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ABSTRACT

By integrating differential rapidity distributions obtained

by different groups at the CERN ISR, and assuming a constant total

inelastic cross section of 32 mb, we have estimated the average charged

multiplicity in pp interactions at four ISR energies.
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Inclusive ni production spectra [1,2] and angular distribu-
tions of all charged secondaries {3] have recently been obtained in
high energy pp collisions at the CERN ISR. These data, which cover
a c¢.m. rapidity range from 0.0 to 4.0, allow an estimation of the
differential cross sectioﬁs do (ﬂ+ + ﬂ_)/dyi at the four c.m.
energies 21.3, 30.4, 44.3 and 52.2 GeV, shown in fig. 1. Numerical
integration of these four rapidity curves gives values of the product

<n_*> which. when kaon and proton production isg included, yield

a., en
inel T

average charged multiplicites if g is assumed to be constant [5].

inel
We describe first how we obtained these rapidity curves and afterwards
discuss the assumptions involved in estimating the average charged

multiplicities.

The n+ and 1 invariant differential cross sections of
refs [1,2] at P, = 0.2 and p, = 0.4 GeV/c were converted to values of
(1/2w) do/dy by integrating over Py assuming a pj
distribution of the form exp (- 6.5 QL). Cross sections at desired

y values were obtained by linear interpolation.

The values of (l/2w) do/dy - for large y were
obtained from the data of ref .[3] by the following procedure. The
values of the differential cross sections do/d (log tan %0) were
reduced by 15% to subtract kaons and baryons. The resulting diffe-
rential cross sections were then converted into values of do/dy

using a p, parametrization due to Bali [4].

Both procedures were repeated assuming a py distribution

of the form exp (- 6 QL) and the same results were obtained to within 3%.

The rapidity curves plotted in fig. 1 were then integrated

numerically to obtain values of the product Ginel <nﬂi>. The average

charged pion multiplicity <nﬂi> was then calculated taking Ginel to

be 32 mb [5]. Assuming a 15 =+ 5% contribution of produced kaons and

baryons, and an additional contribution of 1.4 due to leading protons,




we obtain the four values of <nch> shown in table 1 and plotted
in fig. 2. The errors quoted are those present in the data of

ref. [3].

These values of the average charged multiplicity are
compatible with those deduced from a y-ray production experiment
performed at the ISR [6]. The average Y-multiplicity <nY> was
obtained by integrating the production spectra, and assuming that

ch

<n > = <nY> + 1.4 gives an estimate of the average charged multipli-
city. This last step assumes that Y produced by Ko and no decay are

of the same order as the K and p contribution to the charged data.

The values of <nch> obtained from bubble chamber data
[8-14], from Serpukhov data [15,16] and from cosmic ray data [17-19]
are included in table 1 and plotted in fig. 2. Fits were made to
the bubble chamber data [10—13,15](*) beginning at 4.54 GevV, and to
the ISR data described here. We find the best power fit to be
<nch> = 7.21 (E?Zi%s - 1.00) with a x2 of 11.6 for 13 degrees o§
freedom. The best log fit is <nch> = -1.09 + 1.42 1ln s with a X of

18.0 for 14 degrees of freedom.

We gratefully acknowledge the kind permission of the
authors of ref. [3] in granting us the use of their data prior to

publication.

(*) The bubble chamber points at 6.85 and 7.44 GeV were removed.
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TABLE 1

Values of the average charged multiplicity in pp collisions

E (GeV) <n . > Ref. Notes
c.m. ch
3.08 2.54 £ 0.03 fal Bubble chamber data
3.50 2.71 £ 0.01 [9]
4.54 3.22 £ 0.06 {10]
5.10 3.58 £ 0.03 [11]
5.97 3.93 £ 0.02 [11]
6.12 4.02 * 0.02 [12]
6.43 4.21 £ 0.02 [11]
6.84 4.31 £ 0.06 [13]
6.85 4.41 * 0.02 [11]
7.43 4.58 * 0.02 [11]
7.44 4.42 £ 0.03 [14]
9.7 5.47 £ 0,12 [(15] Mirabelle, Serpukhov
| 11.4 5.81  0.13
11.4 6.59 + 0.24 [16] Emulsion, Serpukhov
14.9 5.5 + 0.3 [17] Echo Lake, cosmic rays
19.7 6.0 + 0.2
23.5 6.4 + 0.3
28.4 6.5 + 0.4
36.1 7.1 + 0.6
30.2 9.3 * 1.4 [6,7] y-production, ISR
44.7 10.5 =+ 1.6
52.7 10.9 + 1.7
21.3 7.3 + 1.1 This Charged-particle production,
30.4 9.7 £ 1.5 Work ISR
44.3 11.2 + 1.7
52.2 12.7 + 1.9
143.0 18.8 +* 3.0 [18] Cosmic rays
21.7 8.8 + 1.9 [19] Cosmic rays
23.7 9.0 £ 1.0
49.4 11.0 + 2.0
151.9 16.0 * 3.0




FIGURE CAPTIONS

Fig. 1 The differential cross sections (1/27m) do/dy (mb)

an

lotted against y L
P g jprOJectlle;
Fig. 2 Plot of the average charged multiplicity in pp collisions
as a function of the c.m. energy (GeV). These data are
all contained in table 1. The lower curve iS the ln fit

and the upper curve 1S the power fit to the bubble chamber

and ISR data.
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