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We consider a quark-parton model in which wee partons of the projectile interact with
wee partons of essentially independent nucleons in the nuclear target. The ratio of multi-
plicities in the central region is (u)H„/(u)ss = —,v + v/(v + 1), where p is the mean num-
ber of inelastic collisions of the projectile II, in agreement with experiment. We also
predict nucleus-nucleus multiplicities, the multiplicity distribution, and the absence of
shadowing in large~;and large-p~ reactions.

Although the quark-parton model has been very
successful in predicting the short-distance be-
havior of hadronic interactions, the underlying
mechanisms involved in the production of hadrons
in ordinary high-energy collisions have never
been specified. In the case of particle production
on nuclear targets, this fundamental uncertainty
of the parton approach becomes amplified, and
this has led to an extraordinary range of diver-
gent predictions for even the most basic experi-
mental parameters. ' In this Letter we present a
new approach to this problem based on a straight-
forward application of parton-model concepts.
The resulting picture for nuclear collisions is
very simple and in good agreement with experi-
ment. It is based upon (1) the assumption that
each inelastically excited nucleon in the nuclear
target produces hadrons independently of the oth-
ers, and (2) a specific hadronic collision model

based on wee-parton interactions' analogous to
the Drell- Yan' pair-production process.

We begin with a simple parton-model descrip-
tion of hadron-hadron interactions. Each hadron
has a Fock-space decomposition in terms of mul-
tiparton states. An interaction occurs via a col-
lision of a parton in the beam (B) with a parton
in the target (A). The cross section takes the
typical Drell- Yan form'

c~= Q f'dx. f dx, G „„( )xG„s(x',)c„(s.,),

GAEA

where x, = (k,'+k, ')/(ps'+ ps') and x, = (k,' —k,')/
(p„-p„') are the light-cone fractions (ps' )0;
p„'(0) of the beam and target momenta, respec-
tively, and s„=x,x„s+m,~m~2/x, x,s is the square
oi collision energy for the subprocess. (For
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simplicity we do not display the transverse-mo-
mentum dependence. ) We presume that v,„ falls
rapidly with increasing s,b, as would be typical
of quark-parton exchange" or q-q annihilation
processes, ' and that each distribution G(x) has
the Feynman' wee-parton distribution xG(x) —C
0 0 at x-0. In this model v»(s) ~lns, and the
location in rapidity of the parton-parton colli-
sion, y, is distributed uniformly throughout the
central region, where neither x, nor xb is forced
into the finite-x, power-law-damped regions of
G(x). In inelastic collisions, the partons inthe
beam materialize as hadrons for y ~ y & Y~, and
those in the target materialize throughout the in-
terval Y„&y ~ y. Note that real hadron produc-
tion from the beam partons cannot extend much
below y since this forces propagators off shell
where interactions are suppressed.

Turning to nuclear collisions, we shall assume
that, aside from small binding corrections and
Fermi-motion effects, each nucleon in the nucle-
us independently develops its own parton distri-
bution. Thus the partons of different nucleons in-
teract with each other only minimally and do not
shadow or coalesce with one another. We empha-
size that nuclear-binding and Fermi-motion cor-
rections are not related to the "A"'" surface or
nuclear-size effects characteristic of shadowing.
In a high-energy collision, the various wee par-
tons of the projectile can interact with the wee
partons of different nucleons. The rapidity loca-
tions of the parton-parton collisions, y, , are un-
correlated and uniformly distributed in the cen-
tral region. Each nucleon in the nucleus A partic-
ipates in at most one interaction, whereas the
mea
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FIG. 1. Idealized multiplicity distribution for an H-
~ collision with 7 = 3 inelastic excitations. The y, are
uniformly distributed in rapidity and can be produced
in any sequence.

= [v/(v+1)]Y, . Thus we obtain, for the ratio of
multiplicities in the central region,

(n)~/(n)~ = v/2+ v/(v+ 1),

where the only dependence on the projectile B is
through the definition of v.

The distribution of particles averaged over
events produced from the excitation of the nuclear
partons is wedge shaped. The ratio of distribu-
tions R„(y) in the central region for hadron-nucle-
on to hadron-nucleus collisions is simply (y„—= 0)

n number of inelastic collisions of the beam Although Eqs. (2) and (3) are derived assuming a
ron II is v=Ao»'"'/v»'"". On the average, uniform plateau height in the central region in H-
, the rapidity separation between parton col- N collisions, corrections to this shape (which can

ons is Ay = Y,/(v+ 1), where Y, is the total arise, for example, from multiple parton inter-
gth of the central rapidity region. A typical actions) tend to cancel in the ratio.
tiparticle distribution for v= 3 collisions is Thus far we have ignored the effects of the frag-
strated in Fig. 1. Since the collision rapid- mentation regions. Equation (1) predicts that the
s are uncorrelated, each inelastically excited fast (e.g. , valence) partons interact only weakly'
eon produces hadronic multiplicity on the and thus R„(y) = 1 in the projectile fragmentation

rage halfway across the central region. As region, and R„(y) = v in the target fragmentation
number of collisions increases, the range of region. Let (nf„)„and (nf„)„be the average
projectile hadron distribution extends further number of particles produced in the projectile
further into the central region to the minimum and nucleon fragmentation regions (i.e. , within
on the average over a rapidity length very b,y&„-2 units of the incident rapidity). Then, in-

stead of Eq. (2), we obtain

(n,„,)~ l v/2 v/(v+ 1)](n „,„„)+v(n, „„)~+(n,„„)„
&n ~~)a~

2 v+1 2 v+1 n«, ~ 2 v+1 n«I)» ' (4)
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The model'proposed here is consistent with en-

ergy and momentum conservation. In the equal-
velocity frame, the central particles produced in
the projectile direction have a typical total ener-
gy of order vrrr (with rn rm= m2+(k~2)), which can
be compensated by a small loss of energy of the
leading particles in the projectile region, a cor-
rection of relative order (v —1)rrr/v s.

One may also use this picture to predict the
multiplicity distributions in nucleus -nucleus col-
lisions. ' For the central region one obtains

)A1A2

V

FIG. 2. The variation of R~= (n)z~/(n)@J„with v for
pion and proton beams. The data are for charged multi-
plicities from Hef. 9. The solid curve is the s ~ pre-
diction R~ 2 v + v/(v + &). The dashed curve is the line
gA = 2 p+ —,

' corresponding to no central region. The pre-
diction of the model, Eq. (4), for 8'»b ——200 GeV (tak ng
( nfpgg)g~ /(n«, ) = 0.2) is the dash-dotted curve, R& = v/
2+ v/(v+ &) —0.2(v —&)/(v+ &).

where (n „,)~= (n „„„,l}+ (n f„&)„+(n &„&)„is the
total produced multiplicity for the II-N collision.
In practice, the fragmentation correction terms
are small, of order (hy)f„g/1'«, -O(1/lns), com-
pared to v/2.

This result [Eq. (4)] is shown in Fig. 2 and is
in good agreement with the data for charged-pion
and proton collisions. In addition, the shapes of
the observed multiplicity distributions are con-
sistent with the predicted forms of Eq. (3) and

Fig. 1, except possibly at y -yA where a small
amount of cascading is probably occurring. The
slight energy dependence predicted in Eq. (4) is
also consistent with the trend of the data. "

We have analyzed the total nuclear cross sec-
tion in this model and have found it to be consis-
tent with the usual Glauber theory. " In this pic-
ture the incident hadron, which is represented by
its Pock-space parton distribution, can interact
elastically (diffractively) via elastic parton inter-
actions in the central region and can continue to
propagate and interact as a coherent hadron
through the nuclear medium. " Thus one obtains
the usual multiple-scattering Glauber series.
Nonetheless, the multiplicity density dN/dy pro-
duced from the incident-projectile parton distri-
bution is not increased by the repeated collisions.
Because of the Glauber series, the cross section
does not factorize: O„A'""-0»'"" approach the

Ag/N — Aq /N

where v»„,=A, cr» /o» is the average number
of inelastically excited nucleons in A, in the col-
lision with a projectile A, . Each such excited A,
nucleon interacts inelastieally with vA„~ nucleons
in A, so that the average rapidity length of excit-
ed partons in A, is [(v~ »/(v„, ,„+1)]Y,. Corre-
sponding statements apply to v„ /A and vA, „.A1/Z
The above result predicts, for example, (n)~, /
(n)», -3.8 for A2&100, which is in agreement
with cosmic-ray data for a-particle collisions. "
The predicted rapidity distribution monotonically
interpolates between fragmentation regions pro-
portional to vA1/A2 and vA2/A1

Finally, we wish to point out the eonneetion be-
tween our hypothesis of independently interacting
and materializing nuclear parton chains and deep
inelastic scattering measurements on nuclei.
The latter directly probe the parton distributions
within nuclei, and, according to our hypothesis,
one should obtain

vW „(x,) =-AvW (x;)
for all (including arbitrarily small) xa, = —qm/

2M„v~ 1 once q is in the Bjorken scaling region. '
For x~; & 1, Fermi-motion corrections can be in-
cluded and computed using quark counting, "but
otherwise nuclear-binding corrections to (6) are
considered negligible. Thus there is neither
shadowing noy' antishadowing" of the partons of
one nucleon by the partons of other nucleons. In
general, we predict the absence of shadowing—independent of beam energy —for any reaction
in the scaling region where the effective collision
energy v s of the subprocess is large, e.g. , for
the Drell-Yan process pA-1 'l X at large &
as well as for large-p~ hadrons reactions —ignor-
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ing multiple-scattering effects. This also im-
plies that for sufficiently large q' (or s), only one
nucleon in the target is "wounded" and the mul-
tiplicity will be that appropriate to v= 1. The ab-
sence of shadowing is also apparent in the ratio
of distributions R„(x)= (dn/dx)~/(dn/dx)~, where
x is the Feynman variable k, /k, '". At in-
finite energy R„(x) reduces in our model to a step
function R~(x) = v0(- x)+8(x) since the central re-
gion is confined to x-0. If we identify the nucle-
ar parton distribution shape with the multiparticle
distribution for x &0, this again corresponds to
the absence of shadowing: (dv/dx)»=A(dc/dx)~. "
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