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It is shown that the wounded nucleon model describes very wethe re-
cent PHOBOS data on patrticle production in D Au collisions at 200 GeV.
Contribution to particle production from a single wounded nucleon is de-
termined. A two-component model is formulated and shown to @count for
most of the important features of the data.

PACS numbers: 25.75. g, 25.75.Ng

1. Introduction

The model of wounded nucleons, proposed almost 30 years ad, [shows
a remarkable survival capacity: it is still being used in andysis of data [2, 3]
and the very concept of a wounded nucleon (called now a pdicipant 1)
became one of the basic tools in description and interpret&in of the heavy
ion experiments.

In its original form, the model proposes that the particle production in
a nucleus nucleus collision can be represented as a supesition of inde-
pendent contributions from the wounded nucleons in the progctile and in
the target. Consequently, the density of particles in a colkion of nuclei of
nuclear numbersA and B is given by

dNas

dy = waFa(y)+ wgFg(y)

= 2(wa + Wg)[Fa(y)+ Fa(V)l+ 3(wa wg)[Faly) Fs(¥)I; (1)

1 According to the de nition given in [1], the wounded nucleon is the one which under-
went at least one inelastic collision. We stick to this name because we think that the
name participant is incorrect: It should rather refer to n ucleons which underwent
any (either elastic or inelastic) collision.

(905)
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wherew, and wg are the numbers of the wounded nucleons iA and B, y is
the rapidity in the c.m. system of the collision and Fa (y) is a contribution
from a single wounded nucleon inA. Similarly, Fg(y) is the contribution
from a single wounded nucleon irB. The model requires

Fe(y)= Fa( y) 2

but it will be convenient to keep the more general formalism.

Recently, the pseudorapidity distribution dN=d of particles produced in
D Au collisions was measured by PHOBOS and BRAHMS collaboratios
at RHIC in a wide range of available phase space and for varias centralities
[4,5]. In the present paper we use the wounded nucleon modeab analyze
the data reported by PHOBOS [4].

We nd that the model gives a good description of the data, with the
condition (2) being well satis ed, except at rapidities close to the maximal
values. This observation allows us to determine from the dat the contribu-
tion F( ) from a single wounded nucleon.

Two novel features emerge from this analysis. It turns out that:

(i) F( ) is not con ned to the hemisphere corresponding to the woundg
nucleon in question but rather extends over all available rpidity (ex-
cept possibly close to the boundary); Moreover,

(i) F( ) shows a distinct two-component structure.

We have argued that these observations can be understood inracently
proposed mechanism [6], describing the particle productio as a two-step
process:

(i) multiple color exchanges between partons from projectile rad target,
followed by

(i) particle emission from color sources created in the rst stp.

In the next section we show that the wounded nucleon model desbes
correctly the data from PHOBOS [4]. Determination of the contibutions
Fau( ) and Fp( ) from the wounded nucleons is presented in Section 3
where also their structure is discussed. In Section 4 we proge a possible
explanation of these ndings. Our conclusions are listed irthe last section.
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2. Wounded nucleons in Deuteron Gold collisions

The most direct way to test the relation (1) is to construct the symmetric

and antisymmetric components of the particle density:
dN() dN( ).
d d '

G ()= (3)
In gures 1 and 2 these two quantities are plotted versus pseudorapidity
for various centralities measured in [4]. To compare with tle model, we
construct the averages

F)
G©
()= p— 1), @)
C[WAU WD ]:2
where ¢ denotes the centrality, as determined by PHOBOS [4].
The model predicts [f. (1)]
w. w
G ()= 55— () (5)

The R.H.S of (5) is shown in Figs. 1 and 2 as shaded areas (expeng the
inaccuracies in determination ofwa, and wp). One sees that the agreement
is rather satisfactory (except in the regions close to the memal allowed
rapidity).

We thus conclude that the model describes correctly the avéble data.
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Fig. 1. Antisymmetric part of the deuteron D Au inclusive cross-section compared
with predictions of the wounded nucleon model.
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Fig. 2. Symmetric part of the deuteron D Au inclusive cross-section compared with

predictions of the wounded nucleon model.

Using data on nucleon nucleon collisions another, more deanding, test

of the model is possible.

Indeed, one sees immediately from (1) that for the nucleon ncleon col-

lision we have

dN
dg“ = Fa(y)+ Fe(y)= Fn(Y)+ Fn( Y)
and thus for the ratio
dNAB =dy
Rag (Y) ANy =dy

one obtains
Rag (¥) = 3(wa + wg) + 3(wa  Wg)

The rst immediate consequence is

Rag (Y =0) = F(Wa + Wg)

Faly) Fs(y).
Fa(y)+ Fe(y)

(6)

()

(8)

9)

implying that the value of the ratio Rag at mid-rapidity is fully determined
by the number of wounded nucleons and entirely independentfahe shape

of the function F (y).
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Fig. 3 showsRp ay(0) plotted versus(wa, + Wp )=2, as measured by the
PHOBOS collaboration [4]2. One sees that the data are indeed in excellent
agreement with (9).
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Fig. 3. Particle production in the central region compared with the predictions of
the wounded nucleon model.

The next step is to verify if the model gives an adequate desigtion of
data at y 6 0. To this end we study the quantity

dND Au dNNN

Do au() q Rp au( =0) g (10)
To verify the model we again construct the average over cendlities :
P
(c)
D
()= ph 2 A“((C)? : (11)
c WAu WD =2

where ¢ denotes the centrality, as measured by PHOBOS.
According to (1) and (9) we should have

Do au( )= 3(Wau Wp)[Fau( ) Fo( )= 3(wau wp) (); (12)

InFig. 4 Dp au( ) is plotted for various centralities, as measured in the
PHOBOS experiment, and the product%(wAu wp) ( ) is shown as shaded
areas. One sees good agreement with the measured valueDef A, ( ) In
the deuteron hemispheré. There are deviations in the Au hemisphere for the

2 The numerator of Rp au (0) was taken from the numerical data given in [4]. The
denominator was read o from the gure 1(b) of the same paper.

% For maximal centrality, the approximate linear dependence on was observed for
Rp au(y) already in [3]. We thank W. Busza for calling our attention to this obser-
vations which triggered our interest in the subject.
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most central collisions. They may be either genuine hither to unexplained

deviations from the model, or simply represent an addition al contribution
to particle production from the secondary interactions insde the nucleus.
More work is needed to clarify this feature.
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Fig. 4. Comparison of the relation (10) with the predictions of the wounded nucleon
model.

3. Particle emission from a single wounded nucleon

From (3) and (1) we deduce that the contribution from a singlewounded
nucleon can be expressed as

FC =30 ") ()] (13)

The functions F( ) and () are shown in Fig. 5.

Similarly, using (6) and taking into account that the symmetry relation
(2) is well satis ed by the data, one can express Fp( ) Fau( ), in
terms of pp( )= Fp( )+ Fau()and ()= Fau() Fo():

I:Dz%[ pt () FAuz%[ pp ()l: (14)

In Fig. 6 Fp( ) and Fay( ) are shown together with po( ) and ().

One sees that, except for tiny details, the results shown indth gures are
very similar to each other (if one excludes the regions cloge the maximal
rapidities). We thus conclude that both methods of analysislead to the
same picture.
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Fig.5. Particle production from a single wounded nucleon. $mmetrized particle

densities.
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Fig. 6. Particle production from a single wounded nucleon. Uhsymmetrized particle

densities.

Three striking features are to be noted:

(a) One sees that
from a wounded nucleon extends far beyond its own hemisphereov-
ering practically the full rapidity interval except about 1 .5 units from
both ends (where the energy conservation e ects and the inanuclear
cascade are expected to give corrections to the model in anae)*.

contrary to naive expectations

the contr

ibution

4 One sees explicitely that the model does not work in the Au fra gmentation region,
where Fp () turns out negative.
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(b) Another hitherto unexpected observation isthe verys imple linear
dependence on of ( )andof () which can be well approximated
by a straight line with the slope of about 1=3.

(c) There is a dramatic di erence between the rapidity deperence of the
symmetric and antisymmetric part of F( ).

In the next section will shall discuss the consequences of ése observa-
tions for the mechanism of particle production.

4. A possible interpretation

The observations of the previous section allowed us to deterine the
contribution of one wounded nucleon to particle production We have thus
obtained a qualitatively new information on mechanism of the inelastic
nucleon nucleon collisions. A possible interpretation ofthis result is pre-
sented below.

The striking di erence between the measured symmetric and atisym-
metric part of F(y), seen in Figs. 5 and 6, suggests thdt (y) (which is the
sum of its symmetric and antisymmetric parts) may consists 6two compo-
nents of di erent origin. A natural possibility is to identi fy one component
with particle emission from the valence part of the nucleon ad another one
with emission from the gluon cloud.

We thus write

v) (9
dN _ aNTT AN (15)
dy dy dy

where we qualitatively expect the gluonic contribution to dominate the sym-
metric part of the spectrum, while its asymmetric part is gererated by the
valence contribution.

To discuss this concept in more detail, we shall use the modgroposed
recently in [6], thus accepting that particle production proceeds in two-steps
() the multi-gluon color exchanges between partons of the preftile and
of the target and (ii) the following emission of particle clusters from color
sources or strings.

To illustrate the consequences of this idea we shall assumbdt particle
emission from a color source follows the general features thie bremsstrahl-
ung mechanism [10], or equivalently [9] the string model [ 7,8]. Consider
a color source moving to the right. It will emit clusters®, approximately
uniformly in rapidity, until it is neutralized by one of the p artons of the

® It is well known that most of the observed particles are decay products of resonances
or clusters [11].
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target. Thus the density of the emitted clusters, (y;y*;y ), is conned to

the rapidity region between the rapidity of the source §*) and the rapidity

(y ) of this parton from the target which neutralized the sourcé.
Consequently, the observed distribution of clusters is

VA 27
= dy hy ) dy"HY9OW") (y;y"ry ); (16)
Y y

dN (y)v:9)
dy

whereH (9) (y*) represent the distributions of the emitting sources (valege
and gluons) andh(y ) the distribution of the partons in the target normal-
ized to 1 Assuming that the parton distribution is dominated by gluons we
furthermore obtain

HOCy) |

h = :
V)= R o)

(17)

This formula immediately implies that the contribution fro m gluon sour-
ces issymmetric with respect to y (provided (y;y*;y ) is symmetric, as
expected). Consequently, the contribution to the antisymmetric part of the
distribution comes solely from the valence sources.

To illustrate other consequences of (16), we shall rst coniger a radically
simpli ed picture, taking (y;y*;y )= fory y y*,andHO(y)=
H (9 between Y andY, where and H(9 are constants. The result is

2
dN (y))
TP= = ey & HOY);
y
dN (y)(@ _H (9) _H (9) 5 o
& = ey (VTN = v yEv): )

Since the distribution H ™ (y*) of the valence part iﬁ con ned to the region
close to maximal rapidity, say y+ Y , the integral yY dy* HM(y*) equals
1, fory <Y . Consequently, fory <Y we have

dN ()™ _

T = W(Y +Y) (19)

i.e. the linear dependence ory.

® In the string language these are rapidities of the two ends of the string.
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This simple exercise shows that the (observed in data) lingadependence
of the antisymmetric part of the distribution is a direct consequence of the
at distribution of gluons and of the emitted clusters.

The symmetric part is dominated by contribution from gluon sources.
Its central value increases linearly with the total availabe rapidity in agree-
ment with data [12]. The quadratic dependence ory is also at least
qualitatively not inconsistent with the data [5]. Thus we f eel that we
may be indeed on the right track.

It is clear that important re nements to this simple example are nec-
essary to obtain a more precise description of the data, paicularly in the
region close to the maximal allowed rapidity. Some possikties are discussed
in the Appendix.

5. Summary and discussion

Using the data on pseudorapidity distributions in D Au collisions at
200 GeV c.m. energy [4], we have shown that they can be reasdiga well
described by the wounded nucleon model [1]. This allows on® tdetermine
the contribution F(y) to particle production from one wounded nucleon
which is a novel information, hitherto not available. The data show that
(&) F(y) extends over the full rapidity range, far beyond the hemisplere of
the wounded nucleon in question, and (b) one observes a stiilg di erence
between the antisymmetric and symmetric parts ofF (y).

The last feature suggests thatF (y) is built from two components, rep-
resenting particle emission from two di erent sources. Exending the ideas
formulated in [6], we proposed to identify these two sourcess (i) the va-
lence part of the nucleon and(ii) the soft part of the nucleon structure,
dominated by gluons. This idea, accompanied with the assunimpn of the
approximately at gluon rapidity spectrum, explains immed iately the strik-
ing linear behavior of the antisymmetric part of F(y), determined by the
contribution from the valence source (the gluon contribution is symmetric
in rapidity and thus does not contribute to the antisymmetri c part of the
spectrum).

We thus conclude that the new data onD Au collisions allowed us to
obtain a qualitatively new information on particle production and to identify
the two distinct sources inside the nucleon.

Several comments are in order.

(i) It should be emphasized that the model of wounded nucleons iplies
that the intensity of particle emission from a wounded nucl®n does
not depend on number of its interaction with the target. In our in-
terpretation this means that the number of color sources pewnit of
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rapidity (in one nucleon) is independent of the number of itsinter-
actions, i.e., independent of the number of color exchanges between
the projectile and target. The experimental veri cation of the model
shows that such a saturation is indeed present.

(ii) 1t seems likely that this saturation of particle emission isrelated to the
concept of formation zone [13],.e., strong reduction of soft emission
from sources too close in rapidity. It would be interesting b investigate
this question in more detail.

(iii)y Our interpretation of the data has very much in common with the dual
parton model (DPM) [14]. In particular, our valence contribution
corresponds to that of diquark quark string in DPM, while our glu-
onic strings are analogous to the sea quark strings of DPM. gnoring
the technical details (inessential at this stage of discussn), the main
di erence is in the way we count the number of emitters. Although
the number of valence sources is the same in the two models, -
ing of the short strings seems substantially dierent. In the dual
parton model the number of the short strings equals the nunber of
interactions between the projectile and target. As alreadyexplained
above in(i) , in our approach this is a property of the wounded nucleon,
independent of the number of its interaction with the target.

(iv) The simple distributions of partons and of emitted clustersused in our
discussion were taken only for illustration. If more precis description
of data is attempted, they must be accordingly modi ed, particularly
in the region close to maximal rapidity. One example of poskie mod-
i cation is shown in the Appendix. It would be certainly inte resting
to perform such an analysis when the nal version of data is aailable.

(v) It was shown in [15] that the wounded nucleon model does not de
scribe correctly the data for the Au Au collisions at RHIC energies.
In particular, the particle density in the central rapidity region in-
creases much faster than the number of wounded nucleons. Itilvbe
very interesting to compare these deviations with the oneslmserved in
the present paper €f. Fig. 4).

We thank Wit Busza for illuminating discussions which focuse our inter-
est on the problem discussed in the present paper. We also thk Krzysztof
Fia?kowski for instructive discussions about di erent mocels of particle pro-
duction. Last but not least we like to thank Roman Ho2y«ski for help in
dealing with the PHOBOS data. This investigation was suppored in part
by the Polish State Committee for Scienti c Research (KBN) Grant No 2
P03 B 09322.
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Appendix

One possibility of the more adequate description of the datastill retain-
ing the salient features of the model, is described below. Le

h ih [
(y’y""y ) - 1 e (y+ y): 1 e (y y ):

1 e (y +Y)=
2Y 1 e 2Y=

h(y ) =

HM(y") = }e (Y y)= . (20)

One sees that these formulae modify the regions close to theaximal ra-
pidities. In the limit of vanishing parameters , and one recovers the
simple situation described in Section 4. When (20) is subdtited into (16)
one obtains

dN(Y)©@ _ W(Y + y)W(Y )

dy 2Y 1 e 2Y= (21)
with
W(z) =z 1+ e = 1+ e = (22)
and
ng;)(V) _ ;/:/((Y + ;;)V(JZY:y) : (23)
where
V(z)=1+ e’ + ——e “ (24)
For = = one obtains
W(z) = z 1+e = 2 1 e*®™ ; (25)
V(z) =1 [1+z=]e “ : (26)

These formulae show explicitly that the distributions are modi ed in a
nite region close to the phase space boundary, wher§Y| | yj) is not too
large. As one moves out from the boundaryj.e. when (jYj j yj) are large,
the corrections vanish exponentially, and we recover the maults given by
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(18) and (19). The size of the region where the corrections arimportant is
controlled by the parameters , , and

We have checked that these formulae are exible enough to acant for
the results of Figs. 5 and 6.
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