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Transverse and forward energy distributions in ultrarelativistic heavy-ion collisions
by an absorption model
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An absorption model based on the eikonal approximation of the nuclear optical model is proposed for the
transverse and the forward energy distributions in ultrarelativistic heavy-ion collisions. It is shown that the
measured distributions can be expressed by their geometric distribution convoluted by a Gaussian distribution
with centroid and width determined by the collision geometry and the average properhiebl aollisions.

This result provides a physical argument for the formula used in the data fitting of the transverse energy
distribution in the literature. The forward energy distribution formula is shown to be applicable for the data
fitting. [S0556-28188)05902-(

PACS numbeps): 25.75—q

I. INTRODUCTION the optical model, the interaction between the projectile and
the target is expressed by a potential with an imaginary part,

Ultrarelativistic heavy-ion collisions have become the fo-and this potential describes the collision geometry in an in-
cus of intense research because of the possibility of produguitive and very simple way19]. On the other hand, it is
ing a deconfined quark-gluon plasma as well as of restoringvell known that the nuclear optical model in high energy
chiral symmetry during such collisiorid]. The global ob- nuclear collision processes is just the limit of the Glauber
servables, i.e., the transverse energy, the forward energy, theultiple collision theory[20—22 for a large number of
multiplicity, the rapidity, and the transverse momentum dis-nucleons; thus it can be interpreted on the basis of the mul-
tributions of the created particles—mainly pions and othetiple collision picture.
hadrons in addition to photons and leptons—are understood The purpose of this paper is to develop a phenomenologi-
as the observables related mainly to the collision geometrgal model, based on the eikonal approximation of the rela-
and kinematics, and thus are important for understanding thivistic nuclear optical model, for the transverse and the for-
collision mechanism itself. ward energy distributions in ultrarelativistic heavy-ion

Actually, the transverse energy, the forward energy, andollisions, and to use it to discuss the physics as well as the
the multiplicity distributions have been used to control thegeometry involved in the collisions. Section Il outlines the
centrality of collisions in high energy nucleus collision ex- eikonal approximation approach of the nuclear optical model
periments. Especially, in the recent measured anomalbis  for high energy collisions, Sec. Il treats the transverse en-
suppression in PbPb collisions at 158 GeV/c [2] which  ergy distribution, Sec. IV formulates the forward energy dis-
has attracted much attenti¢B], the transverse energy has tribution, Sec. V gives some numerical examples in applying
been used as centrality cuts since each transverse enerthese formulas, and Sec. VI is a short discussion and sum-
range is shown to correspond to an average impact paranmary.
eter.

However, the correlation between the collision centrality
and the global observables, for example, the transverse en-
ergy distribution, is model dependent. Even some specific
models for the global observables exist alreqdy-16]; in Following the nuclear optical modgl9], a phenomeno-
addition to several microscopic model calculations such afogical potential involving a real part and an imaginary part
by FRITIOF, RQMD, VENUS or HIJING, a phenomenological can be assumed for the collision between projectile particle
model of global observables, which is reliable in theoreticaland targetA, p+A,
formulation and easy in numerical application, is still needed
in interpreting the centrality dependence of the measured V(r)=Vy(r)—iw(r). (1)
data[17,18.

As the global observables are related mainly to the colli-The real partVy(r) describes the elastic scattering, and the
sion geometry and kinematics which are not sensitive to thémaginary partW(r) describes the absorption of the incom-
microscopic degrees of freedom of the colliding system, théng wave by the target. The absorption of the incoming wave
relativistic nuclear optical model is an appropriate schemeneans a decrease of the outgoing wave. This is equivalent to
for formulating such a kind of phenomenological model. Inthe inelastic process, including the actual absorption of the

projectile and the creation of new particles, beside the inelas-
tic scattering of the projectile.
*Permanent address: Department of Technical Physics, Peking For high energy processes, the Dirac equation should be
University, Beijing 100871, China. used for the wave functio of the projectile of masm,

II. EIKONAL APPROXIMATION APPROACH
OF THE NUCLEAR OPTICAL MODEL
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oV the impact parameter. It should be noted that g.is ex-
th=[—iﬁCa-V+,8mcz+V(r)]\If, (2)  actly the same as that obtained by the relativistic Feynman
diagram techniqu§23,24].
wherea and are the Dirac 4 4 matrices. The correspond-  Following the standard procedure for deriving the optical
ing continuity equation is theorem in the nonrelativistic potential scattering theory
[19], the generalized optical theorem can be derived from the
o dp 2 continuity equation based on the relativistic outgoing wave
V-j+ ot g|mV(I’)p, 3 function (7), giving as a resulo=o°+ 0®, whereo is the
total cross sectiong® the total elastic scattering cross sec-
wherep=¥"¥ andj=c¥Ta¥ are the probability density tion, ando® the total absorption cross section, respectively,
and the probability current density, respectively. Since the
right-hand si_de of_ the continuity equation is_the source of the _ 47 —imf(9=0)= 2Ref d2b[1—ex®7], (11)
current, the imaginary part of the potential is proportional to ko
the strength of absorption—or equivalently the strength of

the inelastic process. . _ o
For the stationary state with energy W =e "E/y(r), ‘Ts_f dQf(8,8)[*Uou P, Po) Uout P. Po)
the incoming wave with momentumy=7#k, along thez
axis is =f d?pb|e'x®) 1|2, (12)
Yin(r)=€"%u(po), 4
E
whereu(py) is the Dirac spinor. In the eikonal approxima- ol=— > f d3r 2 ImV(r)e=2'mr ()
tion, the wave function corresponding to the above incoming fi*cko
wave is
. . _ 2 _ a—2Imy(b)

'/’eikona(r):eIkOZMY(r)U(pO)- (5) fd b[l € ] (13)

where the eikonal phase shij(r) is The above formulas give the relationships between the mea-

surable guantities, o°, ando? and the dynamical quantities

_ Vo(r) and W(r) through the eikonal phase shift at infinity
vr)~— hzczkof_wv(r)dz' 6) x(b). As we are concerned with the inelastic process only,
the relevant dynamical quantity in the present work is the

The conditions under which this eikonal approach holds arémaginary part of the potentia/(r). It is interesting to note

E>|V(r)] andmdc?, ko>|V y(r)|, andpoX V y(r)~0. that the right-hand side of the above formulas is exactly the
In this eikonal approximation, the outgoing wave for Same as that of the corresponding nonrelativistic ones; the
— o can be shown as only difference is given by the factor in front of the integral
in Eq. (10).
tkr In the nuclear optical model, two terms are assumed phe-
‘Ifom(r)=Tf(9, #)Uoul P:Po), (7) " nomenologically foM/(r) [25]. The first term is proportional
to the target nucleus densipy(r) and is used to describe the
where volume effect of the collision. The second term is propor-

tional to both the radial derivative of the nuclear density and

1 2 the range of the force between the colliding particles, and is
Uoul P, Po) = 5 (E+AmC +ca-p)u(po) ®  used to describe the surface effect of the collision. In high
energy processes, it is believed that the surface effect of the
and collision can be neglected in a rough approximation, in the
present stage of our study, and we can assume
- 3 +iy(r) _
f(0,0)=— 7~ ﬁz zf dre T OV(r) W(r)=wpa(r), (14
K wherew is a model parameter representing the interaction
=—O.J’ d2pe' 9P eix(®) — 1] (9)  strength between the colliding particles. By this assumption,
l we have
In the above equationig=7%(ky—Kk) is the momentum
transfer withky=Kk, 6 is the angle betweek andkg, and 2Ilmy(b)= ,2)dz=aqDa(b), (15

E )
b)=y(b,z—0 =——j V(b,z)dz, 10 where
x(b)=y(b,z—) PR (b,2) (10)

2Ew
whereb is the plane vector perpendicular (k). In high To=—F—— (16)

energy processes, whefeis very small,b is approximately f%c%kg
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and Ill. TRANSVERSE ENERGY DISTRIBUTION

pa(b,2)dz (17)  the forward energy distributions, further consideration and
assumptions are required. As the parametgcan be under-
stood as the effective collision cross section between the pro-
jectile and the target patrticle, it can be written as an integral
over the transverse energy distribution of this collision,

» In order to work out the formulas for the transverse and
DA(b)- |

is the thickness distribution function of the target.
Using this result, the total absorption cross section is

a | q2pr1— a—ooPad1— | q2pmr1—
o fd b[1—e ™ 70Pa()] fd b[1-Sya(b)], (18 Uo—f dsngo 22
N

where
Substituting this expression into the 1), we have
Spa(b) =€~ 70PA®) (19

- do
is the transmission coefficient of targktagainst the projec- aa=f d2be70PA®) > o I1 [f dsT,d Da(b) |,
tile p. The quantity ooDa(b)=—InS,a(b) can be inter- n=17t =t
preted as the opaqueness of the target against the projectile at
the impact parameteb [26]. For very large opaqueness,
ooDa(b)>1 for O<b=<b,, where b, is the maximum
impact parameter beyond which the target thickness is zero, -
i.e. Da(b=b,,)=0, the total absorption cross section d_‘T J d2be- ‘T"DA(b)E H
equals the geometric cross sectiort=mb?,,, and the tar- dEr i=
get looks like a black disk. In this consideration, the simple
sharp radius model of nuclei has been used. On the other fds A(D)
hand, for very small opaquenesg;D(b)<1, the total ab- T d
sorption cross section equalg timesA, (24)

(23

and thus the total transverse energy distribution is

O(Er—eri— - —&Tn).

A= f d3rpa(r), (200  Using

and the target looks transparent. Generally, the total absorp- s(g.— g, — . .. _8Tn):if dr e (Er—emi— - —etn)7
tion cross section is larger tharbA but less than the geo- 2w

metric cross sectionfoA< o?<wb?_; i.e., the target looks (29
like a gray disk. As the transmission coefficieBfa(b) L

—exf —oyDa(b)] shows an exponential decrease of the cur-t 9'Ves

Da(b), og can be interpreted as the effective cross section of do _ f d2b iJ' drelETT exr{ DA(b)

the projectile when it passes through the target. It should be d A

emphasized here thaf; is the free particle-particle inelastic

cross section only in the transparent case when we héve J dsT (e"ST T_ 1)) -

should be regarded as an adjustable parameter determined by

the measured data. Because the transverse energy created in each particle-
The total absorption cross sectitkB) can be rewritten as particle collision is small, even the total transverse en&gy
is large, we have, approximately,

rent along the path in the target with thickness distribution
: (26)
=0A. Generally,o, depends on the nuclear density and

1
=> Ff d?be = 7PAP[ ¢ D A(b)]". (21
n=1N:

e T ~1—jgrr— %8-2|-7'2, (27)

It can be seen that the above formula resembles that obtaineghd obtain forE+# 0 finally
by applying the Glauber theory to high energy nuclear mul-

tiple collision processes. Since the optical model is the limit do d2b 1
of the Glauber multiple collision theory for a large number E%I s

of nucleons, the above formula allows us to understand the T dE \/_A(b
absorption process in this case as a Glauber multiple colli- (28)
sion wheren is the number of elemental collisions. The dif-

ference is that in the Glauber theory the nucleon is considl" the above formula,

ered as the elemental constituent of the target, while in the g

optical model a droplet of some finely granulated scattering _ Jo

medium, which is composed of an infinite number of par- Ey=Ex(b)= f der e der D(b)= 270D (b)
ticles with infinitesimal size, is assumed for the tar{f8]. (29

e~ [Er—EY(0)12722%(b)
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TABLE I. The model parameters, (in mb), 1 (in GeV), anda% (in GeV?) fitted to the measured data, and the calculated geometric
energyE$ andE¢ at head-on and dive-in points, in GeV. The data of A%8eV 2°%Pb+Pb are taken from the NA49 Collaboratif32]; the
data of the other systems are taken from the NA35 Collabor@®®h The results under “Other,” taken from Ref82] and[29], are from
the NA49 Collaboration for 158 GeV 2%Pb+Pb andrriTioF for other systems.

=) E2(0)  E¥(bp) E2(bpi)
System o 8_T s g Data Present Other Present Data Present  Other Present
60A GeV 1%0+Au 33.83 0531 0.704 54.8 54.1 545 2.6 42.8 40.4 44.3 454
Ag 38.44 0566 0.611 51.2 50.5 50.2 8.3 42.4 41.0 42.5 50.7
Cu 28.70 0.888 0.870 46.8 45.4 44.9 58.8 41.7 39.9 40.5 108.5
158A GeV  %Pp+Pb  13.76 1.295 1.781 527.1 520  6450.3 527.1 520 6450.3
200A GeV 160+ Au 18,57 1594 2.190 88.6 89.1 88.5 105.2 66.7 66.6 68.4 388.3
200A GeV 325+ Au 14.20 2.066 3.031 170 171.3 160 512.3 145 142.0 136 992.7
Ag 14.37 2.232 4.274 145 140.9 140 986.2 131 126.6 127 1326.3
Cu 16.48 2.183 3.264 121 117.5 117 1394.4 121 112.8 117 1538.7
S 18.06 2.194 4.441 87 815 825 2356.1 815 2356.1
is the geometric transverse energy created inptihe\ colli- where Dg(s) is the thickness distribution function of the

sion at the impact parametbr andA(b) is the width of the  nucleusB with densitypg(r) normalized toB,
Gaussian distribution of the measured transverse erefgy
g

around the valu&(b), Da(s)= f pa(s2)dz, B- f FCrog(r). (34
d(TO Y
Az(b)ZJ der &% EDA(b):S‘ZI'O'O Da(b), (30 The formula(28) extended to the collisioB+A will be

T referred to hereafter as the extended equati8). It pro-
vides a physical argument for the earlier analy&ig which
€suggested that, for the heaviest targets, the plateau of the
transverse energy distribution ends in a bump which is fol-

wheree 1 ande? are the first and the second moments of th
transverse energyy over its distributiondoy/det, respec-

tively, lowed by a rapidly falling tail of Gaussian shape. Further-
more, the present result shows that this tail is basically the
S_Zif don o 970 2 L[ 200 statistical behavior of quantum many-body collisions. It is
o T der” 7T o) T T T Tder interesting to note that this formula is the same as that used
(31 in Ref.[28] and similar to that used in Refsl7] and[18] for

data fitting.
Formula(28) says that the total transverse energy distri-

butiondo/dE; of the collisionp+ A can be expressed by its
geometric distributiond®b/dEY convoluted by a Gaussian . o o
distribution with centroidE¢ and widthA(b). In this case, Because of the attenuation of the transm|SS|o_n_coeff|C|ent
the geometric distribution is a result of the collision kinemat-Spa(b), the geometric forward energy of the collisipa- A
ics and dynamics, while the Gaussian distribution is mainlyat the impact parametér can be written as
due to the statistical behavior of the quantum many-body B
collisions involved. Ef=E}(b)=E,e 7oPa®), (39

For the high energy nucleus-nucleus collisiBr-A, the o ) ] )
following assumptions can be invoked as the bases of ouphere the projectilgp is considered as a point particle, and
model: (1) The projectileB and the targeA are built up by E, is its kinetic energy. For the nugleus—nucleus CO'||ISB)I’]
the same type of particle€?) each projectile particle is scat- +A. by the uncoherence assumption, the expression of the
tered by the target in the way described above, @dhe  9eometric forward energy can be written as
total collision B+ A is the uncoherent summation of these
projectile particle collisions with the target. In this way, the
transmission coefficierfs,o(b) is changed t&ga(b),

IV. FORWARD ENERGY DISTRIBUTION

EZ=E¥(b)= f d?sDg(s)E,e~ 70PAb+s) (36)

Sga(b)=e~70PBAb) (32) A correlation between the transverse enekgyand the
forward energyEr is observed experimental[29]. Assum-
and thus the formul&28) can be extended to tH&+ A col- ing a one-to-one corresponderiée~Eg, the following re-
lision by changingD 4(b) to the thickness distribution func- Iati(_)n between the_ forward and the transverse energy distri-
tion Dga(b) Of the collisionB+A, butions can be written:

do dE; do
Dea(b)= f 428D (9D A(D+S), (33 dE ~ dE, dE,- 37
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FIG. 1. The transverse energy distributioe/dE; for (a) 2S+Au, Ag, Cu, and S at 208 GeV, (b) %0+Au at 2007 GeV, (c)
1%0+Au, Ag, and Cu at 68 GeV, and(d) 2°Pb+Pb at 158 GeV. The measured data are taken from the NA49 Collaborfsiby32 for
Pb+Pb (the solid diamondsand NA35 Collaboratioh29] for others(the solid dots stand for Au, the open squares for Ag, the circles for
Cu, and the triangles for S targgt¥he solid curves are calculated by the extended equéZi®nIn (b) and(d), the dashed curves are the
corresponding geometric distributions, and the dotted curves are the convoluted Gaussian distributions centered at the end of the geometric
distribution E$(0) with the corresponding widths, i.eA(0)=11.06 GeV for(b) and A(0)=26.93 GeV for(d), as well as with the
appropriate normalization. The fitted parameters are given in Table I.

Substituting the extended equati#8) into the above equa- Ar(b)=7A(b). (39
tion, and making the approximation E{—E%)~(Eg
—E})/ 5, where n=(dEg/dEr), andg stands forEr=E{ Similar to the extended equatid@8), the formula(38)

as well asEg=E}, the following formula can be obtained: says that the total forward energy distributida/d E of the
collision B+ A can be expressed by its geometric distribution
d?b/dEY convoluted by a Gaussian distribution with cen-
troid EZ and widthAg(b). The information of the collision

(3g)  kinematics and dynamics is also involved mainly in the geo-
metric distribution, while the statistical behavior of quantum

where many-body collision processes is involved in the Gaussian

~[Ep—EX(b)1%/2A2(b)

do J’ d?b 1
g e F s

— ~| g — ——
dEe FAEY V27A(b)
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FIG. 2. The forward energy distributionisr/d E for (a) 3°S+Au, Ag, Cu, and S at 200 GeV, (b) %0-+Au at 2007 GeV, (c) %0+Au,
Ag, and Cu at 68 GeV, and(d) 2°Pb+Pb at 158 GeV. The measured data are taken from the NA49 Collaborfibj37 for Pb+Pb (the
solid diamondsand NA35 Collaboratioh29] for others(the solid dots stand for Au, the open squares for Ag, the circles for Cu, and the
triangles for S targejs The solid curves are calculated by E®8). The vertical short dashed lines correspond to the beam energjes BE
In (b) and(d), the long dashed curves are the corresponding geometric distributions, and the dotted curves are the convoluted Gaussian
distributions centered at the end of the geometric distribui@(0) with the corresponding widths, i.A(0)=71.41 GeV for(b) and
Ap(0)=1189.41 GeV for(d), as well as with the appropriate normalization. The fitted parameters are given in Table I.

distribution. In a practical application, such as will be shown V. NUMERICAL EXAMPLES

in the next section, the factoj can be approximated as L
o PP The projectile and target nucleon numbers are chosen as

B andA, respectively, in the present calculation. In this case

dEq dEY oy is a parameter which is related to tNeN collision. The
77=(d?) ~ (40 nuclear densityg A(r) is assumed to be the Fermi distribu-
T/ dE7 tion, where the central radius and surface diffuseness are

calculated with the nuclear radius constagt1.16 fm and

o . the Sissmann widttb=1.0 fm[30].
It is interesting to note that the formula of the forward energy The relevant quantities appeared in the form2& and

distribution given in Ref[10] is essentially the geometric — . i
distribution similar to ourd?b/dEZ which appears in the (38 &r€ex, e, 0o, Dga(b), and#. In a practical applica-
formula (38). tion, e, s%, and o, can be used as adjustable parameters
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FIG. 3. The correlation&;~Ef for (a) %S+Au, Ag, Cu, and S at 200 GeV, (b) %0+Au at 2007 GeV, (c) %0+Au, Ag, and Cu at
60A GeV, and(d) 2°%Pb+Pb at 158 GeV. The measured data are taken from the NA35 Collaborf2@p(the solid dots stand for Au, the
open squares for Ag, the circles for Cu, and the triangles for S targéts measured data for PIPb given by the NA49 Collaboratidi31]
are not plotted here. The solid curves are calculated by @§s.and (36). The parameters used are fitted to the transverse and forward
energy distributions. The measured error bars, which are abéuto =10 GeV, are not plotted here.

fitted to the measured distributions, ab@a(b) and » can  are taken from the NA49 Collaborati1,32 for Pb+Pb
be calculated if the nuclear densiiy A(r) is known. In the (the sohq diamondsand NA35 Collaboratiofi29] for others
calculation shown in this sectiorar,os_T and aos$ are deter- (the solid dots stand for Au, the open squares for Ag, the

mined by the measured transverse energy distribution at firsg.IrCIes for Cu, and the triangles for S targetshe solid

S . “Curves are calculated by the extended equatid). In (b)
and thenoy by the measured forward energyﬂstnbuﬂon, "N and (d), the dashed curves are the corresponding geometric

a least-squares fitting. In this determinationye 1 is deter-  gjstributions, and the dotted curves are the convoluted

mined mainly by the end of the plateau of the transversgsayssian distributions centered at the end of the geometric

energy distribution, andros$ mainly by the width of the distribution E$(0) with the corresponding widths, i.e.,

distribution tail, whileoy is determined mainly by the initial A(0)=11.06 GeV for(b) andA(0)=26.93 GeV for(d), as

of the plateau of the forward energy distribution. The fittedwell as with the appropriate normalization.

parameters are given in Table I. Figure 2 shows the forward energy distributiahs/d E
Figure 1 shows the transverse energy distributiongor (a) *S+Au, Ag, Cu, and S at 200 GeV, (b) °0O+Au at

do/dEr for (a) 3*S+Au, Ag, Cu, and S at 200 GeV, (b)  200A GeV, (c) *O+Au, Ag, and Cu at 68 GeV, and(d)

1%0+Au at 2007 GeV, (c) %O+Au, Ag, and Cu at 68  2°%Pb+Pb at 158 GeV. The measured data are taken from

GeV, and(d) 2%Pb+Pb at 158 GeV. The measured data the NA49 Collaboratiof31,37 for Pb+Pb (the solid dia-
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FIG. 4. The systematics of the fitted parametéu}srros_T versusA for 3°S+A at 200A GeV, (b) a'os_T versusA for 1%0+A at 60A GeV,
(0) o versusA for 32S+A at 2007 GeV, and(d) the averaged 1 versus the nucleon projectile energy.

monds and NA35 Collaboratiof29] for others(the solid calculated by Eq929) and(36). The parameters used in this
dots stand for Au, the open squares for Ag, the circles forcalculation are the above-mentioned ones fitted to the trans-
Cu, and the triangles for S targgtsThe solid curves are verse and forward energy distributions. It should be empha-
calculated by Eq(38). The vertical short dashed lines corre- sized that the calculated curves are for the geometric quan-
spond to the beam energies BEIn (b) and (d), the long tities E¥ andEZ but not for the measured on&s andEr.
dashed curves are the corresponding geometric distributionEspecially, there is a lower limit for the geometric forward
and the dotted curves are the convoluted Gaussian distrib@nergy which is higher than the lowest measured forward
tions centered at the end of the geometric distribuEgg0) ~ €Nergy, as can be seen from Figaj3 However, the agree-
with the corresponding widths, i.eAr(0)=71.41 GeV for ment between the calculation and the measurement is satis-

(b) and Ar(0)=1189.41 GeV for(d), as well as with the factory within the measured error bars, which are abo6&t

appropriate normalization. to =10 GeV and not plotted here, and thus supports the
The correlationsE;~E¢ are shown in Fig. 3 for@  applicability of approximatior40). _
325+ Au, Ag, Cu, and S at 208 GeV, (b) 160+Au at 2007 As the measurement outputs are calorimeter dependent,

GeV, () ®O+Au, Ag, and Cu at 68 GeV, and (d) the fitted parameters are expected to be also cqlorimeter—
2081, Ph at 158 GeV. The measured data are taken fromd€Pendent constarfi$7,18. As a consequence, the fitteq

the NA35 Collaboratiofi29] (the solid dots stand for Au, the annot be understood as the effective tdtal cross section
open squares for Ag, the circles for Cu, and the triangles for I ItS €xact meaning. However, it is interesting to investigate
S targets The measured data for PIPb given by the NA49  the systematics of the parameterg, 1, ande 2, even in
Collaboration[31] are not plotted here. The solid curves arethe present case with only a few points. It can be seen from
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20 A for 32S+A at 200A GeV, (b) ooet versusA for °0+A at
60A GeV, (c) o versusA for *°S+A at 20 GeV, and(d)
(a) the averagectt versus the nucleon projectile energy, .

The plots ofoge -Zr considering the large scattering eﬁ
mentioned above, are similar to that@fe and not shown
here.

The significant difference ot between3°S+Au and
160+ Au at 20A GeV, as shown in Table I, may be under-
stood in a similar way. We keep this as an open problem for
further study. In this consideration, the fitting to more mea-
sured data, for example, the data of the WA80 Collaboration
[33], will be helpful.

Figure 5 shows the correlations of the impact parameter
versus the geometric transverse endi§y(@ and geometric

0+ forward energyE? (b) of a 158\ GeV 2%Pb+Pb collision,

0 200 400 600 respectively. As the measured transverse and forward energy

E; andEg are spread out around the geometric oE&sand
ETg (GeV) ER, respectively, in a Gaussian distribution with the width
proportional to the collision thickness functi@ 5(b), the
20 correlation of the impact parametbrversus the measured
transverse energl; and forward energ¥g is ambiguous
(b) since it is not a simple single-valued function. Therefore, the
use of global observables, at least the transverse and the
forward energy, as the centrality cut in the experimental
measurements must be taken carefully, especially in the cen-
tral collisionb~0 case.

Besides the head-on collision point=0, a dive-in point
is defined atbp=Riarger Rprojeciile i the literature[29].
Table | gives the calculated geometric energy at these two
points, in comparison with the data of NA35 Collaboration
[29] and theFRITIOF calculation[29].

b (fm)

b (fm)

VI. DISCUSSION AND SUMMARY

0 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 10000 20000 30000 40000 As a phenomenological approach to the transverse and the
g G \Vj forward energy distributions, the present formalism is gen-
EF ( e ) eral enough, since it is independent of what is assumed as
elemental constituent particles. As a matter of fact, instead of
FIG. 5. The correlations of the impact paraméterersus(a) the  nucleons a similar calculation by using the parton picture
geometric transverse energs and (b) the geometric forward en-  may be performed. A result without essential changes can be
ergy EZ of a 158\ GeV ***Pb+Pb collision. expected. The present work shows that global observables, at
least the transverse and the forward energy distributions, are
related to only a few global degrees of freedom of the col-
- . i liding system. In other words, only a few global properties of
projectile nucleon energg, obviously, buF are |nd'epe.ndent the colliding system, i.e., the collision geometry and kine-
of the target number of nucleorsfor a given projectileB  \a4ic5 as well as the average properties of the collision dy-
approximately. The large scattering of values in this case namics, can be learned from these global observables, while
may be understood by the deformation of the target nucleithe details of the collision process are nonrelevant for these

which has more influence on? than oney and is not con-  9lobal observables. In this respect, the systematics of the

sidered in the present calculation. On the other harg, model parameters, anda% will provide some information
seems to decrease with the targefor a given projectileB about the collision dynamics.

approximately. In this regard, it should be kept in mind that It can be seen from E¢33) that the thickness distribution
oo is determined mainly by the initial of the plateau of the functionDga(b) is proportional to the total number of binary
forward energy distribution. In the case ¥0+Au, Ag, and  collisions, and so the main ingredient in our formu(@8)

Cu at 6QA GeV, this determination is not so reliable due to and (38) is the number of binary collisions, similar to the
the lack of measured points in the initial region. However,models used in some data fittin[z8,34]. However, asr is

the decreasing of, is obvious from the fittedroet if e7is  shown to decrease with the targgtand probably also with
assumed to be constant independent of the takgBigure 4  the projectileB, it seems that one of our basic assumptions
plots the systematics of the fitted parametéaso et versus  (14) should be modified to include also the second term for

Table | that the parameters_T and s% increase with the
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the surface effect of the collision. In this way, the expressiorwhich is essentially the geometric distribution, is propor-
of Dga(b) will be modified correspondingly. Physically, this tional to the collision thickness functiddga(b).
corresponds to substituting the number of binary collisions (3) The widths of the head-on collision tail of the trans-
with another kind of number, which may be similar to the verse and the forward energy distributions are proportional
number of wounded projectile nucleof,35-37. Further-  to the square root of the collision thickness functidga(b).
more, ife7 is proved to be correlated to the projectide our (4) The measured transverse enefgy and forward en-
other basic assumption, i.e., the uncoherence assumptiogﬁgy Er correspond to a variety of impact parametérs
should be modified also. We will address these points quanyhich spread on a Gaussian distribution with the width pro-
titatively in the next step of our study. portional to the square root of the collision thickness func-
In conclusion, the main results of the present work can bgjon Dg,(b). Therefore, the centrality cut of the collision

summarized as follows. ~ should be considered carefully in connection with a model-
(1) The transverse and the forward energy distributiongjependent calculation.

can be expressed, respectively, by their geometric distribu-
tion convoluted by a Gaussian distribution with centroid and
width determined by the collision geometry and the average
properties ofN-N collisions. In other words, the transverse
and the forward energy distributions can be expressed, re- One of us(C.S.W) is supported partly by the National
spectively, essentially by their geometric distribution, exceptNatural Science Foundation of China and the Special Fund
the head-on collision tail which is basically a Gaussian dis-of China for the Universities with Ph.D. Programs. He would
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