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m' production. ' Unfortunately, the small solid
angle of the LGW does not permit direct observa-
tion of/ 's.

In conclusion, there is no evidence that m' pro-
duction is significantly different from m' or m

production. There may be some excess produc-
tion of y's over what is predicted from the meas-
ured m production cross section.
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The relative insensitivity of the acceptance and trig-

ger efficiency to major changes in the Monte Carlo cal-
culation gives confidence in these corrections. The
major uncertainty arises from the correction for events
with zero or two produced prongs which are not in the
data sample.

This measurement is similar to previous measure-
ments of the inclusive charged-particle spectrum
(see G. G. Hanson, SLAC Report No. SLAC-PUB-2118,
[in Proceedings of the Thirteenth Recontre de Moriond
on High-Energy Leptonic Interactions and High-Energy
Hadronic Interactions, 1978 (to be published)]). The
major change involves elimination of tracks which are
not pions. K's and p's are eliminated by time-of-flight
separation. (At higher momentum, the separation is
based on extrapolation from the lower-momentum data. )
Muon and electron contamination (on the order of a few
percent) is corrected for in the Monte Carlo acceptance
calculation.

One of us (D.L.S.) has addressed the question of
whether all of the center-of-mass energy can be ac-
counted for by extrapolation of the observed inclusive
particle cross sections to low momentum. This extrap-
olation was done using a jet-model Monte Carlo which
includes effects due to the rest masses of heavy parti-
cles (kaons and nucleons), missing neutral kaons, neu-
trinos from T, and charmed-particle decays, and we
have made the additional, untested assumption that
there is g production on the order of 50% or more of
the m production. With these assumptions, this model
can account for both the charged and neutral inclusive
cross sections with no unaccounted-for energy.
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We present results for the reactions vp —p 7t+p and vp —p E+p at energies above 5 GeV.
The average cross section for the first reaction between 15 and 40 GeV is (0.80+ 0.12)
x10 ~ cm and for events with M„+&(1.4 GeV is (0.55+0.08) xl0 38 cm . The ratio of
the cross section for the second reaction. to that for the first is 0.017+0.010.

We present results for the reactions vp- p v'p
and vp - m R'p obtained from a 150000-picture
exposure of the Fermilab 15-ft.bubble chamber,
filled with hydrogen, to a wide-band horn-fo-
cused neutrino beam. The neutrino-event energy

spectrum is roughly flat between 10 and 30 GeV
then falls off such that -90'l/o of the spectrum is
below 100 GeV. Details of the scanning, meas-
urement, and reconstruction procedures will be
given elsewhere. '
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Events within a restricted fiducial volume and
more than 50 cm from the downstream wall of
the bubble chamber were fitted to the reactions

vp-p mp,

vP-p, K'P,

np-n pp,

K p-K"pm,

K P-K pv',

(2)

(3)

(4)

{5)

using both the Fermilab HYDRA and Lawrence
Berkeley Laboratory SQUAW kinematics pro-
grams. Events appearing to come from upstream
events in the chamber or chamber wall were re-
jected. Reactions (1) and (2) are three-constraint
(3-C) fits because the v beam direction is known
to better than I mr. A total of 225 events with
E, & 5 GeV obtained a fit to Reaction (1) with y'
confidence level P(y') & 10 '. The P(X') distri-
bution was flat above this value. In all but four
of the events the proton was uniquely identified
either by stopping (seventy events) or by kine-
matic fitting. '

To restrict the sample to well-measured events
only those where the fitted quantities are close to
the measured quantities were kept. This was
done by selecting events with iP, i &0.12 GeV and
iF~i &0.04 GeV, where P, is the net seen momen-
tum out of the v-p plane and E~ =Pi - (E,—~~)
with P~ and F., being the sum of the outgoing
charged longitudinal momentum and energy, cal-
culated with the mass assignment corresponding
to the fit. To remove a small contamination from
v events the selection I.",«7E„was applied.

By comparing the iE~i and iP, i
distributions

from various samples we can estimate the back-
ground and losses for Reaction (1). The samples
are as follows: (a) 3-C fit events to Reaction (1)

with P(y') & 10 ', (b) three-prong events with no
3-C fit with P(y') & 10, (c) three-prong events
with an associated V' or y, and (d) five-prong
events with a random positive and negative track
discarded. For each event ED and P, were cal-
culated using the mass assignment of Reaction
(1) for the three charged tracks. For samples
(b)-(d), if one positive track stopped it was as-
signed as the proton, otherwise the assignment
giving the lower value of iEDi was used. The 3-
C-fit sample (a) has 92/0 of the events with iEDi
& 0.04 GeV and iP, i & 0.12 GeV, whereas samples
(b), (c), and (d) have 5%, 3/0, and 1%, respec-
tively. From samples (c) and (d) (that have known
missing particles) we can estimate the back-
grounds to the select:ed 3-C-fit events from re-
actions such as vp- p, m'p+mm' and vp —p w'm'n

(+ypgm'). However, since the clustering of iEDi
and iP, i

in the selected region is greater for sam-
ple (b) than for samples (c) and (d), we conclude
after detailed examination of the forty sample-
(b) events in this region that 25+ 11 of them can
be attributed to reactions with missing neutrals,
and the remainder are classified as failed 3-C
fits. Further, we conclude that the background
to the selected 3-C-fit events from v reactions
with missing neutrals is &2% overall and & 1/0 for
events with M„+~& 1.4 GeV. By comparing the fit-
ted direction of the incoming neutral from Reac-
tions (3)-(5) with that from Reaction (1) we con-
clude that backgrounds to Reaction (1) from had-
ron-induced reactions is negligible as is any back-
ground from Reaction (2). We obtain correction
factors for true Reaction-(1) events with iEDi and

~P, i in the selected region that fail to obtain a 3-
C fit with P(y') & 10 ' of 6% for the approximately
fifteen events in sample (b) not attributed to back-
grounds, 4% for fits with 10 4&P(y')&10 ', and
3% for overall processing losses, yielding a final

TABLE I. Numbers of fits to vp p p7t. + and fraction of true events lost by each successive cut.

All
Fraction of true

Number of events lost
events (Vo)

Number of
events

M~+p( 1.4 oeV
Fraction of true

events lost
(Vo)

Number of
events

M„+p & 1.4 GeV
Fraction of true

events lost
(io)

Fit to (1)
P'(y')»%l

After ED,Pz cut
After v cut=

final clean sample
Corrected for all

losses

225
206

201

245+ 27 18+ 7

148
188

166 + 17

18+ 5
4+2

17+ 5

77
68

14+ 5
6+8

20+ 9
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correction factor of (13+ 5)% where the error
takes into account the systematic uncertainties in
the estimates. The effects of the cuts and correc-
tion factors are summarized in Table I.

The w'p mass distribution from the events fit-
ting vp- g ~'p (Fig. 1) shows that this reaction
is dominated by 6 "(1236)production, but the ac-
cumulation of events with M,+~ between 1.8 and
2.1 GeV could indicate the production of higher-
mass 6's. The Q' distribution fQ'= - (p„-p„)']
from events with M,+~&1,4 GeV and M,+~) 1.4
GeV (corresponding to a significantly broader
distribution) are shown in Fig. 2. Details of the4" production and comparisons with theoretical
models will be presented in the following Letter. '

Cross-section measurements were obtained by
comparing the data to the overall charged-cur-
rent (CC) event sample (about 2000 events with

Z„& 10 GeV after cuts' normalized to recent total
CC cross-section measurements. Figure 3
shows the cross section for M~~ & 1.4 GeV calcu-
lated for various energy intervals between 10 and
100 GeV, compared with results from a lower-
energy experiment. ' Our results are consistent
with the lower-energy results, and consistent
with an energy-independent cross section above
1 GeV. Over the energy range 15 to 40 GeV
(where the normalization is least sensitive to the
corrections made for hadronic backgrounds or
the rapidly falling high-energy flux distribution),
the average cross section for the reaction vp-p p7t

' is (0.80+ 0.12)x 10 "cm', and for events
with M~~(1.4 GeV the cross section is (0.55
+ 0.08)x 10 "cm'. After one corrects for 6"
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FIG. 2. The Q distribution (a} for M„+&&1.4 GeV,
and (b} for M~+&&1.4 GeV.
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events with M„+~& 1.4 GeV, the average cross
section for vp- p, ~" over the same energy
range is (0.63+0.09)x 10 "cm', if we assume
that the contribution from non-6 background is
negligible below 1.4 GeV.

The reaction (2), vp- p K'p, corresponds to
an allowed AS = DQ reaction which has not previ-
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FIG. 1. The m+p mass distribution from vp p ~+p.
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FIG. 8. The cross section for vp —p &++ from this
experiment (solid circles} and Ref. 5 (open circles) as
a function of neutrino energy. The results from this
experiment were obtained from the measured cross
section for pp —p 7(-+p with M„+&&1.4 GeV corrected
by 14% for 4++ events with M~+& & 1.4 GeV, on the as-
sumption that the background from non-6++ events with

M~+&& 1.4 GeV is negligible. The curve is the predic-
tion from a parametrized Adler dipole model (Ref. 8}
with Mz= 1.0 GeV.
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ously been observed at these energies. ' To ob-
tain a sample of events for this reaction a slight-
ly different procedure was used. The three-prong
events were fitted with the 2-C hypothesis vp
—p, pM', with the mass of the meson 1Vi' being a
variable of the fit. Well-measured events were
selected by the requirement I' = Pih~hyb~'
&10 ' GeV', where hX and hap are the dip and
azimuth uncertainty for the sum of all the meas-
ured tracks and 4M' is the error on the square
of the meson mass obtained from the 2-C fit. The
distribution of M from 2-C fits with E&10 and
P(y') & 0.005 is shown in Fig. 4.' For the bulk of
the events the mass resolution is less than 20
MeV. The shaded events in Fig. 4 correspond to
an even cleaner sample for which P~4~Ay &10 ~

GeV and a~i'&0. 03 GeV'. The three events at
the K mass yield good 3-C fits to vp- p, pE' but
no fits to Reaction (1). The proton assignment is
unique from the 3-C fit and confirmed by ioniza-
tion. We conclude that any background to these
events is small, ' well within the statistical er-
rors quoted. Normalizing to the number of events
that satisfy the same sample selection and get a
3-C fit to Reaction (1), we obtain the ratio of the
cross sections o(vp- p, pK')/o(vp- p, pm') =0.017
+0.010, corresponding to a cross section of (1.4
+0.8) x 10 4' cm' for Reaction (2) averaged over
the neutrino energy spectrum above 5 GeV. In
the quark parton model this can be estimated if
we assume that it is of a similar magnitude to
the inclusive (AS = hQ)/(aS = 0) ratio. Production
of E' would be from u or s quarks in the sea and
also suppressed by the Cabbibo angle. With the
use of Field and Feynman' quark distributions
(ignoring the effects of resonances), a ratio of
about 1% is expected, which is consistent with
our result.

To summarize, we have obtained a sample of
events from the reactions (1) vp - p, m'p and

(2) vp —p, K'P at energies between 5 and 100 GeV.
Reaction (1) is dominated by production of 6(1236)
and the cross section for vp —g 6+' is consistent
with being energy independent above 1 GeV. The
average cross section for Reaction (1) between
15 and 40 GeV is (0.80+ 0.12)x 10 38 cm' and for
events with 1'�„+~&1.4 GeV is (0.55+ 0.08)x 10 "
cm'. The ratio of the cross sections for Reac-
tions (2) to (1) is 0.017+ 0.010.
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FIG. 4. The meson mass distribution from events that
fit vP p. p M+, as described in text. The shaded area
is with the additional selections PJAC AA, &10 4 GeV,~ (0.08 GeV .
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Experimental details will be given in J. Bell et al. ,
"Experimental Study of Hadrons Produced in High Ener-
gy Neutrino Proton Interactions" (to be published).

Three of the four ambiguous events are removed by
the subsequent cuts. For the other event the fit with
the maximum P(g2) was kept.
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Some events fit either track assigned as proton, in
which case the solution with M+ closest to the x mass
is plotted.

The event with M+ at 522 MeV does not fit Reaction
(2), M+ being 4 standard deviations from the K+ mass,
and also one track is a ape decay. All three events ob-
tain 1-C fits to Reaction (4), but in two cases the nega-
tive track is identified as a p in the external muon
identifier and the other event has y = 0.02, indicating
that reaction (2) is the correct fit. Each event is con-
sistent with being vp —p p w+xo, but this background is
ruled out by the lack of events with M+ between the vr

and E'mass in Fig. 4.
Field and Feynman, Bef. 4.
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