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pp Interactions at 303 GeV/c: Inclusive Studies of y, Es0, and Ao Production
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From analysis of V events observed in an exposure of the National Accelerator Labo-
ratory 30-in. bubble chamber to 303-Gev/o protons, we obtain these results: (1) (n«)
rises approximately linearly arith n, implying strong coupling of neutral and charged
pions, while (nl 0) is less coupled to n; (2) y, Xso, and Ao production cross sections8
are approaching a scaling limit by 303 Ge V/ o; (3) within the limited statistics, do'/dy is
flat in the central region for E& and low-multiplicity y events.

In this Letter we report on our study of V
events from an exposure of 303-GeV/c protons
in the 30-in. hydrogen bubble chamber at the
National Accelerator Laboratory (NAL). In spite
of the limited size of this chamber, it has been
particularly valuable in the survey of neutral-
particle production in high-energy collisions.
Results on multiplicity, total cross section, and
inclusive 4++ production have already been re-
ported. ~ A total of 311 V events were recorded
in a fixed fiducial volume. These events were
processed by the programs Yvop and SQUAW and
fitted with the following hypotheses: E~o- m'm,
A'-pn, Ao-w'p, and y(p)-e'e (p) After .two
measurements, 71/o of the 311 events had satis-
factory fits, 1&o did not point to the primary ver-
tex, and 10% were unmeasurable. The events
were examined on a scan table by physicists. Qf
the 311 fitted events, 18% had more than one sat-
isfactory fit. A selection on the transverse mo-
mentum of the negative outgoing track with re-
spect to the neutral particle3 was effective in re-
solving all the y ambiguities. The small number
of Ksc/A ambiguities was resolved by ionization
and X,

After all selections there were j.19 y's, 50
E~"s, 20 A"s, and 2 unique A"s.4 The data for
Es „Ao, and A were restricted to the backward
hemisphere in the pp c.m. system as the detec-
tion efficiency in the forward direction was ex-
tremely low. The average weighting factors' are
71.9 for y, 3.44 for K8, 4.25 for A, and 4.69 for
Ao. The final sample was further corrected by a
scanning efficiency of 0.93. The inclusive cross
sections measured (that is, the product of the
average number of particles produced per inelas-
tic coQision and the total inelastic cross section)

are as follows: o'(y) = 253 + 24 mb, o (tt so) = 9.8
+1.3 mb, cr(A')=4 2+1..0 mb, and o(A)=0.4"o,
mb. Assuming that all y's come from m 2y, we
we get o (s') = 127 *12 mb.

The dependencies of these cross sections on
the lncldent lab momentum al e shown ln Figs.
1(a)-1(c). Note that o (A ) has increased threefold
from 28 to 303 GeV/c and remains much larger
than a(Ao) at 303 GeV/c. The Ks' cross section
has increased more than 8 times from 28 to 303
GeV/". However, the rapid rise in o(K's ) may
level off at energies beyond 303 GeV/c, as indi-
cated by the intersecting-storage-ring data. ~

The mo cross section in Fig. 1(c) is consistent
with a logarithmic growth with incident momen-
tum and is equal to o.(n ) or o (m ) if we assume all
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TABLE I. Cross sections for pp-Il. X and A& X.

n = Number
of Charged
P articles

0 a
0- (pp m X)

in mb
o' (pp K X)

111 111 cxl 0)
S

1. 7 + 1.2 1.0 + 0. 7 0. 2 + 0. 2 0. 1 + 0. 1

11.8+ 3. 1 2. 4 + 0. 7 0. 8 + 0. 4 0. 2 + 0. ].

19.4 + 4. 1 3.4+ 0. 8 2, 9 + 0. 7 0. 5 + 0. 1

16. 0 + 3. 7 3. 0 + 0. 7 1.4 + 0. 5 0. 3 + 0. 1

10 22. 8+ 4. 4 4. 8 + 1.0 1. 6 + 0. 5 0. 4 + 0. 1

12 20. 3 + 4. 1 4. 8 + 1.4 1.3 + 0. 4 0. 3 + 0. 1

15. 7 + 2. 5 7. 2 + 1.5 0. 6 + 0. 2 0. 3 + 0. 1

16

18

9. 3 + 2. 8

7. 2 + 2. 5

6. 7 + 2. 2

8. 3 + 3. 2

0. 8 + 0. 4 0. 6 + 0. 3

20 1. 6 + 1. 1 3. 3 + 2. 4 0. 2 + 0. 2 0. 3 + 0. 3

22

0. 9 + 0. 9 17. 0 + 17. 0

TOTAL 126. 7 + 12. 0 3. 95+ 0. 38 9. 8 + 1.3 0. 31 + 0. 04

'Calculated from o„(PP ~~X) =a„{PP-yX)/2.

negatively charged particles to be m 's. This is
in accord with multiperipheral models that pre-
dict &n, o) = &n, ) = &n„+),'~ where &n„) is the aver-
age number of particles of type x produced per
inela, stic pp collision. The topological cross sec-
tions and (ri o) and (n» o) versus topology for
inclusive 7t and K~' production are listed in
Table I.

In Figs. 2(a.) and 2(b) (n„o) and (nz o) are plot-
ted as a function of charged-particle multiplicity
n, . Two possible dependencies are shown: (nl o)

0 S
= 0.31 assumes K~ production independent of
topology; (n~, o) = 0.09n is based on o'~, o/cr, - be-
ing independent of topology. In contrast, (n~)
tends to rise linearly with n, for n, ~ 18. The
latter linear dependence which has been observed
here and earlier at 205 GeV)c is very different
from the low-energy PP data. The dashed line
in Fig. 2(b) is given by (n, o) =xi. If we assum. e
all the negative particles to be pions, the data
imply that the isospin states of the pion are
strongly correlated. Berger, Horn, and Thom-
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FIG. 2. (a) Average number of 4; and {b) average
number of vr 's produced per inelastic pp collision ver-
sus charged-particle multiplicity. The curves are de-
scribed in the text.
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FIG. 3. Invariant single-particle distribution versus
x for {a) pp-A X and {b) pp +s + E pr and pz
are the energy, transverse, and longitudinal Inomen-
tum of the particle in the c.m. system, respectively,
and x = 2Pg/~s.
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FIG. 4. do/dy versus y for (a) pp —&& & and (b) pp

as'e conclude that a linear rise of (n, e) versus n,
at high energies rules out models in which pions
are independently emitted but is in accord with
fragmentation models and multiperipheral mod-
els in which p- or ~-type meson clusters are
emitted. The weaker dependence of (ni e) on n,S
may reflect the lack of strong correlation be-
tween kaons and pions.

In Figs. 3(a) and 3(b), we show the invariant
single-particle distribution in Feynman variable
x for the inclusive Ks' and A' reactions. Our
results combined with the 205-GeV/c data' give
evidence that the inclusive Ks and A reactions
have, within the accuracy of the data, reached
their scaling limits from below, with A' ap-
proaching the limit at a much faster rate than
z s'-

Figures 4(a) and 4(b) show dv/dy versus the
rapidity variable y for the Ks and y reactions.
There is evidence for a plateau with widths of
two units in p for the Ks and low-multiplicity
y events; do/dy seems to peak at y = 0 for high-
multiplicity Z events. The average longitudinal
momenta in the center of mass are (IPI. I) = 2.90
+ 0. 56, 1.11+ 0.17, and 0.88 + 0.12 GeV/c for Ae,

Ks', and m, respectively. " Thus, neutral pions
and kaons are produced more frequently in the
central region than A 's.
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