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The review of the experimental data on charmonium statedyoton measured at the CERN SPS
and in p-p and Pb-Pb collisions at LHC and comparison witlttta obtained at the Brookhaven
National Laboratory Relativistic Heavy lon Collider RHIE presented. The suppression af J/
production was suggested as a possible signal of quarkagllasma (QGP) formation in 1986
by Matsui and Satz. But the experimental and theoreticahsiin is more complicated. The
"anomalous" suppression ofydfroduction at the CERN SPS was discovered in central Pb-Pb
collisions by NA50 collaboration at 158 GeV. The effects ap Suppression in cold nuclear
matter and feed-down production from higher charmoniurtestare important in production of
JIY at SPS energies. It was found in the PHENIX experiment at R&tl(s = 200 GeV that
the JIp suppression at this energy is of the same order as the sgpret SPS for Pb-Pb. The
theoretical models that could reproduce SPS Pb-Pb resyltsa17.3 GeV overestimate thajd/
suppression ay/s = 200 GeV. The models with regeneration ap Hgree with the experimental
results better. The study of charmonium production at LH@-mand Pb-Pb collisions also points
out on the importance of regeneration process. The cotitsibof B-decay should be taken
into account at LHC energy. Also the energy intervals bem@®BS, RHIC and LHC are very
important for the study of the mechanism of quarkonium potidn and suppression, in order to
investigate medium effects and conditions for quark-glptasma formation. If the proton and
ion beams will be used at LHC with fixed targets, the measunésie the energy interval between
SPS and RICH could be performed. For 7 TeV proton beam thegemélt be \/s=114.6 GeV for
p-Pb collisions and for 2.75 TeV lead begys = 71.8 GeV for Pb-Pb collisions. It will provide
a unique possibility to clarify the mechanism ofpJand /’ production, particularly to separate
two possibilities: i): hard production and suppression BRYand/or hadronic dissociation or ii):
hard production and secondary statistical production egtftecombination.
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1. Charmonium production at the CERN SPS

The suppression of /production by colour screening in a dense nuclear mattesuggested
as one of the possible signature of quark-gluon plasma fitwman relativistic heavy ions collision
[1]. The charmonium production was measured in the NA50 exy@nt in Pb-Pb collisions at
158 GeV per nucleon [2] and in p-A collisions at 400 and 450 GB. It was observed the
normal nuclear suppression offdin proton-nucleus reactions and "anomalous" suppression i
central lead-lead collisions. The cross section for nomaalear absorption in Pb-Pb collisions was
obtained from p-A data by assumption of a weak energy depeeadaf the cross section. ThemJ/
production in p-A collisions at 400 and 158 GeV and in In-Idlismns at 158 GeV per nucleon
was measured in the NA60 experiment at SPS. It was found tiea¢ tare rather strong energy
dependence of the absorption cross section. Thereforedtysmportant to measure charmonium
production cross section in p-p, p-A and A-A collisions ire ttame kinematical domain [4].
The suppression of g/ production in cold nuclear matter (CNM) include not only shanium
absorption in the final state, but also initial state effe€isst of all it is the shadowing effect, i.e.
the modification of the parton distribution function in nexgs, relative to the nucleon. Also, it is
necessary to take into account the energy loss of the pageersing the nucleus before the hard
scattering. The existing shadowing parameterizationsmpn the model assumptions for nuclear
parton distribution. Using EKS98 shadowing parameteopat{5] the extracted absorption cross
section is increased. For In-In collisions at 158 GeV pefewrt the "anomalous"” suppression in
central collisions is rather small, while for central Idadd collisions the value of "anomalous"
suppression remains near 20 - 30 %.

2. The JIy production at the collider RHIC

The measurements ofyd/production in p-p, d-Au, Au-Au and Cu-Cu collisions gfs =
200 GeV energy were made in the PHENIX experiment at RHIGd=ll [6, 7]. The suppression
of the JIJ production was presented as a ratio af production in A-A collisions to the J/ pro-
duction in p-p collisions, normalized to the number of bineollisions,Ngy . This Raa ratio (the
nuclear modification factor), wheRxa = dNaa/dy/(dNpp/dy+ < Negii >), was used for the com-
parison of the experimental data versus centrality ofsioltis, multiplicity, number of participants,
Npart: €nergy density, transverse momentum and so on. The sspprexf the Jp production in
Au-Au collisions in forward rapidity range 1.2 |y| < 2.2 was found to be stronger than suppres-
sion in rapidity rangey| < 0.35. For the most central events the suppression of therdduction
reachs a value near 80 %. There are several theoretical snatigth could describe experimen-
tal data with and without taking into account the regeneratf Jiy. However the predictions
for the JI production at LHC energy are different — from large suppogss the model [8] to
the enhancement in [9]. Theyd/jproduction in Au-Au collisions at large transverse momentu
pr>5 GeV/c for mid-rapidity range was also measured in STAR erpent at RHIC. The sup-
pression for the J/ production is smaller than measured at PHENIX and is near &r %ae most
central collisions [10]. For extractions of the CNM effeitte PHENIX data for Au-Au and d-Au
collisions were analyzed simultaneously. It is suggedted in p-p, p-A and d-Au collisions the
hot and dense nuclear matter is not formed and the normatesgipn of charmonium production
is produced only by cold nuclear matter. The nuclear modiéinafactor for cold nuclear matter
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Raa(CNM) in Au-Au collisions was obtained. The ratitna/Raa(CNM) shows the "anomalous”
suppression of the/production in the hot and dense nuclear matter producedaitimistic heavy
ions collisions. At,/s =200 GeV theRaa/Raa(CNM) ratio is approximately equal for different
ranges of rapidity [11]. From the dependence of NA50, NAG® BRIENIX data on multiplicity it
is seen that at RHIC energy "anomalous" suppressioryofal/all colliding nuclei is the same as at
SPS energy. However the suppression in PHENIX is stronger sbppression in Pb-Pb collisions
at SPS by using the dependence of "anomaloug'slippression ohlpa (figl). So it is important
to choose the correct parameter for comparison the data.
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Figure 1: The comparison of NA50, NA60 and PHENRaa results versublyart.

3. Quarkonium production at the LHC

The LHC collider at CERN now gives the possibility to measguarkonium production at
the new energy range more than ten times higher than at RidI@xperiments ALICE [12],
ATLAS [13], CMS [14] and LHCb [15] at LHC, the charmonium praction was measured in
different rapidity and transverse momentum ranges. Tiyepddduction during years 2010-2012
was measured in p-p collisions at 2.76 TeV, 7 TeV and 8 TeV aribi-Pb collisions at 2.76 TeV.
It is planned to measure p-Pb collisions for detailed irigasibn of the cold nuclear matter effects.

3.1 Charmonium production in p-p collisions

Measurement of the g/ production in p-p collision at the same energy as in Pb-Plisan,
provides the baseline for extracting the nuclear modificafactorRaa. The mechanism of ¢/
production is investigated and the contribution of B- detway/y production is measured. There is
a good agreement for p-p collision between the data obtamAdICE, LHCb, CMS and ATLAS
experiments in the same kinematical domains [16]. Tlge phoduction cross section depends
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on rapidity. For forward rapidity the cross section is semalBy increasing the energy the mean
transverse momentum and production cross section/obdtomes larger. The contribution of B-
decay to 3y production cross section depends on rapidity and incrfasédarger J{J transverse
momentum. This contribution is approximately 10 % fgrnear 1.5 GeV/c [17].

3.2 Charmonium production in Pb-Pb collisions

Charmonium production in Pb-Pb collisions at 2.76 TeV wassneed at LHC in ALICE,
CMS and ATLAS experiments. In ALICE experiment the transeemomentum of inclusive g/
mesons was measured from values near zero up to 8 GeV/c lityangel|y| < 0.9 (for Jiy
decay into two electrons) and®< y < 4 (for muon channel). In ATLAS and CMS experiments
charmonium production was measured in the rapidity rayige 2.4, but the range of transverse
momentum values depended on rapidity. In ATLAS experimaiht d/(y mesons with large trans-
verse momentunpr> 6.5 GeV/c were measured. The comparison of PHENIX and ALRxE
results is shown in the fig.2 [16, 7].
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Figure 2: The comparison of PHENIX and ALICRaa results

The Raa dependence on centrality in ALICE experiment is not so gfy@s in PHENIX. In
ALICE for the most central events andbX y < 4 range theRaa value is two times larger than
measured in PHENIX, so the suppression a@f gfoduction is smaller. But in CMS experiment
[17] the suppression of "prompt"P/production (directly produced and obtained from feed-down
decay) for the most central event is approximately equahéosuppression measured at RHIC.
A comparison of théRaa centrality dependence, measured in ALICE, was done witlatéssttal
hadronization model calculation, which is in good agreenveith the RHIC data. The model
predicts the larger values f&aa at LHC than at RHIC in agreement with ALICE experimental
data [19]. The importance ofy}/regeneration process is also seen from LHC experimental dat

4. Quarkonium production at the ALICE dimuon spectrometer

In order to understand the problem of quarkonium suppressie necessary to measure p-p,
p-A and Pb-Pb collisions in the same kinematical domainse @iergy intervals between AGS,
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SPS, RHIC and LHC are very important to study the mechanisguafkonium production and
suppression, in order to investigate medium effects anditions of quark-gluon plasma forma-
tion. However the luminosity in collider experiments at RHE decreased for low energy. If the
proton and ion beams would be used at LHC with fixed targetsgettergy interval between SPS
and RHIC in p-A and A-A collisions could be covered. For 7 Tadétpn beam, the energy in N-N
c.m. isy/s=114.6 GeV, for Pb beam at 2.75 TeV ityés = 71.8 GeV. This is a unique possibility
to clarify the mechanism of charmoniumyJandy’ production, to separate two possibilities: i):
hard production and suppression in QGP and/or hadroniodaton or ii): hard production and
secondary statistical production with recombinationcsithe probability of recombination de-
creases with decreasing energy of collision in thermal mi@M3. In order to study the feasibility
of using the fixed target at LHC for charmonium productiorg ¢feometrical acceptances foyJ/
production on fixed target by means of AliRoot - FAST simwaa$ are obtained. Then they are
compared with acceptances at collider experiments (RHECL&C) and with fixed target exper-
iments at SPS and HERA fory/production. The counting rates are calculated and it is show
that the J@ production on fixed targets at LHC could be measured with biglistics collected
in several days of data taking [21]. As described in [21] faaikonium production the phe-
nomenological Colour Evaporation Model (CEM) is used. Tdggidity and transverse momentum
distributions for "prompt" 1y production are obtained respectively as a parametenzatidghe
CEM predictions and by extrapolating to LHC energy thg thansverse momentumr distribu-
tion, measured at mid-rapidity by the CDF experiment at @nergy near 1.8 TeV. The 3000Qu/
events are generated and geometrical acceptances of tigEAliinuon spectrometer are obtained
for J/y, produced in Pb-Pb collisions gfs=5.5 TeV in N-N c.m. system and in p-p collisions at
v/S=14 TeV in agreement with the existing calculations [23]tHa same frame the geometrical
acceptances of ¢/ production for PHENIX at RHIC and fixed target experiments304at SPS
and HERA-B are calculated for comparison.

4.1 Geometrical acceptance for Jp production on fixed target for ALICE dimuon

spectrometer

Geometrical acceptances are obtained for fixed target RinlR&ions at the energy 2.75 TeV
per nucleon, {/s=71.8 GeV in N-N c.m.) for ¢ production at point z = 0 and outside of the ITS
detector at point z=+50 cm in the direction to the dimuon speteter. The transverse momentum
distribution for JIy are generated usingr spectra in the CDF form, the same as for HERA and
PHENIX, consistent with CEM model. The parameters of disition are energy scaledN /dpr=
¢ pr[1+ (35 mpr/ 256 (pr))?] 8, where(pr) = 1.4. For rapidity distribution the Gaussian spectra
is used with the mean values equaltg = 0 ando = 1.1. JI are accepted in the rapidity range -
2.5<y<-4.0 (- 2.97<y <- 4.09) for ¢/ production at the point z = 0 (z=+50 cm). The results are
shown in the fig.3. The geometrical acceptances, I, are equ&l.0 % for Ji production at z=0
point and 7.97 % at z=+50 cm.

The JIp production in p-p and p-A collisions at LHC energy 7 Teyq= 114.6 GeV in N-N
c.m.) is calculated by usingr spectra in the same form as for Pb-Pb collision, but with trergy
scaled parametédipr) = 1.6. For rapidity distribution the Gaussian spectra iglusigh the mean
values equal tgem = 0 ando = 1.25. The geometrical acceptances fap dfithout transverse
momentum cut on single muon and with transverse momenturpcutl GeV/c are calculated.
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Figure 3: The transverse momentum and rapidity distributions fgreients, produced at z=+50 cm (solid
lines) and z=0 (dashed lines) in fixed target Pb-Pb collsian,/s = 71.8 GeV (top) and corresponding
acceptances (bottom).

The results are shown in the Table 1. The calculated gearakticceptances for fixed target
measurement are of the same order and even larger than gieamatceptances for colliding
nuclei in ALICE.

Table 1: Geometrical acceptances (in persent) for p-A collisioresfated target.

z (cm) n range v/$=0.078 TeV v/$=0.1146 TeV
allpr | pr>1GeV/c | all pr | pr>1GeV/c
0 -4.00--250| 12.0 9.79 8.54 6.77
-50 -3.76—-250| 7.44 6.20 5.07 4.11
+50 -4.09--2.97| 7.97 6.62 5.98 4.89

4.2 Luminosity, cross sections and counting rates for p-p,4\ and Pb-Pb collisions

As it was already used for the experiment on collider with adixarget at HERA-B [24],
the target in the form of thin ribbon could be placed arourerttain orbit of LHC. The life time
of the beam is determined by the beam-beam and beam-gaactiwes. Therefore after some
time the particles will leave the main orbit and interacthatite target ribbon. So for fixed target
measurements only halo of the beam will be used. Therefodeterioration of the main beam
will be introduced. The experiments at different interactpoints will not feel any presence of the
fixed target at the IP of ALICE. The luminosity estimate iswhdn the Table 2. It is calculated
for 1.15 10 protons per bunch, 44 bunches and life time 15.4 hours. Frnesetparameters we
get particle loss of 3.210% during one hour and luminosity about 1.50?° for 500 micron lead
ribbon. Since the target ribbon should not interfere dutimg beam formation and acceleration
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process it should be lifted in the working position after thaing of the beam. The value of
the nucleon-nucleon charmonium total production crosi@eshown in the Table 2 for 14 TeV
was calculated by CEM model with MRST HO PDF. The cross sestfor lower energies were
obtained by interpolation of the measured at RHIC protastepr collision at,/s = 200 GeV, from
NA51 p-p and p-d experiment at 450 GeV per nuclegfs € 29.1 GeV) and extracted from the
data of NA50 experiment af/s = 27.4 GeV for proton-lead collisions.

Table 2: Luminosity, cross sectiongg >0) and counting rates.

System | /S, TeV | O, ub | Opa, b | 1,% | IBopa, ub | L,cm2s! | Rateh !
(AO‘QZO'nn)

pp 14 32.9 329 4.7 0.091 5.10% 1635
PPRHIC 0.200 2.7 2.7 3.59| 0.0057 2.10% 410
pPPkwaso | 0.0274| 0.19 25.7 14.0| 0.212 7-10%° 535
PPbrixes | 0.1146| 0.65 80.2 |5.98| 0.310 1-107° (%) 112
PPbriyes | 0.0718| 0.55 746 | 7.97| 0.349 1-10%° 126
PbPhixq | 0.0718| 0.55 11970 | 7.97 42.9 2.2 1077 (*) 378

(*) - pPhxixed, 500 1 wire, 3.2 102 protons/60 min.
(**) - PbPRixed, 500 1 wire, 6.8- 10° ions/60 min.

With the counting rate values presented in Table 2 for p-A/#lcollisions with fixed target
high statistical results could be obtained for possible sneaments of § production. For A-A
collisions luminosity is smaller but the production crosst#on is larger. Therefore the counting
rate is of the same order. It is also clear that the measurteofiep’ production is feasible with
better statistical accuracy than at RHIC collider.

In conclusion, the capabilities of the ALICE dimuon spentster to measure the charmonium
production in the proton-lead and lead-lead collisionswiited target have been investigated with
AliRoot-FAST simulations. The evaluation of geometricat@eptances and counting rates is made.
The use of fixed target at LHC could provide in a short time thtadn a new range of energy
between SPS and RHIC for different targets and maybe foerdifft projectile nuclei with high
statistics. Therefore the important information about n@eism of charmonium production and
possible QGP formation could be obtained.
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