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ABSTRACT
The average charged multiplicity ﬁc for the semi-inclusive reaction
PPy — PP 4X is studied in the context of a previously proposed two-
component model. Recent data for ﬁc at 28.5 GeV/c for Por < 1 GeV/e
are shown to be satisfactorily described by the soft component, without

requiring any contribution from hard scattering. Reasonable assumptions

for the hard component are made in order to estimate EC as a function of Pg
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In a previous paper1 we proposed a two-component model for the average
charged multiplicity ﬁc and single particle distributions in inclusive reactions.
Our work was motivated by the need to understand the behavior of ﬁc for the
reactions pp — pX and pp — 7T+X observed2 at Plap = 28.5 GeV/c. Th? steplike
dependence on the transverse momentum P of the trigger for fixed missing
mass in these data does not seem to be of kinematic origin, 3 but rather suggests
a transition in the dynamics of particle production at Py~ 1 GeV/c. In our
model, the steplike behavior of ﬁc is attributed to the transition from the ''soft"
coherent-scattering regime at Pr < 1 GeV/c to the region where "hard', incoherent
scattering from the hadronic constituents dominates at Prz1 GeV/c.

The advent of recent dau:a4 on the associated multiplicity in the semi~inclusive

reaction
p(P,) + p(p,) — P(Pg) + P(Py) + X (1)

poses a further challenge for our model. Consequently, in the present note we
analyze the data of Ref. 4 in our picture.

For completeness, we first recall the relevant results of paper I. Particle
production in an inclusive reaction is assumed to proceed through either of two
mechanisms:

(i) incoherént, hard scattering from the hadronic constituents,

(ii) coherent, soft scattering from the constituents.

Process (ii) dominates at sméll P> and corresponds to a Mueller-Regge
description of particle production, whereas process (i) takes over at large pﬁ,
because of its power-law dependence on Prp- The invariant single particle distri-
bution for p(pl) + p(pz) — p(p3) + X is given by

do

flpg) =Eg —3

=f (py) + 1 (Po) 2)
dp3 s 3 h*'3
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where fs(p3) and fh(p3) are the soft and hard components, respectively. The
associated mean total charged multiplicity is obtained by averaging the contri-

butions from soft and hard components with appropriate weights,

B,(py) f0,) = B_(pg) £ (bo) + B, () £, (05 e
The multiplicity associated with the soft component is assumed to have a simple

logarithmic dependence on the missing mass M,

- _ 2
ns(p3) =a+bln M | 4)

where a=b=1 was found in paper I to give a good fit to data5 at 205 GeV/c (we do
not include the trigger proton in this expression). We note that (4) can be
obtained in multiperipheral models6 and corresponds to the idea that the asymp-
totic multiplicify ina systém of particles is determined principally by the invari-

ant mass of the system. 7 We mean this statement to apply asymptotically to

soft processes only. For instance, at low invariant mass the multiplicity for a
B (paryon number) = 2 system is necessarily lower than that for a B=0 system.

For the hard component, the multiplicity is given by

0y, (Pg) =a + In(Js —Js‘)2+a1+bll_§3| , (5)

where a is the same as in (4), and alandblare given by1 2,=0.7, b;=0.5 (GeV/c)-l.
The variable s' is the invariant mass squared of the irreducible subprocess. For
a full discussion of (5) including the determination of the parameter values we
refer the reader to paper 1. 8

We now turn to the application of these ideas to the semi-inclusive reaction
(1). Analogously to (2) and (3), we have for the invariant distribution and charged
multiplicity

do

8(Pg:Py) = EgE) ———=— =g (P35, Py) + 8 (P3:Py) (22)
d p3d Py



and
n,(Pg,P,) 805, P,) =N (P5,P,) 8 (P, Py) + 1y (Pg,Py) 8y, (P5,P,) »  (32)
respectively. For ﬁs (p3, P 4) we shall make the reasonable assumption, discussed

above, that the multiplicity depends on the missing mass in the usual way,

- 2

=q!

A (Pg,D,) =a'+1n Mg, (6)

where
2 _ 2

Mgy = (P{+Py-P3=Py) . (7)
The parameter a' will be determined below. To calculate fic in (3a) we need to
»know nh(p3, p4) and the ratio gh(p3, p4) /gs(pg, p4). In the absence of theoretical
information on this ratio we make the following assumption in the phase space
region of Ref. 4,

SN
This is based on the following arguments:

(i) Disregarding 33, Py is too small in the kinematic range of Ref. 4
for dominance of the hard component (see Fig. 3 of Ref. 4).

(ii) In Fig. 1 we plot, using the results of paper I, the ratio fh(p3)/f(p3)
for Mg = (p1+p2—p3)2 = 3.52 GeVZ, and Pgy < 1 GeV/c. These are
the values of M3 and Parp used in Ref. 4. We see from Fig. 1 that
for these values of Pop the hard component gives a minor contri-
bution when 34 is averaged over.

(iii) In Fig. 2, along with the data of Ref. 4, we plot the empirical mean
charged multiplicities for soft and hard components (dashed-dotted

lines) for the process pp —pX at M_,=3.57 GeV. From this figure it

3
is clear that the data of Ref. 4 do not correspond to typical hard or

soft events because of their, in general, very different multiplicities.
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Argument (ii) shows that the hard component is almost zero for Pgr < 1
GeV/c, and argument (iii) suggests that the constraint on 54 made in Ref. 4 is
insufficient to select the rare hard events because of their ambiguous charac-
terization as hard or soft. Consequently, we assume (8) in what follows. To
make (8) more precise, we would require knowledge of the semi-inclusive
distributions gs(ps,p4) and gh(p3’p4);9 however, we show below that (8) gives a
satisfactory description of the data of Ref. 4. Therefore, we have

n,(Pg.P,) = D (Pg.P,) (9)

with n (p3, p 4) given by (6).

To apply this picture to the 28.5 GeV/c data of Ref. 4 we take Py = 0.25

10

GeV/c, and find that a'=1.5 gives the solid line in Fig. 2. Choosing different

values of Py in the range 0 < Pyp < 1 GeV/c (the region covered by the experi-
ment), results only in small changes in the normalization constant a', 11 while

the essential ¢ 4 behavior is always the same. In Fig. 2 we also show as the

2
4’

The two parametrizations are similar, although (6) is in slightly better agree-

dashed line the parametrization ﬁc= -0.2+In M Where4 Mi = (p, +P, —p4)2.
ment with the data. The fact that (6) is the natural prediction of our model,
together with its reasonable success in fitting the data in Fig. 2 (taking into
account the fact that Mg 4 is always too small (< 7 GeVz) to expect the asymptotic
expression (6) to provide detailed agreement with the data) encourages us to
believe that M3 4 is the important variable here.

As further support for the identification of ﬁc with a general soft-component
multiplicity we show in Fig. 3 the data of Ref. 4 (open circles) along with data on
e'e” — hadrons (closed circles, Ref. 12), 7 p — pX (closed squares, Ref. 6), and

pp — hadrons (closed triangles, Ref. 13). For comparison, we also include data

for pp — pX (open squares) from Ref. 5. The abscissa in Fig, 3 is the invariant
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mass squared of the unobserved system in each case. The data for pp — ppX
are seen to follow the general trend of the e+e_, pp and T p data, although the
pp — pX data (with B=1) lie consistently lower. All of these data correspond to

a general soft component because either they are averaged over all final states

(e+e_ — X, pp — X) and the soft contribution is therefore dominant, or the P

value of the observed particle is very small and the same conclusion holds

2

(r'p —pX, pp —pX). We also show the parametrization n = 1.5 +In My
as the solid line in Fig. 3.

2
3

for 04 <15° (If)ll < 1GeV/c)and 0< Pyr < 2 GeV/c. They find that 'ﬁc is inde-

The experimentalists4 have also measured ﬁc for reaction (1) at fixed M

pendent of Parps in contrast to the result when Py is not constra.inedl.4 In our
picture, for Par smaller than the value at which the break in ﬁc occurs in the
inclusive data and for a 34 value in the phase space region of Ref. 4 we have that
ﬁc(p3, Py = ﬁs(pS’ p,). In the region where both contributions are comparable,

5 we do not know

even if we are able to give an expression for ﬁh(pg’p4)’1
g (p3, p4) and gh(p3,p4) and therefore it is impossible to predict n,. When the
hard contribution is dominant ﬁc(pS, P 4) = ﬁh(p3, p 4). In this case we shall assume
‘ . o -

that for ©41,,Pyp) ~ (-1.0,0.2) GeV/c, corresponding to 0,~8", 0y (Pg,Dy) ~
ﬁh(pg), because this value of 5:1 is probably not very different from that of the
"average' hard even’c.16

Using this method we show our estimate for M3 = 3.57,
4.56 and 5.47 GeV as the solid lines in Fig. 4. The dashed lines represent

smooth interpolations joining the estimated multiplicities in the transition region.

We see that the Pt dependence is slight for the largest values of M3,_ the

numerical value of ﬁc(pg, P 4) coinciding with ﬁc(p3) for the reaction pp — pX after

the rise in agreement with the behavior reported in Ref. 4. The absence of a
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step in the semi-inclusive data results, in our model, from the selection of soft
events with ]5'4 | small, and consequently, Mg 4 large. It is perhaps reasonable
that events with low I—§4l should have a higher multiplicity than the "average"

soft event, because in the former case more energy is available for pion produc-

tion.

In conclusion, we have applied our two-component model for inclusive reac-
tions fo a limited phase space region of the semi-inclusive case by means of
reasonable, though perhaps simplistic, assumptions. In this picture, our essen-
tial results for the data4 at 28.5 GeV/c ai'e;

(i) The low Pop data are reasonably well described by pure soft scat-

tering with a multiplicity depending only on the overall missing
mass. The rise in multiplicity at small '13'4 corresponds to the gen-
eral idea that ﬁc increases when going from diffractive to nondif-
fractive production,

(ii) Our picture is consistent with the almost complete absence of a

step in Ec as a function of P at fixed M3 and —54 (for the largest
values of M3) and its value is roughly equal to HC in the reaction

pp — pX above the rise for the same value of MS'
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Here, we take 134 | small because we have assumed in our model that
only one proton is involved in the irreducible subprocess, and that the
remaining energy is too small to favor I‘—§4 | large. In particular, we take
6 g ™ 8° because this corresponds to the central value of the experimental

range (64 < 15%. Our results are not significantly altered by using other

values of 94 < 150.
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FIGURE CAPTIONS
The ratio of hard to total inclusive cross section at 28.5 GeV/c plotted

Versus P, for M_ = 3.5 GeV in the reaction pp — pX.

3
Data from Ref. 4 for ﬁc (trigger protons not included) plotted Vers“us 6 4
the average laboratory scattering angle of p 4 in the reaction P{Py — PP 4X
at 1'\7I3 = 3.5 GeV. The inset shows the corresponding c.m. momentum of
Py and the solid line is our fit as explained in the text. The dashed line

is the parametrization ﬁc =-0.24+1InM We also show the empirical

2

4

charged multiplicities for soft and hard components when M3 = 3.57 GeV

in the reaction pp — pX (dashed-dotted lines).

Data for ﬁc»plotted versus the invariant mass squared of the unobserved

system M>2( ; pp — ppX (open circles, Ref. 4), e+e— — X (closed circles,

Ref. 12), 7 p — pX (closed squares, Ref. 6), pp — X (closed triangles,

Ref. 13), and pp — pX (open squares, Ref. 5). The solid line is the param-
e e = 2

etrization n, = 1.5+ In MX

Estimates for fic at 28.5 GeV/c plotted versus Pam for various fixed values

of M3 and for (p4L, p4T) = (-1.0, 0.2) GeV/c. We show, for comparison,

data for ﬁc in the reaction pp — pX from Ref. 2.
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