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Abstract 

We present results for the reactions (1)
 

vp .. lJ.-rr+p and (2) vp .. lJ.-K+p at energies above
 

5 GeV. The average cross section for the first
 

reaction between 15 and 40 GeV is (0.80±.12)x 10-38
 

cm'2 and for events with M
l' 

+ p < 1.4 GeV is (0.55±.08)
 

x 10-38 cm2. The ratio of the cross sections for
 

reactions (2) to (1) is 0.017±.010.
 

We present results for the reactions vp .. lJ.-rr+p and vp .. lJ.-K+p 

o~tatned from a 150,000 picture exposure of the Fermilab 15 ft. Bubble 

Chamber filled with hydrogen, to a wide-band horn-focused neutrino 

be~m. The neutrino event energy spectrum peaks at about 15 GeV with 

- 90% of the spectrum be10w 100 GeV. Details of the scanning, measure­

ment and reconstruction procedures will be given elsewhere.(l) 
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"" mo,_1hanEvents within a res t r Lc ted fiduc ial volume and 

50 em from the downstream wall of the bubble chamber were fit 

to the reactions: 

- + 
\IP"~lTP (1) 

\IP .. ~-K+P (2) 

np .. IT-PP (3) 

KOp .. K+plT- (4) 

XOp" K~plT+ (5) 

using both the Fe rmt Lab HYDRA and LBL SQUAW kinematics pr-ogr-ams . (;:e.) 

Events appearing to come from upstream events in the chacber or 

chamber wall were rejected. Reactions (1) and (2) are 3 constraint 

(3-C) fits because the v beam direction is known to better chan 1 mr. 

A total of 225 events with Ev > 5 GeV obtained a fit to reaction (1) 

with X2 confidence level, P(X'2» 10-2. The P(x2) distribution was 

flat above this value. To obtain a purer sa~ple and fa~ilitate back­

ground estimation the additional selections IEDI, < 0.04 GeY, (Where 

ED = PL -(Ec-mp) with PL and E being the sum of the outgoing chargedc 
longitudinal momentum and energy) and IPzl < .120 GeV where Pz is the 

sum of the momentum transverse to the Y-lJ. plane, were made. Since En 
and P should be zero for a perfectly measured event, these cuts z 
remove those events Where the fitted quan~ties are considerably differ. 

ent from the measured values. To remove a small contamination from 

Vevents the selection EIT < 7 E 
~ 

was also applied. 

The ED and P distriuutions from the samples: (a) events with an 
to 

z 
reaction (1)

accepted 3-C fitA (b) 3 prong events with no 3-C fits, (c) 3 prong 

events with an associated VO or y, (d) 5 prong events with a Tandem 

positive and negative charged track discarded, were compared. Samples 



- 3 ­

(c) and (d) did not cluster at low values of ED and Pz whereas (a) 

did so strongly and (b) showed som~ residual clustering, which we 

attribute to 3-C events failing to obtain a kinematics fit. We 

esticate that 13±5~ of true vp ~ ~-p~+ event3 failed to obtain a 
2 l2b)

ki~em~tic fit with P(x ) > 1%. Also from the above comparison we 

esti~te the background to the selected 3-C fits from events with 

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

from reaction (2) is also negligible. Backgrounds from hadronic 

induced reactions were studied by comparing the fitted direction 

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

for the 3-C fits. The conclusions from all these studies are that 

the background to the selected sample of fits to reaction (1) is < ~ 

overall, and < 1% for events with ~+p invariant mass M~+p < 1.4 GeV. 

The effects of the cuts and correction factors are summarized in 

Table I. 

The ~+p mass distribution from the events fitting vp ~
 

u-~~p (Fig. 1) shows this reaction is dominated by 6++ (1236)
 

production, but the accumulation of events with M + between
 
Tr p 

1.8 and 2.1 GeV could indicate the production of higher mass 6's.
 

The Q2 distribution (Q2 = _(p _p )2] from events With M + < 1.4
 
\I ~ rrp
 

GeV and M + > 1.4 GeV (corresponding to a significantly broader
 
~ p
 

distribution) are shown in Fig. 2. Details of the 6++ production
 

and comparisons with theoretical models will be presented in the
 

succeeding letter(6).
 

Cross section measurements were obtained by comparing the data 

to the overall charged current (CC) event sample (about 2000 events 

with Ev > 10 GeV after cuts(l)) normalized to recent total CC cross 

section measurements (3) • Fig. ~ ~;,ows the cross section for M + < 
'If p 

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

- h ­

compared with results from a lower energy experim~r.~(5). Our 

results are consistent with the lower energy resu~ts, and consistent 

with an energy independent cross section above 1 GeV. Over the 

energy range 15 to 40 GeV (where the normalization is least sensi­

tive to the corrections made for hadronic bac kgrour.ds or the rapidly 

falling high energy flux distribution) the average cross section for 

the reacti~n vp ~ ~-p~+ is (0.80±.12)XIO- 38 cm2, and for events withM~+p< 

1.4 GeV the cross sectionis (0.55±.08)XIO-38 cm2. After one corrects for 

6++ events with M > 1.4 GeV, the average cross section for vp ~ rr+p
 
~-6++ over the same energy range is (.63±.09)XIO-38 cm~assuming the
 

contribution from non t, background is negligible below 1.4 GeV.
 

The reaction (2), \lP ~ u-K+p corresponds ~o an allowed 6S=6Q
 

reaction which has not previously been observed at these energies.(7)
 

To obtain a sample of events for this reaction
 

a slightly different procedure was used. The three
 

prong events were fit with the 2-C hypothesis \lP ~ u-p M+, with the
 

mass of the meson M+ being a variable of the fit. Well measured events
 

were selected by the requirement: F=PL M ~ 6M2 < 10-5 GeV 3, where
 

6A and ~ are the dip and azimuth uncertainty for the sum of all the
 

measured tracks and t,M2 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
 

F < 10-5 and P(X2 ) > 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. + correspond to an even cleaner sample for which PL 6A ~ <
 
-4 2 2
10 GeV and t,M < 0.03 GeV. The three events at the K maS3 yield 

good 3-C fits to vp ~ ~-pK+ and the background is scalI. Normalizing to 

the number of events that satisfy the same sample selection and get 

a 3-C fit to reaction (I), we obtain the ratio of the cross sections 

l 't'" ,..•. ( )
.," l 
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o(vp 4 ~-pK+)/o(vp ~ ~-p~+) ~ 0.017z0.010, corresponding to a 

cross section of (1.4%.8)XIO·40 cm2 for reaction (2) averaged 

over the neutrino energy spectrum above 5 GeV. In the quark 

parton model this can be estimated assuming it is of a similar 

~~lnitude to the inclusive (AS = 6Q)/(6S=0) ratio. Production 

of K+ wculd be from u or s quarks in the sea and also suppressed 

by thf> Cabbibo angle. Using Field and Feynmlln(ll) quark distribu­

tions (ignoring the effects of resonances) a ratio of about 1% 

is expected, which is c ons rstent. with our result. 

To summarize we have ob taIned a namp l.e of events from the 

reactions (1) vp .. ~,-~+p and (2) vp 4 ~L-K+p at ene rg tes be tween 

5 "n~ 100 GeV. Reac t.Lcn (1) is dom:lnated by production of 0(1236) 

end the cress section for vp .. ~-O+~ is consistent with be Lng 

energy i.ncep endent above 1 GeV. The ave rar;e cross s ec t Lon for 

reac"ic:1(l)bet ... ccn 15 and 40 G"V is (0.80z.12)XlO- 3R eri" and for 

events -..lith ~l~'p c 1.4 GeV is (O.55-t.08)XIO-38 em2. The ratio Gf 

~lJ" c ro.vs s ec t.t onc for r eac t Ions (2) to (1) is 0.017±.010 . 

.....e wish to thank the memb e rs of the lleutrlno Labor a t.ory at 

Fcro1lab and the scanning, measuring and secretarial starf 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 National Science Foundation. 
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Figure Captions 

1. The ~+p mass distribution from vp 

2. The Q2 distribution (a) for M~+p 

3. The cross section for vp ~ ~-~++ 
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