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Thirt .v .Y"ars ago, :viat sni an<l Satz propooc<l th" .I /1f1 <l""t.rnr.t.ion as a signal of a Qnark (:Jnon 
Plasma (QGP) formation, cine to the Debye screening between the pair c-cbar. At the light 
of the recent experimental data, I review the <lifforcnt effects on .J /'if; p1 ocluction, from SPS 
to LHC energies , distinguishing bet.ween Col<l l\"ndcar Matt.er (CNM) and QGP effects. Dif­
ferent possibilities and explanations for t.he available experimental data are discussed. Model 
prr<lir.t.ions fort.hr. arriving LHC <lat.a arr. a.I."° pr"-"<'nt.r.<l 

1 Introduction 

The J /1/J ptoductiou constitutes one of the most pnzzlin!?: fact of the present and futures ex­
periments. Its suppression was initially propos('d as a sig11al of the formation of a QCP. Data 
from l\A50 collaboration at SPS energies have shown an anomalous suppression, greater than 
the cxpeckd one from the usual nuclear absorption. The data at R.HIC energies from PHENIX 
collaboration show the same amount of suppression as the SPS data, while their energy collision 
iR 10 timPR highPr, and Rhow Rtronger RnppreRRion at. forward than at mid rapidity. 

Trying to explain all these facts, I propose the following distinction arnm1g the effects: I 
will consider mi one side the Cold effects. meaning by cold the fact that in those effects no 
thermalization is considered, even if the medium is dense. So these arc effects without QGP. 

On the other Ride we have thP Hot effects, where thermalizat.ion iR taken into account and 
QGP formation is induded. 

I will focus on the first l,'TOUp. Note that this group is constituted by both initial and final 
effects. In fact, the shadowing of the nuclear structure functions, the nuclear absorption -that 
is, the suppression of the J /1/J due to the scattering of the pre-rc.sonant c-cbar pair within the 
nucleus- and the partonic a.nd hadrouic dissociation of the c-cbar pair with the dense medium 
produced in the collision -the comover interaction- belong to this group. 

2 Shadowing 

Shadowing reforn t.o the mechaniRm that makes the unclear Rtmctnrc fnnctions in nndei cliff Prent 
from the :mperpORition of those of their conRt.itnents rmcloons. The data on d - An collisions 
obtained by PHENIX collaboration show that there ls an important suppression of the J/1/; 
production due to this initial state effect. An exhaustive study of the nudear modifil:ation 
factor versus rapidity, the number of collisions and transverse momentum has been developed in 
1

. Note that the shadowing increases with x and decrea.st-'S with Q 2 , so in prim:ipal its effect cau 
be consi<lered negligible at SPS energies. A comparison of two different types of shadowing is 
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snown in Fig. 1 where the results from gluon shadowing 2 (CF) and EKS evolution model (EKS) 
are compared. 
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Figure 1: Nuclear modification factor as a function of the number of collisions (left) and as a function of the J /'l/J 
transverse momentum (right) from CF shadowing and EKS models in the absence of uudear absorption. 

3 Nuclear absorption 

The primordial spectrum of particles is altered by interactions with the nuclear matter they 
traverse on the way out to the detector. This effect is known as nuclear absorption. It. depends 
on the coherence length, 

1 Mc;; 
~ = -l = rrip--, 

c sx1 

in such a way that, at low energy, the heavy system undergoes successive inLeractions with 
nucleons in its path and has to survive all of them leading to a strong nuclear absorption. This 
is the case at SPS energies, where the absorptive cross section is estimated to be a abs = 4.18 mb. 
At high energies, on the contrary, the coherence length is large and the projectile interacts with 
the nucleus as a whole leading to a small nuclear absorption. Then, at RHIC energy, we have 
ta.ken an absorptive cross section at mid rapidity equal to zero. Note that the coherence length 
shows a dependence on rapidity. Because of this, at forward rapidity a small nuclear absorption 
may be included. 

4 Comover interaction with recombination 

The comover interaction model was developed to explain both the suppression of charmonium 
yields and the strangeness enhancement in nucleus-nucleus collisions at the SPS. It is based on 
the interaction of a particle or a parton with the medium, which is described by the gain and 
loss differential equations which govern the final state interactions. 

Assuming only J / 1/J dissociation 2 , the rate equation governing the density of charmoniurn in 
the final state, N;N, can be written in a simple form assuming a pure longitudinal expansion of 
the system and boost invariance. For an AA collision the density of J /tf; at a given transverse 
coordinate, s, impact parameter b, and rapidity is given by 

(1) 
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where ace is the cross section of charmonium dissociation due to interactions with the co-moving 
medium, with density Nc0

• It is found from fits to low-energy experimental data to be <Tr,n = 0.65 
mb. 

In the last years, a secondary .J / l/J production due to recombination of ce pairs in order to 
explain the PHENIX data has been wildly disrnssed. To incorporate the effects of recombination, 
we have to include an additional gain term proportional to the (squared) density of open charm 
produced in the collision 3 . Then eq. (1) is generalized to 

(2) 

where we have assumed that the effective recombination cross section is equal to the dissociation 
cross sertion. This extension of the model therefore does not involve additional parameters. 

Equation (2) leads to the survival probability for the .l /l/J 

S co(b ) = {- [Nco(b ) _ Nc(b,.s , y)Nc:(b,s,y )] l [Nco(b,.s,y)]} 
,.s,y exp CJco ,.s,y N (b ) n N (0) JN ,.s,y PP 

(3) 

where the first term in the exponent of eq. (3) is exactly the survival probability of a .J 11/J 
interacting with comovers. The density of open and hidden charm in AA collisions, Ne, Ne 
and NJN respectively, can be computed from their densities in pp collisions as N/'A(b, .s) = 
n(b, 8)S~'Q(n, 8)Nf", with similar expression for NfA and N,71~,· Here n.(1>, -~)corresponds to the 

number of collisions SJi'Q is the shadowing factor for heavy quark production. Then eq. (3) 
becomes 

5cu(b, s, y) { [ co ) ( ( ) sh ( J] [Nco(b, s , y)]} exp -aco N (b, .s,y - C y)n b, .s SHQ b,s In Npp(O) (4) 

where 

( dN~g/ dy) 
2 

( dlT~~/ dy) 
2 

C(y) = J f\'> = .1/1/'/d . (5) 
dNpp /dy CJpp d<7pp y 

We expect the effect of recombination to be stronger at mid-rapidity than at forward ones. At 
y I 0 the recombination term is smaller (relative to the first one) since the rapidity distribution 

of D,D' is narrower than the one of r.omovers. This will produce a decrease of R:Jj with 
increasing y which may over-compensate the increase due to a smaller density of comovers at 
y Io. 

In the left picture of Fig. 2 we present the results of our model compared to experimental 
data at mid-rapidity. The different contributions to .J /If; suppression are shown. Note that 
at mid-rapidities the initial-state effect is just the shadowing. As discussed above. nuclear 
absorption is present at forward rapidities but is negligibly small at mid-rapidities. In the r.h.s. 
of Fig. 2, our results at forward rapidity are presented. Note that, contrary to the results in 2 

with no recombination, the J /1/J suppression at forward rapidity is somewhat larger that the one 
at mid-rapidities, in agreement with experimental data. This is due both to the recombination 
term and to the initial-state effects. The latter are stronger for forward rapidities. 

In Fig. 3 we have calculated the .J /1/J suppression at LHC for several values of C, including 
the case of absence of recombination effects (C = 0). We consider that realistic values of Cat 
LHC are of the range 2 to 3. Although the density of charm grows substantially from RHIC 
to LHC, the combined effect of initial-state shadowing and comovers dissociation appears to 
overcome the effect of parton recombination. This is in sharp contrast with some of the findings 
in the framework of QGP and recombination, where a strong enhancement of the .l /'rf• yield with 
increasing centrality is predicted. 
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Figure 2: Results for J/v suppression in AuAu at RHIC (y'S = 200 GeV) at mid-rapidity (left), and at forward 
rapidity (right). Data are from 4

. The solid curves are the final results. The dashed-dotted ones are the results 
without recombination (C = 0). The dashed line is the total initial-state effect. The dotted line in the right figure 
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is the result of shadowing. 
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Figure 3: Results for J/'if• suppression in PbPb at LHC (y'S = 5.5 TeV) at mid-rapidities for different V-<\lues of 
the parameter C. The upper line is the suppression due to initial-state effects (shadowing). 
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