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ABSTRACT 

o The inclusive p production cross section has been measured 

in the reaction + -
rrp~ rrrrX at 205 Gev/c. We find 

13.5 ± 3.4 rob , with most of the production occurring in the central 

region. Assuming a(p+) ~ a(p-) ~ a(pO), it is concluded that 

approximately one-third of the pions at this energy came from 

p-decayo 

In contrast to inclusive single-particle production, very little detailed 

information now exists on inclusive production of meson resonances, particularly 

1 
above 25 Gev/c. The major reasons for this are the substantial difficulties 

of separating resonance from background because of small signal-to-noise ratios, 

especially when high multiplicities are involved, and the fact that many states, 

+ 0 such as the (!) and p-, are difficult to study inclusively because rr detection 

is required~ Nevertheless, resonance decays may account for a significant 

fraction of pion production at high energy. Furthermore, vector mesons may 

be an important source of the lepton production recently observed2 in nucleon-

nucleon collisions at Fermilab and the CERN ISR. 

We describe in this paper a measurement of the inclusive pO production 

2 
cross section in rr-p interactions at 205 Gev/c (s = 385 GeV). The data were 
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obtained from a 48,000-picture exposure of the Fermi National Accelerator 

Laboratory 30- in. hydrogen bubble chamber. + -To improve the rr rr mass resolu~ 

tion, only events occurring in a restricted fiducial volume located in the 

upstream half of the bubble chamber were considered for the present analysis, 

thus allowing at least 35 cm in the forward direction for measurement of out-

going tracks. View-to-view track matching was done by hand using bubble 

patterns when necessary. All of the 2- and 4-prong events, 72% of the 6-

and 8-prongs, and 28% of the .~ lo-prongs found in the restricted fiducial 

volume were measured on film-plane digitizers and geometrically reconstructed 

with TVGP, yielding a total of 2040 inelastic interactions. Additional details 

on the experimental arrangement, and on the scanning and measuring of events 

may be found in Ref. 3. 

All charged outgoing tracks were taken to be pions except those of momentum 

less than 1.4 Gev/c, for which pion-proton separation by means 6f ionization 

is possible. d f o d· 4 . h From a stu y 0 KS pro uct10n we est1mate t at 

charged tracks are kaons, assuming The 

'" 4% of the 

K*±(892) -7 

o + 0 
Ksrt- and 6 (1232) -7 prr- signals in our data are sufficiently small that 

+ -
K*o or 6 0 contamination in the po mass region (from K-rr+ or prr- misidentified 

+ -as rr rr ) is negligible. 

Figure 1 shows the inclusive mass distribution for all rr+rr- combinations. 

This spectrum peaks at approximately 0.46 GeV and shows a distinct shoulder 

o 
in the p region. For comparison, Fig. 1 also gives the corresponding distri- t, 
bution for pions of like charge (rr+rr+ and rr-rr-), which is observed to be 

structureless. 

+ -Figure 2 shows the inclusive rr rr mass distribution for the following 

+ -three intervals of center-of-mass rapidity, Y, of the rr rr system: -3 < y < -1 

(backward or target fragmentation region), -1 < y < 1 (central region), and 

1 < y < 3 (forward ~r beam fragmentation region).5 All regions show a shoulder 
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at the po mass. There is also some indication of fO production in the central 

region. 

the 

The inclusive po cross section for each region in y was obtained by fitting 

+ -0.48 < M(:rc :rc ) < 1.12 GeV mass range to a relativistic P-wave Breit-Wigner 

(with a fixed mass of 0.765 GeV and a fixed width of 0.150 GeV) plus a second-

order polynomial background. A background of this form was found to provide 

+ + 
a good description of the inclusive 1(-:rc- distribution, Fig. 1, in the same 

mass range. A resolution function obtained from the measurement errors on 

M(:rc+1(-) was folded into the Breit-Wigner line shape. The average mass resolu-

tion is 12 MeV for -3 < y < -1, 23 MeV for -1 < y < 1, and 42 MeV for 1 < y 

<3. The resulting fits, shown\by the smooth curves in Fig. 2, are excellent. 

The fit X2 per degree of freedom and cr(po) for each rapidity interval are 

given in Table I. The errors given for cr(po) are statistical only. 

We note that po production is most copious in the central region, and 

that, at the present level of statistics, the forward and backward pO cross 

sections are similar. This behavior is quite different from that observed in 

1(-P interactions at 8 Gev/c6 where the pO's come predominantly from excitation 

of the incoming pion and are therefore peaked strongly forward in the center 

of mass. 

Summing over the three rapidity intervals, we obtain an overall po cross 

section of 13.5 ± 3.4 mh. For comparison, the inclusive po cross section at 

lower energy is 3.49 ± 0.42 mh in 24 GeV / c pp reactions 7 and is '" 3.2 mh in 

8 / 
- . . 6 

GeV c 1( p reactl.ons. Thus cr(po) has increased by about a factor of four 

in.:rc-p reactions between 8 and 205 Gev/c. Over the same momentum range, the 

average charged multiplicity has increased6,3 from 3.4 to 8.0, a factor of 2.4. 

The inelastic :rc-p cross section at 205 Gev/c is 21.01±0.46 mh,3 so that 

an average of 0.64±0.16 po are produced per inelastic interaction. The frac-

tion of pions (charged plus neutral) coming from p decay can be estimated 
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. + 0 d . assuming equal cross sect10ns for p , p , and p pro uct10n. Using O'(p) ~ 

3 X 0'( pO
) = 40.5 ± 10. 2 rob and 

8 0'( n) = 236 ± 8 rob then gives that (34.4 ± 8.7)% 

of all pions are products of p decay. The corresponding fractions at lower 

energy are ~ 15% in 24 Gev/c pp reactions7 and ~ 24% in 8 Gev/c n-p reactions. 6 

o ± 
Table I for the backward, central, and forward regions of p and n center-

of-mass rapidity. Here, .the denominator includes all n + or n-, 9 including 

o 0/+ .. h .. 26 those from p decay. The p n rat10 1n t e central reg10n 1S O. ± 0.09, 

in agreement with a value of 0.21 obtained from a general peripheral calcula

tion,lO and with a value of 0.20 obtained from the quark model. 11 

We have also investigated the dependence of po production on overall 

charged multiplicity (n
ch

). We find that a substantial fraction of the po 

cross section is associated with high charged multiplicity; for example, 

Finally, using a o + -
P ~ J-lJ-l branching fraction 12 of (6.7 ± 1.2) X 10-5, 

we find a ratio 

integrated over rapidity and over transverse momentum up to PT ~ 1 Gev/c. 

However, due to limited statistics, we are unable to measure the pO/(all n±) 

ratio for higher PT' and thus no direct comparison is possible with the data 

of the lepton production experiments of Ref. 2, where 

is observed for PT ~ 1 Gev/co 

Conclusions.-We have measured the cross section for 
o n p ~ p + anything 

at 205 GeV/c to be 13.5 ± 3.4 rob and estimate that approximately one-third of 

the pions at this energy come from p decay. Thus p production is an important 

source of pions in np collisions at high energy and can therefore be expected 

to have a substantial effect on single-pion inclusive distributions and two-
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pion correlations. 13 With the present statistics we are not able to explore 

in detail other aspects of inclusive po production such as polarization, 

scaling, and P-ff or p-p correlations. 

Acknowledgments.-It is a pleasure to acknowledge the effort put forth by 

the 3D-in. bubble chamber staff, the hadron beam group, the accelerator opera-

tions personnel, and our scanning and measuring staffs. 

0 o + 
205 Gev/c Table I. p cross sections and p /ff- ratios in ff p interactions. 

rapidity 
X

2
/dOf 

a( po) 
0/ + 0/ -interval (mb) p ff P ff 

-3 < y <-1 0.86 2. 7o±l. 25 0.17±0.08 O. 2o±O. 09 

-1 < y < 1 0.82 8.1o±2.81 0.26±0.09 o. 2')±0. 09 

1 < y < 3 1.08 2. 66±1. 39 0.13±o.07 O.lO±O.05 

) 
" .f 
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FIGURE CAPTIONS 

Fig. 1. 
+- ++ +-

Inclusive n nand n-n- mass distributions for n p , n n X at 205 

GeV/c. 
0+

The arrow indicates the expected position of the p at M(n n ) 

= 0.765 GeV. 

Fig. 2. + -n n mass distribution for three intervals· of center-af-mass rapidity, 

+ - + -y, of the n n system in n p, n n X at 205 Gev/c. The arrow indicates 

0+-
the expected position of the p at M(n n ) = 0.765 GeV. 

r', 
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