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Abstract

High-energy hadron-nucleus (hA) collisions pro-
vide the exciting possibility of giving information
about the spacetime development of hadron-hadron in-
teractions and therefore differentiating various
multiparticle production models. We review some of
the major developments in this field during the past
decade, both experimentally and theoretically. Sev-
eral general features of the data are pointed out,
and several classes of models are discussed. We
elaborate on a recently proposed simple spacetime
model for high-energy hA collisions. We briefly com-
ment on the extension to nucleus-nucleus interactions

and the future outlook.

*To be published in the Proceedings of the 1980
cQgésgggg!_gg_ghgg;gggpa1 Particle Physics, January

S-11, 1980, Gaungzhou, People's Republic of China. ,7



I. Introduction

In hadron-hadron (hh) scattering experiments, because
the particle detectors are always at macroscopic distances
from the interaction region,[l] one can never learn about
the spacetime development of the strongly interacting process.
In other words, hh scattering experiments can only measure
the S-matrix. On the other hand, if one replaces the target
hadron by a nuclear target, then the time of flight for the
incident hadron or any produced secondary in traveling from
the first nucleon to a succeeding nucleon in the nucleus is
of the same order or even shorter than the typical duration
of the strongly interacting proca2ss. This means the nucleons
in the nucleus serve as detectors which are separated by mi-
croscopic distances. Therefore, hadron-nucleus (hA) scatter-
ing experiments offer the unique opportunity to learn about
the spacetime development of a strongly interacting process.
Furthermore, one of the most important areas of research in
strong interaction during the past decade is to find the
correct model for describing high-energy multiparticle pro-
duction processes. Since different multiparticle production
models for hh collisiuons give rise in general to different
predictions for hA collisions, studying hA interactions pro-
vides a good possibility of discriminating among the various
multiparticle production models and selecting the correct

one. For these reasons, high-energy hA collisions have gen-

erated tremendous interest during the past few years, both



experimentally and theoretically.

In this paper, we present a brief review of this sub-~

ject;[zl In Section II we review the essential features of

the experimental multiparticle productior data. In Section

II1 we discuss several types of hA models. Here we also
elaborate on a recently proposed simple spacetime model for
high-enexrgy hA collisions. This is followed by a short section
on the extension to nucleus-nucleus (AA) collisions. In the
last section, we mention some other interesting effects aris-

ing from interactions with nuclear targets, and end with

some conclusions and an outlook.



II. Experimental Features

There are several general features of the data.[3] One

defines
_ I‘Uin
\)h = —;E-K r (IIal)
in
where UPN ha

in (oin) is the hadron-nucleon (nucleus) inelastic
cross section and A is the number of nucleons in the nucleus.

The variable Gh can be interpreted to be the average number

of inelastic collisions experienced by the hadron h as it
traverses the nucleus (see Appendix A). Experimentally Uh
is approximately energy independent in the Fermilab energy
range. Table I gives the values of v for p and nt from an
{3bl]

experiment in the energy range from 50 GeV to 200 GeV.

Table I
Element A vE Vo
H 1 1.00 1.00
C 12 1.52 1.39
Al 27 1.95 1.70
emulsion ~60 2.50 2.07
Cu 64 2.54 2.10
Ag 108 3.00 2.40
Pb 207 3.67 2.82
U 238 3.84 2.92
If one defines
<N .>
R, T s, (11.2)

“Nen”hN



then the first feature is
(a) R, is small (~2.5) even for the largest A (see Pig. 1)

and may be approximately parametrized as
Ry =a+bv, witha=1/2=b, (I1.3)

where a and b are roughly energy independent in the Fermilab
[4)

range.

Let n and y be the pseudorapidity and rapidity variable,

E+P
respectively, defined as n = ~-in tan(OL/z) and y = %tn z

E-p,
where OL is the laboratory scattering angle, E and Pz are “
the energy and longitudinal momentum of the particle. Experi-
mentally it is easier to measure n, whereas theoretically it
is more convenient to use y. For almost all practical pur- ‘
poses, they can be used interchangeably. In any case one can
always change from one to another by a simple kinematical
transformation. The second feature is
(b) the differential multiplicity distribution dN/dn is ap-
proximately target independent in the projectile fragmenta-
tion region and increases roughtly as 36 in the target frag-
mentation region, as shown in Fig. 2.

Different projectiles give rise to different Gh and re-
suit in different R, and dN/dn for the same A. However, if
we choose A such that we have the same v for different pro-

jectiles, then the third feature is

(c) diffe.ent projectiles but for the same v have almost



(3f,3h] and dN/dn.‘3b]

the same RA
As usual, one defines the elasticity to be the ratio of
the laboratory energy of the outgoing projectile to the inci-
dent projectile's laboratory energy. For proton or neutron
initiated reactions, there is little ambiguity in picking
among the final hadrons the one corresponding to the projectile
nucleon, because usually there is only one nucleon in the
forward hemisphere. The fourth experimental feature is
(d) The elasticity for hA collisions decreases only slightly
from that of hN collisions even for the largest A.ls]
Another feature is
(e) in the vergAforward region, i.e., for n - Mmax’
(g% 2 (g%) 1 by a small amount for AZ > Al.[3e]

Finally, if one defines

- 2 . _ 2
D = /<Nch> <N_p> , (I1.3)

(£f) then one sees a linear dependence of the dispersion D

on <Nch>, and the data points for various nuclei lie on the

same straight line.[3a]

The above are six general features of the high-energy

hA data. A successful model must explain most and eventually

all of these features.



III. Theoretical Models

We discuss several types of theoretical models for high-

energy hA collisions.

A. Naive Cascade Model

The most obvious model and one of the earliest models
proposed is the "naive cascade model.'[6] This model assumes
that in hh collision, the time involved in producing physical
or fully dressed secondaries[7] is very short. Therefore,
in hA collision, the incident hadron h interacts with one of
the nucleons near the surface of A and produces many hadrons;
each of these hadrons then undergoes further interactions with
the subsequent nucleons, and the process repeats until all the
hadrons emerge from A. This model results in an extremely
large multiplicity and is completely ruled out by the experi-
mental result (II.3). The smallness of RA means that for a
model to have any chance of explaining the data, it must

have a mechanism to freeze some of the degrees of freedom.

B. Coherent Tube Model

A high-energy incident hadron h sees the nucleus Lorentz-
contracted, a second type of modells] assumes that h inter-

acts coherently with a tube of Gh nucleons. In this "coherent

tube model," the net effect is that the target has a mass Gth

and gives rise to an effective incident energy of Ghninc'

This model results in an enlargement along the negative direction



of the target fragmentation region. Since at present energies
the inclusive distribution has not reached a plateau and

its height is increasing with energy, the model does give rise
to an increase in the height of %% for hA collisions. How-
ever, this increase is much too small to be compatible with

[3b,d]

the data. Therefore, we conclude that it is unlikely

that the coherent tube mechanism is the dominant mechanism
responsible for the bulk of the multiparticle events in hA
collisions. But this does not rule out the existence of

this mechanism. As a matter of fact, it is probable that it
is the coherent tube mechanism which is responsible for those
rare and interesting events associated with the cumulative ef-
[9]

fect. Better data and perhaps also particle identification

in the region n s 0 can shed light on the existence and sig-

nificance of the coherent tube mechanism.

C. Long-Interaction-Time Model

From phenomenological analysis of multiparticle production
in hh interaction, one concludes that a general property of
hh interaction is short-range correlation in rapidity space.
One of the consequences of this property is that for the in-
cident hadron to interact with the target nucleon, it must
generate a multiperipheral chain containing small rapidity
particles (or partons). The rapidity difference between the
latter and the target (or partons in the target) is then small

and appreciable interaction can occur. Now, it takes time



for a hadron to generate such a multiperipheral chain. Focus-
ing on one link in this multiperipheral chain, one can argue
from the uncertainty relation and the difference between the
initial energy and the final energy that the time To (in the
rest frame of the parent hadron) for the hadron to branch into
two hadrons is of the order To ~ 1/m, where m is the mass of
the hadrons. In the laboratory frame this time is Lorentz
dilated. Summing the times from all the links results in a total
. laboratory time given approximately by 1 ~ g Tor where E is
the energy of the incident hadron. Therefore, at high energies
a long interaction time is involved. For hA collisions, h can
begin to generate its multiperipheral chain while approaching
A. However, for the energetic secondarieg produced from the
interaction of h with one of the nucleons in A, they will not
be able to interact with the subsequent nucleons, because by
the time they generate these small rapidity multiperipheral
chains, they would have travelled a long distance and be
spatially separated from A (see Fig. 3). Therefore, only the
small momentum secondaries car cascade and the additional
multiplicity must be concentrated in the small rapidity re-
gion, and such long-interaction-time modelllo] is at least
in qualitative agreement with the data. Several of these

models have also been shown to be in quantitative agree~

ment.IIOf-IOII But some of these require additional assump-
tions. Davidenko and Nikolaev[1°f] used a Ty ~ ig%ir-which.is
T

much smaller than the 7, discussed earlier (this possibility
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was also discussed in Ref. [10h]). Capella and Kryzwickilloq]
suppressed all secondary cascades and assumed that several con-
stituents of the projectile, each of which shares the inci-
dent energy roughly equally, interact with the corresponding
number of nucleons in A. Bialkowski, Chiu, and Tow[10h] as-
sumed that the probability for a produced secondary to develop
a small momentum multiperipheral chain is enhanced in the
presence of other hadrcnic matter, as in a nucleus (induced
maturity concept). Valanju, Sudarshan, and ChiuIIOi] gen-

eralized Feinberg's QED result[loa]

and thus provided a theo-
Tetical justification for the immaturity concept of Ref.
[10h]. Furthermore, by using a continuous hadronic medium
for the nucleus, instead of the discrete one used in Ref.
[{10h], they derived naturally a factor which at present ener-
gies has the same numerical effect as the induced maturity
factor used in Ref. [10h]. Therefore, to explain present hA
data, it is not necessary to explicitly introduce the induced
maturity concept.

Thus, this type of long-interaction-time model, perhaps
with some additional assumption, has been shown to be able
to explain the experimental data. This type of model has also

been extended to photon- and lepton-nucleus collisions.tll]

D. Two-Sheeted Model

The previnus type of model assumes that the secondary

particles are produced almost instantaneously, but in some



sense they are bare particles, because they have a smaller
inelastic collision probability than ordinary physical par-
ticles. To dress up these particles involves a long time
(the larger the momentum, the longer the time).

Another type of model!l?]

takes an alternative approach
to freeze some of the degrees of freedom. It assumes that
in hh ccllisions, the result of the interaction is two
excited hadronic systems. Each hadronic system is con-

sisted of a color-3 diquark and a color-3 quark; in the

CM syster. the diquark has large momentum and the

quark has small momentum. Because of the large momentum dif-
ference, the spatial separation between the diquark and the
quark increases with time, and the colored confining mechanism
then presumably comes into play and causes each hadronic
system to evolve into a jet of hadrons after a characteristic
time To (in its own rest frame) has elapsed (see Fig. 4).

For incident energy in the Fermilab range, the invariant mass
of each hadronic system is several GeV's; so it is reasonable
to take To to be the typical lifetime of a heavy nucleon
resonance, i.e., Ty = l/m1T or 1/2m“. Then at high energy,
the lifetime of the excited projectile system (EPS) in the
laboratory will be greatly Lorentz dilated, whereas the life-
time of the excited target system (ETS) will have a small
Lorentz dilation factor. Therefore, in high energy hA col-
lision, the first EPS does not have time to evolve into its
final multi-hadron state before it reaches the next nucleon

in A, whereas the ETS will have a large probability of evolving*
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into its final multihadron state. The above process repeats
itself until the EPS leaves A after Vh inelastic collisions.
This results in one EPS and Uh ETS, and therefore R, in this

approximation should be given by[13]

(111.1)

yw
]

N =
*

nf"!
=)

in agreement with feature (a) of Section II. The model also

says that (dN/dn)hA should be approximately the same as

(dN/dn)hp in the large n region,[14]

and (dN/dn)hA = Uh(dN/dn)hp
in the small n region, in agreement with feature (b).

The above hh collision model is based on the recent
discovery of the two-sheeted description of the Pomeron in
the Dual Topological Unitarization (DTU) approach.lls] As
we have just done, it can also be rephrased in the colored

quark-~parton model language.[ls]

Even though we use the words projectile and target to
describe the two excited hadronic systems, the quark-partons

from which they are formed are not the same as those of the

(12}

initial projectile and target. Furthermore, unlike pre-

viously proposed two-fireball models[17]

which were based on
the fragmentation or diffractive model,lle] this DTU two-
sheeted model is consistent with short-range correlation.
In addition, at asymptotic energies, the two chains overlap

completely in rapidity except for two finite regions at the

two ends.
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There is a small probability that the ETS's also do not
evolve into their final states before reaching the succeeding
nucleons and thereby undergo further interactions. This re-
sults in a second generation of ETS's and therefore additional
multiplicity. Because of the low energy of the ETS's, the
additional multiplicity should be small and in the small n
region. The final hadrons from the evolution of the ETS's can
also cascade, but this contribution can be neglected because
the energies involved are even smaller. Therefore, this model
predicts that R, should be slightly larger than that given
by (III.1l), and the excess multiplicity should be in the
small n regicn.

The above qualitative discussion has been made quantita-
tivellz] by choosing a specific formulation of the two-sheeted
hh model. The hh model chosen is that of Capella et al.[lsa]
This model was chosen because it is simple, well defined,

and above all separates the contribution of the ETS from that
of the EPS, but the results are fairly insensitive to the
specific hh model used as input (as long as it agrees with

[19]

the hh data). The hA model is then completely determined

and there is no free parameter. Figure 5a shows the results
of these zero-parameter calculations for dN/dn for 200 GeV
p-initiated reactions for v = 2, 3, 4, as well as the v = 1
input. The model calculations are in good agreement with the
data, except in the small n bins where as discussed before

we expect the model calculations to underestimate the
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multiplicity. Similarly, good agreements are obtained at

100 cCeV and 5C GeV, as shown in Figs. 5b and 5¢. Pigure 5d
shows the model's prediction at 400 Gev.lzol The results

for R, are shown by the solid line in Fig. 6. Again, the
model calculations are approximately equal to (but as expected
slightly less than) the data.

As mentioned earlier, one expects an additional multi-
plicity for small n. Taking To © 5%— , one obtains the mean
probability of an ETS reaching the next nucleon in A before
evolving into its final =tate; then within the same two-
sheeted model, it is straightforward combinatorials to trace
its subsequent interactions with the succeeding aucleons (see
Appendix B). The result for RA after adding this additional
contribution is the dashed line in Fig. 6. We see that the
agreement is excellent.

Inasmuch as <Nch> and dN/dn for pN, 7N, and kN are nearly
the same, the model predicts that these quantities for pA,
vA, and kA should be approximately the same for the same Vv,
in agreement with feature (c). In this model, because the
energy of the EPS is only slightly smaller than the incident
energy, the elasticity for pA is only slightly smaller than
for pp, in agreement with feature (d).

Thus, we see that this simple two-sheeted model provides
a good zero-parameter explanation of the first five experi-
mental features. The only remaining feature to be explained

(which has not yet been calculated in this model) is feature
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(f), the linear dependence of the dispersion D on <N p>-
Since it is known(zll for hh collisions that a two-component
model can explain the dispersion data, by including a small
diffractive component in the two-sheeted description of multi-
particle production, one probably can explain this last fea-
ture also.

It is an interesting question whether the two methods
of suppressing the degrees of freedom in the long-interaction-
time model and the two-sheeted model are equivalent or dif-

ferent descriptions of the same physical phenomenon.

E. Other Models

We discuss a few other theoretical models. The parton
model of Brodsky et al.tzz] has similarity to the model of
Ref. [10g). The model assumes that on the average 5h wee-
partons of the projectile interact with the wee-partons of
the same rapidity in 35 different nucleons in A, and also
assumes that cascading does not occur. It gives at asymptotic

energy the result

. (I11.2)

In comparison with the two-chain model of Ref. [12], this
parton model corresponds to a one-chain hh process. In addi-
tion, this model is applicable only in the central region,

and the inclusion of the fragmentation contributions is done
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by the introduction of a parameter, whereas the model of
Ref. [12) is valid for the whole rapidity range.

The two-phase model of Fishbane and Trefi1[23] assumes
that the first colliision gives rise to an excited hadronic
phase which has a flat distribution over the entire rapidity
range and this excited phase has a long deexcitation time,
and this excited hadronic phase interacts once more within
A. However, the model neglects the interaction of the
seconl (and subsequent) excited hadronic phase formed from
the interaction of the first excited hadronic phase. Evzaa
ignoring this point, this model's dN/dy is different from
that of Ref. [12] (even for the same hh input), because in
the latter model the EPS while traversing A does not have
much hadronic matter within the rapidity interval defined
by its digquark and quark.

Finally we mention that there have been interesting
[24]

attempts in obtaining information from hA interactions

about the number of constituent quark-partons in the incide:t

hadrons.
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IV. ©Nucleus-Nucleus Collisions

Some of the theoretical models discussed in the previous
section can be easily generalized to nucleus-nucleus (AA)
collisions. For illustration purposes, we discuss only the
model of Ref. [12].12%] Analogous to the definition (II.1),
one defines

NA
A

v : 10in
0AlA
in

(8

’ (IvV.1)
Al/A2

[\S]

which can be interpreted to be the average number of inelas-

tically excited nucleons in A, in its collision with A,. Then

2
the two-sheeted model gives
“‘Nen’a.a, Va,/a, Va_/a
- 172 17772 2771
RaAa, = < > St T ’ (1v.2)
172 ch NN

where the first (second) term is the contribution from the

VAl/AZ (VAZ/Al) excited projectile (target) systems in Al
(A,). Equation (IV.2) reduces to Eq. (III.1) when A, = N.

The rapidity distribution (dN/dy)A A is given by superposing
172
' L}
Al/Az EPS's and ~A2/Al ETS's evaluated

the contributions of v
at the incident laboratory energy per nucleon. For the model
to be realistic, the latter energy must be at least 20-30

GeV per nucleon. Unfortunately, this means that in the fore-

seeable future the only possible source of data is from cosmic

rays.
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V. Conclusion

The purpose of discussing high-energy hA collisions is
to learn about the spacetime development of hh interactions
and to differentiate various hh multiparticle production
models. From the experimental data (especially features
(a) and (b) presented in Section II and the theoretical
analysis discussed in Section II1), one concludes that to
avoid excessive cascading there must be a long time scale
involved in hh interactions. In the models of Ref. [10],
this is the time it takes a high-energy hadron to generate
a multiperipheral chain containing small rapidity partons
so that it can have appreciable interaction with an at-rest
hadron. Or saying it in another way, this is the time it
takes a high~energy bare particle to dress up to be a physical
hadron and so to have appreciable inelastic cross section upon
collision with another hadron. In the model of Ref. [12],
this is the time it takes the energetic excited projectile
system to evolve into its final multihadron state. This long
time scale rules out any sort of instantaneous production
model such as the naive cascade model.

Some of the successful hA models also tie in with recent
developments for models of hh interaction. For example, the
models of Refs. [10f], [10g] and ([22] rely heavily on parton
model ideas, and the model of Ref. [12] is based on the two-
sheeted description of the Pomeron and soft multiparticle

production within the Dual Topological Unitarization approach.
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As discussed in Section III, the latter model can also be
rephrased using the language of colored quark-parton model
and color confinement. All of this leads one to speculate
that one can also see glimpses of the true underlying theory
governing strong interaction by looking at hA interaction.
We also remark that there may be other interesting ef-
fects, besides the ones discussed here, which arise from
interactions involving nuclear targets. One is the A-depen-
dence for the inclusive cross section for large Pq secon-
[26]

daries. The data shows that this A-dependence for a n

a(P,)

secondary can be parametrized as A » where a(Pg) 0.9

n

for PT < 1 GeV/c and increases to a(PT) = 1.1 for PT > 4 GeV/c.
This A-dependence is most likely due to multiple scattering[27]
inside the nucleus. Another effect is the apparently large
intrinsic PT that data involving nuclear targets seem to re-
quire for perturbative QCD to explain massive lepton pair

(28]

production. Perhaps at least part of this large intrinsic

PT is due to an increase in the effective intrinsic P, as a
result of multiple scattering inside the nucleus. Another
effect is the importance of the two-step process p + A ~+
m + A' + co+ > uTu” + <+ as compared to the one-step process
p+ A~ uwtu™ + «++ . since the 7 has a valence antiquark,
the two-~-step process may be significant if the production
process is dominated by the Drell-Yan mechanism.lzg]

We see that great progress in the field of hA interactions,

both experimental and theoretical, was made during the last
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decade; we can look forward to some more exciting progress

during this decade.
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Appendix A

Here we present a simple argument within the disk ap-
proximation that Uh can be interpreted to be the average num-

ber of inelastic collisions experienced by h as it traverses

A. Within this approximation one can relate[3°] o?ﬁ and o?ﬁ
to the S-matrix and get

_ aml - s)

\)h = *—*T ’ (Aol)

2 2
vrA(l - Sh )

where k is the average (over impact parameter) number of

nucleons in A lying along the path of h, I'n and r, are the

A
radii of a nucleon and the nucleus, respectively. But
= 2 2k
k = A(rN/rA) and Sh << 1, so
- T 2
Vh k(1 - 8)
= Eph ' (A.2)

where Ph is the inelastic collision probability.IIOhIOur desired

interpretation of Uh follows from Eq. (A.2).

For a more refined derivation, compare the theoretically
calculated values of the average number of inelastic colli-

sions obtained by Fishbane and Trefilll7b] and the experi-

mental values of Uh of Ref. [3b].
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Agggndix_g

In this appendix we consider pA collision and calculate
the additional multiplicity due to the probability Q that the
ETS does not evolve into its final multihadron state before
reaching the succeeding nucleon N and thereby undergoes fur-
ther interactions. We parametrize this probability by
-t/¥1, . o2/

e , where we set 7, = 1/2m", and t = l/m" to

0
be the time to travel the average internucleon distance,
and vy is the time dilation factor.[31} Now, let P be the
probability that an EPS or ETS would undergo an inelastic

collision in a collision with N.[32]

Then the probability
P' that an EPS and ETS does not evolve into its final state
after traveling the average internucleon distance and then
undergoes an inelastic collision with the subsequent N is given

-2/y
by P! ~ P and P! = Pe ETS.

EPS ETS
It suffices to include only those interactions of the
ETS's with those succeeding N's which had not interacted
inelastically with the EPS (we call these unwounded nucleons),
because the excitation of N amounts to the formation of a
sheet and this provides a natural saturation mechanism for

[33]

its excitation. We want to derive a formula for the

average number ng of inelastic collisions with unwounded
nucleons that the ETS's experience in a nucleus with k
nucleons (k is related to Gb by Eq. (A.2)). For k = 2, n,

is given by



Erratum

*"What Can We Learn from High Energy Hadron-Nucleus Interactions?” by
Don M. Tow, Univ. of Texas preprint ORO 3992-383 (Dec. 1979).

In Appendix B starting with the last two sentences on page 22,
replace by the following:
... We want to derive a formula for the probability Py that the un-
wounded ith nucleon experiences an inelastic collision with the pre-
ceding ETS's. It is obvious that P, is given by

Py, = P(l'P)PéTS ’ (B.1)

where the first factor is the probability that the incident proton
undergoes an inelastic collision with the first N to produce an ETS,
the second factor is the probability that the EPS leaves the second N
unwounded, and the third factor is the probability that the ETS does
not evolve into its multihadron final state and then undergoes an in-
elastic collision with the second N. Similarly, P; is given by

)2

Py = [2P(1-P)] (1-P)PL.. + P2(1-P) (1 - (1 - P

[ ]
ETS ETS
where the first (second) term is the contribution when there is one
(two) ETS. The general formula is then

| B (B.2)

= mgl¢m_1(l-P)[l - (1-p; )i (B.3)
Pm = 2% ETs’ 1 ¢ .
where L | s ¢
_ 2! - -i
¢i = ITE=DT P (1-P) . (B.4)

The multiplicity from each such collision is to be evaluated at

the laboratory energy of the ETS.[34] Also, only one-half of this is

an additional multiplicity (as the contribution from the first genera-
tion ETS's is already included). The ratio r of this charged multi-

plicity to <Nch> N (the latter evaluated at the incident energy) is

approximately r = 0.27.[35] Therefore, the additional contribution

AR, to R, for a nucleus of k nucleons in length (k is related to Vv

by Eq. (A.2)) is k

AR, =r I p (B.5)
A jm2 1

The quantitative results presented in the preprint are correct
as they were calculated using the correct iformulas as presented here.



n, P(l—P)PéTS p (B.1)

where the first factor is the probability that the incident
proton undergoes an inelastic collision with the first N

to produce an ETS, the second factor is the probability
that the EPS leaves the second N unwounded, and the third
factor is the probability that the ETS does not evolve into
its multihadron final state and then undergoes an inelastic
collision with the second N. Similarly, for k = 3, n, is

given by

ny = [2P(1-P) 1 (1-P)P} . + p2(1-p) {1 - (1 - PéTs)Z] , (B.2)

where the first (second) term is the contribution when there

is one (two) ETS. The general formula is then

Tl ey (1 - (eprg) (B.3)
"k C,% ETS’ y
where
2 _ g1 Loy oy 2-i
%i = Tre-pr BOTR (B-4)

The multiplicity from each such collision is to be
evaluated at the laboratory energy of the ETS.[34] Also,
only one~half of this is an additional multiplicity (as the
contribution from the first generation ETS's is already in-
cluded). The ratio r of this charged multiplicity to

<Nch>pN *he latter evaluated at the incident energy) is

23
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approximately r = 0.27, [35] Therefore, to find the additional
contribution to R,, one just multiplies ng given by Eq.
(B.3) by this r.
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Figure Captions

A
collisions. Data is from Ref. [3b].

The multiplicity ratio R, versus Ué for 200 GeV pA

Laboratory pseudorapidity distributions dAN/dn for pa

collisions. Data is from Ref. ([3b].

The multiperipheral chain developments of a secondary

with large rapidity Y, and one with small rapidity Yg-

The former does not interact with the nucleus whose

nucleons are denoted by dots. The y-axis denotes

rapidity.

The two-sheeted model for multiparticle production:

(a) at short times, (b) at long times.

Laboratory pseudorapidity distributions dN/dn for pA

collisions. Solid curves are the zero-parameter re-

sults of the two-sheeted model of Ref. [12]; the v = 1

curve is the input.

(a) At 200 GeV. Also shown are the individual contribu-
tions (dashed curves) of the EPS and ETS. The histo-
grams are the data of Ref. ([3b].

(b) At 100 GeV. The histograms are the data of Ref. [3h].

(c) At 50 GeV. The histograms are the data of Ref. [3h].

(8) Predictions at 400 Gev.

The multiplicity ratio R, versus Ué for 200 GeV pA col-

lisions. Data is from Ref. [3b]. The dashed line and

solid line are the results of Ref. [12] with and without
including further interactions of the ETS's as explained

in the text.
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