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Experimental data on KNO scaling are reported for the charged particles
produced in the central region in 7 “p interactions at 5 and 40 GeV/c. The
results agree with data at high energies.

PACS numbers: 13.75.Gx, 13.85.Hd.

The first experimental data’”? from pp collisions at a c.m. energy /s =540 GeV
showed that the general characteristics of the multiple production of particles continued
the trends established at low energies. In particular, the density of the particle distribu-
tion in the central region continues to increase with increasing primary energy; in other
words, there is no scaling of the inclusive distributions here, even at energies of tens or
hundreds of gigaelectron volts (in the c.m. frame). On the other hand, the normalized
multiplicity distributions for the charged particles from the central region [the function
Y(z) =(n)P,, where z=n/(n), or KNO scaling® | are in agreement, both for the entire ISR
range* (\/s=23.6-62.8 GeV) for pp interactions and for pp collisions at 540 GeV (this
figure corresponds to 1.55 X 105 GeV in the laboratory frame), although the density of
the particle distribution in the pseudorapidity i increases by a factor of 2.7 over this en-
ergy range.?

We have now studied the behavior of the function y(2) for the particles produced in
the central region for much lower primary energies. We used data on the 7 p interactions
at+/s=3.2 and 8.7 GeV (5 and 40 GeV in the laboratory frame). For the 8.7-GeV data
we used selection criteria corresponding to those used to analyze pp interactions on the
ISR,* but the selection of tracks was based on the c.m. rapidity y* instead of the pseudo-
rapidity n: |y*1<1.5. It was required that at least one particle fall in the central region,
as in Ref. 4, Figure 1a shows the distribution {(z) for such events, along with data from
Refs. 2 and 4. This distribution for #”p interactions at 8.7 GeV agrees with data for
much higher energies; i.e., KNO scaling does hold, at least qualitatively, over a broad
range of primary energies and in various types of interactions, for events with particles
from the central region. Shown in the same figure are data for an extremely low primary
energy, 3.2 GeV, at which the selection criterion was slightly different: [p*|<0.9 (these
cutoff values of y*, we might note, correspond to the half width at half maximum in the
inclusive rapidity distribution of all charged particles). Although there is evidently no
mechanism for central production at such low energies, we again observe an approximate
agreement between the Y(z) distribution and the data at high energies, confirming that
this behavior is universal. An attempt to approximate the 8,7-GeV data by the function
Y(2)~ (a,z +a,z° +a3z%) exp(-bz), which has been used successfully to describe data on
“complete” KNO scaling (see Ref. 5, for example), did not result in a satisfactory descrip-
tion. The implication is that the distribution {(z) is of a different form for the central
region; in particular, it is broader than that for the charged particles from throughout

616 0021-3640/82/11616-03$01.00 © 1982 American Institute of Physics 616

g



0.5 -ﬁ #P{% Vs :

a32) __ 1yM1<0 9]
AP e ]
87 1g*1<1.5

=4
=

N °24=63pp 1 g1<1,5 ]
0.25] +¢¢{ 540 Pp I71<1,3]
)

gt . ! :
i ¢4 2P V5 GeV ]
Urie . a 1,2 T
4 . 87 g FIG. 1. a—The distribution y (z) = (n4)P,, with
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the phase space, and the dispersion of this distribution is 0.58 £0.02 (for the central re-
gion) and 0.471 £ 0.003 (for all particles) at 8.7 GeV.

Figure 1b shows for comparison the Y(2) distribution for charged particles from the
entire phase space in 7~ p interactions at 5, 40, and 360 GeV/c (the data for 360 GeV/¢
are from Ref. 6). In contrast with the case of the particles from the central region, KNO
scaling does not hold here, even in a single type of interaction and in a much narrower en-
ergy range. We might note in this connection that an analysis of the data on KNO scaling®
has shown that it holds quantitatively only in pp interactions in the energy interval
\/$=9.8-27 4 GeV, while at the higher ISR energies there is a deviation from scaling.*

It was also shown in Ref. 5 that the agreement among the data obtained from different
types of interactions can be improved by eliminating from the multiplicity the events
associated with diffraction processes.
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For the particles produced in the central region we thus find an agreement of the
¥(z) distributions over a very broad range of primary energies in different types of inter-
actions (even with slightly different selection criteria), although it is in the central region
that we observe the greatest deviation from scaling in the inclusive distributions, It would
be extremely interesting to analyze new data for other types of interactions at various
energies.
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