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Charmonium suppression from shadowing effects
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The extent to which geometrical effects contribute to the production and suppression of theJ/c and qq̄
minijet pairs in general is investigated for high-energy heavy-ion collisions at SPS, RHIC, and LHC energies.
For the energy range under investigation, the geometrical effects referred to are shadowing and antishadowing,
respectively. Due to those effects, the parton distributions in nuclei deviate from the naive extrapolation from
the free nucleon result;f AÞA fN . The strength of the shadowing/antishadowing effect increases with the mass
number. Therefore it is interesting to see the difference between cross sections for, e.g.,S1U vs Pb1Pb at
SPS. The recent NA50 results for the survival probability of producedJ/c ’s has attracted great attention and
are often interpreted as a signature of a quark gluon plasma. This paper will present a fresh look on hard QCD
effects for thecharmonium productionlevel. It is shown that the apparent suppression ofJ/c ’s must also be
linked to the production process. Due to the uncertainty in the shadowing of gluons the suppression of
charmonium states might not give reliable information on a created plasma phase at the collider energies now
available. The consequences of shadowing effects for thexF distribution of J/c ’s at As520 GeV, As
5200 GeV, andAs56 TeV are calculated for some relevant combinations of nuclei, as well as thepT

distribution of minijets at midrapidity forNf54 in the final state.@S0556-2813~99!04205-3#

PACS number~s!: 24.85.1p, 14.40.Lb, 25.75.2q
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I. INTRODUCTION

Since the advent of QCD in the 1970s great emphasis
laid on the existence of a phase transition of, yet unkno
order, being typical for non-Abelian gauge-field theorie
From lattice calculations it was emphasized that, at z
chemical potential, a phase transition should show up
some temperatureTc'150–200 MeV when explicitly taking
quarks into account. The value forTc is slightly higher for a
pure gauge theory. Also, at the nonzero chemical poten
as suggested in the MIT bag model, one should acce
phase transition due to the increasing outward pressure o
partons inside the bag finally leading to a deconfined ph
Due to the difficulties emerging when considering dynami
fermions, the work on a nonzero chemical potential has
yet reached the same level of success as that form50 in
lattice QCD.

Now, in actual high-energy heavy-ion collisions the fo
lowing scenario can occur. Two streams of initially co
nuclear matter collide and may result in a plasma pha
which is created within the transverse dimension of appro
mately the size of the overlapping nuclei. The plasma co
down to form hadronic degrees of freedom in the subsequ
expansion. If one has this phase transition in mind one a
has to confront the question of its experimenatal detect
Typical signatures under discussion are leptonic~dilepton@1#
and photon@2# production due to the interactions among t
quasifree partons via the different QCD processesqq̄→gg,
gq→gq, . . . ) andhadronic ones, such as the suppression
J/c ’s. Now, the QCD reactions in the plasma are not
only source for leptons. One expects a large backgro
coming from the decay ofp0 andh mesons. It therefore is
necessary to carefully handle this background by experim
tal methods such as invariant mass analysis.

It is also obvious that the signatures have to give clear
PRC 590556-2813/99/59~5!/2744~9!/$15.00
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powerful information on the plasma phase. Especially wh
looking at the hadronic signatures this does not have to
the case as emphasized in@3#, where it was shown that gluon
depletion due to DGLAP splitting in the colliding nuclei ca
lead to the same results as the current experiments at N
@4#, which in turn implies that those experimental resu
probably have lost their meaning as a plasma signatur
SPS.

II. PRODUCTION AND SUPPRESSION OF THE J/c

The J/c is a cc̄ bound state interacting via two forces
a confined surrounding: a linear confining potential and
color-Coulomb interaction. In the plasma phase the lin
potential is absent due to the high temperature leading
deconfinement. Every color charge is Debye screened b
cloud of surrounding quark-antiquark pairs which weak
the binding force between thecc̄ pair, thus reducing the
color charge seen by the other~anti!quark. Since the density
of the screening pairs rises strongly with increasing tempe
ture, the binding force gets weaker and weaker when
temperature rises aboveTc . As a result, the charm quark an
antiquark drift away from each other, so that finally n
bound-state formation is possible in a plasma phase of h
enough temperature@5#.

However, the plasma phase is not the only source of s
pression@6#. One also has to take into account final-sta
interactions for this hadronic degree of freedom, which
absent for leptonic signatures. Because theJ/c is a very
weakly bound state, the interaction with nucleons and s
ondaries that are always present in a heavy-ion collision
addition, significantly lowers the survival propability for
J/c. It is obvious that such effects should increase with
creasing mass number. One also expects the phase tran
to happen for the heavier nuclei. Therefore, one has
2744 ©1999 The American Physical Society
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PRC 59 2745CHARMONIUM SUPPRESSION FROM SHADOWING EFFECTS
effects both increasing with the number of nucleons
volved. This in turn implies that the experiments have to
done with very high precision to disentangle those effect

At this point another source of suppression comes i
play that also increases with the mass number and there
has to be accounted for:nuclear shadowing. This effect al-
ready enters on the production level of the charmoni
bound state. The former two effects, namely suppression
melting in the plasma phase and comover activity, enter o
at a level when theJ/c already exists at later proper timest.
Now the nuclear shadowing effect appears when the char
nium is produced via the various processes depicted in
1.

The total hidden charm cross section inpN collisions be-
low the open charm threshhold is given by@7#

scc̄~s!5E
4mc

2

4mD
2

dŝE dxAdxBf i~xA! f j~xB!ŝ~ ŝ!d~ ŝ2xAxBs!.

~1!

Here, f i and f j denote the parton densities andŝ is the cross
section on the parton level, i.e.,qq̄→cc̄, gg→cc̄. The cc̄
pair subsequently will turn into a color singlet by interacti
with the color field induced in the scattering, the so-cal
‘‘color-evaporation’’ mechanism. In@7# the J/c production
in a proton nucleon reaction was parametrized as

spN→J/c~s!5 f J/c
p scc̄

NLO
~2!

with f J/c
p 50.025 from comparison with data@8#. Here the

production of theJ/c is described as proceeding via th
NLO production of acc̄g state and the subsequent evapo
tion of the gluon.~For a more detailed model also includin
the non-relativistic quarkonium model in the quarkoniu
and bottonium-nucleon cross section see@9#.!

It is obvious that any changes in the parton densities
result in changes of thecc̄ production cross section. Becau
we know since the EMC measurements@10# that f i

AÞA fi
N

this demands some further investigation. Here we will inv
tigate the influence of thenuclear gluon and quark distribu
tions on theJ/c production cross section by using a mod
fied version of a parametrization based on a~impact
parameter averaged! data fit given in@11#. We will show the
influence on the differential cross sectiondsAB/dxF for gg

fusion andqq̄ annihilation@12# given by

FIG. 1. The various LO processes leading to the direct prod

tion of a cc̄ pair.
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dsgg
AB

dxF
5E

4mc
2

4mD
2

dQ2
1

Q2

xAxB

xA1xB
ŝgg→cc̄~Q2!

3gA~xA ,Q2!gB~xB ,Q2!, ~3!

dsqq̄
AB

dxF
5 (

q5u,d,s
E

4mc
2

4mD
2

dQ2
1

Q2

xAxB

xA1xB
ŝqq̄→cc̄~Q2!

3@qA~xA ,Q2!q̄B~xB ,Q2!1q↔q̄#, ~4!

and on the minijet cross section

ds

pTdpTdy1dy2
52pxAgA~xA ,pT

2!xBgB~xB ,pT
2!

dŝgg→qq̄

d t̂
~5!

at midrapidityy5y15y250. We choosemc51.5 GeV and
mD51.85 GeV. The momentum fractions are given asxA,B

51/2@6xF1(xF
214Q2/s)1/2# for the xF distribution andx

52pT /As for the minijets at midrapidity. We take all cros
sections in leading order and do not include anyK factor for
higher-order contributions since we are mainly interested
relative effects. For the parton distributions we choose
CTEQ4L parametrization.

The reason for our investigation is the following: the r
cent NA50 data show a deviation from the tendency
pected from earlier experiments when the mass numbe
the involved nuclei is increased. Now, in@3# it was shown
that due to multiple scatterings between partons the un
tainty in the survival propability gets so large that one can
distinguish whether the data found by NA50 is due to glu
splitting in the production phase or due to plasma absorp
as claimed by several authors. Obviously, the originally go
idea ofJ/c suppression as a good tool for plasma investi
tion seems to have lost its predictive power at the availa
energies. It is therefore interesting to see what one can
pect at future colliders.

In the next part we will give some details of the parto
densities in nuclei in the energy regimes of SPS, RHIC, a
LHC.

III. NUCLEAR SHADOWING AND THE CONNECTION
TO THE J/c

The history of the modification of nuclear structure fun
tions, as compared to the free nucleon ones, is founded
the findings of the EMC group that lead to the so-call
EMC effect @10# ~even though one should say that shado
ing effects, in principle, have been known since the 197
@13#!. This effect shows thatf AÞA fN , which implies that
the parton density in the nucleus is not simply given by
nucleon number times the respective parton density in
nucleon. Depending on the frame~lab- or infinite momentum
frame! one derives completely different interpretations f
the nuclear structure functions and for the deviations fr
the naivepp extrapolations. For typical values of the mo
mentum transfer in app reaction ofpT5126 GeV, where
perturbation theory should be applicable, one is in the
called antishadowing region for SPS and in the shadow
region for RHIC and LHC at midrapidity. In the following

c-
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2746 PRC 59N. HAMMON, L. GERLAND, H. STÖCKER, AND W. GREINER
we will shortly review the interpretation of shadowing in th
two relevant frames and will start with the lab frame descr
tion which is thenatural frame for typical deep inelastic
scattering measurements off nuclei~at least from the experi
mental setup point of view!.

A. Lab frame description

In the lab frame the expressionshadowingimmediately
seems to imply a geometrical effect. When one speaks
something lying in the shadow of another thing one me
that the second body is not visible since the first body
placed nearer, e.g., to some source of light. A similar reas
ing can be applied in the case when a lepton is scattered
a nucleus consisting of many nucleons. The exchanged
tual photon does not~in the relevantx range! interact indi-
vidually with each nucleon but coherently with all nucleo
or at least with a major part of the nucleons inside
nucleus; some nucleons are therefore lyingin the shadowof
other~surface! nucleons. As we will see later, this reasoni
is linked to the momentum fraction of the struck parton
side the nucleon. Because the momentum fraction is bo
from above this interpretation is limited to the explanation
shadowing and is not applicable for the reasoning of a
shadowing, the EMC effect or the Fermi-motion effect. U
fortunately there is yet no single theory to understand
whole range of the momentum fraction from 0<xB j .<1. For
an excellent review of different models and interpretatio
see@14#.

For a deep inelastic-scattering process there exist two
sible time orderings for the interaction of a virtual phot
with a nucleon or with a nucleus: either the photon hits
quark inside the target~the so-called hand-bag graph! or the
photon creates aqq̄ pair which then strongly interacts wit
the target. Those two possible processes are depicted in
2.

As can be seen from the ratio of the amplitudes of the t
processes one realizes that the diagram on the right-hand
only contributes at small enoughx (x!0.1). At low Q2 the
interaction of the virtual photon with the nucleons inside t
nucleus happens via the low mass vector mesonsr, v, and
f as described in the vector meson dominance mo
~VMD ! with the typical spectral ansatz for the description
the fluctuation spectrum@15#. The reduction in the quark
density, manifesting itself in the shadowing ratioRF2

5F2
A/A•F2

N , can then be understood in terms of a multip
scattering series where the fluctuation interacts with m
than one nucleon over a coherence length ofl c'1/(2mx). At
higherQ2 the partonic degrees of freedom are probed; n
ertheless, shadowing is due to long distance effects
therefore always incorporates a strong nonperturbative c

FIG. 2. The two physical processes arising from the two p
sible time orderings.
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ponent, even at largeQ2. Also, theqq̄ continuum has to be
taken in addition to the mesons giving rise to the generali
VMD model.

The interaction of the virtual photon with a nucleon c
essentially be split up into two parts: the virtual photon w
its quark-antiquark fluctuation and the interaction of the flu
tuation with the parton which happens via gluon exchang

s~g* N!5E
0

1

dzE d2r uc~z,r !u2sqq̄N~r !, ~6!

where the Sudakov variablez gives the momentum fraction
carried by the quark~or antiquark!.

The cross section for the interaction of the fluctuati
with the nucleon can be described in the ‘‘double log a
proximation’’

sqq̄N5
p2

3
r 2as~Q82!x8g~x8,Q82!, ~7!

wherex85Mqq̄
2 /(2mn), r is the transverse separation of th

pair, andQ8254/r 2. Due to

uc~z,r !u;
1

r 2
, ~8!

pairs with small transverse separation are favored. As ca
seen from Eq.~7! this in turn implies a small cross section
This smallness is compensated by the strong scaling vi
tion of the gluon distribution in the smallx region asr (Q82)
decreases~increases!. In the Glauber eikonal approximatio
the interaction with the nucleus is expressed in terms of
nuclear thickness functionTA(b) as

sqq̄A5E d2b~12e2sqq̄NTA~b!/2!. ~9!

When there is a longitudinal momentum transfer appropr
to the production of the hadronic fluctuationh, a phase shift
behind the target results and the incident wave exp(ikz

gz) is
changed to2G(b)exp(ikz

hz) with kz
gÞkz

h and the nucleus
profile functionG(b). The phase shiftDkz5kz

g2kz
h in turn

gives rise to the coherence lengthl c'1/Dkz . When nowl c
@2RA ~i.e., for small momentum transfersDkz), the had-
ronic fluctuation interacts coherently with all nucleons insi
the nucleus, Glauber theory is valid and a reduction in
cross section results~for further details we refer to@14–17#!.
For an illustration of the effect, see Fig. 3.

B. Infinite momentum frame description

In the infinite momentum frame a completely differe
mechanism is employed. The key idea here is the fusion
partons giving rise to a process that competes with pa
splitting expressed in the DGLAP equations. This idea w
formulated in@17# and later proven in@18#. In the following
we will give the main ideas and conclusions of the part
fusion model@19#.

As is known, in the infinite momentum frame the Bjorke
variable xB j is interpreted as the momentum fraction of
parton with respect to the mother nucleon. When now, ins

-
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PRC 59 2747CHARMONIUM SUPPRESSION FROM SHADOWING EFFECTS
a nucleus, the longitudinal wavelength of a parton exce
the Lorentz-contracted size of a nucleon or the internucl
distance 2RN , then partons originating from different nucle
ons can ‘‘leak out’’ and fuse. This effect can be estima
from 1/(xP)'2RNMN /P to show up atx values smaller
thanx'0.1. As a result of the parton-parton fusion parto
are ‘‘taken away’’ at smaller values ofx and ‘‘shoveled’’ to
larger values ofx where antishadowing appears to guaran
momentum conservation. As a result of the parton fusion
x range for the measured structure function is expande
valuesx.1. Hereby, an alternative description of Fermi m
tion is achieved. In the lab frame interpretation the satura
of shadowing was interpreted in terms of a coherence len
larger than the nucleus. Here, the saturation towards sm
x values is interpreted in terms of the longitudinal part
wave length exceeding the size of the nucleus. In that se
the infinite momentum frame interpretation of shadowing
formulated in terms of variables that are inherent to
nucleus and there is no need for a scattered lepton or a
lision.

In addition to the longitudinal shadowing one expects
additional shadowing effect from the transverse fusion
partons: for sufficiently small values ofx and/orQ2 the total
transverse occupied area of the partons becomes larger
the transverse area of the nucleon. This happens~e.g., for
gluons! when xg(x)>Q2R2 where the transverse size of
parton is 1/Q2 andR is the nucleon radius. The depletion
the gluon and sea-quark densities arising from that proc
are expected at valuesx<0.01.

At this point some comments concerning the general
fluence of initial- and final-state interactions on the suppr
sion ofcc̄ states are appropriate. The relative influence of
final-state interactions~such as comovers! to initial-state in-
teractions~such as shadowing! changes significantly when
going from SPS to RHIC and LHC.

For a Pb nucleus ofRPb'6.5 fm, the passage time of th
two nuclei in the c.m. system with ag factor of g'9.3 is
tpass'1.4 fm/c at SPS, which is of the same order of ma
nitude as, e.g., meson production. The production time o
cc̄ pair is tprod'0.07 fm/c. So obviously after the productio
of the pair many final-state interactions can happen du
the long time it takes the two nuclei to run over the qua
antiquark pair. In addition the initial-state effects are mu
weaker because the momentum fractions at midrapidity

FIG. 3. Graphic representation of the lab frame interpretation
shadowing.
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the energies ofS1U and Pb1Pb are found in the antishad
owing region or even in between the antishadowing a
EMC region, depending on the energy. So taking these
aspects together one has to conclude that the influenc
shadowing effects at SPS are dominated by the final-s
interactions and that shadowing does not significantly c
tribute. However, at RHIC, the passage time becomestpass
'0.12 fm/c due to the stronger Lorentz contraction. Th
implies that the influence of secondaries such as produ
mesons tends to get smaller and thecc̄ state has a large
chance to escape the reaction zone without too many c
sions. However, the perturbative quarkonium-nucleon cr
section increases with the energy as shown in the color tr
parency model in@20# which could balance the vanishin
influence of the secondaries. When taking shadowing i
account in this caseshard(qq̄N) should too. So already a
RHIC, the final-state interaction loses influence on the s
vival probability in favor of the initial-state effects that ge
stronger since the relevant momentum fractions are clearl
the shadowing region. This tendency increases furthe
LHC since the initial-state shadowing gets stronger.

f

FIG. 4. Fit to the data for various nuclei atQ052 GeV as given
by Eskola.

FIG. 5. Initial gluon and quark shadowing parametrization
Q254 GeV2 for 197Au and 208Pb.
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IV. THE USED PARAMETRIZATION

In @11# a fit to the E772@21#, NMC @22#, and SLAC@23#
data was given as a parametrization for the ratioRF2

5F2
A/A•F2

N ~see Fig. 4!. Now this parametrized ratio canno

FIG. 6. Gluon shadowing ratio evolved toQ2510 GeV2 with
DGLAP without fusion terms. Due to the narrow range 4mc

2<Q2

<4mD
2 in the interpretation we use the ratio at some fixed interm

diate scaleQ2510 GeV2.

FIG. 7. Gluon ratios corresponding to the various energy
transverse momentum regimes.
simply be multiplied with all the individual parton distribu
tions entering the formulas. One has to make a distinct
between the valence and the sea quarks and also nee
different ratio for the gluons. Our results fordsAB/dxF are
based on the shape of the ratio given in@11# at the initial
momentum transferQ052 GeV. Up to now, the production
processes were often calculated by using the measured s
owing ratioRF2

. From the lab frame interpretation we kno
that the cross section for the interaction of a gluon pair
larger than the one for the interaction of the quark-antiqu
pair (sggN

pert 59/4sqq̄N
pert ). The same tendency can be found

the parton fusion model. In@24# calculations in the parton
fusion model for 118Sn showed an impact-paramete
averaged gluon shadowing that is twice as strong (RG
'0.34) as the sea quark shadowing atx51023 and Q2

55 GeV2 already for this light nucleus. To account for th
much stronger gluon shadowing we, therefore, modified
parametrization given in@11#.

In the lab frame, the relevant range for the coheren
length to produce the shadowing effect isl 05r NN'1.8 fm
< l c51/(2mx)<2RA . For l c@2RA , corresponding tox
!0.1 fm/1.1 fmA1/3, the shadowing of gluons at some in
tial scale at fixed impact parameter behaves as@25,26#

Aeff

A
5

222~exp2R/2!

R
, ~10!

-

d

FIG. 8. Minijet cross sections for creation ofqq̄ pairs for RHIC
and LHC.
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FIG. 9. dspp→J/c/dxF for SPS, RHIC, and LHC.
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whereR5T(b)seff . For the interaction of theqq̄ pair one
finds seff,qq̄'14 mb, which approximately corresponds
the rN cross section. We here assume that the perturba
factor 9/4 is valid also for the nonperturbative regime a
therefore, chooseseff,gg'30 mb. At b50 and for Pb one,
therefore, has a maximum amount of shadowing ofAeff /A
'0.39 which is approximately 15% smaller than t
b-averaged result. Because the two different scenarios~lab-
or infinite momentum frame! give such different results
RG'0.39@25,26# vs RG!0.3 for heavy nuclei at smallx, we
decided to choose some intermediate value as a starting
for the DGLAP evolution.

We, therefore, employ the curves shown in Fig. 5 to
count for the large difference in the quark and gluon sh
owing ratios. Due to the large uncertainty of the initialRG
we choose the same ratio for Au and Pb atQ2510 GeV2 as
shown in Fig. 6. Also, we again want to emphasize that
commonly used shadowing ratios only account for impa
parameter-averaged measurements in DIS reactions. Th
fore, our results should be seen as for central events
because the production mechanism in very peripheral c
sions should produce significantly smaller rates with sign
cantly smaller influences from shadowing effects@27#.

For the minijet cross section we used aQ2-dependent
parametrization given in@16# to account for the largerpT
region.
ve
,

int

-
-

e
t-
re-
ly
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-

V. RESULTS

We will first present the results for the minijet cross se
tion including only processesi , j→k,l with i , j 5g and k,l

5qq̄ with four flavors in the final channel~due to the domi-
nance of thegg fusion process annihilation processes a
neglected at RHIC and LHC at midrapidity!. For thexF dis-
tribution we used our modified version of the parametriz
tion in @11# but for the minijets we used an impac
parameter-dependent parametrization withb 50 @16# shown
in Fig. 7. This parametrization is applicable here since we
in the pure shadowing region where the generalized VM
approach used to derive it is applicable~even though one
should say that the Glauber ansatz should only be valid u
valuesx;1022 as restricted by the eikonal approximation!.

The regions of the momentum fractions corresponding
the momentum range 1 GeV,pT,6 GeV for RHIC (As
5200 GeV) and LHC (As56 TeV) are represented in Fig
7 as shaded areas. The results for the cross sections for R
and LHC are given in Fig. 8. In that calculation all qua
antiquark pairs (k,l 5qq̄) up to the bottom threshhold wer
taken into account, i.e.,Nf54 in the final state. One clearly
sees the deviation having its origin in the shadowing of
nuclear parton distribution. As expected, the shadowing
fect decreases aspT increases due to the momentum fracti
x52pT /As.
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FIG. 10. dsAB→J/c/dxF for SPS~Pb1Pb,S1U), RHIC ~Au1Au!, and LHC~Pb1Pb!.
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Next we will present the results for thedsAB/dxF cross
sections. We first calculated the proton-proton cross sect
to show the dominance of thegg fusion process over theqq̄
annihilation process at smallxF ~see Fig. 9!: The results for
the cross sections forS1U and Pb1Pb at SPS atAs
520 GeV, Au1Au at RHIC atAs5200 GeV, and Pb1Pb
at LHC atAs56 TeV are presented in Fig. 10. In this ca
we were restricted to our modified version of the parame
zation of @11# due to the integration reaching up to mome
tum fractionsx.0.1, not allowing us to use the same para
etrization as for the minijet production. At SPS energies o
clearly sees the different regions of the parametrization
tering the cross section. At smallxF one has the enhance
ment due to the antishadowing which is followed by t
depletion due to the EMC region at largerx and finally one
can identify the Fermi motion effect asxF→1. The effects
are clearly stronger for Pb1Pb than forS1U ~compare Fig.
4!. To get an impression of the relative strength of t
nuclear modifications in the respective nuclei we calcula
the ratios of the shadowed to unshadowed cross section
Fig. 11. The difference between Pb1Pb andS1U at SPS
energies in principle is only small; in the relevant region
small xF , where the cross section has not dropped yet
much, the charmonium production in Pb1Pb is slightly
larger than inS1U('8%). TheRHIC one is in the shad
owing region. The suppression strongly varies over thexF
ns

i-
-
-
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n-

d
in
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o

range between'0.6 and 0.35. At LHC an even stronge
suppression is found due to the smaller momentum fracti
entering the shadowing ratios. Here the suppression
'0.3–0.5.

VI. CONCLUSIONS

From the results shown above one now can draw the
lowing conclusions for the consequences of the shadow
effects for charmonium production and suppression in
energy regimes of SPS, RHIC, and LHC. First, one can c
clude from Figs. 4 and 11 that an enhancement of char
nium states produced near midrapidity due to antishadow
at As520 GeV is predicted~small xF). For largerxF , a
clear suppression of the charm cross section to'70–80% of
the unshadowed result~Fig. 10! and again a rise at the large
xF values is predicted~the latter one due to the Fermi motio
effect!.

For RHIC energies of As5200 GeV the situation
changes; for minijets with 1 GeV,pT,6 GeV at midrapid-
ity ~or at smallxF , respectively! one is completely in the
shadowing region. Here, the shadowed results are reduce
'45%. At LHC the situation is even more dramatic: th
ratio of the shadowed cross section to the unshadowed c
section atpT51 GeV is 0.22 which amounts to a suppre
sion of a factor'4.6.
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FIG. 11. dsw/shad
AB→J/c/dxF /dsw/o shad

AB→J/c/dxF for SPS~Pb1Pb,S1U), RHIC ~Au1Au!, and LHC~Pb1Pb!.
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Similar effects are observable fordsAB→J/c/dxF : at
small xF'0.05 for RHIC the cross section is reduced by
factordsshad/dsunshad'0.58, and gets suppressed even m
towards largerxF down to values'0.35. At LHC one finds
a less strong variation over thexF range with a mean value
of '0.35. In these results one problem is unveiled: the
ference between the~not yet exactly known! gluon ratioRG
and the quark ratioRF2

that, according to the calulations i
@24# increases with increasing mass number. If, as it w
recently done at CERN-SPS, the future experiments at R
and LHC compare different combinations of nuclei and d
rive results similar to the NA50 data, one has to ask one
whether one has detected the plasma or whether the dete
is that the gluon ratio isnot simplygiven by RF2

, even at
smallx. This possibility becomes even more important sin
ss
.

.

e

-

s
C
-
lf
ion

e

those initial-state interactions gain more influence as co
pared to SPS, even though one should say that the rela
influence of the initial-state interactions as compared to
final-state interactions is not yet known exactly.

To give clear predictions, it is mandatory to control th
value ofRG at the typical semihard scaleQSH'2 GeV with
high precision. Therefore, charmonium and bottonium s
pression effects can also be due to purely geometrical effe
i.e., shadowing.
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