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Inclusive hadron and lepton production at large angles
in a statistical model for violent collisions*
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The observed s dependence of inclusive single-pion spectra at 8, = 90' (x = 0) and low transverse momenta
can be understood in terms of a statistical model that reproduces the main features of large-transverse-
momentum phenomena. A simple physical picture for multiparticle production processes is proposed. This
picture is compared with recent inclusive experiments on hadron and lepton production.

Ithas been proposed in an earlier paper' that pro-
cesses in which particles with large transverse
momentum (p~ &2 GeV/c, say) and/or particles
associated with large multiplicities (i.e. also
those in high-multiplicity events which only con-
sist of low-P~ particles)' are produced can be de-
scribed by a statistical model. The spirit of the
model is similar to that of Fermi's, ' although they
are entirely different in the following essential
points: Firstly, Fermi's model is proposed for
all production processes, while the present one
is designed only for the processes mentioned
above, which we shall, following Chao and Yang, '
ca].1 violent collisions. That is to say, it does n«
account for fragmentation' which is gentle in the
sense that only an infinitesimal energy transfer,
an infinitesimal longitudinal-momentum transfer,
and a finite transverse-momentum transfer are
required. Second1y, . according to Fermi, the
conglomerate formed by the two colliding highly
energetic particles remains in a "frozen" state
until it decays. But in the present model the
conglomerate first expands and then decays when
a certain critical volume is reached. The critical
volume of the conglomerate in its rest system is
assumed' to be independent of the total energy (v's)
of the system. From this (and standard thermo-
dynamics} we obtain that the temperature (T) of
the system has the behavior

T ~sr/8

and the inclusive cross section of a single pion
(we consider pions because of the existing data;
generalization is trivial) can be written as

d 0' a
d'p ' ' exp(&Es '~) —1 ' (2)

where E = (p'+m')'t' —m, p =~p~, and m are the

kinetic energy, the momentum [in the center-of-
mass system (c.m.s.)j and the mass of the observed
pion, respectively. a and & are positive real con-
stants. '

For the case in which particles with large trans-
verse momentum (P~»m) are detected at the
c.m. s. production angle 0=90', we have

d g (p„90';s)=aexp( bp, s 'ts). —
d'p

Comparison" w'ith the large-P~ data' "shows
that the main features of the single-particle spec-
tra (e.g. its s dependence and its increase in s
dependence with increasing P~}can indeed be de-
scribed by this extremely simple formula, but
a more refined version of this oversimplified mod-
el is needed to obtain a better qualitative agree-
ment between experiment and theory. In particu-
lar, it is clear that all effects related to correla-
tion cannot be explained as long as the interactions
between the particles are completely neglected.
Although there are many ways to introduce such
interactions in the model (e.g. one can consider
that the independently emitted objects are clusters
which decay into the observed particles, or that the
conglomerate is a system of real gas, etc. ), we
were not sure whether we should push this particu-
lar statistica1 model to such an. extent before we
have seen more experimental evidence for the
relevance of this approach.

In the present note we shall discuss the results
of some very recent experiments, all of which
seem to suggest this approach indeed deserves
further investigation.

The first experiment which we would like to dis-
cuss is the striking result obtained by Bgtggild
et al." They found that at L9=90 and 50~P~ & 350
MeV/c, the inclusive single-pion spectra increase
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foith s about 40/o when' s is increasedfrom 23 to 63
GeV. Furthermore, the above-mentioned increase is
found to be almost indePendent of the transverse
momeeta in this kinematical region.

Now, since particles with large transverse mo-
menta as well as those with small transverse
momenta can be produced in a violent collision,
which we describe with the present model, ' a
natural question to ask is, "What does this model
say about the s and the P~ dependence of the ratio

1.0

1.0

p&-'50-100 MeV/c

p .'100-150 MeV/cj.'

d'v/d'p(p, 8 =90'; s)
d'a/d'P(P~, 8 =90'; so) ' (4)

p&150-200 MeV/c

for which Bgfggild et al. have provided the above-
mentioned results~"

From Eq. (2) we immediately obtain for the case
g gg 'b-1~1/8

1.0

R(P, ;s, s ) =
(
—

)0
(5)

R

1.5-
p&.'200- 300 MeV/c

It is interesting to see that this simple, Param-
eter free expr-ession indeed shows the charac-
teristic features (the rather rapid increase with s
and the independence of P~) of R which have been
found experimentally. A detailed comparison with
the data'4 is given in Fig. 1.

Although we are aware of the fact that this over-
simplified version is not capable of explaining
the phenomena related to correlation effects among
the produced particles, we think the amazing
agreement of the main features between experi-
ment and theory in both large- and small-P~ re-
gions" suggests the following: (a) In the central
region, particles with large and small P~ are pro-
duced by the same mechanism. (b) In the first-
order approximation, this mechanism can be de-
cribed by the present model.

Hence, it seems that the gross features of high-

energy collision processes can, in the first-order
approximation, be understood in terms of the
following picture": The two colliding particles
either go through each other (elastic scattering,
fragmentation) or arrest each other, forminga
conglomerate that expands and then decays when
a critical volume (which in its rest system is in-
dependent of the total energy) is reached (violent
collision). While the fragmentation products are
predominantly to be found in the forward and the
backward hemispheres, the products of violent
processes (the distribution of which is not con-
fined to the forward and the backward c.m. s. angles
only} will dominate in the central region.

As further support for this simple naive picture,
we now discuss the very recent ISR results ob-
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FIG. 1. Data for

number of events/luminosity (Ws)
A ~;s, (23 GeV) number of events71uminosity (23 GeV)

are taken from Ref. 14 (preliminary result). The curve
is calculated from Eq. (5) with ~&0 =23 GeV.

tained by the CCHK" and ACHM" groups: Della
Negra et al. ,

"investigating the fragmentation re-
gions at Vs =52.5 GeV by triggering positively
charged particles in a c.m. s. angular range 9'
& 9& 21', have found that the forward-diffraction
peak is strongly depressed when a particle with
large P (& I GeV/c) in the triggering device placed
at the opposite hemisphere is detected. The
agreement between this result and the proposed
"either fragmentation or violent collision" picture
is obvious. Eggert eI' al. ,

" studying two-particle
rapidity correlations among charged particles at
Ms=53 GeV, have found by triggering on a large-
P~ n at 8 = 90' that the correlation functions mi@
high-transverse-momentum production are the
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same as those &without. This indicates in particu-
lar that in the central region particles with large
and small P ~ are indeed produced by the same
mechanism. "

Finally, we shall briefly discuss the experi-
mental results on direct lepton production'
and their possible relation to the picture mentioned
above.

It is clear that on accepting the proposed model
for the production of large-P~ hadrons, an imme-
diate question would be whether large-P leptons
are produced by the same mechanism. An exami-
nation of the spirit as well as the structure of the
model leads us to the conclusion that there is,
a priori, no reason why leptons cannot be produced
in a similar fashion. Suppose that leptons (in
general, in the form of clusters) indeed exist in
the conglomerate; let us now discuss what kind of
consequences we have to face. First of all, we
note that in this model the main differences be-
tween a hadron and a lepton are their masses and
their interactions with the other particles in the
conglomerate. But, as we have seen in the hadron
case, for the description of large-P~ particles
produced in the central region, masses as well as
interactions can be neglected. Hence we expect
that large-P~ leptons observed at 8 =90' should
share many of the features of large-P~ hadrons
detected under the same conditions. '4 To be more
specific, for P~ &1 GeV/c, say, in the logd'o/d'P
(P~, 90'; s) vs P~ plot, the data set for leptons
and that for hadrons taken at a given total energy
vs should, in the first-order approximation, be
on straight lines with roughly the same slope;
furthermore, in the s' logd'v/d'P (P~, 90';s) vs

P~ plot, also the lepton data taken at different s
values should be parallel to each other. It is in-
teresting to see that the above-mentioned P~ and

s dependences have indeed been observed experi-
mentally.

In closing, we would like to make the following
remarks:

(a) An attempt has been made in this paper to
understand the results of several recent experi-
ments, which might be considered unrelated to
one another, " in terms of a simple physical pic-
ture. The result of the analysis seems encourag-
ing.

(b) Since the main purpose of this study is to
check the basic ideas underlying the proposed pic-
ture (e.g. , the observed s dependence of d'o/d'P
in the central region at large and that at small
P ~ are due to the same kind of production pro-
cesses —violent collisions} with experiment; sec-
ond-order effects due to the detailed properties
of interactions between the produced particles are
neglected in our discussion.

(c) In deriving Eq. (5), we made use of the fact
that the pion is a boson. In the first-order ap-
proximation this result is also expected to be true
if the observed pions are decay products of clus-
ters which obey Bose-Einstein statistics. The
agreement between experiment and the result
given in Eq. (5}strongly supports the idea that
the dominating part of the observed pions are pro-
duced in the above-mentioned manner. What shall
we see in the production of heavy particles such
as protons, antiprotons, and kaons'P Since it seems
rather unlikely (because of their large masses)
that such particles can be produced via clusters
which obey statistics different from that of their
own (e.g. protons via a boson cluster), we expect
that heavy fermions and heavy bosons will have
completely different s dependence at low P and
high incident energies [such that bE '~'«I is
valid, cf. Eq. (2}]. To be more precise, under the
condition mentioned above, Eq. (5) should be valid
also for kaons and antikaons, but

R(pi; s, so) = 1

for protons, antiprotons, A particle, etc. (unless
these baryons are produced via superheavy boson
clusters).

(d) The important role of angular momentum
conservation in noncentral collision processes has
already been pointed out by Fermi' (statistical
model for multiparticle production) and Yang'6

(geometrical description of hadron structure in
elastic and inelastic processes). In the framework
of this model, the effect of angular momentum
conservation, which has been neglected in deriving
Eq. (2), can be taken into account in a straight-
forward manner. "'" A natural consequence of the
conservation of angular momentum in noncentral
violent collisions is that the particles produced in
each event should have the tendency of becoming
coplanar and tend to show peaklike structures in
the angular distribution (within this plane). Recent
experiments" indicate that such plane and jet (or
fan) structure indeed exists in violent collision
processes.

(e) The simple picture proposed in this note can
be applied to hadron-nucleus processes. Taken
together with the usual assumption" that multibody
final states in high-energy hadron-hadron colli-
sions are n«produced instantaneously, it is ob-
served that the main features of the existing had-
ron-nucleus multiple-production data, " including
the nuclear-size dependence of inclusive cross
sections at large transverse momenta, "'""can
be readily understood in this framework. Details
of this investigation are presented elsewhere. "
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