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The medium effect on the pion distribution at high in AA collisions is compared to that of the pion
distribution at highp, in pA collisions. Both the suppression of the spectra and the energy losses of the
measured pions are studied. Although the medium effeqtois larger than orp, , the difference is found
surprisingly to be not as big as one would naively expect.
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[. INTRODUCTION There is a theoretical issue that is of interest to discuss
here. For some time there has been a school of thought that
When partons traverse nuclear medium, whether dense aill hadrons are produced by the fragmentations of partons,
not, they lose momenta by scattering and gluon radiation. Ahot only in the transverse direction in the form of jétgich
high transverse momentupy, the effect can be calculated s generally acceptedbut also in the longitudinal direction
in perturbative QCD, although its reliability is not expectedin the form of breaking of stringgas in the dual-parton
for pr<<10 GeVk. At low pr, but high longitudinal mo-  model[4]). The effect of the nuclear medium has been rep-
mentump, , the effect cannot be calculated in pQCD, al- resented by the modification of the fragmentation function
though it is known that partons suffer momenta losses also ifs) i transverse direction, but that of the longitudinal direc-
the beam direction. Experimentally, it is the momenta of thetion is not known. However, fragmentation of partons is not
produced h?dfons that are mea§ur¢d. HOW .they' are related e only way to produce hadrons. Recent investigations have
the underlying partop andp, distributions is still contro- shown that quark recombination can be important in the high

versial. But even at the phenomenological level it is un- . o : -
known what the relationship is between the properties ofT problem[6-8], in addition to its relevance originally pro-

momentum degradation in the transverse and Iongitudine{?_osed for the higtp, problem[9,10). Since the multiparton

directions. We attempt to shed some light on that reIationshiH'Strib“tions needed for recombination are drastically differ-
in this paper. ent in the transverse and longitudinal directions, the effect of

There are currently good data on high-° produced at th_e nuclear medium is_ consi_derat_)ly more complicated. I_n
the Relativistic Heavy-lon Collider(RHIC) up to pr this paper, we can avoid dealing directly with those compli-
—8 GeV/c at various centralitieEl]. One can therefore de- cations by putting the emphasis on the phenomenology of the
duce the suppression factor from tpe distributions as a hadrons produced. For tipg problem we shall use the scal-
function of p; and centrality. There are no comparable datang form of the datg11], while for thep, problem the cal-
on the p, distributions from RHIC. At lower energies the culatedxg distributions that follow from thep A data will be
data of NA49 at the Super Proton Synchrotf&P3 provide  used. Our task is made easier by not derivinggheind p,

a good description of the effect of baryon stoppingpiA  distributions, but by focusing on the centrality dependences
collision [2]. What we need for comparison with tipg of  of those distributions.

7° is thep, distribution of the produced pions, for which no ~ Suppression of the meson distribution is like jet quench-
data are yet available. However, we do have a model calcung at the parton level. In addition to the study of suppres-
lation of the pion distribution that contains the degradationsion, we shall also consider energy loss, which is another
effect extracted from the observed proton distribut@r way of quantifying the medium effect. It corresponds to a
that will be our input in our study of the suppression factor inshift in py or p_ that is necessary for the inclusive cross
the p,_ distribution. section in medium to be equivalent to a reference cross sec-

The two features that we shall compare are very differenttion with minimal medium effect. We shall find interesting
the degradation op; in Au+Au collisions at RHIC and the results in the shift that are very different from the prediction
degradation op, in p+ Pb collisions at SPS. In the absence of pQCD. That difference is much larger than the difference
of any information in the literature on the quantitative or between the effects on the transverse and longitudinal mo-
qualitative difference between the two types of degradatioriions of the produced mesons.
effects of the nuclear medium, even a crude estimate of the Since our comparison is betwepr in AA collisions and
suppression properties described in a common languags in pA collisions, they are two steps removed from each
would be illuminating. Without a study of the type proposedother. When goog_ data on identified pions ilA colli-
here, one does not even know whether the strengths of sugtons become available, they shall then serve as the interme-
pression are within the same order of magnitude, especiallgliate station to make possible two one-step comparigdns:
since the medium iR A collision at RHIC is dense and hot, betweenp; andp, in AA collisions, and(2) betweenp, in
while the medium inpA collision at SPS is uncompressed AA andp, in pA collisions. What we do here therefore sets
and cold. the stage for that work to come.
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Il. SUPPRESSION OF THE PION p; DISTRIBUTION IN
AA COLLISIONS

For the p distribution of pions in nuclear collisions we
use the PHENIX data om® production at midrapidity with
pr extending to as high as 8 Ge¥[1]. A convenient scal-

ing form for that distribution has been found that summarizes
the dependence on energy and centrality in terms of a simple

analytical formula[11,12. The quantity that we want to
study is the suppression fact8r which is the ratio of the
normalizedp; distributionP:

S(XT,N):P(XT,N)/P(XT,Z), (1)
wherex; is the scaled variable,
Xr=p1/Ko, 2

andN is the abbreviated notation for the number of partici-
pants, Ny, The scaleK, is set at 10 GeW for conve-
nience; it is trivial to move it higher when highey data
become available. If({ld N_,/dx; denotes thex; distribu-
tion of producedr®, averaged over midrapidity and over all
azimuthal anglep, thenP(xy,N) is defined by

1 dNW/ fld
XT dXT 0 XT

dN,
P(x,N)= — ——

dxr

)

Instead of determinin® (x;,N) directly from the data for
every N at any givens, it is simpler to derive it from the
scaling function®(z) that is an excellent fit of all high-
energy data for all centralitig)sl1,12. Since the details of
the relationship betweeR(x1,N) and ®(z) are given in
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FIG. 1. The dependences of the suppression fages,N) on
the number of participantdN) for various values ok .

Since the number of participan{dl) is associated only
with AA collisions, we must express it in terms of some
measure of nuclear length in order to be able to compare the
suppression factors iMA and pA collisions. The depen-
dence ofN on the impact parametdr is known[13]. At a
fixed b, the lens-shaped overlap region in the transverse
plane of two colliding nuclei of the same radi&, has a
minimum distance between the center of the overlap and the
edge of either nucleiassumed to have a sharp boundary

L min=Ra—b/2. )
The maximum distance between the center of the overlap
and the edge of both nuclei is

L max= (R&—b?/4)12, 8

Refs.[11,12, there is no need for us to repeat them here. For
the convenience of the reader, they are summarized in thene gistance that a parton would travel in the nuclear me-

Appendix.

The dependences &f(x;,N) on x; for various values of
N are shown in Fig. 3 of Ref.11]. Since they are all nor-
malized to 1, it is clear howP(x1,N) is suppressed at high
X7 but enhanced at very lowy, asN is increased. It is that
suppression phenomenon at highthat we want to quantify.

From the analytical expression f&(x;,N) obtained by
use of Eq.(A15) in Eqg. (1) we can examine th&l depen-
dence for fixed values of; by plotting InS(x;,N) vs N for
some sample values a&f, as shown in Fig. 1. Approximat-

ing the nearly linear behaviors in Fig. 1 by straight lines, we

obtain
(4)

whereay(xt) anda;(xg) are shown in Fig. 2. The solid lines
in that figure are fits, using the parametrization

In S(x1,N)=ap(Xr) —a(xr)N,

ag(x1)=0.03F 1—exp(0.5— 12x7)], (5)

(6)
A general statement that can be made abo8(4p,N) is that

it is approximately linear ilN, and that the parameters of the
linear fits are roughly independent »f whenx;=0.4.

a;(x7)=0.00431— exp(0.2— 5x7)].

dium at midrapidity in the transverse plane can be as large as
2L max @nd as small as 0, depending on where the parton
starts and in which direction. We shall set the average dis-
tanceL traversed to be

L(b)=Lmin=Ra—b/2, (€)

0.04

0.01r
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T

FIG. 2. The coefficientay(x;) and a;(xy), whereag(xy) is
plotted with reference to the scale on the left, wlailéx) refers to
the scale on the right.
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FIG. 3. The parametric dependenceNgb) onL(b), where the A(X). The horizontal axis can be for eithef or x .
solid line follows from the use of Eq9) for L(b), while the dashed

line is a straight line fit of the solid line. tion and gluon conversion processes, most of which are not

calculable in pQCD, especially near the end of the evolution

which is an approximate average over all azimuthal angle8OC€ss.

and origins of parton paths. Any more detailed geometrical

averaging is pointless, since the nuclear density of the over-lll. SUPPRESSION OF THE PION p,_ DISTRIBUTION IN
lap region is not uniform, and the nonuniformity depends on PA COLLISIONS

b. Knowing N(b) andL(b) enables us to ploN vs L, as
shown by the solid line in Fig. 3. We shall approximat@.)
by a straight line,

Since nop, distributions of identified particles in the
fragmentation regions oA A collisions at RHIC are avail-
able, we consider the processes at the SPS energies. At lower

N(L)=—35.8+62.24, (10) energies the projectile fragmentation region can contain par-

ticles arising from the fragmentation of the target, and vice

(with L in units of fm), shown by the dashed line in Fig. 3. In versa. It is therefore important to consider reactions that are
view of the nonuniformity of the nuclear density traversed byfree of such “spill-over” particles. The preliminary data of
a parton in the overlap regions, we believe that an approxiNA49 on pA collisions at SPS have been analyzed to pro-
mation of N(L) by a linear dependence in E(LO) is good vide the produceg —p distribution of the projectile frag-
enough to represent the path length that enters into the deaentation onl\{2]. That is accomplished by determining the
scription of the momentum degradation effect. p. distribution

Substituting Eq(10) into Eq. (4) we obtain o o . o

1
NSO .L) = Ag(xr)— A(Xp)L, 11 Fo(P=P)=(P=P)p=32[(P—P) 7+ +(P—=P)-], (14
where (@—p), denotes the distribution ofi+A—(p—p)
+ X, since the quantity inside the square brackets contains
no beam fragments by charge conjugation symmetry. A simi-

where in Ag(x7) the contribution from theag(xy) term in
Eq. (4) is negligible. Thus Eq(11) may be rewritten as

In S(x7,L)=—A(x7)(L—0.58), (12)  lar distribution for pionsF (7" —77), unfortunately does
not exist, which is what we need for comparison with the
where result obtained in the preceding section.
Although there are no experimental data for pion produc-
A(X7)=0.211—exp0.2-5x1)], (13)  tion in the proton fragmentation region free of target frag-

o _ . ments, theoretical results on such distributions are available,
which is nearly constant faxy>0.5, as shown by the solid \yhich are based on the centrality dependence of the experi-
line in 'f:'g'.ﬁ' Tfh|s e>f<ponenlt|al det?endetnce%WkT,L) OnkLth tmental data ofF,(p—p). In Ref. [3] the recombination
IS In a familiar form for nuciear attenuation. Vve remark that .,y 5 ;sed to relate the data to the nuclear degradation
although the length is the approximate average distance in — i

ffect on thep, of the produceg—p, which in turn is then

the nuclear medium that a parton traverses, no parton df- ; RO .
namics has been assumed in the derivationSety,L), used to predict the, distributions of the produced pions.

which is extracted from the data ar® production without S_ince the nuclear suppressiqn factor on the pr_oduced pions is
dynamical modeling. The exponential form 8fx;,L) is directly reEued to the experimental suppression of the pro-
similar to Gerschel-Fiimer's formula for thel/ suppression ducedp—p, we shall use the result in Ref3] for the pion

[14], except that the latter refers to a quantity integrated oveflistribution inp+Pb collisions.

all py, and is related to the dissociation &fy in the me- Let us useH (%, ,v) to denote the pion inclusive distribu-
dium. The quarks and antiquarks that form the produed tion in the scaled longitudinal momentum, integrated over
in our expression fo8(xy,L) are the results of gluon radia- pr, i.e.,
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_ dN, From the values given in Eq1l7), we find thatd; and §; are
H(XL,V)=X|_d—XL, (19 very nearly equal. We denote them collectively by

wherex, =2p, /s andv is the average number of collisions 6"=0.21, 22

with nucleons in the target nucleus. From Fig. 9 in R81.  and Eq.(19) becomes
one sees thati(x, ,v) is essentially exponential in, for

various values ofv. We use the following parametrization InS(x_;v,1)=—6"(1+x)(r—1). (23

for p+Pb—m"+X: . — o
The exponential dependence $bn v is now explicit. The

H(x,,v)=exd —ho(v)—hy(v)x_], (16)  specificx, dependence of the decay coefficient is a result of
the distribution in Eq(16) calculated in Ref]3].
where If L denotes the path length in @A collision, then the

ho(3.1)=0.92, hy(6.3=1.61 usual expression for in terms ofL is
0 . — U. y 0 . — 4. y

_ A
h,(3.1)=5.89, hy(6.3)=6.57. 1 = =,
1(3.) 1(6.3) 17 v=opL, p (43RS (24)
These parameters provide a good fit for€9x <0.6. For ) 13
x_>0.6, the slopes are slightly higher, but the ratio of USIngRA=1.2A"" fm ando,,=35 mb, we have
H(x_,v) at the two values of is about the same. =044, (25
Since the data are for the two values:obnly, our defi- S
nition of the suppression factor is whereL is in units of fm. Substituting this in Eq23) yields
S(X_; vz, v) = H(XL w2)H(XL,v1), (18 InS(x,,L)=—\(x)(L—2.), (26)
with »;=3.1 andv,=6.3. Note that we have not normalized Where
H(x_,v), as we have forP(x;,N), for several reasons. _ n
First, there is only one source for pion production in the Mow) =011 4x). @
beam fragmentation region qfA coll?sipns, un'like inAA Equations(26) and (27) for the suppression of the,
collisions. Second, the average multiplic{ty), in pA col-  gistribution inpA collisions are the counterparts of E¢s2)

lision depends orv according to(n),,(1+ »)/2, which is  and (13) for the suppression of thpy distribution in AA
interpreted in the wounded nulceon mofiEb] to imply that  collisions. Instead of\ (x1) that rises rapidly at smak; but
after the first collision in the nucleus, the projectile protonsaturates to a nearly constant valuexer-0.5, as shown in
does not fragment again. It means that the integral ofig. 4, we now hava (x,) which is linearly rising, shown by
H(x, ,v), which accounts for beam fragmentation only, isthe dashed line in Fig. 4. Since EQ.6) is not reliable for
independent ob. Third, in the ratio in Eq(18) the normal- XL <0.2, we do not show that portion af(x, ) in Fig. 4. For
ization integrals would cancel. Finally, the integral cannot bgUmerical comparison we can considegr=x,_at two values,
calculated because there are neither data nor model results®f and 0.8:
smallx, , since Eq.16) is not valid forx, <0.2.
To proceed from Eq(18), we now make the assumption

that ho(») and h;(v) are linear functions of, partly be- A(0.8=0.26, \(0.8)=0.18. (28)

cause the averagg, ) can be shown to decrease exponen-

tially with » [3], and partly because all nuclear damping Evidently,A(xy) is larger tham\ (x,) whenx;=x,>0.5, but

effects are empirically dependent on the path length in expoRot by much. Of course, there is no cogent reason to compare

nential form. With that assumption we can expressthem atxr~x, since the scal&, in the definition ofxy is

S(x, ” 1) for any?relative tor=1 as arbitrary, whilex, is Feynmanxg and has scaling property.
However, withA (x7) being roughly constant for:>0.5, it

A(0.6)=0.25, \(0.6)=0.16,

In S(x, v,1)= _[90(;)4_ 01(7)XL], (19) does not matter whaty _is exactly. _The relative_va!ues of
A(x7) and\(x,) shown in Eq(28) give us some indication
where 6,(v) and 6,(v) are the linear functions of, of how they differ.
6 (v)=hi(v)—h(1)=6/(v—1), i=01. (20 IV. ENERGY LOSSES IN p; AND p,

Another way to quantify the medium effect is in terms of

The slopes are ) A ;
energy loss. Since our aim in this paper is to stay at the level

h'(;z)_h'(;l) of observable quantities, we cannot descend to the parton
[ = A . (21 level and discuss the energy loss of partons traversing the
Vo~ Vg nuclear medium. Nevertheless, the notion of energy loss can
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100 N 200 300
FIG. 5. TheN dependence of the fractional shift The solid

line is a linear fit of the upper three points.

be expressed in terms of a shifbin in comparing the meson
inclusive distributions at two different values &f To be
specific, let us set the reference valueNodt N=2, which is
not exactlypp collision, but is low enough to represent mini-
mal nuclear effect. Let us then define the sbhifin x; by

P(x7,N)=P(x7+X,2), (29
where P(x7,N) is the normalized pion distribution defined
in Eqg. (3). ThusX measures the degradation of the pignn
changingNp, from 2 toN. From Fig. 3 in Ref[11] it can be
seen that the shifK is a small fraction ofx;. Even atxy
~0.8, X'is less than 0.15.

Using Eq.(A15), where{xt) is calculable by use of Eq.
(A13), we can solve Eq.29) and determin& in terms ofxy
and N. At fixed N, the dependence of on x; is nearly
perfectly linear. Parametrizing it as

X(X1,N)=xo(N) + &(N)x7, (30)
we find, for N=100, 200, and 350, the resuky(N)
0.0047, —0.0023, and—0.0039, and&(N)=0.0432,
0.0916, and 0.1741, respectively. Singgis negligible ex-
cept at very smalky, we can regard(N) as the fractional
shift, or more precisely as

whose dependence dhis shown in Fig. 5. Disregarding the
point atN=2, where by definitior£(2)=0, the three points

PHYSICAL REVIEW C 68, 024907 (2003

compared to the many orders of magnitude of variation of
d(2), then the condition of Eq29) is equivalent to identify

its two sides with the same functidi(z) with z evaluated at
Npar=N and 2, i.e.,

pr(2)—pr(N)_ K(2)=K(N)

=" K(N)
6.36<10 4(N—2)
- K(N) (34)
SettingK(N)~K(2)=1.226 results in
£4~5.19x1074, (35)

which is only slightly less than the more accurate value in
Eq. (33). The other approximate way of determining the frac-
tional shift is to use Eq(A15) and ignore théN dependence
of (x1)2 in that equation so that the condition in E@9)
becomes an identification of thevariable inW(u) at two
values ofN, i.e.,

X1 Xt+ X

T T e
Since({xy)y depends omN in a known way{11],
(XrIn= () eXH — BIN=No)], (37

where 8=5.542< 10" * (denoted by\ in Ref.[11]), its use

in Eq. (36) results in
&~B=5.54x10"*. (38)

Note that the smallness @ in Eq. (37) roughly justifies the

treatment of x7) as a constant in EGA15) in the first place.

The value oféy in Eq. (38) is only slightly larger than that in

Eqg. (33). Thus the two approximate methods yield results

that bracket the correct value closely, and illustrate the cru-

cial role that the scaling variablesandu play.

It is of interest to note that in pQCD the shift py of the
vacuum spectrum necessary to effect the in-medium spec-
trum is proportional to/py [16]. It means that the fractional
shift decreases witp, whereas our phenomenological re-
sult indicates that it is independent pf. However, since
pQCD is reliable only fop+>10 Gevk, while our analysis

at N=100, 200, and 350 can be fitted by a straight line, adS Pased on data gir<10 Gevt, there is as yet no direct

shown by the solid line in Fig. 5. Its parametrization is

&(N)=—0.011+ (5.26x 10" 4)N (32

for N=50. Thus forAA collisions the fractional energy loss
or fractional shift inp; is independent op; and depends
linearly onN with a coefficient

£,=5.26x10"4. (33
This result can be obtained quickly, but only approxi-

mately, in two ways. First, if one ignores the dependence on

N of the denominator in Eq(A8), an approximation that
amounts to setting(s,N) to be a constanan error<20%)

conflict. Nevertheless, the disagreement in fhe depen-
dences is worth bearing in mind.

We now consider the energy lossmf of pions produced
in pA collisions. We define the shif by referring the in-

clusive cross section atto that atv=1, i.e.,

H(x_,v)=H(x +X,1). (39
The use of Eqs(16) and (20) leads to
X(xL,v)=Ev) (X +1), (40)

where
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n)=EXv—1), (41) reproduce even the trend of tipg dependencgl?]. Never-

v theless, much more work has been done in applying pQCD
to the highpt problem than to the high, problem. Since no
large momentum transfers are involved at hjgh naively
one would not expect the nuclear suppression effect to be of
the same nature as at high. Yet we findA (x1) andA(x,)
to be comparable.

The media of the two problems are also differentAlA

£=10'/h,(1)=0.0385. (42)

To compare with the result fromAA collisions, let us

convert bothN and v to the average path length Using Eq.
(10 in Eq. (32), we get

&r(L)=—0.03+0.0321.. (43  collisions at RHIC one expects the nuclear medium to be
dense and hot, if not a quark-gluon plasmap collisions
Using Eq.(25) in Eq. (41), we get at SPS the medium that the projectile traverses is the normal
uncompressed nucleus. One would therefore expect the ef-
£ (L)=-0.0385+0.0183.. (449 fects of the media on momentum degradation to be very

different, yet they are not.
The estimates of the average path lengthvolve differ-
ent approximations for the two cases, and it is difficult to
£,=0.0327, & =0.0185. (45) assess the ef_fe_cts of those approximations. The on_Iy_ way that
pt in AA collisions can be compared @ in pA collisions
The ratio of these two coefficients is very nearly the same ai$ in the common language of exponential decay in terms of
the ratio of A (x7) to A(x,) in the regionx;, ~0.5[cf. Fig. ~ a path lengtt.. To improve on this problem, we have to gain
4]. Thus the study of energy loss and that of suppression givenore information from experiments at intermediate steps by
comparable results on the effects of the nuclear medium. Thmeasuringp, in AB collisions with various nuclear sizes of
advantage of using E@¢45) for comparing the nuclear effects A.
on the transverse and longitudinal motions is that the frac- We can think of one reason that could possibly explain the
tional shift is independent of the scafg used in the defini-  closeness of\ (x7) to A(x,). The inclusive cross sections
tion of xr in Eq. (2). Thus the numerical values of that we examine for the calculation of the suppression factor
& ,gf,g}, and¢/ are simple quantitative results of this in- Sare for pions, not nucleons or other baryons. Whereas lead-
vestigation that can be reexamined in the future when expering baryons are strongly related to the valence quarks in the
mental data at different energies for different colliding nucleiprojectile, the pions are more associated with the gluons,
become available. which undergo conversion tqq pair before hadronization.
The depletion of gluons in the nuclear medium can lead to
V. CONCLUSION pion suppression in any direction. Evidence for gluon deple-
jon even inpA collisions can be found in the suppression of

In both cases the fractional shifts depend linearlyLowith
the coefficients

We have studied the suppression effect of the medium an quct | 18.19. O | he o
the energy losses of the produced particles. The former is % ¥ Production at largex [18,19. Our resuit on the close-
comparison of the inclusive distributions in-medium vs €SS OfA(xr) andi(x.) may well suggest that gluon deple-

minimal-medium at the same; or x,_. The latter is the shift ton is the main mechanism for the suppression of kpih

in x; or x,_ necessary for the two distributions at differét ~andp. distributions.

to be equivalent. Both studies yield qualitatively the same In quantitative terms it must be recognized thdxr) is

level of effect. In the following, we shall use the suppressionundisputatively larger tham(x.), and therefore provides

effect to represent both in our discussion of the differencesome comfort that the suppression effect is enhanced when

between the transverse and longitudinal effects. the medium is denser and hotter. What is unexpected is that
The primary remark to make is that the valuesAdfx+) it is not an order of magnitude larger. In order to fully un-

and\(x.) given in Eq.(28) are amazingly close. There are derstand the suppression problem we need a whole set of

many arguments one can give to suggest théx;) and  experiments that measure identified pions at hpghandp,

A (x_) should not be similar in magnitude, and few are avail-for all combinations of nuclear sizes &B collisions at high

able to explain that they are even within the same order oénergy. It is important to discover what is universal in the

magnitude. Let us present some of them. nuclear effects on the produced particles, and what is not.

~ The main difference between the two suppression effect§he finding in this paper constitutes an interesting and in-
is that one refers to transverse, whereas the other refers {aquing beginning in that direction.

longitudinal motion. For transverse momenta of partons
caused by hard collisions, at least there is pQCD to describe
some aspects of the dynamics, although not reliablypfor
<8 GeV/c. For the longitudinal momenta of the particles
detected, there is no basic theory to describe their behavior in We acknowledge helpful discussions with H. Huang and
terms of partons without some substantial use of modelsA. Tai at the early stage of this work. This work was sup-
Some properties of ther degradation can be calculated, but ported, in part, by the U.S. Department of Energy under
a recent result on the nuclear modification factor does noGrant No. DE-FG03-96ER40972.
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APPENDIX

In this appendix we summarize the basic formulas thaﬁ

relate P(x1,N) to two scaling functions found in Ref11].
The first scaling function is
d(2)=12002%+2) *81+25e %), (A1)

which describes thp+ distributions at alN (number of par-
ticipants and all /s in terms of one scaling variable

z=p1/K(s,N), (A2)
whereK(s,N)=K(s)K(N), with [6,12]

K(s)=0.69+ (1.55<10 %) /s, (A3)

K(N)=1.226-(6.36X10 4N, (A4)

Js being in units of GeV an&(s,N) in units of GeVk.
®d(2) is related to thex; distribution by

@(z)=A(N)k2(s,N)idN“, (A5)
X7 dXg
where rapidity density is implied, and
A(N)=530N,(N)]7%% N.(N)=0.4433 (A6)
and
k(s,N)=K(s,N)/K,, (A7)

Ky being an arbitrary scale, fixed at 10 GeMbr the defi-
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cally calculated. However, instead of performing the integra-

ion in the denominator for eveny, there is an even simpler
elationship that makes use of another scaling function.

It is found in Ref.[11] that there exists another scaling
function

\If(u)zd)(z(u))/J duud(z(u)), (A10)

where

P x oz
(pr) (X7} (2)°
The new scaling variable endowsW¥ (u) with a property

that is analogous to the Koba-Nielsen-Ole$ikNO) scaling
[20]. The averagéz), defined by

(A11)

nition of 1 in Eq. (2). It is a phenomenological fact that the A comparison between EqéA8) and (A10) yields
combination of separate factors on the right-hand side of Eq.

(A5) that individually depend oy, N, ands results in a

universal function that depends explicitly on one variable

only.
Using Eq.(A5) in Eq. (3) yields

1
P(xT,N)=cI>(xT,N)/JodexT(I)(xT,N), (A8)

whered(z) is expressed in terms oft andN through
z=Xx7/k(s,N). (A9)

Dependences d? and® on s will not be shown explicitly.
With Eq. (A8), the distributionP(x+,N) can thus be analyti-

f dzZ®d(2)
(z)= , (A12)
f dzzb(z)
is a constant(z)=0.414, and is related t0x;) by
(2)=(xr)/K(s,N) (A13)
due to Eq.(A9), where(xy) is defined by
dN,. dN,,
W (u)={x1)2P(x1,N). (A15)

It is the combination of EqgA11) and(A15) that has led us
to regardW¥(u) as a KNO-type scaling. The advantage of
dealing withu instead ofz is thatk(s,N) is not explicitly
involved in relatingu to the observabl@;. Evaluating Eq.
(A10), we have[11]

W(u)=2.1x104(u?+11.65 ¥ 1+ 250 186%),
(A16)

Using Egs.(A13) and(A15), we now have an algebraic for-
mula for P(x1,N), which can be used directly in E¢L) for
the suppression fact@®(xy,N).
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