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Abstract
We present results for the reactions (1)
vp + u"n'p and (2) vp -+ L"K*p at energles above
5 GeV. The average cross section for the first
reaction between 15 and 40 GeV is (0.80%.12)x lO'38
cmg and for events with MT+

p
8

e o
x 1077 c¢m“. The ratio of the cross sections for

< 1.4 Gev 1s (0.55%.08)

reactions (2) to (1) is 0.017%.010.

We present results for the reactions vp =+ u'rr+p and vwp -+ u.'K+p
obtained from a 150,000 picture exposure of the Fermilab 15 ft. Bubble
Chamber filled with hydrogen, to a wide-band horn-focused neutrino
team. The neutrino event energy spectrum peaks at about 15 GeV with
~ 90% of the spectrum below 100 GeV. Detalls of the scanning, measure-

ment and reconstruction procedures will be given elsewhere.(l)

Events within a restricted fiducial volume and mo.. than
50 cm from the downstream wall of the bubble chamber were fit

to the reactions:

w + urtp (1)
wp +uK'p (2)
np + 7 pp (3)
K°p+ K'pr~ %)
I-(°p-' K prt (5)

using both the Fermilalb, HYDRA and LBL SQUAW kinematics programs.(a)
Events appearing to come from upstream events 1n the chanter or
chamber wall were rejected. Reactions (1) and (2) are ? constraint
(3-C) fits because the v beam direction is known to better than 1 mr,
A total of 225 events with E, > 5 GeV obtained a fit to reaction (1)
with X2 confidence level, P(x)> 107°. The P(x2) distritution was
flat above this value. To obtain a purer sample and facilitate back-
ground estimation the additional selectlons !EDL < 0.04 GeV, (where
Ep = Py -(Ec-mp) with P; and E, being the sum of the outzoing charged
longitudinal momentum and energy) and |PZ| < .120 GeV where P, is the
sum of the momentum transverse to the v-u plane, were made. Since ED
and Pz should be zero for a perfectly measured event, these cuts
remove those events where the fitted quantities are considerably differ-
ent from the measured values, To remove a small contamination from
v events the selection Eﬂ <7 Eu was also applied.

The ED and P_ distributions from the samples: (a) events with an

to  reaction (1)

accepted 3-C fitp (b) 3 prong events with no 3-C fits, (c) 3 prong
events with an assoclated V° or y, (d) 5 prong events with a randem

positive and negative charged track discarded, were compared. Samples
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c imens(®)
{c) and (d) d1d not cluster at low values of Ej and P, whereas (a) compared with results from a lower energy experiment -+ Our

did so strongly and (b) showed some residual clustering, which we results are consistent with the lower energy results, and consistent
S ]

attribute to 3-C events falling to obtain a kinematics fit. We with an energy I1ndependent cross section above 1 GeV. Over the

- t 7 io
estizate that 13i5% of true vp - uwpr’ events falled to obtain a energy range 15 to 40 GeV (where the normalizatlon 1s least sensi

b Frounds
kinematic fit with P(x2) > 1%. )Also from the above comparison we tive to the corrections made for hadronlc backgrour or the rapidly

estimate the background to the selected 3-C fits from events with falling high energy flux distribution) the average cross section for

the reaction vp -« u'pr+ is (0.805.-.12)x10'38 cmg, and for events with M_+.<

P
38 cm2. After one corrects for

missing neutralsto be negligible.Any background to reaction (1)

1.4 GeV the . . o~
from reactlion (2) 1s also negligible. Backgrounds from hadronic e cross sectionis (0.55+.08)x1

a** events with Mv+p > 1.4 GeV, the average cross section for vwp =+

induced reactions were studied by comparing the fitted direction 28
o

u"a** over the same energy range is (.63£.09)x1 cm% assuming the

of the incoming neutral from reactions (3)-(5) with the distribution

for the 3-C fits The conclusions from all these studies are that contribution from non A background is negligible below 1.4 GeV.

The reaction (2 “K*p corresponds %o an allowed &5=4
the background to the selected sample of fits to reaction (1) is < 2% (2), vp » W K'p corresp o (e} 5=48Q

reaction which has not previously been observed at these ener 1es.(7)
overall, and < 1% for events with n+p invariant mass Mw*p < 1.4 GeV. P y g

To obtain a sample of events for this reaction _
The effects of the cuts and correction factors are summarized in

a slightly different procedure was used. The three

Table I.

The ,+p mass distribution from the events fitting vp - prong events were fit with the 2-C hypothesis vp =+ u'p M+, with the
u'v+p (Fig. 1) shows this reaction 1s dominated by att (1236) mass of the meson M' belng a varlable of the fit. W=11 measured events
production, but the accumulation of events with Mw+p between were selected by the requirement: F=P; A fo AM? < 107° GeVB, where
1.8 and 2.1 GeV could indicate the production of higher mass A's. &4 and &p are the dip and azlmuth uncertainty for the sum of all the
The Q? distribution [Q2 - -(pv _pu)2] from events with M”+ < 1.4 measured tracks and AM2 1s the error on the square of the meson mass
GeV and Mﬂ+p > 1.4 GeV (corresponding to a significantly broader obtained from the 2-C fit. The distribution of M from 2-C fits with
distribution) are shown in Fig. 2. Details of the a'% production F < 107 and P(x?) > 0.005 is shown in Fig. 4. For the bulk of the
and comparisons with theoretical models will be presented in the events the mass resolution 1s less than 20 MeV. The shaded events
succeeding 1etter(6). in Fig. 4 correspond to an even cleaner sample for which PL M bp <

10'“ GeV and AM2 < 0.03 GeVg. The three events at the K mass yield

Cross sectlon measurements were obtained by comparing the data good 3-C fits to wp =+ u-px+ and the background is small. Normalizing to

to the overall charged current (CC) event sample (about 2000 events the number of events that satisfy the same sample selection and get

(1)
with E > 10 GeV after cuts'™/) normalized to recent total CC cross a 3-C fit to reaction (1), we obtain the ratio of the cross sections

section measurements(B). Fig. 3 u.ows the cross section for MW+p <

1.4 GeV calculated for various energy intervals between 10 and 100 GeV,

( -...(. ( L ) ()
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o(wp + upkt)/o(vp + upr’) = 0.017£0.010, corresponding to &
cross section of (1.4:.8)x10'u0 cm® for reaction (2) averaged
over the neutrino energy spectrum above 5 GeV. In the quark
parton model thls can be estimated assuming it is of a similar
magnitude to the inclusive (A4S = 8Q)/(45=0) ratio. Production

of X* wculd be from @ or s quarks in the sea and also suppressed
by tie Cabblbo angle. Using Field and Feynmun(“) quark distribu-
tions (ignoring the effects of resonances) a ratio of about 1%

15 expected, which is consistent with our result.

To summarize we have obtained a sample of events from the
reactions {1) vp = n n'p and (2) vp + uK'p at energles between
S sn1 100 GeV. Reacticn (1) 1is dominated by producticn of A(1236)
end the cress sectlon for vp + uw a't is consistent with belng
enerzy ingerendent above 1 GeV. The average cross sectlon for
reacticn{l)between 15 and 40 GeV is (O.SOt.lE)xlO'Bg cm? and for
events with M1 < 1.4 GeV 13 (0.55¢.08)x1072% cm®. The ratio of
the crozs sectlions for reactions (2) to (1) 1s 0.017+.010 .

We wish to thank the members of the lieutrino Laboratory at
Fermilab and the scanning, measurlng and secretarial staff at our
respective laboratories for their contribution to this experiment.

This work was supported in part by the U. S. Department of

Energy and the Natlonal Science Foundation.
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Flgure Captions

1.

2. The Q2 distribution (a) for Mw+p > 1.4 Gev, (b} for M"+p < 1.4 Gev.

The n'p mass distribution from vp + u w'p .

3. The cross section for vp -+ w"att from this experiment (solld
.

circles) and Ref. 5. ( open clreles) as a function of

this
neutrino energy. The results from‘experiment were obtained
from the measured cross section for vp -+ u'n+p with Mn+p< 1.4

GeV corrected by 14% for a't events with M+ > 1.4 Gev,

P
assuming the background from non att events with M+ < 1.4
GeV 1is negligible. The curve 1s the prediction from a

parametrized Adler dipole model(G) with MA = 1.0 GeV.

The meson mass distribution from events that fit vp *u’p M+,
as described In text. The shaded area is with the additional
selections Py A® m< 107" GeV, g2 < .03 GevZ.

( .\.. e

Numbers of fits to vp = u'pv+ and fraction of true events lost by each successive cut,

Table I.
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