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A simple space-time description of high-energy hadron-nucleus collisions is presented.
The model is based on the two-sheet description of soft multiparticle production in
hadron-hadron collisions, and can be formulated in a parton framework. This zero-

parameter model agrees well with the general features of hadron-nucleus data.

Two general features have emerged from high-
energy hadron-nucleus (kA) experiments during
the last few years.'! One defines R 4= (N,)/{Nep
and V=A0,"/0,,"4. The variable ¥ can be inter-
preted to be the averaged number of inelastic col-
lisions experienced by & as it traverses through
a nucleus with A nucleons.

One feature of the data is that R, is small and
may be approximately parametrized as R ,~a
+bv, witha~3~b2anda, b, and ¥ are roughly
energy independent in the Fermilab energy range
=~50-300 GeV.? The second feature is that the
rapidity (or pseudorapidity) distribution dN/dy
(@N/dn) is approximately target independent in
the projectile-fragmentation region and increas-
es roughly as v in the target-fragmentation re-
gion.

Because of the exciting possibility of extracting
the space-time development of hadron-hadron
(rh) collisions, kA collisions have generated tre-
mendous interest during the last few years, both
experimentally and theoretically.® In this paper
we present a simple space-time description of
hA collisions. Our model is motivated by the
two-sheet description in dual topological unitar-
ization (DTU),* but it can also be phrased in the
parton language.®”™”

In DTU, soft multiparticle production for high-
energy hh (to be specific, say pp) collisions is
described by the two-sheet structure shown in
Fig. 1. Each sheet corresponds to a multiperiph-
eral chain generated by a quark and a diquark
and the two chains overlap in rapidity. The pom-

eron is generated through the unitarity sum of
the square of the multiparticle production ampli-
tude. Squaring and sewing the amplitude depicted
in Fig. 1 results in the cylinder topological pom-
eron. ‘

In terms of the colored quark-parton language,
one can reinterpret the DTU pomeron; as the re-
sult of the interaction between the projectile and
the target, a negative small-Feynman-x quark
of the target is associated with the positive large-
x diquark of the projectile, and a positive small-
x quark of the projectile is associated with the
negative large-x diquark of the target. This re-
sults in two hadronic systems; each hadronic sys-
tem is made up of a color-3 quark and a color-3*
diquark. We call these two hadronic systems the
excited projectile system (EPS) and excited target
system (ETS), respectively.? Because of the
large difference in momentum between the quark

(a)

(b)

FIG. 1. The two-sheet model for multiparticle pro-
duction: (a) at short times, (b) at long times.

518 © 1980 The American Physical Society



VOLUME 44, NUMBER 8

PHYSICAL REVIEW LETTERS

25 FEBRUARY 1980

and the diquark in each hadronic system, the spa-
tial separation between them increases with time,
and the color-confining mechanism then presum-
ably comes into play and causes each hadronic
system to evolve into a jet of hadrons after a
characteristic time 7, (in its own rest frame) has
elapsed.

It is reasonable to take 7, to be the typical life-
time of a heavy nucleon resonance,’ i.e., 7,
~m, " or (2m,)"'. Then at high energy, the life-
time of the EPS in the laboratory will be greatly
Lorentz dilated. Therefore, the first EPS does
not have time to evolve into its final multihadron
state before it reaches the next nucleon in A4,
whereas the ETS will have a large probability of
evolving into its final multihadron state. The
above process repeats itself until the EPS leaves
A after v inelastic collisions. This results in
one EPS and v ETS, and therefore R, in this ap-
proximation should be given by'°

R,~3+30, 1)

in agreement with the data.

Because of a small probability that the ETS’s
also do not evolve into their final states before
reaching the succeeding nucleons and thereby
undergo further low-energy interactions, we ex-
pect a small additional multiplicity in the small-
9y region. We neglect the further cascades of the
final hadrons from the evolution of the ETS’s,
because the energies involved are even smaller.
Therefore, our model predicts that R, should be
slightly larger than that given by (1), and the ex-
cess multiplicity should be in the small-y region.
Since as the result of the collision of # with A,
there is one EPS and v ETS, (@N/dy),4 should be
approximately the same as (dN/dy),, in the large-
y region,' and (@N/dy),,=V(AN/dy),, in the small-
y region, in agreement with the data.

We now make quantitative the qualitative dis-
cussion given above by choosing a specific formu-
lation of the two-sheet model. The model we
choose is that of Capella et al.® We emphasize
that our results are fairly insensitive to the spe-
cific 2%z model (as long as it agrees with the ik
data) used as input.’> We choose the above model
because it is simple, well defined, and above all,
separates the contribution of the ETS from that
of the EPS.

Denote the laboratory rapidity by y; then the
model of Ref. 5 gives

(dN/dy)pp
:f(y _@c.m"‘A))"'f((Vc.m.'A) _y), (2a)

wj=

where
1.201 —£)°, 520
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§ TP P? +4m )2 -f[(]_ - x,)?P? +m02] 75, (2d)
B XoP =Bl P +4m )" 2e)

(1 _Bz)uz

and where they used m g =0.33 GeV for the quark
mass and p,=0.33 GeV for the transverse pion
mass. In Eq. (2), P is the incident momentum in
the c.m. system and y,, is the c.m. rapidity in
the laboratory, B (A) is the velocity (rapidity) of
the EPS’s c.m. relative to the overall c.m. and

P is the momentum of the projectile diquark in
the EPS’s c.m. The expressionf is related to the
quark and diquark fragmentation functions and is
determined from e *e~ data and dimensional count-
ing rules.!® The first and second term in (2a)
correspond, respectively, to the EPS and ETS
contributions. Equation (2) does not include the
forward proton.

It is then straightforward to work out the kine-
matics of the ( - 1) succeeding inelastic interac-
tions in ZA collisions and conclude that the kine-
matics for the second collision is approximately
just that of the first collision except for the sub-
stitution P - P[ x4(2 —=x,)]'/2. Similar remarks
apply for subsequent collisions.

In Fig. 2 we show the results of these zero-pa-
rameter 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 multi-
plicity. The results for R, are shown in Fig. 3.
Again, the model calculations are approximately
equal to (but, as expected, slightly less than) the
data. Our model predictions for dN/dn also agree
well with the data of Busza et al.! at 50 and 100
GeV. These comparisons and higher-energy pre-
dictions will be presented elsewhere. Inasmuch
as (N, and dN/dy for pp and mp are nearly the
same, our model prediets that these quantities
for pA and 7A should be approximately the same
for the same v, again in agreement with data.*

In our model the elasticity for pA is only slightly
smaller than for pp, also in agreement with the
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FIG. 2. Laboratory pseudorapidity distributions for
PA collisions at 200 GeV. Solid lines are our curves;
the v=1 curve is the input. Also shown are the indivi-
dual contributions (dashed curves) of the EPS and ETS
as given by Eq. (2). The histograms are the data of
Ref. 1a.

trend of the data.'®

As mentioned earlier, we expect an additional
multiplicity for small 5. Taking 7, (2m )" !, one
obtains the mean probability of an ETS reaching
the next nucleon in A before evolving into its fi-
nal state; then within the same two-sheet model,
it is straightforward combinatorics to trace its
subsequent interactions with the succeeding nu-
cleons. The result’® for R, after adding this ad-
ditional contribution is shown as the dashed curve
in Fig. 3.

We end with a few remarks. As already dis-
cussed in Footnote 8, our model is consistent
with short-range dominance and is different from
the old two-fireball model.'” In the two-phase
model,'® the first collision gives rise to an ex-
cited hadronic phase which has a flat distribution
over the entire rapidity range, and this entire
excited tube undergoes further interactions,
whereas in our model, the EPS while traversing
A does not have much hadronic matter within the
rapidity interval defined by its diquark and quark.
Because of the above difference, the predicted
dN/dy is different even for the same 4% input. In
the modified cascade model,'® multi-bare-had-
rons are immediately produced but it takes time
to dress up these bare particles; consequently,
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FIG. 3. Integrated multiplicity ratio R4 vs v for pA
collisions at 200 GeV. Data points with typical errors
of £4% are from Ref. la. The dashed line and solid
line are our results with and without including further
interactions of the ETS as mentioned in the text.

the subsequent inelastic interactions of fast sec-
ondaries are suppressed. In the present model,
the intermediate state is just one EPS and one or
more ETS, and cascading (except for very small
v) just does not exist. It is an open question
whether these two methods of freezing the de-
grees of freedom are really equivalent or differ-
ent descriptions.
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