the Weinberg angle. We
have used sinzb’w = 0. 35 for our final calculation. In Fig. 16 we show our
results for R‘—‘ as a function of Rv. The error reflects both statistical and
estimated systematic uncertainty.  Note that the QPM predicts different ratios -
of R; on protons and neutrons; thus onc does not expect to make direct com-

parison of this experiment with experiments on complex nuclei.
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Figure Captlions

Iig. 1 Antineutrino/neutrino beam flux distribution for 400 GeV/c incident
protons.
Fig. 2 Beam cnergy distribution for ;CC events,
Fig. 3 <QZ> s. E- for v cvents
g. : vs. E; for v .. cvents.
.. TR - . 2
Fig, 4 dN/dY distribution for Y e events. The curve is (1 - Y} nor-

malized to number of cvents for Y > 0.1,

Fig. & dN/dX distribution for ;CC events. The curves are predictions
using the QPM from Refs. (5) and (6) for Y > 0. 1.

Fig. 6 dN/dV distribution for ;CC events with Y > 0.1. Curves are pre-
dictions of the QPM.

Fig. 7 dN/dW distribution for v cc events with Y > 0.1,

Fig. 8 dN/dY distribution for ‘-'cc events with (a) 5 € E- € 30 GeV and
(b) E; 2 30 GeV. The curves are the results of the best fit to Eq.

(6).

ST T IR NI S

Fig. 9 dN/dY distributions for v events with (a) 3-prong topologies,

cC _
(b) 5-prong topologies, and (c) 7-11 prong topologies.

- +
Fig. 10 Exchange diagram describing production of vp = + x°, 4




Fig.

Fig.

Fig.

Fig.
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s + .-
XF invariant distribution for # tracks in VCC cvents.

X .. invariant distribution for tracks in v events.

I CC

da - - . - :
— (v }for ® tracks in the v events. Tae curve is

-
Zle )32 ccC

an absolute prediction of Schgal using the QPM,

2 G .
MM distribution for all three-prong events assuming the reaction

MM+tp=ppr . The shaded region contains events with visible mo-

me- tum greater than 3 GeV/e,

Scatter plot of ¢ vs, P for the hadronic system of (a) v

VIS cC

cvents and (b) neutral-current candidates.

Results of R;'p Vs. Rvp with predictions of the Weinberg-Salam
model, using quark distribution functiens given by Barger and

Phillips (1974).
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