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Measurment of lepton pairs is a useful tool for investigattoe properties of hot and dense matter
created in heavy—ion collisions. The review of the expenitakdata on charmonium states pro-
duction via their decay on lepton pairs measured at CERN 8B&td HC and comparison with
the data obtained at RHIC is presented. The suppressioggirdduction may be sensitive to
a possible quark-gluon plasma (QGP) formation. The anomnsadappression of )/ production

at the CERN SPS was discovered in central Pb-Pb collisiod¢AB0 collaboration at 158 GeV.
However, the effects of (i suppression in cold nuclear matter and feed-down produdtam
higher charmonium states are important fa¥ pfoduction at SPS energies. The PHENIX experi-
ment at RHIC at/s= 200 GeV shows that they/suppression for Au-Au collisions as a function
of multiplicity is of the same order as the suppression at 8RSgies for Pb-Pb. The study of
charmonium production in Pb-Pb collisions by ALICE expegimhat LHC gives less suppres-
sion than at RHIC and indicates on the possibility of thg tEgeneration viac recombination
process. The contribution of B-decay should be taken intmaat at LHC energy. The high
statistic measurements at LHC could investigate the ptigsenf matter at high energy density
and temperature. Also the energy interval between SPS an@ RHery important for study of
the mechanism of quarkonium production and suppressiardier to investigate medium effects
and conditions for quark-gluon plasma formation. Howetleg, luminosity in collider experi-
ments at RHIC is decreased with energy reduction. If theoprand ion beams will be used at
LHC with fixed targets, the energy interval between SPS antlCRH p-A and A-A collisions
could be investigated. For 7 TeV proton beam, the energy b &m. \/s=114.6 GeV, for 2.75
TeV Pb beam/s=71.8 GeV. This is unique possibility to clarify the mechamiof charmonium
production since the probability @€ recombination is decreased by diminution of the collision
energy.
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1. Introduction

For investigation the properties of hot and dense mattextedein heavy—ion collisions the
measurment of lepton pairs is a usefull tool. For differesdrin energies in heavy?ion collisions
the temperature and baryonic chemical potential are cluarigee review of the experimental data
on charmonium states production via their decay on leptas pseasured at the CERN SPS and in
p-p and Pb-Pb collisions at LHC and comparison with the diatained at the Brookhaven National
Laboratory Relativistic Heavy lon Collider RHIC is presedit Heavy quarkonia are sensitive to
the collision dynamics and the suppression of charmoniunpibduction was suggested as a
possible signal of quark-gluon plasma (QGP) formation. et experimental and theoretical
situation is more complicated. At the CERN SPS the "anonsdlsuppression of ¢/ production
was discovered in central Pb-Pb collisions at 158 GeV by Nédlaboration. But the effects of
JIy suppression in cold nuclear matter and feed-down produdtam higher charmonium states
are important in production of )/ at SPS energies.

At RHIC in the PHENIX experiment ay/s= 200 GeV for Au-Au collisions it was found that
the JIy suppression as a function of multiplicity is of the same oaethe suppression at SPS for
Pb-Pb. However, the suppression measured by PHENIX isgerdhan suppression at SPS if the
dependence of "anomalousydsuppression on number of participariar, is considered.

The study of charmonium production at LHC shows less supfme®f JI{y than at RHIC and
points out on the importance of regeneration process. At EHErgy the contribution of B-decay
to JiY should be taken into account.

To understand the properties of nuclear matter it is impbtmhave experimental data also at
low energy. Unfortunately, beam energy scan at RHIC prodluizga with low statistic and large
systematic errors. It is planned to study the mechanism afikgmium production and suppression
up to 35 GeV/per nucleon (SIS300) at the FAIR in CBM and at Nkke#lider in Dubna with high
statistic. The energy interval between SPS and RHIC coulduestigated using LHC proton and
ion beams with fixed targets. The data could be used for thiy stithe mechanism of quarkonium
production and suppression, in order to investigate mediffiects and conditions for quark-gluon
plasma formation, since the probability@frecombination decreases with reduction of the energy
of collision. In order to understand the problem of quarkomisuppression it is necessary to
measure p-p, p-A and A-A collisions in the same kinematicahdin.

2. 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 fidwman relativistic heavy ions collision
[1]. The charmonium production was measured by NA50 expeninm Pb-Pb collisions at 158
GeV per nucleon [2] and in p-A collisions at 400 and 450 GeV. [8was observed the normal
nuclear suppression ofi/in proton-nucleus reactions and "anomalous" suppresstan 40 %
in central lead-lead collisions. The cross section for radmuclear absorption in Pb-Pb collisions
was obtained from p-A data by assumption of a weak energyndigmee of the cross section. Then
J/y production in p-A collisions at 400 and 158 GeV and in In-Iflismns at 158 GeV per nucleon
was measured by NA60 experiment at SPS. It was found ratt@rgsenergy dependence of the
absorption cross section. Therefore it is very importanh&asure charmonium production cross
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section in p-p, p-A and A-A collisions in the same kinemdta@main [4]. The suppression ofyd/
production in cold nuclear matter (CNM) include not only mhanium absorption in the final state,
but also initial state effects. First of all it is the shadogvieffect, i.e. the modification of the parton
distribution function in nucleus in comparison to the node Also, it is necessary to take into
account the energy loss of the parton traversing the nublefase the hard scattering. The existing
shadowing parameterizations depend on the model assuragdtio nuclear parton distribution.
Using EKS98 shadowing parameterization [5] the extracbstgption cross section is increased.
For In-In collisions at 158 GeV per nucleon the "anomalougipsession in central collisions is
rather small, while for central lead-lead collisions théueaof "anomalous" suppression remains
near 20 - 30 %.
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Figure 1: The comparison of NA50 and NAGO results versijg.

3. 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 by PHENIX experiment at RHIC callif 7, 8, 9]. The suppres-
sion of the Jp production was presented as a ratio ap production in A-A collisions to the
J/y production in p-p collisions, normalized to the number afadry collisions,Ngy . This Raa
ratio (the nuclear modification factor), wheRaa = dNaa/dy/(dNpp/dyx < Negii >), was used
for the comparison of the experimental data versus cetyti@licollisions, multiplicity, number of
participants,Npart, €nergy density, transverse momentum and so on. The seppresf the Jp
production in Au-Au collisions in forward rapidity range2l< |y| < 2.2 was found to be stronger
than suppression in rapidity ran@@ < 0.35. For the most central events the suppression of the
JIY production reaches a value near 80 % (fig.2).

There are several theoretical models which could descrperanental data with and without
taking into account the regeneration apJHowever, the predictions for theydproduction at LHC
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Figure 2: The nuclear modification fact&aa at mid- and forward rapidities versipart.

energy are different — from large suppression in the model sequential suppression [10] to the
enhancement in model witlt recombination [11]. The §/ production in Au-Au collisions at large
transverse momentupy >5 GeV/c for mid-rapidity range was also measured by STAR exqant

at RHIC. The suppression for thefdproduction was smaller than measured at PHENIX and was
near 50 % for the most central collisions [12]. For extratsiof the CNM effect, the PHENIX data
for Au-Au and d-Au collisions were analyzed simultaneoudlywas suggested that in p-p, p-A
and d-Au collisions the hot and dense nuclear matter waonwtefd and the normal suppression of
charmonium production was produced only by cold nucleatenathe nuclear modification factor
for cold nuclear matteRaa(CNM) in Au-Au collisions was obtained. The ratiRna/Raa(CNM)
shows the "anomalous" suppression of thg @foduction in the hot and dense nuclear matter
produced in relativistic heavy ions collisions. Afs = 200 GeV theRaa/Raa(CNM) ratio is
approximately equal for different ranges of rapidity [1Brom the dependence of NA50, NA6GO
and PHENIX data on multiplicity it is seen that at RHIC enetggomalous" suppression ofjdfor

all colliding nuclei is the same as at SPS energy. Howeverstippression measured by PHENIX
is stronger than suppression for Pb-Pb collisions at SPing uhe dependence of "anomalous”
JIp suppression oMNpart (fig3). So it is important to understand the reason of thisafaind to
choose the correct parameter for comparison the data.

4. Quarkonium production at the LHC

The LHC collider at CERN now gives the possibility to measqguarkonium production at
the new energy range more than ten times higher than at RHI€xperiments ALICE [14],
ATLAS [15], CMS [16] and LHCb [17] at LHC, the charmonium praction was measured in
different rapidity and transverse momentum ranges. Tepddduction during years 2010-2012
was measured in p-p collisions at 2.76 TeV, 7 TeV and 8 TeV arkRbi-Pb collisions at 2.76 TeV.
At the beginning of 2013 year it is planned to measure p-Plstwnis for detailed investigation of
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Figure 3: The comparison of NA50, NA60 and PHENIRaa results versus multiplicity (left panel) and
versusNpart (right panel).

the cold nuclear matter effects. The first test measurenoémtdb collisions in 2012 were carried
out successfully.

4.1 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- det@ay/y production is measured. This
contribution depends on rapidity and increases for largdnes of J transverse momentum.
The contribution of B- decay to / production cross section is approximately 10 % fgrnear
1.5 GeV/c [17]. There is a good agreement for p-p collisiolmieen the data obtained by ALICE,
LHCb, CMS and ATLAS experiments in the same kinematical dosd18]. The Ji production
cross section depends on rapidity. For forward rapidityctiess section is smaller. For high energy
the mean transverse momentum and production cross seétiéfi are increased.

4.2 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/iy mesons with large trans-
verse momentunpr> 6.5 GeV/c were measured [15, 16].

The Raa dependence on centrality in ALICE experiment is not so sfr@s in PHENIX. In
ALICE for the most central events andsx< y < 4 range theRaa value is more than two times
larger than measured by PHENIX, so the suppressionyofpddduction is smaller [19]. Also a
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smaller nuclear suppression is seen at ALICE at mid-rapiditomparison with RHIC data [20].
The comparison oRaa from PHENIX and ALICE data is shown in the fig.4.
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Figure 4: The comparison of PHENIX and ALICRap results. The two panels show the data at forward
rapidity (left) and mid-rapidity (right).

But in CMS experiment [21] the suppression of “promptp production with highpr (di-
rectly produced and obtained from feed-down decay) for thetroentral event is approximately
equal to the suppression measured at RHIC. This points tmlaaneement production ofyl/at
low pr compared to highpr. It is also seen in ALICE data in different transverse moment
ranges (fig5). The suppression is stronger for higher temsvmomentum.
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Figure 5: The ALICE Raa results in two different transverse momentum ranges veXisas

TheRaa centrality dependence, measured in ALICE, was comparddangtatistical hadroniza-
tion model [22] and with transport models calculations [28]. These models show a good
agreement with the RHIC data. Both models predict the largleies forRaa at LHC than at RHIC
in agreement with ALICE experimental data. The importanic@/@ regeneration process is seen
from comparison of ALICE experimental data with transpoddeals (fig6).
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Figure 6: The comparison of ALICERaa results with theoretical transport models, for forwarddétp (left
panel) and mid-rapidity (right panel).

At low pr values the contribution of g/ regeneration process consists near 50 %, while this

contribution is negligible at largpr.
The JIy meanpt dependence on centrality, measured by ALICE, has diffdyehaviour than
measured at lower energy. While meanincreases withiNpat at SPS and RHIC, it decreases at

LHC. It confirms the obsevation thatydivith low pt are less suppressed in central collisions at
LHC. The comparison dRaa pr dependence, measured by ALICE,CMS and PHENIX is shown in

fig.7. At low pr region the suppression at LHC is less than at PHENIX and wgneith increasing
the transverse momentum.
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Figure 7: The comparison oRaa pr dependence, measured by ALICE, CMS and PHENIX.

The future measuring of cold nuclear matter effects in p-®ls@ns is very important for the
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interpretation of the suppression results.

5. Quarkonium production at fixed target at LHC beams

Progress in our understanding of nuclear matter requirgtesyatical and high statistical mea-
surement also in low energy region. It is important to stusly mmechanism of quarkonium pro-
duction and suppression at low energies up to 35 GeV/peeandSIS300) at the FAIR in CBM
and at NICA collider in Dubna with high statistics. In orderunderstand the problem of quarko-
nium suppression it is necessary to measure p-p, p-A andRipisions in the same kinematical
domains.

The energy intervals between AGS, SPS, RHIC and LHC are waeppitant to study the
mechanism of quarkonium production and suppression, ieraodinvestigate medium effects and
conditions of quark-gluon plasma formation. However, thmihosity in collider experiments at
RHIC decreases with energy reduction and beam energy sdaHll& produced data with low
statistic and large systematic errors. If the proton andigaims would be used at LHC with fixed
targets, the energy interval between SPS and RHIC in p-A a#dcallisions could be covered.
For 7 TeV proton beam, the energy in N-N c.m.jis = 114.6 GeV, for Pb beam at 2.75 TeV it is
v/S=71.8 GeV. Using LHC beams with reduced energy it would besipés to scan energy range
between SPS and RHIC [25]. This is a unique possibility teifyldhe mechanism of charmo-
nium, Jiy and ¢/ production, to separate two possibilities: i): hard prdiaucand suppression
in QGP and/or hadronic dissociation or ii): hard productiond secondary statistical production
with recombination, since the probability of recombinatidecreases with decreasing energy of
collision in thermal model. In order to study the feasililaf using the fixed target at LHC for
charmonium production, the geometrical acceptances fopddduction on fixed target by means
of AliRoot - FAST simulations were obtained. As described[2b] for quarkonium production
the phenomenological Colour Evaporation Model (CEM) wasdusThe rapidity and transverse
momentum distributions for "prompt" )/production were obtained respectively as a parameteri-
zation of the CEM predictions and by extrapolating to LHCrggahe J{ transverse momentum
pr distribution, measured at mid-rapidity by the CDF expentrag c.m. energy near 1.8 TeV. The
30000 Ji events were generated and geometrical acceptances of tiiEEAlImuon spectrometer
were obtained for @, produced in Pb-Pb collisions gfs = 5.5 TeV in N-N c.m. system and in
p-p collisions at,/s = 14 TeV in agreement with the existing calculations [26]tHa same frame
the geometrical acceptances ap Jsroduction for PHENIX at RHIC and fixed target experiments
NA5O at SPS and HERA-B were calculated for comparison.

The calculated geometrical acceptances for fixed targesuneaent are of the same order
and even larger than geometrical acceptances for colliiiadgi in ALICE. The counting rates are
calculated and it is shown that theiJproduction on fixed targets at LHC could be measured with
high statistics collected in several days of data taking].[25

5.1 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 aditarget at HERA-B [27],
the target in the form of thin ribbon could be placed arourarttain orbit of LHC. The life time
of the beam is determined by the beam-beam and beam-gaactiwes. Therefore after some
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time the particles will leave the main orbit and interacthwtihe target ribbon. So for fixed target
measurements only halo of the beam will be used. Therefordeterioration of the main beam
will be introduced. The experiments at different interaetpoints (IP) will not feel any presence of
the fixed target at the IP of ALICE. The luminosity estimatshiswn in the Table 2. It is calculated
for 1.15 10 protons per bunch, 44 bunches and life time 15.4 hours. Fnesetparameters 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 during the biesmation and acceleration process
it should be lifted in the working position after the tuninfytbe beam. The value of the nucleon-
nucleon charmonium total production cross section showindTable 2 for 14 TeV was calculated
by CEM model with MRST HO PDF. The cross sections for lowerrgies were obtained by
interpolation of the measured at RHIC proton-proton ciolfisat /s = 200 GeV, from NA51 p-p
and p-d experiment at 450 GeV per nuclegsE 29.1 GeV) and extracted from the data of NA50
experiment at/s= 27.4 GeV for proton-lead collisions.

Table 1: Luminosity, cross sectiongg >0) and counting rates.

System | /S, TeV | Om, b | Opa, b | 1,% | IBOpa, b | L,cm 2s! | Rate,h?
(A°920r,)

pp 14 32.9 32.9 4.7 0.091 5.10% 1635
PPrHIC 0.200 2.7 2.7 3.59| 0.0057 210 410
pPPhuaso | 0.0274| 0.19 25.7 | 14.0| 0.212 7107 535
PPbriyes | 0.1146| 0.65 80.2 |5.98| 0.310 1-10° () 112
PPbriyes | 0.0718| 0.55 746 | 7.97| 0.349 1-10%° 126
PbPhixq | 0.0718| 0.55 11970 | 7.97| 429 2.2 1077 (*) 378

(*) - pPhbxixed, 500 i 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 crosstfon 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.

Recenly the group of the French physicists has also sughéstefixed target experiment
at LHC using beams extracted with strong crystalline fieldB][2The fixed target experiment
provides precise quarkonium studies and has advantagglofurminosity and possibility to make
measurements on many nuclear targets, what is stronglietinait collider. The use of fixed target
at LHC could provide in a short time the data for differengtts and maybe for different projectile
nuclei with high statistics. Therefore the important imi@tion about mechanism of charmonium
production and possible QGP formation could be obtained.

The work was supported by the Russian Academy of Sciencebyati Russian Foundation
for Basic Research (grant N 12-02-91508-CERN-a ).
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