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I. 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.

The average proton intensity per pulse was~6 x 10 (8 x 10 ). The pro-

duced negative and positive particles were focused and dcfocusedi respectively,

by one (two) magnetic "horn." The charged-current interaction rate was 1

event per 190 frames (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 film 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 included in the present analysis. ) Tracks were reconstructed

using a modified version of the ANL 12-foot chamber TVGP. After repeated

measurements, the average event pass rate inside a 18. 7 m fiducial volume

was 87%.

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

reactions



V J> — | i + . . . . V ( I )

v p - u " + v U)
CC

v p - v + v ! . (i)
NC , Neutral

Current

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

cnnnot be separated on an event-by-event basis.

II. Charged-Current Interactions

The correct identification of the muon track is crucial to the study of

both charged-cur rent and neutral-current events. In order to assign events

to their respective inclusive channels, we use the following procedure:

Let R be the ratio oi the momenta of the fastest to the second fastest charged

track and P± be the largest momentum transverse to the beam direction of

any track. If R 5" 2 the fastest track is assumed to be the muon; if R ^ Z

and P ± & 1 GeV/c that track is assumed to be the muon; if neither condition

is satisfied, the event is classified as a neutral-current event. In addition,

charged-currcnt events were required to have a visible momentum greater

than 5 GeV/c.

We have used the External Muon Identifier (EMI) to check Un-

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

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

tion calculated using the number of tracks we have classified asu. by the

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



present, we <lo not use the EMi on an event-by•event assignment because u(

hi};li "punch through" probability and because of low geometric acceptance of

the EMI for high V events.

Tin- boat!) energy (E) for the events was calculated »si:.{; a modified

vi'rsion of a technique proposed by A. Grant. Using a Monte Carlo calcu-

lation, we have found the resulting resolutions in E, X - Q /ZM{E - E ) ,

V - (E - E }/E, Q4* - {P - Is ) and W = hadronic mass to be ± JOS. ±0.05.

±0.07, * iSTa and * 0. 5 GeV, respectively. In fig. I, we show the calculated

antincutrino/neutrtno biraiii spectra appropriate It.' the second exposure

<l> - 400 GeV/c). Where both spectra peak at — 15 CicV/c. the v fXux. falls

off more rapidly than the v flux, so that at E _ > 120 CeV, the neutrino flits

is larger than the antineulrino flits. In Fig. 2, we show the energy distribu-

tion for the Ml »• p events selected to be charged-current events. The average

energy/event is ~30 GeV.

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

tion as a function of X and V is given by the expression

jds__ a £sfM£L hi - Y}2 u(X) • d(x)J (5?

where u(X) and d(X) a re the quark and antiquark distribution functions, respec-

tively. Equation (5) can be rewritten in te rms of W and Q or v : XY and U -

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

Y, 0 , W and V. In Fig. 3, we show the average value of Q as a function of

E- . A linear r i se with energy is observed with a slope of (0.17 * 0. Oil) GeV/c



ill gucjd agreement with the predictions <>i" Barger and Phillips and McElhancy

and Tuan of 0. 19 and 0. 17, respectively.

In Fig. •!, we show the Y distribution for all the dala. The loss of

events .it low V(Y T̂ 0. 1) is due mainly to the loss of one-prong events which

have not been included in i!>is sample. The distribution has been corrected

for events belonging lo either neutral-current or neutrino charged-current

events which were misidentified as anlincutrino charged current, using the

results of ;i Monte Carlo study. No correction was made for any biases in

the V distribution due to errors in identifying the |i introduced by our muon

selection criteria. (This effect is expected to be important only for Y 31 0. 8. )

In Fig. 5 we show tne X distritribution for events with Y & 0.1. The curves

on bull) X and Y distributions are predictions of Barger and Phillips and

are in good 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

with Y ?• 0 .1 . The curves are predictions using the naive QPM, and the

agreement with the data is good.

In Fig. 8a, b we show the Y distributions for the two energy intervals

5 s K. « 30 GeV and E- > 30 CeV, respectively. The Y distributions shown

have been fitted to the form

dN/dY « {{1 - Y + Y2 /2) - BY (1 - Y/2)} (6)

for the range of 0. 1 « Y «J 0. 8. The parameter B is related to the relative

.inliqtiark content of the nucleon by QAQ + Q) = LzJL . The value B = 1 gives



a pure (1 - Y) 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

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

In Fig. 9a, b, c, we show the Y distribution for the different topologies;

a strong correlation between Y and the multiplicity, n, is observed. The in-

crease 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.

o - + o

The properties of the hadronic system X invp-»jx +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, e. g. , e p -» e + X . In Fig. 12, we show the

invariant distribution of the Feynman variable, X = PII/2«/*S, defined in the
o

center of mass system of X , for the positive and negative pions. We note that

both distributions exhibit the same feature showing a steeper slope in the ,.ro-

ton fragmentation (X = - 1) region than in the current, W, fragmentation re-

gion (X = 1). Both Yp and e D collisions show a similar effect. Using the

QPM Sehgal has calculated the average IT multiplicity in the current frag-

mentation region as a function of Z = E /(E - E ). In Fig. 13, we show
TV JX

a comparison of the experimental <z • n > distribution as a function of Z.
IT "



The curve shows the Sehgal calculation with absolute normalization. The

agreement in the current fragmentation region (large Z) is ex-< '.lent.

III. Neutral-Current Interactions

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

has been observed previously. In this experiment, we attempt to measure

R-, the neutral-current to charged-current cross section ratio in hydrogen.

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

can only calculate the average, <£R - )>, integrated over our beam energy spec-

trum E
max

.
m a x

J gJ
min

In order to calculate R- in this experiment, we first have to estimate

the hadronic induced background in the neutral-current sample. In Fig. 14

we show the MM distribution of the incident particle for all three-prong

events assuming a final state of ppw (i. e. , MM + p — p + p + it ). A clear
2 2

peak is seen near MM = M indicating a substantial contribution from neutron-

induced reactions. After imposing a visible momentum cut of 3 GcV/c, most

of the peak is removed. In Fig. 15a, b we show a scatter plot of <(> vs

(<j> is the angle between the visible hadronic momentum vector and the beam

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



and neutral-current events. Above 3 GcV/c, the angle <$> for the v . system

is bounded by 30 while neutral-current candidates show a lew events at high

i}> which are most probably neutron-induced background. The number of np —

ppw events in the exposure was determined from 1C fits to this hypothesis

together with the MM plot and by incorporating EMI information. The neu-

tron background was determined from these events knowing the distribution

in neutron momentum, and scaling by the known topological cross section

ratio of np — i prongs, np — 5 prongs, etc. (as a function of neutron momen-

tum) to the np •» ppT cross section. The neutron background in tin* m-utral-

current sample of 127 events with P . , . c ^ 3 GeV/c was estimated to be 2'.' ± 10

events.

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

section ratio, the following relations can be solved for

E

N2= = N l * 12 + N 2 S22 + N 3 €32 + N V 42

N 3 4 = N l €134 + N 2 *234 + N 3 *334 + N 4 £434

0 = N,R - N,2 v 4

where the subscripts 1, 2, 3, 4 represent reactions (1), (2), (3), and (4),

respectively, e.. is the probability that an ever* of reaction i will be classified

E
as belonging to reaction j . N. a r e experimental numbers of events found in

each channel. The efficiencies e.. were calculated using a Monte Carlo pro-

gram. The events were generaged with X, Y distributions predicted by the

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



coefficients c . wort- found to be insensitive to 0 , the Weinberg angle. We
lj w

have used sin 0 - 0. 35 for our final calculation. In Fig. 16 we show ourw

results for i<- as n function of R . The e r ro r reflects both statistical and
i* v

estimated systematic uncertainty. Note that the QPM predicts different ratios

of K- on protons and neutrons; thus one does not expect to make direct com-

parison of this experiment with experiinents on complex nuclei.
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Captions

l-'ig. 1 Antineutrino/ncutrino beam flux distribution for 400 GtV/c incident

protons.

Fig. L Beam energy distribution for v events.

Fig. 3 < Q > vs. E- for v events.

v CC
Fig. 4 dN/dY distribution for v events. The curve is (1 - Y) nor-

malized to number of events for Y > 0. 1.

Fig. 5 dN/dX distribution for v events. The curves are predictions

using the QPM from Refs. (5) and (6) for Y > 0. 1.

Fig. 6 dN/dV distribution for v events with Y > 0. 1. Curves are pro-

dictions of the QPM.

Fig. 7 dN/dW distribution for v events with Y > 0. I.

Fig. 8 dN/dY distribution for v events with (a) 5 « E- « 30 GeV and
CO ^

(b) E- 5 30 GeV. The curves a re the results of the best fit to EIJ.

(6).

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

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

Fig. 10 Exchange diagram describing production of vp — p, + X .



l-'i(j. 11 X invariant distribution for IT tracks in v events.
r CO

Fig. 12 X invariant distribution for ir tracks in v events.

Fig. 1 i (Z./<r J — (it ) for TT tracks in the y _ _ events. Tue curve is

an absolute prediction of Sehgal using the QPM.

FIR. l-l MM distribution for all three-prong events assuming the reaction

—ppn . The shaded region contains events with visible ino-

nu" turn greater than 3 GeV/c.

Fig. 15 Scatter plot of if vs. P,.._ for the hadronic system of (a) v
via CC

events and (b) neutral-current candidates.

Fig. 16 Results of R- vs. R with predictions of the Weinbcrg-Salam

model, using quark distribution functions given by Barker and

Phillips (I<i74).
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