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An attempt is made to understand the gross features of multiparticle production in high-energy hadron-

nucleus collisions (including the nuclear-size dependence of inclusive cross sections at large transverse

momenta and the energy and atomic-number dependence of average multiplicity) in terms of a simple physical

picture. The main characteristics of this picture are: (a) The time needed for the formation of multibody final

states in hadron-hadron collisions at high energies is so long that in a high-energy hadron-nucleus

multiparticle-production process the nucleons along the path of the incident hadron inside the target nucleus can
be viewed as acting collectively, and in the first-order approximation can be considered as a single object—an

"effective target. " (b) This hadron-effective-target collision process can be described by the same physical

picture as that used to describe the collision between two hadrons. In particular, such a collision is either

gentle (fragmentation) or violent (violent collision). (c) The mass of the effective target is proportional to its
"average thickness. " For the sake of simplicity and definiteness, the ansatz M = A '"M, (here A is the atomic
mass number of the nucleus, M and Ml are the mass of the effective target and that of the proton, respectively)
is used to carry out the illustrative examples. Arguments for this picture are presented. Further experiments

are suggested.

I. MAIN FEATURES OF EXPERIMENTAL DATA

Striking results have been obtained in recent
high-energy hadron-nucleus multiparticle-produc-
tion experiments. Taken together with the earlier
experimental findings, the main features of the
existing data can be briefly summarized as fol-
lows':

(i) Nuclear size de-Pendence of inclusive dis
tribution at large transverse m omenta. Experi-
ments on the production of hadrons' and leptons'
with large transverse momenta (p, & 2 GeV/c,
say) at high incident energy (E„b=300 GeV) and

large angles (8= 90' in the c.m. system of the
incident proton and a single nucleon at rest) show
that the effective number of nucleons A,«given
by2s 3

do/d'p(p, , 8, =90';E„b=300 GeV, A)
do/d'p(p„8„= 90;E„,= 300 GeV, 1)

Ae(P& )
y

where A is the atomic mass number of the nucleus and
dold p is the single-particle inclusive cross sec-
tion, has the following properties: The exponent
n(p~) increases with p„and it is greater than 1

for p~ 22.5 GeV/c. Furthermore, there are in-
dications that the increase of n with p, a2.5 GeV/
c. Furthermore, there are indications that the
increase of n with p, is faster in eases where the
mass of the produced particle is larger.

(ii) Energy and nuclear size depe-ndence of
average multipBcity. It has been observed at
Fermilab and at cosmic-ray energies' that the

ratio

R„=(n)„/(n), (2)

is (a) roughly independent of the incident energy,
and (b) slowly increasing with increasing A. Here
(n)„ is the average number of charged relativistic
particles (P ~ 0.'l) produced in an inelastic collision
between a hadron and a nucleus' with atomic mass
number A, and (n), is the average number of charged
relativistic particles produced in an inelastic
collision of the same hadron with a proton. The
A dependence in (b) has been parameterized in
the form R„=A where the following experimental
results for n are given in the literature'. a =0.15
+ 0.06: Feinberg. ' n = 0.131 + 0.005: Gurtu et al. '
n = 0.12: AAI MT collaboration. n = 0.13: Jain
et al. a = 0.129 + 0.004: Vishwanath. '

(iii) Frequency distribution of N„and correlation
between N„and (n, ) in emulsion experiments. It is
found in emulsion experiments' (a) the distribution
with respect to N„, the number of "heavy particles"
with P &0.'I (i.e., the sum of numbers of "black"
and the "grey" tracks), and their mean values
(N„) are roughly independent of the incident ener-
gy; (b) For N„=O, 1.2, the value of the average
number of "shower particles" (n, ) is independent
of the nuclear size; (c) For large N„(N„~ 'l, say),
(n, ) is increasing with increasing N„.

(iv) Angular dependence of the secondary charged
relativistic particles. It has been observed in both
counter' and emulsion" experiments that the in-
crease of multiplicity of relativistic particles (cf.
ii and iii) with increasing nuclear size (A depen-
dence) occurs entirely at large angles. Further-
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more, it is also seen that the A dependence in dif-
ferent angular regions depends on n, . While no dif-
ference in angular distributions in proton-nucleus
and proton-proton reactions is seen for n, & 8 and

for 9 ~ n, ~16, the A dependence for n, ~ 1'7 is very
strong at large angles.

(v) Production of energetic protons In.bubble-
chamber m -Ne collision experiments" at 10.5
and at 200 GeV/c it is seen that an unexpected
large number of energetic protons (p, ~ & I GeV/c)
are produced. The number of these protons seemi
to increase linearly with the number of "shower
tracks" (lightly ionized or identified pions). Fur-
thermore, the ratio of the number of fast protons
produced in pion-Neon to the average number of
fast protons produced in a pion-proton inelastic
collision is found" to be approximately equal to
v =Ac„(vp)/o„(vrNe), where o„(wp) and o„(vNe)
are the total inelastic 7tp and mNe cross section,
respectively.

(vi) Linear dependence of dispersion on average
multipBcity. It is observed" that not only in had-
ron-hadron but also in hadron-nucleus processes
the average multiplicity (n) and the dispersion D
= ((n') —(n)')'~' obey a linear law: Da(n)+ b,
where a and b are constants.

A number of ideas and n1odels have already been
discussed'~ in connection with these experimental
findings.

II. A SIMPLE PHYSICAL PKTURE

In the present paper an attempt is made to under-
stand tI16 eI11pll ical facts summarized ln SBc. I ln
terms of a simple physical picture. The main
characteristics of this picture for high-energy
hadron-nucleus DIultiparticle-production processes
are the following: (a) The time needed for the
formation of multibody final states in hadron-had-
ron colllslons at high enelgles ls so long that ln
a high-energy hadron-nucleus multiparticle-pro-
duction process, the nucleons in the path of the in-
cident hadron inside the target nucleus can be
viewed as acting collectively and in the first-order
approximation can be considered as a single ob-
ject—an "effective target. " (b} This hadron-ef-
fective-target process can be described by the
same physical picture as that used to describe the
collision between two hadroras. In particular, such
a collision is either gentle (fragmentation) or vio-
lent (violent collision). (c) The mass of the effect-
tive target is proportional to its "average thickness. "
For the sake of simplicity and definiteness, the an-
satz M=A't'M, (bere 2 istheatomic mass number
of the nucleus, M and I, are the mass of the ef-
fective target and that of the proton, respectively)
is used to carry out the illustrative examples in

this paper.
The idea that in high-energy hadron-nucleus col-

lision the nucleons along the path of the incident
hadron inside the nucleons may act collectively
[see (a) of this section] is already very old."'
Also the ansatz for the mass of the effective target
given in (c) has already been discussed several
times in the literature. " The purpose of the pre-
sent paper is to show the following: The main fea-
tures of the existing data, in particular those in
connection with the large-p, phenomena, can be
readily understood in terms of the assumptions (a)
and (c) provided that the simple physical pic
tume"'7 which has been used to describ hade'on-

hadron collision Es applied to the hadron effecti-ve
tQ'vg et p'Yocess.

Before Bppbjlng tbe Rl3ove-mentioned plctur6
to hadronmffective-target processes [see (b)], it
seems useful to recall the following.

Experiments" shmv thai high-energy hadron-had-
ron collision processes can be understood in terms
of the hypothesi. s of limiting fragmentation, "pro-
vided that these collisions are gentle (in the sense
that oa1y Ml imfinitesimal energy transfer, an
infinitesimal longitudinal momentum transfer, and
a finite transverse momentum transfer take place).
The physical picture for such a process is that the
projectile and the target are two extended objects
going through each other, which in general become
excited, and the excitation may cause them to
break up. The most remarkable fact"" is that
these two objects, the target and the projectile,
fragment separately. The fragments from the
target approach a limiting probabilit;y distribution
when viewed in the laboratory as the incident ener-
gy increasee. Similarly, the fragments from the
projectile approach a limiting probability distribu-
tion in the projectile system where the projectile
was initially at. rest.

It is observed experimentally2~'2' that in high-
energy hadron-hadron collisions there are also
processes which do not have the characteristic
features of gentle collisions mentioned above. In
particular, the inclusive single-particle p, dis-
tributions in such processes do not show limiting
behavior at high incident energies. It is found
that (a} such processes a."e associated with the
production of large-p, particles and/or with high
(relative to that of gentle processes) multiplicity,
and (b) the products of these processes domin-
ate the central region [i.e. , near 8 =90' in the
c.m. system of the colliding particles]. Col-
lision processes of this type are known as violent
collisions. a'" Such processes can be described by
a statistical anode"" in which the production
mechanism is evisaged to take place as follows:
The colliding hadrons "hit each other so hard"
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that, instead of going through each other, they
arrest each other and form a conglomerate which
first expands and then decays when a critical vol-
ume (which in its rest system is assumed to be
independent of the total energy) is reached. As a
consequence, the temperature (T) of the conglom-
erate at the moment of decay increases with in-
creasing incident energy (E„,):

where

sj /8 (3)

s 2ME ]g forE&~ &&M (4)

M is the mass of the target. In first-order approx-
imation, the inclusive cross section for the pro-
duction of a single large-p, particle at the produc-
tion angle 8, =90' is

der/d'p(p„90; E„b) ~ o,„exp(. bp, s —'t'), (6)

where a,.„ is the total inelastic cross section, and
b is a real positive number which is independent
of p„0, and s but in general is a function of all
other quantum numbers of the total system. Fur-
thermore, the average multiplicity (n) of violent
collision is given by"

(6)

Further experimental results, especially those
obtained from the most recent studies, "'"strongly
suggest that the gross features of high-energy had-
ron-hadron multiparticle-production processes
can be understood in terms of the following simple
picture": Such a process is either gentle (frag-
mentation) ox violent (violent collision).

In pra.ctice, for the performance of data-analy-
ses it is useful to keep in mind the following dif-
ferences between these two kinds of inelastic pro-
cesses: (a) A violent collision event can be rec-
ognized through the observation of a large-trans-
verse-momentum particle among the products
and/or through the fact that the products of this
event predominantly populate the central region
and that the multiplicity is relatively high (com-
pared with a gentle process between the same
colliding particles at the same energy). Products
of violent collisions can be found at all angles. [If
the effects of noncentral collisions could be neg-
lected, the distribution of particles produced in

violent collisions would be isotropic in the rest
frame of the conglomerate. Conservation of angu-
lar momentum in noncentral violent collisions
between the two incoming objects (hadron-hadron,
hadron —effective-target, "effective-projectile"—
effective-target in hadron-hadron, hadron-nucleus
and nucleus-nucleus processes, respectively)
leads to plane and peaklike structures in angular
distribution of the produced particles. The pre-

ferred emission angles in the production plane are
not necessarily the forward and backward c.m. s.
angles. This is because the expansion time (that
is, the time interval between the formation and
the decay) of the conglomerate is long, and hence
the originally rather flat conglomerate (viewed in
its rest system) may rotate a finite angle before
it decays; the rotation angle depends on the inci-
dent energy and the masses of the colliding ob-
jects. Details of this calculation will be given
elsewhere''] This is to be compared with the

fragmentation events, in which the multiplicity is
in general lower, and the products are found main-
ly in the forward and backward angles (in the c.m.
frame of the incoming objects) (b) The increase
with energy of the average multiplicity in violent
collisions (-s' t') is much faster than that of frag-
mentation processes (-const or lns). Hence, at
sufficiently large s, the dominating term in the
expression for average multiplicity of all process-
es is that of violent collisions alone. That is to
say, Eq. (6) is a reasonable approximation for the
average of all inelastic processes (gentle and vio-
lent) at sufficiently high energies. "

III. ARGUMENTS FOR THE PICTURE

Arguments for the proposed physical picture for
high-energy multiparticle-production processes
are:

1. Noninstantaneous formation of mnltiparticle
final states in high-energy hadron-hadron colli-
si ons.
Based on the empirical fact mentioned in (ii b) of
Sec. I, it has already been suggested by a number
of authors" that multiparticle final states in high-
energy hadron-hadron collisions are not produced
instantaneously. This point is of fundamental
importance for the present picture, as we shall
see in the discussion below (see, in particular,
subsections 3-'t). It should be emphasized that
since the production processes, both in the case
of fragmentation and in the case of violent colli-
sion, go through several stages, the conjecture
that in a high-energy hadron-nucleus multiproduc-
tion process either fragmentation or violent col-
lision takes place is clearly in accordance with the
noninstantaneous nature of the production mecha-
nism mentioned above."

Existence of two kinds of inelastic hadron-
ni~c lens processes. The experimental finding s
cited in (iii) and (iv) of Sec. I, as well as that given
in (vi) taken together with the observation made by
Van Hove, " suggest the following:

(o.) There are two different kinds of inelastic
hadron-nucleus processes.

(P) One of them is associated with low, and the
other with high multiplicities.
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(y) The observed A dependence of (n,) is pre-
dominantly due to processes associated with high
multiplicities. As we shall see in the discussion
below, these two kinds of processes can be identi-
fied as the fragementation and the violent collision,
respectively. "

3. Collective behavior of the nucleons along the

Path of tbe incident hadron T.he noninstantaneous
nature of multiparticle-production processes in
hadron-hadron collisions mentioned above strongly
suggests~6' ' that j.n hjgh-energy hadron-nucleus
reactions multipartiele states are not produced
while the incident hadron is still inside the nucleus,
and that the nucleons along the path of the incident
hadron inside the nucleus may act collectively.
We shall see in the following discussion (subsec-
tions 4, 5, 6, and 7) that the main features of the
high-energy hadron-nucleus multiparticle-produc-
tion data. can be understood by considering these
nucleons as an effective target that behaves like a
single hadron, the mass of which is proportional
to the "average thickness" v of the target nucleus.
(To be more precise, v is the average number of
nucleus in the target nucleus along the path of the
incident hadron. ) That is,

(7)

where M„and M, are the mass of the effective
target and that of the nucleon, respectively. The
quantity v ean be obtained from experiments by

measuring the total inelastic hadron-nucleon and

hadron-nucleus cross sections or it can be calcu-
lated from a nuclear model.

4. Fragmentation of the effective target. The
experimental result mentioned in (v) of Sec. I sup-
ports the idea that the nucleons along the path of
the incident hadron inside the nucleus act collec-
tively. In this picture, the energetic protons" as
well as the "shower" particles are the fragments
of the effective target which is "pushed out" of the
nucleus by the incident pion. ' The heavy tracks
are caused by the parts of the "leftovers" of the
target. They are not fragments of the effective
target. Furthermore, we note that the observed
energy independence of (R„) and that of the distrib-
ution with respect to X„[see (iii) of Sec. Ij is a
natural consequence of this picture. '

5. Exa~~~entation of tke pzoj ecole. Viewed
from the rest system of the projectile, the target
nucleus is a thin slab, the thickness of which is
proportional to v(M/E, ~). Here v is the (dimen-
sionless) average thickness of the nucleus, E„»
is the energy of the projectile in the target rest
frame, and M is the projectile mass. The first
factor is due to the nuclear size, while the last
factor is due to Lorentz contraction. As we have
learned from hadron-hadron reactions, in gentle

eolljsjonsi, i9 the prpcess pf mpmentum and quan-
tum-number transfer between the "stuff" in the
projectile and the "stuff" in the target does not
appreciably change when the thickness of the tar-
get varies (because of the I.orentz contraction),
provided that the incident energy is so high that
the limiting distribution is already reached. Hence
it is conceivable that, at sufficiently high energies,
the replacement of the target hadron by a nucleus
will not influence the fragmentation of the projec-
tile. This is because the nuclear size contributes
a factor v to the thickness, the effect of which is
the same" as that due to a decrease in incident
energy by the factor 1/v. Earlier experiments on
reactions of the type" vA —(vxv)A (where A is a,

nucleus), as well as the most recent inclusive ex-
periments mentioned in (iii b) and (iv) of Sec. I,
indeed showthat also in high-energyhadron-nucleus
processes the projectile behaves according to the
hypothesis of limiting fragmentation. "

Px'od~~ction of large-4 ansvexse-n~ cv» entnn~

particles as a co!!sequence of violent tmdron ef-
fective target -collisions As .we have seen in Sec.
II, large-p, particles are produced in violent had-
ron-hadron cpllisipns. 2" ' The fact that large-
p~ particles are observed in high-energy hadron-
nucleus reactions, 2' t3ken together with the argu-
ments presented at the beginning of this section
(subsections 1 and 3), lead us to the following con-
jecture: Such particles are produced in events
where violent collisions between the incident had-
ron and the effective target take place.

This conjecture can be readily checked experi-
mentally. Here we note that the total c.m. s. ener-
gy ~s„of the projectile-effective-target system
is A-dependent. This is because the ansatz given
in Eq. (7) implies

sg-vs&
&

where sx 2M&E&~ fo Ei~~ Mx Mz is the nucleon
mass, and E,~ is the incident energy of the pro-
jectile in the laboratory system.

In order to see the characteristic features of the
present model, we first discuss the case'4 in which
we use the simple ansatz

(9)

for the average thickness, and the relation

(10)

to take care of the "surface effect". Here cr,,(pA)
and o,,(pp) are the total inelastic cross section for
proton-nucleus and proton-proton collisions, res-
pectively. From Eqs. (5), (8), (9), and (10) we
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immediately obtain

do/d'p(pa, 90;Ez~; pA)
«~d'P(PLi 90 "~ El w~PP)

a (h s ) do/d p(pz, 90';Ez~; hA)

do/d'p(pz, 90'; E,~; hp)
(12)

where h stands for an arbitrary hadron. It follows
from Eqs. (11) and (12)

A-»24
czh(Pz, Ez~) = —', + bPz(2ME„b) zta . (13)

lnA

Obviously, the function nh(Pa, Ez~) is identical
with cz(pz) in Eq. (1) for h = proton and E„„=300
GeV. It is very interesting to see that the factor
(1 —A 'z'4)/InA is, as expected, in first approxi-
mation independent of A for 10 ~A ~ 200. The
function nh(p„E„b= 300 GeV) can be readily cal-
culated by using the known"" value for the only
parameter b. The result is given inFig. 1. We
see that the most striking features of o. (p,), name-

ly, the fact that it increases with p, and exceeds
unity for large p~, can be readily understood in
terms of the present picture. But the extremely
simple version of this model is not in a position
to reproduce the observed nonlinear p, dependence
of a(p, ) for pions at large p, values. "

The following points should be mentioned in this
connection: (a) No attempt has been made in this
paper to fit the data with more sophisticated ansatz
for the average thickness and for the A dependence
of the total inelastic proton-nucleus cross sections.
In a future, refined version of this model, these
parameters have to be determined either directly
from the experimental data or from a more realis-
tic nuclear model. Furthermore, the effect of
cluster production" as well as that of noncentral
hadron-effective-target collision'4 should be taken
into account. (b) General relations can be derived
from the basic characteristics of this picture with-
out making use of the detailed properties such as
the ansatz given in Eqs. (9) and (10). For instance,
we obtain from Eqs. (5) and (8)

(90;pz; E, b; hA)d'p

(90;p; E, ; hA) exp[-b(p, —p )s„'t'],

~A' 'exp[bp, (2ME„,) ' '(1 —A ' ")] (ll)
where b is the parameter that has already been
determined"" by the large-p~ data for proton-
proton processes. "

In order to compare the result of this model with
the experimental data of Cronin et al.' we consider
the function nh(pz, E„b) defined by

where p„ is a given value of the transverse mo-
mentum of the observed particle [for example, the
lowest Pa value of a set of da/d'P(90, Pz, E„b;PA)
data] . From this and Eq. (12)we obtain for the same
kind of projectile (e.g. , proton) at different incident
energies E„„and E'„„

+h(PJ i lab) +h(POJ ~ lab) — lab

+h(pJIE1 ah). +h(poz t Ezab) Elab
(15)

l. 2

CL l.0

0.8

l. 2

I.O

0.8

l. 2

I.O

0.8

2 4 6 0 2 4 6

p& (GeV/c) p& (GeV/c)

FIG. 1. Power & of the A dependence vs p~ for the
production of hadrons (~', K+, p, and p) by 300 GeV pro-
tons. Data are taken from Cronin et al. (Ref. 2). The
curves are calculated from Eq. (13) where the parame-
ter 5 is that determined in Ref. 16 and 35.

7. Existence of high nzzzltip-licity events as a
consequence of violent collision between the pro

jectile hadron and the effective target It fo. llows
from the discussion in subsection 6 and Sec. II
that, if this picture is correct, the pionization
events with high multiplicity in hadron-nucleus
collisions are caused by the same kind of produc-
tion as those in which large-p, particles are ob-
served, namely, by the violent collisions. Hence,
we expect in particular that with respect to nu-
clear size, such events show the same char-
acteristics as the large-p~ events. The experi-
mental result cited in (iv) of Sec. I shows that high-
multiplicity events indeed have the expected strong
A dependence at large angles as well as the ex-
pected shift in (pseudo)rapidity distributions.
(I.e., a shift of —-', lnA in Fig. 10 and Fig. 11 of
Busza's review paper, Ref. 1. We note that the
fragmentation products are not segregated in these
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experiments. See also the discussions in Sec. II
and Sec. IV.)

8. A.aerage multiplicity at high energies. %e
nom turn our attention to the experimental result;s
given in (ii) of Sec. I. From Eqs. (2), (6), and (8)
we immediately obtain, for violent hadron-effec-
tive-target collisions

tt„(E„,) = (v)'t', (16)

where v is the (dimensionless) average thickness
of the target nucleus, a quantity which has to be
determined by experiments or to be calculated from
a nuclear model. In particular, ln tIle case where
the simple naive ansatz given in Eq. (9) is used as
an illustrative example, me have

IV. CONCLUDING REMARKS AND SUGGESTED
EXPERIMENTS

The physical picture proposed in this paper to
account for the gr oss features of high-energy
hadron-nucleus multiparticle-production processes
is a simple and naive one. But, if it indeed pro-
vides a qualitative understanding of the existing
experimental facts, its simplicity and its trans-
parency should be considered as its virtues.

In addition to the experiments mentioned in Sec.
I, the results of which have already been com-
pared with this picture (see Sec. III), we would
like to suggest the following experimental investi-
gations which seem readily performable on the
one hand, and of considerable interest on the
other. %e think they will provide further insight

Furthermore, since the energy dependence of
the averaged multiplicity in violent collisions is
much stronger than that in gentle processes (see
Sec. II and the references given therein), we ex-
pect that Eq. (16) and that, to a certain degree,
also Eq. (17) are reasonable approximations of

R„(E„b)for all inelastic hadron-nucleus processes
at sufficiently high energies. " In other words, it
is the asymptotic expression for R„(E„,) for
inelastic hadron-nucleus collision processes.

It is interesting to see that the result given in Eq.
(17) is energy-independent (as experimental data' '
show), and that it is also in remarkably good agree-
ment with the experimental results on A. dependence
given in (ii) of Sec. I. It should be pointed out, how-
ever, that since some of these results are obtained
from experiments at E„b = 200 GeV, where the ratio
between fragmentation and violent-collision con-
tributions is not negligible and thus finite-energy
correction terms (see footnote 37) are still present,
we should be cautious and not try to draw strong
conclusions from this numerical agreement.

in hadron-nucleus multiparticle-production pro-
cesses in general, and can be used as crucial
tests for the proposed picture in particular.

(a) Measurement of nuclear size-dependence of
relative nlliltipliclty &l violent collisions foY'
different angular ~egions. If there are indeed
different kinds of processes in high-energy hadr on-
nucleus multiparticle production as the existing
data strongly suggest, then it is certainly of gene-
ral interest to knom what nuclear-size effect each
kind of processes has. In particular, it is very
desirable to have more experimental information
on processes in which large-p, particles are pro-
duced. Suppose we can add to the experimental
setup of Busza et al. ' a detecting device which
allows us to trigger on a large-P, pion, say. If
the proposed picture is correct, what me shall
see is that the relative multiplicity of relativistic
charged particles produced in inelastic collision
events u)ith large-p~ trigger svill be A. -dependent
also in the forward angles. This is because one
of the main features of this picture is that the A.

dependence of inclusive cross sections is due to
the effective target through its fragmentation, or
its violent collision with the incident hadron. Now,
in the projectile-effective-target c.m. system,
fragments from the effective target are concen-
trated in the backward hemisphere, but products
of violent collisions do not only contribute to the
backward angles. Hence, if this picture is cor-
rect, we expect to see the characteristic A de-
pendence due to violent collisions also in the
forward angles, provided that the overwhelming
projectile fragments, which are A. -independent,
are segregated. Now, one of the basic charac-
teristics of violent collisions is that such pro-
cesses can produce particles with large trans-
verse momentum (p, & 2 G V/ecsay), and there-
fore a large-p, trigger mill be sufficient to
separate violent hadron-effective-target colli-
sion events from the rest.

(h) Precise measurement of single particle-
distributions in &nultzple -producti on processes
at different energies and on different nuclei. The
importance of such experiments, especially in
connection with the possiblity of differentiating the
existing models, has already been pointed out by
many authors. s' In this picture, as we have seen
in Secs. II and III, the dependence of average
multiplicity on nuclear size in violent hadron-
nucleus collisions is a direct consequence of the
s dependence of dald'p [ cf. Eq. (5); here s is the
total c.m. s energy squared of the projectile-ef-
fective-target system] and the conjecture that the
effective target acts as a single hadron, the mass
of which depends on the atomic number of the nu-
cleus [see Eqs. (4) and (7)]. Now, the s depen-
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dence of d o/d'p for violent collisions is itself a
characteristic feature of this picture. Taken
together with the fundamental properties of
fragmentation processes, the present picture
asserts that do/d'p in central region (near 8=90'
in the projectile eff-ective tar-get c m. .system) is
drnninated by the s depe-ndent contributions fronr
violent-collisions e~&ents. That is to say, if the
picture proposed in this paper is correct, mea-
surements of single-particle (pion, say) inclusive
cross section in high-energy hadron-nucleus
multiparticle processes will show that, similar
to the striking results obtained by BtIggiId et al."
for proton-proton collision at CERN ISB energies,
it increases mth s much faster than the total
inelastic cross section. Furthermore, since the
total energy ~s of the projectile-effective-target
complex (in its c.m. system) depends not only on
the incident energy of the projectile Ey y but also
on the mass of the effective target M, which is
given by Eq. (7),39 it would also be very interesting
to study the A dependence and the E,~ dependence
of do/d'p separately In part. icular, in the high-p,
region we expect to see the validity of the simple
relation for n„(p„E„,) given in Eq. (15).

Added note. After this paper was submitted for
publication, works by Fredriksson40 and by Afek,
Berlad, Eilam and oar ' were received in which
large-p~ -phenomena in hadron-nucleus reactions

are discussed in terms of a similar ansatz for
the effective target. Since the present model is
based on our picture'6'7'~ for hadron-hadron
interactions which these authors did not use, their
starting points as well as their results are dif-
ferent from ours.

It is extremely interesting to see that the most
recent cosmic-ray data~' indicates that the energy
dependence of the average multiplicity is stronger
than that obtained from extrapolation of data, at
lower energies. This strongly supports the idea
that the contribution of violent collisions dominates
at high energies (see Sec. II and Sec. III 8).

The very recent experimental findings of the
BNL-CIT-LBL group" shows that exciting results
will also be expected from large-p, production
experiments on nuclei by using meson beams. ~
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