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ABSTRACT 

We have searched for po production in 85 high multiplicity events with
 

o
18 or more charged particles. We observe an enhancement at the p mass but 

with a considerably narrower width. Ignoring this narrow Width, the cross 

section for pp ~ po + n charged particles with n ~ 16 is 1.81 ± 0.46 mb. The 

ratio between the number of po's and ~-IS is observed to increase from 

0.08 ± 0.04 for PT < 0.6 GeV/c to 0.88 ± 0.23 for PT > 0.6 GeV/c. 

*Work supported in part by the U. S. Energy Research Development Administration', 

Contract UAT(ll-l)-68 and by the National Science Foundation (GP33565). 

Present address: 
tphysics Department, Iowa State University, Ames, Iowa 50010. 

ttPhysics Department, University of Massacuhsett~1 Amherst, Mass. 
tttPhysics Departn~nt, Tufts University, Medford, Mass. 

FERMILAB-PUB-75-163-E



1.
 

Studies of high energy data from Fermilab and ISR revealed that there 
r	 

were strong correlations between particle pairs of all charge confi~urations(l)o 

These results may be interpreted as due to the formation of clusters which 

mayor may not be resonances. However very little data on resonance production 

other than the baryon resonances in the target region (;c.< _0.5)(2) have been 

available so far. Recently it was observed at lower energies that po 's are 

produced at large transverse momentum(3) • If this trend continues at high 

energies t the po could be an impoJ;~?J,1t source of the observed direct lepton 
~ ..--'" (4)

production at high transverse mom~~;Lum • In view of the above t and the facts 

that there is a linear correlations between the production of charged particles 

o to))	 0 (6)
and n	 'St and the previous studies of p production were primarily based on 

events with low or intermediate multiplicities t we were motivated to search 

for po production in high multiplicity interactions. 

The data of this analysis come from a 34000 picture exposure of the Fermilab 

30-inch hydrogen bubble chaQber to a 300 GeV/c proton beam. The experimental 

details and the procedures for scanning and measuring the film were reported 

. , b Li (7)i n a preV10US pu 1cat1on • The measured events were required .to lie in 

a fiducial volume that corresponded to approximately the upstream half of the 

visible chamber. This fiducial restriction was necessary in order to provide 

at least 30 cm of measurements on the outgoing tracks in the forward direction. 

However t only a random sample of the high multiplicity events in this fiducial 

volume were measured. Table 1 lists the number of scanned and measured high 

multiplicity events. All the measurements were performed on the high magnifi 

cation	 measurement tables at the Fermilab. View to view track matching was 

performed during the measurements. using bubble patterns as gutde ; Extraordinary 

care was taken in measuring these complicated events t and usually it required 

one shift (7 hours) to measure a full event. The measurements were geometrically 



reconstructed using TVGP. Out of the 89 events measured, 4 events failed 

?'to balance charge due to poor measurements on one or more of the faster 

tracks and were not used in this analysis. 

Approximately 25% of the tracks have low enough laboratory momentum so 

that proton identification using ionization is possible (Plab< 1.4 GeV/c). 

However, not one of the tracks has ionization consistent with that of a proton. 

Therefore we conclude that, in contrast to the lower multiplicity interactions, 

there are no leading protons in these high multiplicity events. In the 

f o11ow ng i search f or p0 product10n we W1Ll.L assume t hat a11 charged parti c1es0 

o - * +- -+are pions. The possible contamination from ~ (pu ) and K (K u or K u ) 

production to the u+u- invariant mass distribution is negligible since there is 

no evidence for any ~o or K* enhancement (8) • 

+Fig. 1 shows the invariant mass distribution of all the u u combinations (9) • 

Since there are on the average 100 such combinations per event, and previous 

oresults at these energies indicate that there are less than one p produced per 

interaction (6) , we expect to observe, if at all, a small po enhancement over 

a large combinational background. The distribution in Fig. 1 indicates just such 

o 
an enhancement at the p mass. A fit was performed over the mass interval from 

0.59 to 1.2 GeV using a second order polynomial background plus a simple Breit-Wigner 

with	 a fixed mass (765 MeV) and a variable width. The width giving the best X2 

o
is 60 ± 20 MeV, which is much narrower than the value generally accepted for the p • 

Nevertheless a similar width has been observed in inclusive po production in 200 GeV/c 

pp interactions (10) • In this letter we will ignore this narrow width and proceed 

owith the assumption that this enhancement is the p. The curve in Fig. 1 shows the 

resulting fit which has a X
2 

of 0.97 per d.o.f. The number of po 's is 131 ± 36 

corresponding to a cross-section of 1.81 ± 0.46 mb. 



+ In Figs. 2a and b the ~ ~ invariant mass combinations are shown in two 

!' rapidity intervals, 1YCM' < 1 and IYCM ' > 1 respectively, where YCM is the 

+ center of mass rapidity of the ~ ~ system. Figs. 2c and d show the same 

invariant mass combinations in two PT intervals, PT < 0.6 GeV/c and 

PT > 0.6 GeV/c respectively, where PT is the perpendicular momentum of the 

+ 
~ n system. The curves in the figures are the results of fits with a second 

order polynomial background and a simple Breit-Wigner of fixed mass and width 

(m = 765 MeV, r = 60 MeV). The numerical results of the fits are listed in 

oTable 1. These results indicate that most of the p 's are produced in the 

central region with relatively high average transverse moemnta. Whereas the 

rapidity dependence is consistent with the behavior of most particles produced 

in high energy interactions, the PT dependence is, on the other hand, strikingly 

different(ll). This is shown in Table 2 by the ratio, R, between the number 

of pO's and ~-'s produced in these two PT intervals. 

The PT dependence of this ratio is consistent with the values for the low 

energy data reported in Ref. 3 (R ~ 0.8 at PT ~ 1 GeV/c). Assuming that the 

o p is the only source of direct lepton production, Monte Carlo studies show 

that the present data can account for a electron-pion ratio of (2.0 ± 0.8) x 10-5 

for PT >0.6 GeV/c. This is to be compared with the observed lepton-pion ratio of 

-10-4 in Refs. 4. However we emphasize that our data are from high multiplicity 

events only, and therefore are not inclusive. 
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Table 1 

n c 

18 

20 

22 

24 

26 

Total 

No. of Scanned Events 

171 

67 

47 

11 

9 

305 

No. of Measured Events 

28 

24 

18 

8 

7 

85 

Table 2 

2X /d.o.f. 

r<, 0) b,p m 

No. of p
0 

No. of 1T 

IYCM (1T+1T- ) 1< 1 IYCM(1T+'i-) 1> 1 + -PT( 1T 1T )<0.6 GeV/c 
. + -

o•6<PT (1T 1T ) 

1.16 1.54 1.20 0.55 

1.40 ± 0.42 0.1.7 ± 0.25 0.71 ± 0.35 1.27 ± 0.29 

-  - 0.08 ± 0.04 0.88 ± 0.23 
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