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Using the universality of multiplicity distributions as a guide we motivate a simple physical picture for the
multiparticle structure of both diffractive and nondiffractive regimes. We assume that hadronic

bremsstrahlung is the common underlying mechanism.

A striking regularity which hadron phenomena
seem to possess is the universality of topological
cross sections. Empirically, the entire multi-
plicity distribution of a mass recoiling from a
leading hadron appears to be the same as that of
the overall reaction at an equivalent c.m. evnerg,fy.1
This regularity may even hold in a wider context
as the hadronic multiplicities produced in e*e” an-
nihilation and deep-inelastic processes (not con-
sidered here) do not seem to differ greatly from
those of hadron-induced reactions.?

It is hoped that such a universal feature of the
data should be a manifestation of a unifying and
fundamental microscopic description of multihad-
ron production.? In particular, considering the
dependence on the missing mass M? of the system
X in pp - pX, the same basic mechanism should
operate at both small M? (diffractive region) and
larger M? (nondiffractive). One may thus expect
that alternative elementary physical lines of rea-
soning should be possible leading to the same con-
clusion, i.e., a common mechanism underlying
diffractive and nondiffractive processes may ex-
ist. This work motivates the crude and simple
phenomenological model of Ref. 3 in which a sole
mechanism of this kind is present. This model
may therefore offer an alternate plausible unifying

" view relevant to the diffractive and nondiffractive i
domains.

We propose to use the universality of prong dis-
tributions as a guide. Several points shall there-
fore need to be emphasized in the present ap-
proach: (1) The bremsstrahlung model of Stodol-
sky* predicts, in a remarkably simple way, a un-
iversal multiplicity distribution as a function of
missing mass. (2) The predicted prong distribu-
tion vs M? gives a satisfactory fit to the data, but
the model is not applicable in the diffractive re- .
gion. (3) In order to extend the model into this re-
tion as well, a simple and intuitively appéaling
generalization of the bremsstrahlung model nat-
urally emerges. Such a generalization preserves
universality in the diffractive domain. Thus the
extended bremsstrahlung model is to be contrasted
with previous models which either use the univer-
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sality of multiplicity distributions as input® or
else universality is not satisfied in the diffractive
regime (e.g., Ref. 6).

In the bremsstrahlung model, a leading hadron
is slowed down similarly to the case of an elec-
tron radiating photons in bremsstrahlung. The
leading particle spectrum predicted by the model
is®

do/dx=ox(1 = |x|)*?, )

where |x|~1- M?/s is the Feynman scaling vari-
able, and for the semiinclusive leading particle
distribution one has®

doy dg [MIn(?/s)]'" M?
EX—N; -E;‘——-—(N——:—ﬁ—!———expéxlns——), (2)

4]
where N is the number of primarily radiated ob-

‘jects. As the missing mass squared cannot be

less than s,, the effective threshold-mass-squared
of the primarily emitted unit, both (1) and (2) are
valid for’

S
lx]s1- <> (3)

and normalized to the inelastic cross section
S 2 i=sy/ s do )
a(—l> +f dx — =0. (4)
S o dx .
The N-particle produc‘:ion cross section will be

1=so/ s do
o s):f dx =2
a o dx

"=Gexp<—>\1n‘:—0)—[—)—t—1£(§/!—s°)£’—, (5a)

N(s)=x1n(s/s) - (5b)

Thus the following bootstrap relation
{1=sg/ s

O’N(S)=f dx o™do/dx)o . (s(1 = x)), (6)

0

is automatically satisfied with a kernel, Eq. (1),
also given by the model. Integral equations such
as (6) have been conjectured before.® In the pres-
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ent case, however, one finds that the bremsstrah-
lung model predicts this relation, i.e., a univer-
sal character of multiplicity distributions, in a
simple way. Equation (6) also occurs in a very
simple multiperipheral model. However, such

a model does not lead to universality in the dif-
fractive region, contrary to the case of the brems-
strahlung model as indicated below. This point is
further clarified in the Appendix.

The Poisson distribution (5a) leads to the iden-
tification of the radiated objects as the central
clusters of multihadron production.? As the aver-
age cluster density in rapidity is A ~1, Eq. (1)
predicts®® a flat leading spectrum for |x|s1-s,/
s in agreement with a remarkable feature of the
data. With x=1 and a mean of two charged hadrons
which decay from a cluster,’ accordance of (5b)
with the average charged multiplicity data requires
s,~ 20 GeV?. The interval (3) is now fixed. Notice
that this region of x explicitly excludes the situ-
ation where there is no radiation at all (|x[~1),
hence the inclusion of 0N=0(s) in the normalization
(4). Thus, for any | xI<1-s,/s, one cluster, at
least, must have been radiated which implies that
do/dx in (2) is a function of N — 1. Furthermore,
at present Fermilab energies the region |x1=1
- 8,/5~0.95, which is essentially diffractive, falls
outside the applicability of the model. We shall
return to this point below. '

Consider now the model’s prediction for the
multiplicity distribution of the recoiling mass in
pp—pX at 205 GeV/c. Assume, for simplicity,
that a cluster always decays.into either two
charged particles or neutrals and, for definite-
ness, s,=15 GeV” and A=1. The do, /dx experi-

Ty, xhnm, l_i‘@—?ls[xlsl_
1 do O S
o dx ) - )
ST e, fxls1- Sl
g ) S

where 0,,0, are inelastic cross sections corres-
ponding to each component and, as previously, X,
~1 while %, «<1,,'* as the second component must
dominate in the larger —M? region. One then ob-
tains for both diffractive and nondiffractive re-
gimes ¢7'do/dx~ (1 - x)™ and o™*do/dx~ const, re-
spectively, in agreement with the most striking
characteristics of the leading spectrum at Fermi-
lab energies. .

Since the heavy component is identified with the
central clusters of multiparticle production, s,(,)
~20 GeV? as before; the other component presum-

mental results at 205 GeV/c (Ref. 10) are given
in the form o
52 - l doy,

EMZ_ 2)-1
P"c ( 2 Ml) M12 o dx

) (7a)

where n,=1,3,... is the number of final-state
charged hadrons. Standard handling of Eq. (2) with
the assumptions stated above yields

g2 '_ 2\ n
P, =s (Mf/s)"exp(-éuv lnﬂz—> (%)\N In M2> /nI
ng \ c So c So

- (Mzz "Mlz)](ﬂ/[zz - Mlz)-l s
‘n,=2n+1.  (Tb)

With N, ~1.70, N,=mean charged multiplicity per
cluster, the agreement with experiment is satis-
factory [a slight improvement over the fit shown
in Figs. 1(c)-1(e) of Ref. 3]. The predicted spec-
trum and average charged multiplicity at this same
energy, 07do/dx ~1 and 7,(s)=2+N,In(s/s,) ~ 1.5,
also agree well with the experimental results'*!3;
07do®**/dx ~0,92£0.10 for |x|<0.95, normalized
to one proton per inelastic collision as in the mo-
del, and 7 J** ~7.68+0.07.

Let us proceed to explore the possibility of ex-
tending the model into the diffractive domain. Sup-
pose that two distinct kinds of objects, A, and x,
with effective threshold masses sy(),) <sy(,), can
be incoherently radiated by the colliding hadrons.
It follows immediately that in the small- M2 diffrac-
tive region, radiation of the light-mass species
is allowed provided s,(1,) S M?, The model is thus
naturally extended into the diffractive domain. Ac-
cordingly, (1) is now replaced by’

\y)
) b

r

ably represents a rough average which may -include
direct-7 radiation and low-mass resonances, then
So(n,) <20 GeV2 One has in fact recovered a spec-
ial version of the standard two-component model
of multihadron production although motivated
rather differently from the usual case.!® In par-
ticular, the model is now expected to hold for a
wider range in missing mass as two-component
models allow one to come to terms with essentially
all features of the currently available multiplicity
distribution data. Moreover, universality is kept
in the sense that each cluster cbmponent obeys a



bootstrap relation as in (6) and, instead of having
two distinct mechanisms at work, they are a mani-
festation of the same basic physical process.

An intriguing point may be raised if one is willing
to assume that at asymptotic energies an infinite
number of species is radiated for any x| not ex-
tremely close to unity. In this case, for all such
|x|, (8) and (5a) become

1d > %—‘xi(l—-!xl)""'l

o dx 4
fffdx-‘f((y_"x<1_|xl)*'l, (92)
UN(é) —-c/{J ax ——= c(x) B Infs/sq0] )" s‘]és!o(x)]}

xexp( Mn—— ) (9b)

so(0)
Since asymptotically the Poissonian x compdnents
in (9b) are 6 functions, and if lns,(\) varies
smoothly with A, by the arguments of Ref. 16

o(x,s)/a(s) — o(n)/o=9(1)
s @

where ¥(1) is the scaling Koba-Nielsen-Olesen
(KNO) function, No,/0=(N/N). Thus the infinite-
component generalization of the bremsstrahlung
model*® emerges, in this manner, as an asymp-
totic limit. Under this point of view a number of
conclusions can be drawn at once. (i) The physical
meaning of the infinite- component. incoherent con-
tinuum (9) is now obvious. This physical meaning
was unknown so far, although some alternatives
in this regard had been mentioned before.'” (ii)
Two-component, or several-component, schemes
are a useful but temporary way of representing
the data at present energies. (iii) The agreement
found'® between the infinite-component model and
the 400-GeV/c do/dx data must be, to a large ex-
tent, related to the approximate experimental
scaling of the leading spectrum {it is meaningful
to use the asymptotic form 9(a), with o(A)/o= (),
down to Fermilab energies]. But for the s-depen--
dent P, distribution (7) the situation is different.
That is, the prediction of the infinite- component
model for the 205 GeV/c P, distribution,
[eany()P, () with s,= 15 Geve, ¥ N,=1.70 and

P, (x) glvenc in (7b), does not seem compatible with

experlment 18 Furthermore the do/dx distribution
(9a) could not be used, as already stated, inside
the diffractive region at 205 GeV/c. Within the
present interpretation these difficulties vanish as
the infinite-component model should only be épplic-
able at asymptotic energies.
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In Ref. 3 we showed that for both small and larg-
er M? the gross features of the data: topological
cross sections, leading spectrum, and average
multiplicities could be described by a simple mo-
del of the type represented in Eq. (8). On the other
hand, the question naturally arises of whether
other aspects of the diffractive and nondiffractive
data, e.g., ¢ and s dependences, factorization,
etc., can still be approximately understood by a
common physical mechanism of this sort. It is
therefore of interest to study further all these pos-
sibilities.

‘I am grateful to F. del Aguila, C. Pajares, and

“R. Pascual for valuable and stimulating conver-

sations.

APPENDIX

The bootstrap relation (6) results from the com-
bination of three ingredients which enter in Eqgs.
(1), (2), and (5): o,(s) is a Poisson distribution
in N, do,/dx is a Poisson distribution in N -1, and
the coefficient of the logarithmic terms in (2) and
(5a) are correlated in a special manner with the
exponent of the kernel in Eq. (1). As a consequence
of this a very simple model, such as the one-di-
mensional multiperipheral model, fails to predict
universality in the diffractive regime.

In the longitudinal Chew- Pignotti model with or-
dinary Reggeon exchange along the chain (nondif-
fractive component) one has'®

PR
(6) = 0, 1L exp(-57n ), (D
: . 0

where g is the R-R-particle coupling and to obtain
a constant total cross section

ap,=2a,-1+g%=1. : (A2)
For the leading-particle semi-inclusive distribu-
tion,’

doyd 1 doy
dx o4 dx

(g% In(M?/s,)]¥"
(N=-1)!

2 M2
xexp<—g 1n —S—O > . (A3)

is easily derived where the leading spectrum is
given by a PRR triple-Regge term

1 doy,

Vo 20 '
G i o« (1-x)*p2%g, . (A4)

It then follows from (A2) that the exponent of the
kernel (A4) is g?— 1 and thus the bootstrap rela-
tion (6) is satisfied. Universality holds for the
nondiffractive component in this model.

In order to accommodate a diffractive contri-
bution, this model can be trivially extended (see,
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e.g., Refs. 6 and15). It amounts to incoherently
adding to the previous terms another component
in which Pomeron exchange occurs at either end
on the chain.  In this case we then obtain

Inis/sy? o .
oj‘,(s)=ord‘jo' dzib )1)' exp(-g*z)

1§ ool 2]

(A5)

doy 1 do, o [g21n(M?/s)) V!
dx ~ o, dx ¢ v-1!

(A6)

and the leading distribution is now given by a PPP
triple-Pomeron term

ojdoy/dx o (1 —x)P22P=(1-x) . (A7)

We can see that the diffractive component (A5)~
(A7) does not lead to a bootstrap relation and un-

M\
exp(_g2 in —9—) ,
20

iversality is not satisfied.

There are two simple but important differences,
therefore, between the longitudinal multiperipheral
model and the model of this work:

(1) Only the 'extended bremsstrahlung model
leads to universality for both diffractive and non-
diffractive contributions. EXperimentally, the
data of Ref. 10 suggest that universality holds in
both regions.

(2) In the multiperipheral model the same con-
stants s, and g occur for both diffractive and non-
diffractive multiparticle states. This is not the
case for the extended bremsstrahlung model. Our
choice §,(X,)<< s,(2,) and X, << ),, which was phys-
ically motivated, is compatible with the data even
though the data apparently do not show striking
differences in the diffractive and nondiffractive
regions. Differences nevertheless exist.®* Thus-
we find agreement with the inclusive leading-par-
ticle spectrum, as discussed before, and also with
the semi-inclusive leading-particle distribution
data.®
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