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AVERAGE MULTIPLICITIES OF CHARGED PARTICLES
IN MESON-PROTON AND PROTON-PROTON COLLISIONS
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It is shown that existing data are consistent with a constant difference of about 0.2 units
between average multiplicities of charged particles in meson-proton and proton-proton
collisions for pras = 20 GeV/e.

PACS numbers: 13.85.-t

The purpose of this paper is twofold. Firstly, energy dependence of the average multi-
plicity of charged particles, {n.,>, in n*p, K*p, pp, pn and n*n interactions is studied.
Secondly, a new compilation of experimental results concerning {n,,> is provided to replace
the compilation by Albini et al. [1] published 8 years ago and by now largely outdated.

The difference in {n.)> in np and pp collisions has been analyzed in several papers.
The naive. quark picture in which a) particles are produced by the collision of a single
quark from the beam with a single quark from the target and b) the value of {n,> depends
on the total energy in the quark-quark center of mass, gives A<D = {NepPrp— Hen)pp = 0.7
independent of the collision energy [2]. Other more realistic versions of the quark model
[3-5] give A{n> ~ 0.2 to 0.4. On the other hand arguments based on the AGK cutting
rules predict a cross-over of the np and pp multiplicities at s ~¢800 GeV? [6].

Experimenters usually express the energy dependence of {n.> in the form of polyno-
mials in In s or In E,, where E, = /S — My, — Myyge is the center-of-mass energy available
for production of new particles.

For pp interactions good data are available up to s < 4000 GeV? (E, < 60 GeV).
It has been found that the growth of {(n.> with the energy in these interactions is faster
than logarithmic and good fits were obtained [7] by using second order polynomials:

{ngy =apg+a,nE, +a, In*E, (1a)
or
{ngy = bo+b,Ins+b,1In*s (1b)
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Fig. 1a). Average multiplicity of charged particles in n—p and K-p interactions (Tables II and 1V) as
a function of Ins. b) The same data plotted as a function of E,
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Data for meson-proton interactions are available in a more limited energy range,
5 < 700 GeV? (E, < 25 GeV). Fits of the form (1) to {n.4,» in np or Kp interactions usually
give coefficients of quadratic terms smaller than in the pp case (see e.g. [8, 9]). Therefore
by using (1) for extrapolation to very high energies one gets the result that meson-proton
reactions would produce smaller {#n,) than proton-proton collisions in agreement with
[6]; such a result is however rather unlikely in a quark model. Because of the limited energy

TABLE 1
Average multiplicity of charged particles in pp interactions

PLAB, GeV/e E,, GeV {fcn> Ref.
2.8 0.83 2.2240.01 [10]
3.7 111 2.35+0.02 [11]
40 1.20 2.54+0.03 [12]
5.5 1.62 2.724+0.02 13}
6.6 1.90 2.86+0.03 [14]
6.9 1.97 2.93+0,04 {15]
10 2.66 3.22+0.06 {16}
12 3.05 3.43+0.03 n7n
129 322 3.66+0.07 18]
18 4.08 4.04+0.08 [18]
19 424 4.02+0.02 [191
21.1 4.56 4.30+0.09 [18]
24 4.96 4.25+0.03 [173
24.1 4.98 4.46+0.09 [18]
284 5.54 460+0.10 18]
28.5 5.55 4.58+0.07 [20]
35.7 6.41 4,78+ 0.04 [21]
50 7.90 5.36+0.10 [22]
60 8.81 5.60+0.09 {23}
69 9.58 5.85+0.09 [24]
100 11.88 6.4940.11 {25]
100 11.88 6.37+0.06 2]
100 11.88 6.44+0.17 [26]
102 12.02 6.32+0.07 27}
147 14.79 7.02+0.05 i8]
175 16.29 7.54+0.15 [26]
205 17.78 7.68 +0.07 28]
293 21.53 8.12+0.08 N
303 22.00 8.86+0.16 [29]
303 22.00 8.50+0.12 [30]
400 25.55 9.14+0.12 [31]
405 25.72 8.99+0.14 271
405 25.72 8.77+0.12 [32]
492 28.47 9.54+0.12 N
1053 42.52 11.01+0.17 mn
1473 50.72 11.77+£0.10 [71
2068 60.42 12.704-0.12 [7]
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TABLE II
Average multiplicity of charged particles in = p interactions

PLAB, GeV/c . E,, GeV {Ach> Ref.
4 : 1.82 2.60+0.03 [33]
) 2.13 2.83+0.03 [34]
8.1 291 3.37+0.06 [35]
10 3.36 3.61+0.03 [36]
11.2 3.60 3.71+£0.04 371
13 3.95 4.0240.08 [38]
16.2 4.52 4.19+0.05 [39]
18.5 4.89 4.394+0.05 [35]
20 5.12 4.54+0.07 [38]
22 5.42 4.76+0.10 [40)
25 5.84 4.86%0.07 {411
50 8.66 5.78+0.04 42}
70 10.42 6.20+0.07 [43]
100 12.65 6.79+0.08 [44]
100 12.65 6.79+0.11 [26]
147 15.56 7.40+0.04 [45]
175 17.07 7.83+0.14 [26]
205 18.56 ! 7.99+0.06 [46]
250 | 20.60 8.43+0.06 [47]
360 24.93 8.730.04 {48]

range over which these fits are performed the values of coefficients in polynomial formulas
are probably much influenced by the trend of very low energy data.

In this paper a different method of comparing (n.) in meson-proton and proton-
-proton interactions is used. Instead of attempting fits of the form (1) separately for each
reaction the energy dependence is studied of the difference 4{n> between the measured
values of {n.,> for meson-proton collisions and the values predicted by the fit to proton-
-proton data at the same E,. Available energy E, is used for the comparison instead of
s because it accounts for the difference in masses of the interacting particles and thus removes
trivial differences in the energy dependence at small values of s, as illustrated in Fig. 1.

The values of the average multiplicity of charged particles in pp, np and Kp interactions
are listed in Tables I-V. In the selection of data all less reliable results (emulsion, propane
chambers) used by Albini et al. [1] were discarded and the preliminary estimates were
replaced by the final values. Compared with [1], the lists in Tables I-V represent a twofold
increase in the number of “good” data obtained on hydrogen target.

The fit of the form (1a) to the pp data (Table I) gave the result (for p 5 = 4 GeV/c)

ap = 2.47+0.02, a4, =0.294+0.03, a, = 0.5284+0.008, x*/NDF = 1.67.

It was found, however, that by discarding two points at 293 GeV [7] and 303 GeV [29]
with the largest contribution to the value of ¥?/NDF, the fit was considerably improved
(¥*/NDF = 1.27) while the parameters remained practically the same:

a, = 2474002, a;, =0.29+0.03, a, = 0.530+0.009 3]
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TABLE IIt
Average multiplicity of charged particles in w*p interactions

pLaB, GeV/c E,, GeV {nend Ref.
1.60 0.90 2.33+0.03 [49]
2.08 1.12 2.63+0.03 [50}
2.75 1.39 2.83+£0.05 [51]
3.54 1.67 3.03+0.02 [52]
4 1.82 3.06+0.04 [531
4.1 1.85 3.06+0.02 [54]
5 2.13 3.30+0.03 [55]
7 2.67 3.62+0.07 [56]
8 291 3.71+0.02 [57]
11.8 3.72 4.07+0.02 [58]
15 4.31 4.48 +£0.03 [59]
16 4.48 4.49+0.02 {60]
18.5 4.89 4.68+0.10 [35]
23 5.56 4.791+0.03 {61]
32 6.73 5.2140.06 [62]
50 8.66 - 5.8910.06 [42]
60 9.58 6.23+0.10 [23]
100 12.65 6.62+0.07 [2]
100 12.65 6.8040.14 [25]
100 12.65 6.75+0.16 [26]
147 15.56 7.41+0.04 [8]
175 17.07 7.55+0.21 [26]
200 18.32 8.10+0.10 [63]

TABLE 1V

Average maltiplicity of charged particles in K~p interactions

PLAB, GeV/c E,;, GeV {fen> Ref.
3 1.18 2.07+0.02 [64]
4.2 1.58 2.41+0.02 [65])
8.2 2.65 3.14+0.04 [661
10.1 3.05 3.41+0.02 [67}
12.6 3.55 3.75+0.08 [68]
14.3 3.86 3.84+0.02 [70]
16 4.15 4.03+0.04 [671
32.1 6.40 4.96+0.02 [71]
33.8 6.60 5.16+0.07 [72]
70 10.08 6.31%0.09 {731
100 12.31 6.76:0.18 {26]
110 12.97 6.91+0.07 91
147 15.21 7.33+0.21 [45]
175 16.72 7.56+0.18 [26]
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TABLE V
Average multiplicity of charged particles in K*p interactions

DLAB, GeV/e E,;, GeV {nen> Ref.
1.96 0.79 230£0.04 [74]
3 1.18 2.57+£003 {751
3.5 1.35 2.63+0.02 [75)
5 1.82 2.93+0.03 [751
8.2 2.65 3.39+0.05 [75)
10 3.03 3.65+£0.04 176}
12.7 3.57 4.03+0.13 56}
16 4.15 4.1240.03 [tk
32 6.39 5.02+0.02 [78]
70 1008 6144003 {79}
100 12.31 6 65+0.31 80]
100 12.31 6.95+0.25 [26]
147 15.21 7.09+0.09 [81
175 16.72 7.61+0.37 26}
200 17.97 8.104£0.22 [63}

Fit (2) was thus accepted as the best representation of the pp data. Then, for each
meson-proton (Mp) resuit (Tables II-V) the value of {n,)° expected for pp collision was
computed using (2) and the difference

A{n) = <nch>Mp—<nch>;p (3)

was calculated with the error taken, for simplicity, only from {(n_,)y,. The values of 4{n}
are displayed as a function of E, in Figs. 2 and 3.

For np and Kp interactions 4{n) is negative at very low values of E, (Fig. 2) because
of the charge annihilation component (zero-prongs). However for E, 2 5 GeV 4{n) is
systematically positive for all meson-proton reactions except for a single np point at
E, =~ 25GeV, i.e. py,p = 360 GeV/c [48] which does not agree with the trend of the re-
maining data and probably is biased with a large systematic error.

The fit of the form 4{n) = a+b - E,to0 35 np and Kp points for E, > 5 GeV (excluding
the 360 GeV/c result) gave a = 0.19+0.02, b = —0.0006+0.0023, ¥*>/NDF = 1.4 (By
including the 360 GeV/c point the fit was much worse (y*/NDF = 2.4) and the parameters
were a = 0.26+0.02, b = —0.0095+0.0017).

Thus one may conclude that existing data for (n.) in np and Kp interactions are
consistent with an energy independent positive difference of about 0.2 units between {ny
in meson-proton and proton-proton collisions. In other words, the formula

(N> = 2.66+0.29 In E,+0.530 In’E,

! The preliminary results from the EHS-NA22 Collaboration presented at the XIV Multiparticle
Symposium at Lake Tahoe (June 1983) yield A<n> = 0.25+0.09 and 0.10+0.14 for =*p and Ktp
at 250 GeV/e (E, = 20 GeV) in agreement with the data shown in Fig. 3.
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Fig. 2. Diffetence .1 {n> between {ncp> for mp (circles) and K—p (triangles) reaction and the {ncp. € calculated
from the fit (2) for pp interactions
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Fig. 3. Difference A<{n) between {n.n) for m+p (circles) and K+p (triangles) reactions and the {ncy>° calcula-
ted from the fit (2) for pp interactions
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gives a very good representation of all meson-proton average multiplicities of charged
particles for E, 2 5GeV (pLas 2 20 GeV/c).

There is little evidence for the possible cross-over of Mp and pp average multiplicities
at E,~ 30 GeV as advocated in [6].

Similar analysis was done for interactions with neutrons. In this case results for {n>
on a neutron target were derived mainly from experiments in deuterium or propane bubble
chambers. Since in these analyses certain assumptions were involved the results (Tables VI
and VII) should be treated with some caution.

The data for {n.,» in pn interactions (Table VI) were fitted with formula (1a). The
results

do = 2.06+0.04, a, = 033£0.08, a,=0.533+0.026, x*)NDF =23 (3
indicate almost identical energy dependence of pn and pp data (2), the difference

<nch>pp_<nch>pn ~ 0.4

being connected with the proton-neutron charge exchange probability. The difference
A<{n)> of 7n results (Table VII) and the fit (3) for pn collisions is plotted as a function of
E, in Fig. 4. Again the data display a constant difference of ~0.2 units.compared to the
fit (3). The fit A{n) = a+bE, yields a = 0.2940.05,b = —0.00444+0.0043, ¥*/NDF = 1.4
in perfect agreement with the results for xp and Kp interactions.

To conclude: the average multiplicity of charged particles in meson-nucleon collision
seems to be larger by A<{n)> =~ 0.2 units than the one in proton-nucleon collision at the
same available energy (for E, 2 5 GeV). This difference seems to be independent of E,,
although one can not exclude a very slow decrease of A<{n) with E,. The results of the
analysis presented in this paper demonstrate that contrary to the recent claim by Brick
et al. [8] one can not get a common good fit to meson-proton and proton-proton multipli-
cities by using E, instead of \/s. ‘

‘ TABLE VI
Average multiplicity of charged particles in pn interactions

pLAB, GeV/c Eg, GeV {nepy Ref.
3.1 0.92 2.04+0.06 [81]
3.8 1.15 2.11+0.06 [81]
4.4 1.31 2.20+0.06 {811
5.1 1.50 2.36+£0.07 {813
11.6 2.98 2.94+0.06 [82]
19 4.24 3.53+0.12 [83]
28 5.49 4.38+0.10 [84]
100 11.88 6.20+0.11 [851
195 17.32 7.56+0.09 [86]
200 17.54 7.36+0.09* 1871
300 21.88 7.96 +0.15* [881
400 25.55 8.57+0.12 [89]

* Values of <mcp)y taken from [89].



793

TABLE VII
Average multiplicity of charged particles in wtn and nn interactions
PLaB, GeV/e Eq, GeV {nend Ref.
5 (-) 2.13 2.67+0.22 [90]
15 (=) 4.31 3.99+0.05 (91}
21 (-) 5.27 4,48+ 0.07* 92}
40 (—) 7.64 5.07+0.06 931
100 (—) 12.65 6.53+0.08 [941
100 (+) 12.65 6.57+0.13 [85]
195 (+) 18.10 7.7740.09 [86]
205 (=) 18.56 7.79+0.09* [95]
360 (—) 24.93 8.85+0.12* [96]
* Values of {ncn> taken from [97].
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Fig. 4. Difference /1. s between {ncy> for = n (open circles) and =n (full circles) reactions and the <nep)>°
calculated from the fit (3) for pn interactions
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