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Results for diffractive production of vector mesons in high-energy neutrino-proton in-
teractions are presented. Diffractive production of p' is observed with a cross section
of (8+ 3) && 10 cm in agreement with recent theoretical predictions. Upper limits for
A,' and B+ production are presented. The limit for B+ production gives a new limit on
the contribution of weak second-class currents.

Diffractive production of vector mesons pro-
vides a direct test of the relation between weak
and electromagnetic currents; hence their pres-
ence or absence has important consequences. Re-
cent calculations have predicted rates for these
processes. ' We have searched for vector-meson
production in the following reactions: charged
current (CC),

VII7 1I' 77 77 P t7, ,

VP ~ TI' 17 PiI,

V@~IT 17 1T 1T PP,

neutral current (NC),

VP «17 77 PV&

VP 6+K Pv.

(2)

(3)

(5)

The data come from two exposures of the Fermi-
lab 15-ft bubble chamber, filled with hydrogen.
The first (second) exposure of 70000 (80000) pic-
tures was taken with a wide-band single-horn
(two-horn) focused neutrino beam with primary
proton energy of 300 GeV (400 GeV). With the
higher beam intensity, the second exposure cor-
responds to -7' of the data. The neutrino-event
energy spectrum peaks at about 15 GeV, with
-90% of the spectrum below 100 GeV. Experi-
mental details of the scanning, measurement,
and reconstruction procedure will be given else-
where. " For the present analysis muons have
been selected by a transverse-momentum algo-
rithm rather than by the external muon identifier
(EMI) due to limited geometric acceptance, and
in the high-intensity running, the excessive hit
rate in the EMI.

CC events were required to have the sum of the
momenta in the beam direction (P&) from the

charged tracks at the production vertex greater
than 7 GeV/c and a reconstructed neutrino ener-
gy greater than 10 GeV. For these events the
muon was selected as the negatively charged non-
interacting track with the highest transverse mo-
mentum relative to the total momentum of the
other charged tracks. Cuts were also applied to
reduce background from CC v and NC events. '
The NC events were selected as those with I'1.&4
GeV/c where the negative track interacts or where
the muon candidate lies on the same side of the
beam as the component of the total momentum of
the other charged tracks projected into the p,-v
plane.

Reaction (1) was obtained by a three-constraint
(3-C) kinematic fit. Fits to this reaction with
y' probability & Sfo were taken in preference to
other fits obtained. Ambiguities between the &

and p assignments were resolved by selecting
the p as described above. The few remaining
permutational ambiguities were resolved by se-
lecting the fit with highest probability.

For the other reactions, one track had to be
identified as a proton either by stopping or by
having a significantly better helix-fit reconstruc-
tion as a proton than a pion. ' Applying this test
to protons identified by a 3-C fit to vp -77'ptL
we find that the criteria select 0.79 +0.05 of pro-
tons with momentum P~&0.5 GeV/c and 0.55 +0.5
for 0.5&P~&1.0 GeV/c, and select a wrong track
in & I /q of the events. Only identified protons with
P~&1 GeV/c were accepted.

With an identified proton and (for the CC events)
an identified p, candidates were selected for
Reactions (2)-(5) as follows: Events with a 3-C
fit to any reaction were rejected. Knowing the
beam direction, the v energy and the momentum
of the missing neutral were calculated by a "0-
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C fit" for the reactions listed. Events with E„
& —0.02 GeV were rejected, where &„=E,„t —~~
-PI. , with mp the proton mass, and E,„, and PJ.
the sum of the outgoing charged-particle energy
and momentum in the beam direction, respective-
ly. Perfectly measured events with no missing
neutrals should have E„=0. The cut tF„l& 0.02
GeV removes additional 3-C fit candidates since9' of the 3-C events satisfy this cut. Those
with &„&0.02 GeV indicate a wrong mass assign-
ment. The samples obtained have a background
of events with more than one missing neutral.
Calculation of the 0-C solution of Reaction (2) for
a class of "events" known to have two or more
missing particles, namely the selected five-prong
events with two charged pion tracks removed,
indicates that such backgrounds will not produce
narrow (~ 400 MeV width) structures in the meson
mass spectra studied.

All the invariant-mass combinations from the
five reactions have been studied in detail. In
particular, those in which a vector meson may
be produced have been studied as a function of
t'= t -t;„,where t is the momentum transfer
from target proton to final proton. For Reactions
(2)-(5), the proton identification procedure re-
stricts Lt'l~ 0.5 GeV', the region appropriate for
diffractive production. The results and theoreti-
cal predictions are summarized in Table I. The
backgrounds quoted are estimated from the gen-
eral shape of the distribution and Monte Carlo
calculations. The signal or upper-limit results
are corrected for scanning and reconstruction
losses, proton identification, and, where applic-
able, unobserved decay modes of the resonance. '
The results have been normalized to the correct-
ed total number of charged-current events (- 3000)
and cross sections averaged over the flux distri-
bution have been obtained with use of previous
measurements. '

The mass distributions are shown in Fig. 1
and results for each reaction are discussed be-
low:

(1) vP -n'm'm Pp, .—A strong b, signal is ob-
served, and also an enhancement in the region
of p' in the» mass distribution. The back-
ground in this region is reduced if we plot & &

mass only from those events with &+p mass (con-
taining the other w') in the b."region, suggest-
ing that we are observing the process vP -p'&" p. .
The &'&+& mass distribution is mainly below 1.4
GeV. To study the diffractive production process
a selection lt' l & 0.5 GeV' is made. If, in addition,
one of the &'& mass combinations is required to
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be in the p region, the 3& mass distribution is
concentrated in the region 0.9 to 1.3 GeV. If
events with &+P in the &++ are removed only four
of the thirteen events in this region remain. How-
ever, the total hadronic invariant mass & is low,
peaking at —2.5 GeV with only 15%%uo above 5 GeV,
and at the peak S' the & band overlaps at least
2 of the A, region of the p++P Dalitz plots. These
reflection effects are confirmed by Monte Carlo
studies, and have been taken into account in the
upper limit given in Table I.

(2) p-v& &'PW. Astrong &—++ signal is seen
in the v+P mass distribution. In the &+& distri-
bution an enhancement is observed in the p region.

FIG. 1. Mass distributions (a)-(c) from Reaction 1 (vp-m+x+7t. Pp ), (d) and (e) from Reaction 2 (vp —~+~'pp ),
and (f)-(i) from Beaction 3 (vP-7t+~+m ~'Pp, ). The
hatched area in (a) is with the other ~+ in the A~ re-
gion. The hatched area in (c) is from events with 1It' I

& 0.5 GeV2, the double-hatched area with the additional
requirement that m(7t+ ~ ) be in the p region and the
solid area with the extra condition Q & 2 GeV . The
hatched areas in (d)-(h) are with Q &2 GeV . The solid
area in (d) is with events with m(&p) in 6++ removed,
and in (g) with m(m+ ~ w') in the &u region selected.
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TABLE I. Summary of results and theoretical predictions. Mass ranges v ere taken as A, 1.08-1.4; p, 0.65—0.9;
cu, 0.73-0.83; B, 1.1-1.35; y, 0.99-1.1; A&, 0.9-1.3 GeV. Results are for all Q, but the selection Q &2 GeV
makes no significant reduction in the signal or limits. Predictions from Ref, 1b are for Q & 2 GeV.

Reaction Resonance Number of
events

(raw data)

Es tima ted
Background

Signal or 90%%uo

confidence upper-limit, .
Fraction of Cross
total c .c, %%u0 section

(lo cm )

Theore tical Predic tions
Cross sec tions (10 cm )
Ref . la Ref'. lb Ref. ld

(1) vp~ 7t. vr pu,
75 events
all t'

(( t'
)
&0.$ Gev )

++ +~7I P

+
P + 7T Tt

~++
p

o

0 +
A 1+P

25
13

13
8

.6+.3

.5+.2

&.9
6+3

&11 2 ~ 5-3 ~ 5
5

55

(2) vp-+rr m ps

(82 events)

+ +
P + 71 7l 16 7+ 2 8+3

(&) up~+vr+~ vr purim, +~ vr'

(88 events) B ~ 7T fI)

&.2

&.2

3

& 2 22-26

(4) vp~vr+71 pv

(33 events )

0 +
P ~ 7t 7t &.8 —0.8 0.5 .7

(5) vp~K K pv

(13 events)
g) -+ K K &.7 7 0.2

~See Ref. 4.

If events with Q'& 2 GeV' are removed the back-
ground is reduced. If, in addition, events with
&+p in the & + are removed the low mass back-
ground is much reduced revealing a clear p' sig-
nal of thirteen events above an estimated back-
ground of three events. '

(3) vp -&'r'm &'pp .—The only structure ob-
served is a clear ~ ' signal. The &'& &' mass
resolution in the region is - 30 MeV but there
is no sigil, nor indication of 8' decaying to

The accumulation of events in the region
1.70-1.90 GeV in the & &'& &' distribution is con-
sistent with the distribution obtained by a Monte
Carlo model, assuming a transverse-momentum-
limited phase-space distribution, with the ob-
served fraction of &" production and restricted
t' distribution.

(4) vp-m+m pv and (5) vp-A+If pv. The events—
selected for these channels include a large back-
ground from hadronic and CC events. ' However,
there is no indication of structure in the & & or
K K ma, ss distribution.

The observation of the process pp —p, p'p pro-
vides the first test of conserved-vector-current
hypothesis (CVC) away from Q'=0. Our results
are in good agreement with the predictions of
Chen, Henyey, and Kane. " However, Bartl,
Fraas, and Majeratto' and Gaillard, Jackson,
and Nanopoulos'd, using the simple vector-dom-

See Ref. 5.

inance-model Q' dependence, would predict -40%
of p' production with Q'&2 GeV', whereas we ob-
serve that the p signal has Q'&2 GeV'. Further
information on the correct Q' dependence can be
obtained by examining the y distribution of these
events, which is all belowy=0. 4 and peaks aty
-0.15. Within limited statistics, the energy dis-
tribution of the p' events is consistent with an
energy-independent cross section between 10 and
100 GeV.

The A, ' is supposed to play the same role for
the axial-vector current as the p' does for the
vector current; hence the observation of pp
—p, A, 'p would provide a crucial test. The upper
limit obtained for this process is well above the
predictions of Ref. 1a, but a factor of 5 below
those of Ref. 1d. For NC reactions the upper
limits presented are well above the predicted
rates.

Production of the B' meson has been suggested
as a test for second-class weak currents. ' To
interpret our result as a limit on second-class
currents it is necessary to have a value for f~,
the coupling constant of the B to a second-class
current. In Ref. 9 a model for f~ was given, in-
troducing a factor K multiplying the second-class
current term with K = 1 corresponding to univer-
sality with first-class currents. The authors use
K= 1,' consistent with the nuclear results avail-
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able at that time, to obta, in the predicted cross
sections given in Table I. Thus, within the a,s-
sumptions of the model'" our results give a 90/0-
confidence-level upper limit for the parameter K
&O. 3. The latest nuclear experiments" expressed
in terms of this parameter give a limit K(0.1;
thus our result confirms the nuclear results us-
ing completely different model assumptions.

To summarize, we have observed diffractive
production of p' as predicted by models applying
CVC to electroproduction results. " %e are un-
able to isolate an A,' signal because of reflection
effects of 6,", but the limits we obtain are con-
sistent with predictions. '" ' From the nonob-
servation of B' production we obtain a limit on
the strength of second-class weak currents, with-
in the assumptions of the model of Refs. 9 and

1(a), comparable with the limits from latest nu-
clear experiments. "
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