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ABSTRACT 

Results for diffractive production of vector mesons 

ln high energy neutrino proton interactions are presented. 

Diffractive production of p" is observed with a cross 

section of .8+3 x 10m4' cm2 in agreement with recent 

theoretical predictions. 
production are presented. 

Upper limits for A: and B+ 
The limit for B+ production 

gives a new limit on the contribution of weak second- 

class currents. 

*Work supported In part by U.S. Department of Energy. 
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Diffractive product&n of vector mesons provides a direct 

test of the relation between weak and electro-magnetic currents 

hence thelr presence or absence has important Consequences. 

Recent calculations have predicted rates for these processes 0). 

We have searched for vector meson production in the reactions: 

Charged Current (CC): vp -) IP+T'T'~IL (11 

vp -4 r+IFp+.L- (2) 

vp -8 a+lr+T-lPp&- (3) 
Heutral Current (NC): vp + r+r-pv (41 

vp -4 K+lc-pv (5) 
The data come from two exposures of the Fermllab 15 ft. 

bubble chamber, filled with hydrogen. The first (second) exposure 

of 70,OOO (80,000) pic'tur+ was taken with a wide-band slngle- 

horn (two horn) focussed neutrino beaqr with primary proton 

energy of 300 GeV (400 GeV). Wlth the higher beam intensity, 

the second exposure c&responds to - 75% of the data. The neu- 

trim event energy spectrum peaks at about 15'GeV, with - 90$ 

of tie spectrum below 100 GeV. Experimental details of the 

scanning, measurement and reconstruction procedure will be given 

elsewhere.(2a) For the present analysls muons have been selected 

by a transverse momentum algorithm rather than by the External 

Muon Identifier (EMI) tie to limited geometric acceptance, and 

In the high lntenslty running, the excessive hit rate in the EMI. 

CC events were required to have the sum of the momenta In 

the beam dlrcctlon (PL) from the charged tracks at the production 
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vertex greater than 7 &V/c end e reconstructed neutrino energy 

greater than 10 GeV. For these events the muon was selected es 

the negatively charged non-interacting track with the highest 

transverse momentum relative to the total momentum of the other 

charged tracks. Cuts were also applied to reduce background 

iron CC c and NC events (2'); The NC events were selected es those 

with pL> 4 CeV/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 w-v plane. 

The reaction (1) was obtained by a 3 constraint kinematic 

fit.. Fits to this reaction with x2 probability > 5$ were taken 

in preference to other fits obtained. Ambiguities between the 

T- and n- assignments were resolved by selecting the u- as des- 

cribed above. The few remaining permutation emblguities were 

resolved by selecting the fit with highest probabill>y. 

For the other reactions one track had to be identified as 

a proton either by stopping or by having a significantly better 

helix fit reconstruction as a proton than a pion (3). Applyi"g 

thls test to protons identified by a 3-C fit to vp + T"W- we 

find the criteria select .79tD5of protons with momentum, pp< 0.5 

GeV/c and.55&05for 0.5 < pp< 1.0 GeV/c, and selects a wrong 

track in < l$ of the events. Only identified protons with 

pp< 1 GeV/c were accepted. 

Nlth en identified proton and (for the CC events)en ldcn- 

tlfled )I-, candidates were selected for reectlons'2-3 es follows: 
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bents with a 3-C fit to any reaction were rejected. knowing 

the beam direction , the v energy and the momentum of the mlss- 

lng neutral were calculated by a “O-C fit” for the reactions listed. 

gvents with Ed>-.02 GeV were rejected, where EdPEout -"p-PI, , 

ulth mp the proton mass, gout end PI, the sum of the seen out- 

going energy and momentum in the beam direction respectively. 

Events with /EdI < .02 GeV correspond closely to the 3-C fit 

sample. Those with Ed > .02 GeV indicate e irrong mess essign- 

dent. The samples obtained have e background of events with 

mre than one missing neutral, but these will not give rise to 

structure 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 

tl= t-tdn where t 1s the momentum transfer from target proton 

to final proton.. For reactions 2-5, the proton identification 

procedure restricts It'] 5 0.5 GeV2, the region appropriate for 

dltfractive production. The results end theoretical predictions 

are summarized in Table I. The backgrounds quoted are estimated 

from the general shape of the distribution end Monte Carlo cal- 

culatlons . The signal or upper limit results are corrected.for 

scanning end reconstruction losses, proton identification, and 

where applicable, unobserved decay modes of the resonance.. The 

results hove been normalized to the corrected total number of 

chorgcd Current events (- 3000) and cross' sections averaged over 

the flux distribution have been obtalncd using measurc- 

mcnts Iron Rcfs. 4. 
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The results, for each reaction are discussed below: 

(1) VP -4 r+v+v-Dll- Mass distributions are shown in Fig. 1. 

A strong A++ signal 1s observed, and also an enhancement in the 

region of p” in the r+S mass.dlstribution. The backgrounlin 

this reglon 1s reduced if we plot r+r- mass only from those events 

with r+p mass (containing the other r+) in the A++ region, sug- 

gesting that we are observing the process vp + p"A*w-. The 

rir'r- mass distribution is mainly below 1.4 GeV. To study 

the diffractive production process a selection ItI/ < 0.5 

OeV2 is made. If in addition one of the r+s- mass combinations 

1s required to be in the p region the > mass distribution is 

concentrated in the region 0.9 to 1.3 GeV. However, Monte Carlo 

studies indicate that the A * produces a strong reflection in 

this region of the pow+ distribution, making it lcpossible at 

this level of statistics to identify an Al signal. These effects 

have been taken into BCCoUnt in the upper limit even in Table I. 

(2) vp -I v+lFw- The mass distributions for lr+r" and 

r'p,ere shown in Fig. 2. A strong A++ signal 1s seen in the 

r'p mass distribution. In the r+r" distribution an enhancement 

1s observed in the p region. If events with Q2 > 2 GeV2 are 

removed the background is reduced. If in addition events with 

rip in the A++ are removed the low mass background is much reduced 

revealing a clear p' signal of 13 events above an estimated back- 

ground of 3 events!*) 

(3) vp -I r+r+r-rep*- gclectcd mass distributions are 

shown in Fig. 3. The only structure obscrvcd is a clear A++ 

signal. The n+rr-no mass resolution in the region of LU 1s ."3OMcV 
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but there is no P) signal, nor indication of B+ decaying to 

T+m. The accumulation of events In the reglon 1.70 to 1.90 GeV 

in the fa+r-a' distribution is consistent with the distribution 

obtained by a Monte Carlo model, essumlng e transverse momentum 

limited phase space distribution, with the observed fraction of 

A* production end restricted t' distribution. 

(4) vp * a'~-pv and (5) vp * K+K-pv . The events selected 

for these channels include a large background from hadronic end 

CC events. However, there 1s no indication of structure in the 

r+r- or K+K- mass distribution. 

The observation of the process vp + p-p+p provides the first 

test of Conserved Vector Current hypotheses (CVC) away from Q2 = 0. 

Our results are in good agreement with the predictions of Chen 

et el.(la). However, bartl et el(lb) and Geillerd et al(ld), 

using the simple Vector Dominance.Model Q2 dependence, would 

predict - 4@ of $ production with Q2 > 2 GeV2, whereas we observe 

that the p signal has Q2 -z 2 GeV2. Further &nformation on the 

correct 02 dependence can be obtained by examining the y distri- 

bution of these events, which is all below ~~0.4 and peaks et y 

.., 0.15. Within limited statistics the energy distribution of the 

$ events is consistent with en energy independent cross section 

between 10 end 100 GcV. 

The Ai is supposed to play the same role for the axial 

Vector Current es the p+ does for the vector current, hence the 

observation of vp * n-A: p would provide a crucial test. The 

upper limit obtalncd for this process is well above the predictions 
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of Ref. Ir, but a factor of 5 below those of Ref. Id., For NC 

reactions the upper limits presented are well above the pre- 

dicted rates. 

Production of the B+ meson has been suggested as a test 

for second class weak currents (5). To interpret our result es a 

limit on second class currents it is necessary to have a value 

for fBr the coupling constant of the B to a second class current. 

In Ref. 5 a model for fB was given, introducing a factor K multi- 

plying the second class current term with K=l corresponding to 

universality with first class currents. The authors use K=l, 

consistent with the nuclear results evelleble at that time, to 

obtain the predicted cross sections given in Table I. Thus, 

within the assumptions of the model (5, la) our results give a 

9@ confidence level upper limit for the parameter K -z 0.3. The 

latest nuclear experiments 6) expressed in terms of tkisparemeter 

give e limit K C 0.1, thus our result confirms the nuclear results 

using completely different model assumptions. 

To summarize, we have observed diffractive production of p’ 

a8 predicted by models applying CVC to electro production results (la). 

We are unable to isolate an Af signal due to reflection effects of 

b", but the limits we obtain are consistent with predictions (la,lb)e 

From the non-observation of B' production we obtain a limit on the 

strength of second class weak currents, within the assumptions of 

the model of Ref. 5,1(a), comparable with the limits from latest 

nuclear experiments(6). .~ 
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FIWL, U. of Hawaii, IBL, U. of Michigan, Experimental 

Study of Hsdrons Produced in Rlgh Ewrgy Reutrino-Proton 

Interactlons(to be submitted). 

Cuts Y < 0.9 and cut on R as in Appendix B.'zef. *a. 

3. A non-stoppfng.track was taken to be a proton if R > 1.45 
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FIGURE CAWIQNS 

1. Mass distributions of (a) v+p, (b) r+s-, 
++- and (c) 1~ v v 

from reaction (l), vp -8 v+v%-pn -1 The hatched area'in (a) [(b)] 

Is fro; events with the other f In the p.,[A++f] region. The 

hatched area in (c) is from events at low t' (It'1 < 0.5 

Ge*), and the cross hatched area is with the additional 

requirement that one of the r+v- combinations be in the 

p region . The solid area is with the additional condition, 

Q2 < 2 GeV2. 

2. Mass dlstributiorsof (a) r+vO and (b) v+p from reaction 

(2), up + 7r+lrew-. Thehatched area In (a) is events 

with Q" -z 2 GeV2, and the solid area with Q2 -c 2 Gec2 

and events with ~+JZB mass in A++ removed. 

3. Mass distributions of (a)'r+v-v",. (b) a+lr+n-, (c) lr+iT+lr-9 

and (d) ~r+p from reaction (J), G -+ v'r'v-vepa-. The 

hatched area in the plots is for events with Q2 c 2 GeV2. 

The solid area in (c) is with the additional requirement 

that m(a+lr+f') be in the u) region. 
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