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We discuss differences which differing mechanisms for multiparticle production imply
for inclusive nuclear scattering.

The idea that qualitative and quantitative dif-
ferences between different classes of models for
elementary-particle production in single-particle
inclusive reactions will emerge from studies of
reactions on nuclei has been put forward many
times. ' In this note we contrast the results of
realistic calculation of production processes on
nuclei to show what experiments can differentiate
between models of the elementary production pro-
cess, and to comment on the (sparse) data now
available in this area.

In general, current models for multiparticle
production can be divided into "coherent-produc-
tion models" (CPM) (here we might include~ frag
mentation, nova, and diffraction-dissociation
models), in which the final state arises from the
decay of a long-lived intermediate excitation, and
the "incoherent-production models" NPM) (here
we might include' multiperipheral and dual-res-
onance models), in which the particles are pro-

duced directly.
If we try to distinguish between these models

soley on the basis of data taken from hydrogen
targets, we must study correlations in two-body
inclusive reactions. While present indications'
favor the IPM, the experiments are difficult
enough, and the interpretation complicated enough,
that it would be very useful to have another kind
of test available.

If we consider a process in which the multipar-
ticle final state is produced on a nucleus, how-
ever, a clear difference between these two class-
es of models emerges. In the IPM case intra-
nuclear cascades can occur, as shown in Fig.
1(a). In CPM, however, only processes such as
that shown in Fig. 1(b) are possible. We can en-
vision the intermediate excitation propagating
through the nucleus, and when the excitation
undergoes an inelastic collision farther on, it
can only be excited (or de-excited) to another
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FIG. 1. (a) Schematic picture of the nuclear cascade
in incoherent-production models. (b) Schematic pic-
ture of the production chain in coherent-production
models.

state, with the possible production of slow sec-
ondaries through the excitation of the target nu-
cleon. Decay of the projectile excitation takes
place only after the excitation has passed through
the nucleus.

Without further calculation we can observe some
important qualitative features of each model.
First, if we assume all quantities in the hydrogen-
target reaction are energy independent, then in
the CPM case, there is no source of energy de-
pendence in a target of size A. For the IPM case,
however, the development of the cascade depends
on the multiplicity of the initial collision, which
is in turn dependent on Ins. Second, in each case
we expect a buildup of the single-particle distri-
bution for slow particles, with an accompanying
increase in the slow-particle multiplicity. In the
CPM case this is due to the multiple target exci-
tations when the projectile has several inelastic
collisions, in the IPM case through obvious pro-
perties of the cascade.

To proceed further, we must make more care-
ful calculations. The results of the calculations
we shall present are all based upon an extension
of the Glauber theory to multistep production pro-
cesses. ' The IPM used' was a straightforward
multiperipheral type, with even distribution of
secondaries in rapidity space. The calculation
consists of summing all possible cascades with

appropriate nuclear weights [see Fig. 1(a)]. The
CPM used was a nova model, and the calcula-
tion consists of summing all the possible inelast-
ic and elastic collisions in a chain [see Fig. 1(b)].
Further details of the assumptions and numerical
methods we used are contained in the indicated
references.

In all cases, the nuclear part of the reaction is
treated as incoherent, and all final nuclear states
are summed over. For comparison with data,
the data must also be summed oter all final nu-
clear states (see also work by Schaffner and Tre
fils)

While the IPM calculation is relatively free of
assumptions beyond those standard in the Glauber
theory, the CPM is not. This follows from the
fact that in a cascade, only those elementary-par-
ticle interactions occur which can be measured in
independent experiments. In the CPM, on the
other hand, all inelastic collisions beyond the
first involve the collision of the intermediate ex-
citation with downstream nucleons, and some ex-
tra assumptions must be made about this process.
In what follows, we will assume for convenience
that except for kinematic effects, which raise the
maximum mass of the fireball beyond that attain-
able in hydrogen, the mass distributions of all of
the excitations in the chain are identical. In ad-
dition we assume the scattering cross sections of
the projectile excitations are the same as for the
projectile (an assumption supported by experi-
ment' for low-mass excitations). Our qualitative
conclusions are largely independent of these as-
sumptions.

We have found that a number of general qualita-
tive statements can be made which do not depend
strongly on the details of the models which were
used. Let r be the rapidity, and dn/dr = (o~e ) 'do/
dr be the inclusive number distribution, inte-
grated over transverse momentum, whose inte-
gration over r gives (n), the average multiplicity
of the measured species. Then our results can
be summarized as follows:

(i) In both CPM and IPM, the number distribu-
tion in the projectile fragmentation region is ap-
proximately the same as the distribution on a
proton target which was used as input for the cal-
culation.

(ii) In the target fragmentation region, the num-
ber distribution exceeds the input distribution.
For the IPM, (dn/dr)„ for a nuclear target is giv-
en approximately by A si'~f (s)(dn/dr) H, where f(s)
increases approximately as lns, and P(s) is a
complicated function which for A & 10 is about 0
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up to National Accelerator Laboratory energies
and becomes significant only at very high ener-
gies. For the CPM, on the other hand, (dn/dr)„
is given approximately by CA "3(dn/dr) „, where
C is constant. A' 3 here reflects a mean free
path effect appropriate for CPM.

(iii) The pionization region interpolates the two
fragmentation regions. For IPM this interpola-
tion is calculable and is to a good approximation
linear in rapidity x. For CPM, this is dependent.
on assumption and this region may be particular-
ly model sensitive, since it reflects the large-
multiplicity events (i.e. , high-mass components)
of the projectile excitation. Since we are espe-
cially interested in (n), for which the sensitivity
is not so great, we also use a linear interpola-
tion in x for CPM.

(iv) Both models predict increases of multiplic-
ities for nuclear as opposed to hydrogen targets.
For the IPM, the multiplicity is approximately
of the form

(n) = E+E lns,

where E and E are indePendent of A for A ~ 10 for
incident energies into the TeV range. Both E and
I have larger numerical values' than the corre-
sponding constants for (n)H, the multiplicity on

hydrogen targets. For the CPM, on the other
hand, we have, approximately,

(2)

where in the nova model C = 0.5.
For quantitative results, we shall give one ex-

ample, to stress again the differences which the
two models can give. For more detailed calcula-
tions we refer the reader to Refs. 2 and 3. We
show the reactionP+ "C—w'+X. The input re-
action is P +P -m'+X, which according to the fit
of Bali et al."is given at 30 GeV/c by

dn'(x)/dr = 0.48 exp( —7.5x2) + 0.38 exp( —12.1x').

At 1500 GeV/c, intersecting-storage-ring results
suggest" that this result must be modified for
small x,

dn(x)/dr = dn'(x)/dr+ dn'(5x)/dr.

With the use of Eq. (3) as input, as well as a, cor-
responding'2 result for m+P —w'+X (required for
the lPM calculation), Fig. 2 shows the output dis-
tribution for scattering on C at various ener-
gies for the two models referred to here, plotted
as a function of rapidity.

With regard to this curve, it is rather typical
of light nuclei that the "backward boost" effect

0 GBV
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FIG. 2. Inclusive pion number distribution on car-
bon versus rapidity at various energies. Solid curves,
for IPM; dashed curves, for CPM. Dotted curve, cor-
responding hydrogen distribution at the highest energy.

is smaller in the CPM, because the number of
mean free paths in a nucleus is not so very large.
Numerically, this also implies the multiplicity
is not boosted as far for CPM as for IPM for
light nuclei. However, these results can be re-
versed for larger nuclei at lower energies. For
example numerical versions' of Eqs. (1) and (2)
imply that for '"Ag the pion multiplicity is great-
er for CPM than for IPM at low energies, with a
crossover near 10~ GeV. At this crossover, the
pion multiplicity on ' 'Ag is the same for CPM
and IPM.

Thus we see that the characteristics of the IPM
are (i) a, large increase in multiplicity which is
independent of A. for A ~ 10 at accelerator ener-
gies and increases more quickly with energy than
the multiplicity on hydrogen, (ii) a large increase
in the number of low-rapidity particles, and
(iii) an increase of the height of the backward
peak with energy. The CPM, on the other hand,
is characterized by (i) a relatively modest in-
crease in multiplicity which is -A'I, (ii) a rel-
atively small increase in the number of low-rap-
idity particles for light nuclei, and (iii) an un-
changing height of the backward peak with energy.

The data available at the present time are not
very extensive. The existence of increased mul-
tiplicities and the skewing toward low rapidity
in cosmic-ray data have been noted, "although
it is not really possible to distinguish between
the IPM and CPM data there because of poor
statistics.

Although it is not possible on the basis of the
preliminary data of the emulsion exposures at
the National Accelerator Laboratory'4 to rule out
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the CPM, these data do indicate a multiplicity
increase on nuclear targets which is consistent
with the IPM picture. We can only hope at this
point that more data will become available soon.
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