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In this presentation we will briefly describe the equipment

and review the method of analysis used for all events. We will then

present new results on the ratio of neutrino cross sections on neu-

trons to that on protons* We will remind you of the published event

indicating an apparent AS--AQ current. Finally, we present the

parameters of all the other charged current events containing at

least one strange particle.
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The neutrino beam is sketched in Fig. 1. A proton beam of

12
5 x 10 protons per pulse strikes a water cooled sapphire target once

every 1.5 seconds. Pions and kaons emerging from the target are fo-

cused by a two horn (finger) system and allowed to decay inside a 57 in

long tunnel. Muons from the decays are stopped in 30 m of iron and

neutrinos pass through this shield to the bubble chamber beyond.

The bubble chamber is approximately 2 m (7 ft.) in diameter and

3 m high with a visible volume of 7 m . Inside the chamber there are

four steel plates, each 5 cm thick and about 1.5 m x 1.5 m, located

on the down stream side of the chamber. They are set on an angle of

30 to the beam, such as to intersect the maximum number of negative

tracks (see Fig. 1). The visible volume in front of the plates is

5 m3.

The data that will be presented has come from a sample of 62,000

pictures taken with hydrogen in the chamber and 220,000 pictures with

deuterium.

Events were initially selected if they contained at least two

tracks. Three pronged events representing the reaction p + p -*• p + p

were removed if they fitted. The vector sum of momenta of all tracks

was then computed and its direction plotted in azimuth and dip. Such

a plot for a partial sample of the data is shown in Fig. 2. A clear

separation is seen between beam related events (azimuth * 0, dip i* 0),

and cosmic ray events (dip <\» 90 ). A cut was applied requiring the

vector momentum to be within 40 of the beam direction and a further

cut required the sum of the vector momenta to be greater than A00 MeV.

After these cuts, there remained 95 events from the hydrogen exposure
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and 476 from the deuterium.

Neutral current events were identified when there was no u

track candidate; the flux of antineutrinos that would give events

with no v~ being negligible (IX). The u hypothesis could be re-

jected whenever a track interacted in the chamber or plates. It was

also rejected if the track made a IT - y - e decay or was observed

to stop in the chamber with no decay electron. Fig. 3 shows the prob-

ability for such negative track identification as a function of the

track momentum. For comparison, the dashed curve shows the case had

there been no plates. The advantage of the plates is clear. Back-

ground for the neutral current sample from beam related neutrons was

determined by identifying events that fit the reaction n + p->-p + p +

Only three such events were found, indicating a small background from

such neutrons and allowing, using known cross sections, ?n estimate

of the magnitude of this background in individual channels. Analy-

sis of the neutral current events is still in progress and will not

be further reported on here.

We will now restrict ourselves to the charged current events

and report on the ratio of cross sections on neutrons to that on pro-

tons. In this charged current sample, the background from neutrons

is negligible and the contamination from unidentified neutral cur-

rent events is sufficiently small as to introduce errors that are

much less than those due to statistics. In order to obtain the neu-

trino energy and other parameters for each event in the sample, each

event was examined by a physicist and the tracks identified by

ionization or range whenever possible. Events with multiple fit.*
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were given appropriate fractional weights in all distributions. In

practice, 90% of all events were unambiguously identified so that

any smearing of distributions from this cause is small. When the

kinematics indicated that one or more TT°'S were missing, the event

was calculated on the assumption of its being a single ir . Similarly,

if « neutron with or without ir 's was missing, it was assumed that

only the neutron was present. Since the number of events falls rap-

idly as a function of track multiplicity, this treatment introduces

little bias to the data. The distribution of the neutrino energy

calculated in this way is shown in Fig. 4.

We will now consider the method used to estimate the relative

'ontribution from interactions of the neutrinos on the neutrons and

protons. For this purpose we will restrict ourselves to the deuter-

ium data only. If in this data we see a number of events with an

even number of prongs (n ), then we identify them as interactions

on neutrons in which the spectator protons were not seen. If, on

the other hand, we see events with an odd number of prongs (n j d),

then they can be interactions on protons, or, alternatively, inter-

actions on neutrons in which the proton spectators were visible. If

we define C to be the ratio of seen to unseen spectator protons,

then it is trivial to conclude that the number of events on protons

(n ) and on neutrons (n ) are given by:

neven <* + C>

np " nodd " neven

(1)
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We can determine C by observing the ratio of events that fit

the reaction v n (p ) •*• y p (p ) in which the spectator proton (p )
s s s

is either seen or not seen. The numbers of events observed were 42

and 131 respectively, yielding a value of C:

C = .32 + .06 . <2)

We note that the use of this value of C in equation (1) assumes that

C is not dependent on the event type. Large variations are not ex-

pected, but some increase in C as a function of multiplicity should

occur and is in fact indicated by a study of the reaction v n (p )

-y v p v v (p ) with the spectator seen and unseen (12 and 24 events
s

respectively). If this data is used together with the above, we ob-

tain a modified value of C:

C • .35 + .06 . (3)

These two results (equations (2) and (3)) agree within the errors.

2
We will here use the second (equation (3)) since it does, at least

to first order, allow for such variations of C with multiplicity.

The observed distribution of charged current events as a func-

tion of the number of observed prongs is:

Number of Prongs Number of Events

2 171

3 249

4 24

5 24

6 2

7 2
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We have thus observed 197 events with even prongs and 275 with

odd prongs. Using equations (1) and (3) and applying a correction

2
for a 13% contamination of hydrogen in the deuterium used, we obtain

for the ratio of neutrino total cross section on neutrons a(n) to

that on protons cr(p):

± -

This result may now be compared with various parton theoretical

expectations. Barger and Phillips obtain a(n)/a(p) =2.05 which

does not agree with our result. However, their prediction for the

ratio of deeply inelastic electron scattering is also in disagree-

4
ment with that experiment. McElhaney and Tuan fit the electron data

and predict a(n)/a(p) =1.72 ' , where the errors reflect those of

the data used. This is clearly in agreement with our result.

It should be stressed at this point that the theories quoted

give predictions for this ratio at asymptotic energies, a situation

far from that present in this experiment. The only justification for

comparing such predictions with this experiment is that other asymp-

totic predictions, such as those for the total v and v cross sec-

tions, have been realized at low energies. This situation has been

described as "precocious scaling" , a concept that further implies

that distributions of events at low energies in the variable

2 2
x' « q /(2Mv + M ) should approximate the asymptotic distributions

2

in the variable x « q /2Mv. (Here q is the 4 momentum transfer be-

tween the neutrino and lepton, v the fourth component of q, and M

the nucleon mass.) In order to further test this hypothesis we can
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plot the distribution of all our events as a function of x' and

compare this distribution with the parton theory. Fig. 5 shows this

distribution. The smooth line is a parton prediction based on the

assumption that there are only p and n quarks in the nucleon. The

curve is then obtained directly from the function vW (en) and vW (ep)

derived experimentally from electron scattering . The line is dash-

ed in the small x' region since the above assumption that ignores a

"sea" of quarks and antiquarks renders the theory inapplicable to

this region. The agreement between the theory and the experimental

results as seen in this figure represents further evidence for pre-

cocious scaling.

We can now present the ratio of a(n)/a(p) as a function of the

variable x' and again compare the result with the asymptotic predic-

tions for :c obtained from the parton theory. This is shown in Fig. 6.

The line is again obtained assuming no sea, but we have omitted to

dash the curve in the small x' region since charge invariance requires

that the ratio be 1 at x1 = 0, thus assuring that the introduction

of the sea cannot have a very large effect on the prediction even

for small x'. It is seen that although the trend of the data is in

agreement with the prediction, there is a suggestion of a departure

in the high x1 region.

In the last part of this paper we wish to discuss the charged

current events containing strange particles. We will use for this

the data from both the hydrogen and the deuterium exposures. T£.ble I

2
gives the event type3, constraint class, interpretations, q and x

2
(where x - q /2Mv, q and M, are defined as above) of the events.
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The first event in the table has been reported in the literature

and is shown again in Fig. 7. It represents an apparent AS=-AQ cur-

rent which would be an expected signature for the production and de-

cay of a charmed baryon. The effective mass of the hadron system in

this event is 2426 + 13 MeV and this represents either the mass or

the upper limit on the mass for such a baryon. The probability that

this event is a misinterpreted associated production event is calcu-

lated to be 3 x 10 . This value must be compared to an estimated

probability that a charmed baryon be produced and decay in a way such

that it would be identified in this experiment. For this purpose we

need a cross section for charm production as a function of energy,

the branching ratio of the charmed baryon into scates with no miss-

ing neutral and the probability that at production no other neutral

is produced. Obviously such data is unavailable. However, if we

2
assume the charm/noncharm ratio to be of order sin 6 (̂  3%) and coa-

c

stant above threshold O 4 GeV), take the branching ratio of charm

into identifiable negative strangeness to be 50%, and further assume

that the ratio of charm events with and without neutrals is similar

to that observed for associated strange particle production 50%, then

we can obtain an estimate for the number of charmed particle events

that would be Identified by their 3C fits. Since we have 74 events

above 4 GeV, we would expect to have identified 0.6 (74 x .03 x .5
o

x .5) such events . The a priori probability that such events once

seen could be ascribed to associated production Is estimated to be of the

order of a few 10 . The much lower value of this probability in

the event observed arises primarily from the fact that its energy
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(13.5 GeV) is near Che upper limit of the spectrum. On the basis

of these assumptions, we would expect •v 10% of identified charm events

to have this energy or higher.

Returning now to Table I, we note five other events containing

strange particles, one of which 02) cannot be associated production

o
and is consistent with a AS=AQ current. We note that since a AS»AQ

interaction implies in parton theory that the initial interaction oc-

cured on a X quark in the parton "sea," the x of such an event should

therefore be low. The observed value of .13 is consistent with this

expectation.

Of the remaining four events that are all candidates for assoc-

iated production, two (#4 and #6) could in principle be AS—£Q. Their

hadronic masses on this assumption are less than or equal to ̂  3.5

and 2.40 + .04 GeV respectively. The agreement between the second

mass and that for the identified AS—AQ event say be coincidental but

is interesting. For the moment, however, we will assume that we have

observed one AS—AQ, one AS*AQ, and four associated events. The

ratios of observed strange particle events to the numbers of non-

strange events are then

Ratio Observed Strange to Nonstrange

For E > 4 GeV

1.4 + 1.42

1.4 + 1.4Z

5.4 + 2.7%

Event Type

AS—AQ

AS-AQ

Associated
Production

Number of
Events

1

1

4
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TABLE I

Event Type

Neutrino 2
Constraint Energy ^ _

Class GeV Interpretations GeV/c x

1 v p •*•

U A IT TT TT Tf 3C 13.5 AS—AQ 2.2 .31

2 vp •*

U ir p K 3C 5.2 AS-AQ .5 .13

3 vd •+

3C 7
Associated
Production 7 ,

4 vd •»•

y'ir"ir+p K°(K°)(ps) OC 6.5 Associated
Production

.4 .05

5 vd •*•

3C 3.1 Associated
Production .3 .05

6 vd ->•

OC -
5<

Associated
Production '19



FIGURE CAPTIONS

1. The neutrino beam.

2. Distribution of a typical sample (̂  30%) of events in the dip

(X) and azimuth (6) of the direction of the sum of all track

vector momenta.

3. The efficiency for separating negative pions from unions as a

function of their momentum.

A. fiistribution of all charged current neutrino events as a func-

tion of calculated incoming neutrino energy. Events containing

a strange particle are indicated in black.

5. Distribution of charged current events in the variable

x' • q /(2Mv + M ). The line represents a parton theory pre-

diction that ignores the "sea."

6. The ratio of neutrino cross sections on protons to that on

neutrons as a function of x'. The curve indicates a parton

theory prediction that ignores the "sea."

7. Event #1 which fits the reaction v + p->uAirirTr;r and thus

represents an apparent AS=-AQ current.
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