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ABSTRACT -
We present data on inclusive and semi-inclusive p® pro-
duction in 147 GeV/c 7 p interactions. We find a total cross
section of 7.3 ¥ 1,3mb. Most of this cross section is found
in the lower topology events (510 prongs), and in the central
and forward rapidity regions. The P; dependence of p° pro-

. + . .
duction, <n>po per event, and the p®/n ratios are also discussed.

There has been a great deal of interest recently in the
study of inclusive p® production at medium and high energies.
1,2

Previous work on 7p interactions from 8 to 23 GeV/c has in-

dicated that there are two different mechanisms involved in this
process: one which tends to produce p’'s in the central region

of rapidity and a second component which is associated with

beam dissociation, producing these mesons in the forward region
of rapidity. It has also been.observed that the p to 71 ratio

at these energies varies with the transverse momentum (PT) of

the two particles, approaching a value of one for high PT.3 This
has been proposed as a part of the explanation for the production

of leptons at high PT observed in nucleon-nucleon collisions at

Fermilab and the CERN ISR.4

One high momentum w p experiment, at 205 GeV/c, has presented
results on inclusive p° production.5 This experiment, based on
2000 inelastic events in the Fermilab 30" HBC, finds a cross

section for p° production of 13.5*3.4mb. This is an increase



of over 8 mb from 15 GeV/c 7 p results with almost all of

the rise occurring in the higher topology events (10-16 prongs)
and in the central region of rapidity.l The cross section

in the forward region of rapidity appears relatively constant
over this large energy range. Their large p? cross section,
together with some assumptidns about relative production of

p+ and p leads the authors of Ref.5 to conclude that approx-

imately one third of the pions seen at this energy could have
come from p meson decay.

In this paper we present results on the inclusive and
semi~inclusive production of p’ mesons in 7 p interactions at
147 GeV/c. Using the Fermilab 30" HBC and the downstream
proportional wire hybrid system we have measured a sample of
7000 inelastic events of all topologies less than 18 prongs.
Details of the experimental setup, topological cross sections,
and the complete analysis of the two prong final states have
already been presented.s’7 The use of the downstream propoxr-
tional wire chamber system allows good mass resolution ($50 MeV)
for'dipion systems in the p° mass region up to the highest mo-
mentum.

In Fig. la we show do/dM for the m'm  system for the entire
sample, Cross sections have been obtained by normalizing the
number of events successfully measured in each topology to the
topological cross sections previously reported. Approximately
20% of those events which failed in the first pass were re-
measured and examined separately. They indicated that there

were no observable biases in the p? production in the original



sample. These remeasurements were included in the final analysis.

The curve on Fig. la shows our best fit to the data. We ~
have used a p~wave Breit-Wigner shape for the resonance and an
exponential shape for the background.8 The mass and width of
the p? have been fixed at M, = 765 MeV and T, = 177 MeV. This
width is consistent with the natural width of the p? folded with
our mass resolution, which is % 50 MeV for ﬂ+ﬂ_ combinations
with an effective mass in the p® region and center-of-mass rapi-
dity > -1. The shape of the background was tested by fitting
it to the summed 71 n" and 7 7 effective mass distributions over
the same region (520 - 1080 MeV) as used in the p? fits. The
exponential background parametrizatiQn gave a good fit to these
data.

Using these fits we find a total cross section for p° pro-
duction of 7.3% 1.3mb. Figures 1lb - le show do/dM for the ata”
combinations in the 4,6,8, and 210 prong events. There are
clear signals for p° production‘in the three lower topologies
(the two prongs, not shown, have no discernible p?l signalzx

In the higher topologies (#10 prongs)there is a small signal

evident on a large background. Because of the large number of

+ - . . . : .
T T combinations possible for each event, the resonance is very

difficult to separate from the background. The curves represent

our best fits to the data; the cross sections are given in Table I.
Alsb listed are the average number of p? per event.

Table I also shows the results from the m p experiment at
15 GeV/c.l Although the topological cross sections are signi-
ficantly different, <n>p o/event as a function ofvtopology appears

quite similar ~ over this large energy range.



We can also compare the p' cross section for each of these
topologies with the number of -* mesons produced. In order to
do this comparison we_have‘identified all protons of momentum
£1.4 GeV/c by ionization. All other positive tracks have been
considered as n+ mesons. We estimate, based upon Kg production
and the assumption that o(XK') ~ o(K) ~ o(K°), that there is $5%
K+ contamination in this sample.

Table I shows the results of this calculation. The ratio
of p°/1r+ is relatively constant with an average value of ~ 0,.13+0,03
- for the four to ten prong events and 0. 11 + 0. 02 over the entire
sample. We can compare this with the p?/n ratio in ﬁ+p inter-
actions at 23 GeV/c,2 and find our values generally smaller than
theirs, especially in the four prong sample. The average number
of p°/1r+ for the entire sample and the equivalent ratio in 7p

interactions from 16 to 205 GeV/c are shown in Fig. 2c.

Our total cross section of 7.3%1.3mb is considerably smaller
than the value of 13.5%3.4mb reported at 205 GeV/c. > The dif-

ference between these experiments is almost entirely in the high

topology events. For eight prongs and less, we have a cross

section of 4.4 %0,7mb compared with the Ref. 5 cross section of
4. 4mb. The cross section of 2.9+1.Imb in the high topology events
(210 prongs) is sensitive to the width used for the p? and to

the amount of curvature in the background, which are highly

correlated. The summed xt+" and « 1~ distribution for the

10-16 prongs was adeguately fit by the exponential form without

curvature.8 The width used in the fits, 177 MeV, is that obtained

in a fit to the lower topologies and is consistent with our



mass resolution. As an indication of the quality of our fits,
Fig. 1f shows the difference between our 2-8 prong data and
the background term of the fit. The curve is the pure Breit-
Wigner term with Mo = 765 MeV and FO = 177 MeV.

Using our total inelastic cross section of 21.1mb6 we cal-
culate that there are an average of 0.35p"/event. Figure 2
shows both the total inclusive cross section and the average
number of p’/event from 16 to 205 GeV/c.

We have also examined the production of the p® as a function
of center-of-mass rapidity (y*) and transverse momentum (PT).
For these studies we have made cuts on the entire nn” sample

*
as functions of P; and y , and fit the mass distribution of

each subsample to determine the amount of p’present. This method

determines the p° distributions independent of the behavior of the background. In Fig. 3a

*
we show do/dy for rapidity between -3 and +3. Most of our pro- ~

duction occurs for y* > 0. Figure 3a also shows the data from
the m p experiments at 15 and 205 GeV/c,l'5 and a ﬂ+p experi-
ment at 16 GeV/c.2 The rapidity range for the lower momentum
experiments is, of course, smaller than for the two high
momentum results. They do however, show the same tendency for
préduction of the p° in the forward hemisphere. When we com-
pare our results with the 205 GeV/c data there is good agreement
in the forwérd or beam dissociation region. In the central
region, however, a cross section of 8, 10:2. 8lmb (-1 < y* < 1) is reported at

205 GeV /c while for the same region we obtain a value of 2. 571, Omb. o

In Fig. 3b we show the p°/ﬁ+ ratio as a function of rapidity.

There is a quark model prediction that in the central region -



this ratio should be ~ 0. 2. 9 Although low, our value is not inconsistent with this
prediction, Our ratio rises to a maximum in the very forward direction. This
may indicate that many of the forward pions come from beam dissociation and may
be relatively often the decay products of the p° produced by the beam dissociation.
Figure 3c shows do'/dP,% fog the g for P,?rs- 2 (GeV/c)% We have fit the
data to an exponential form Ae -bPT and find a slope of 2. 7T+ 0, 5(GeV/c)_2. As
mentioned before, this determination of slope is independent of the background behavior.
This slope can be compared with a value of 3. 45+0. 01(Ge:V/c)~2 found at 16 GeV /c. 2
Using this fit we can calculate a mean squared transverse momentum for the p° of
0.38 (GeV/c). 2 We also show in Fig. 3c the do/dP,%. for 'n'+ mesons in this experiment.
This cross section is dropping more rapidly at low P,?r than the p° cross section indicating
that the p°/1r+ ratio is, in fact, increasing from a small value to near unity as a function
of transverse momentum,

The authors of reference 2 have pointed out that the non-resonant background in

their experiment had a PT2 dependence similar to that of the p" signal. We have examined
the background for 7 n combinations in the p’ mass region and find an exponential P,?r
shape with a slope 0f 3.3+0.1 (GeV/c)-z, consistent with the p° slope. Thus, as found
in reference 2 for 1T+p interactions at lower energies, the PT2 dependence of the resonant
signal may be a feature of the 'n'+‘n’- system in this mass region rather than a unique
characteristic of g’ production.

In summary, we have found a cross section for inclusive p" production in 7 p
interactions at 147 GeV/c of 7.3+ 1.3mb. Most of the production which we can identify
is in the lower topology events (<10 prongs) and takes place in the forward hemisphere.
There is good agreement in this region with results from lower energy w+p and 'rr_p
experiments. The very forward or beam dissociation production of p" appears

relatively constant with energy.

We would like to thank the data reduction personnel of the participating institu-
tions and the staff of the M.1.T. P.E.P.R. system for making this work possible. We
also gratefully acknowledge the efforts of the Fermilab Neutrino Section and 30 inch

bubble chamber staffs in obtaining this exposure.
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Table I: Cross sections and ratios obtained in this experiment

o(p’)mb

PRONGS 15 Gev/cl 147 GeV/c
2 0.27+0.04 0.04£0.04

4 2.18:0.20 0.9 £0.2

6 1.6540.20 1.8 0.4

8 0.61+0.23 1.6 0.5

10 mmm—meeee 1.7 +0.5
12-16  ———mmme—ee 1.2 +1.0
TOTAL  4.72:0.37 7.3 +1.3

and in a 15 GeV/c 7 p experiment.l

<n>p°/event

15 Gev/ct

0.05:0.01
0.24+0.02
0.34+0.04
0.45%0.17

0.22+x0.02

147 GeV/c

0.21+0.05
0.41+0.08
0.38%0.11
0.54x0.17
0.39x0.32

0.35+0.06

+
pt/m

147 GeV/c

0.15+x0.03
0.16+0.03
0.10+0.03
0.11+0.04

1 0.0630.05

0.11+0.02



Fig. 1.

Fig,2.

Fig.3.

FIGURE CAPTIONS

do/cM fcrx W+W~ combinations. The curves represent

our best fits to the data. a) All events, b) 4 prongs,
c) 6 prongs, d) 8 prongs, e) 210 prongs. f) The dif-
ference between the 2-8 prong sample and the background
parametrizatiorn. The curve is the p~wave Breit-
Wigner.

a) o(p?) as a function of momentum for nip interactions.
We start at 15 GeV/c to minimize the contribution from
quasi-two body resonance production such as A++p°.

b) <n>po for the same experiments. c¢) p?%/m ratio.

The non-beam pion is used to eliminate leading particle
effects.

x*
a) do/dy for p® production for this experiment (-),

T p experiments at 15 GeV/c (x) and 205 GeV/c (0),1’5

and «g+p at 16 Gev /c (solid line), b) /‘)“"/ 'rr+ ration as a function of fapidity. )

ch d(f/dP,?f‘ for /o° production (+) and ay production (x).

~’
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