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Heavy quarks 

ÅHeavy quarks and Quark Gluon Plasma 
Heavy quarks are special  QGP probes : mQ >> QGP critical temperature TC (~170 MeV),  

Č Heavy quarks should be produced in initial hard nucleon-nucleon collisions only, the 
QGP phase ǎƘƻǳƭŘƴΩǘ modify the overall heavy quark yields,  

 Č On the other hand, The QGP phase should modify ╠╠ bound state yields 

The Physics case 
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ïPossible QGP effects: 
ÅColor screening: ╠╠ bound states suppression 

ïColor screening in a QGP decreases 
quarkonium binding 

ïColor screening should lead to a 
suppression of quarkonium production 
yields 

ÅRecombination: ╠╠ bound states enhancement  

ïat sufficiently high energies, 11 pairs are 
abondantly produced.  

ïStatistical combination can lead to an 
enhancement of quarkonium production 
yields 
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Charm quarks 

ÅExperimentally, charmonium is a priviledged probe 
ïCharmonium production in A+A collisions studied at: 

ÅCERN-SPS (Õs=17 GeV)  NA38, NA50, NA60 experiments 
ÅBNL-RHIC (Õs=200 GeV) PHENIX, STAR experiments 
ÅCERN-LHC (Õs=2.76 TeV)  ALICE, CMS experiments 

 
ïShort summary for J/Y: 

ÅNA50     (PbPb@SPS)  observed an anomalous J/Y suppression 
ÅPHENIX (AuAu@RHIC) observed a similar suppression (than NA50)  
ÅALICE     (PbPb@LHC) observed a smaller suppression (than PHENIX) 

 

The Physics case 
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ČPossible Color screening starting at SPS 
ČPossible recombination occuring at LHC 

 

 
ïWithin the SPS+RHIC+LHC energy range, 

charm seems to be the adequate probe 
to investigate both screening and 
recombination.  

 

SPS 
LHC 

3/18 



Charm quarks 

ÅWhat next to be done with charmonium 
To confirm (and study) charmonium color screening and enhancement, one must 
compare charmonium and open charm production in A+A collisions 

ÅSince most of the produced ÃÃ pairs hadronize into open charm, open charm production 
reflects the original ÃÃ pair production 

ÅOpen charm is therefore an (the?) appropriate reference to calibrate charmonium 
screening/recombination studies. 

 
ïStudy charmonium recombination 

ÅBoth J/Y and open charm will be measured in PbPb at large energy densities at LHC 
Č LHC is the best place to study  recombination 

The Physics case 
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ïStudy charmonium color screening 
ÅAt SPS energies, in Pb+Pb collisions, J/Y 

suppression occurs in the middle of the 
accessible energy density range  

Č SPS is the best place to study color screening 

ÅNeed measurement of open charm yields 

ÅNeed precise measurements of several ╬╬    
states to test if color screening leads indeed       
to a sequential suppression 
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Sequential 
suppression 

ÅQuarkonium sequential suppression 
ïQuarkonium sequential suppression in a Quark Gluon Plasma is a 

prediction of lattice QCD, for instance : 
 
 

 
 

ïBecause of feed-downs and different Td, sequential suppression should 
show up.  

Color screening 
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H. Satz, J. Phys. G 32 (2006) 

p
ro

d
u

ct
io

n
 p

ro
b

a
b

ili
ty 

J/Y cc 

3rd step 

YΩ 

2nd step 

Sequential suppression - screening 
1st step 

Temperature (Energy density) 

   60% direct J/Y 
+ 30% ccĄJ/Y+g 
+ 10% YΩ Ą J/Y + X 
Inclusive J/Y yield 

ÑÕÁÒËÏÎÉÕÍ ÄÉÓÓÏÃÉÁÔÉÏÎ ÔÅÍÐÅÒÁÔÕÒÅ
ÃÒÉÔÉÃÁÌ 1'0 ÔÅÍÐÅÒÁÔÕÒÅ

 Č 

Feed-downs 

contributing to   

J/Y inclusive yield 
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 According to lattice calculations, 

Td (Yô) < Td (cc) < Td (J/Y) 

 

 Č One should observe a step-like 

suppression pattern 
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Charmonia in A+A 

ÅAnomalous suppression 
at SPS 

NA50 results 
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Pb+Pb 

NA50 measured J/Y and YΩΣ ōǳǘΣ        
too small YΩĄ J/Y feed-down               
to answer  the question 
 
Č need of a larger feed-down fraction 
Č Need to measure cc yield ! 

Color screening ? 

0.9 
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L = length of nuclear matter seen 

by quarkonium state 

Expected = measured yields in 

p+A extrapolated to large L  
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Charmonia in A+A 

ÅAnomalous suppression  
at SPS 

Suppression patterns 
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   60% direct J/Y 
+ 30% ccĄJ/Y+g 
+ 10% YΩ Ą J/Y + X 
Inclusive J/Y yield 

Measuring  J/Y, YΩ ŀƴŘ cc suppression 
patterns will give the answer 

Take advantage  

of large cc Ą J/Y 

feed-down fraction 
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Color screening ? 

Å Alternative (no QGP) scenario:    
suppression by comoving hadrons 
ï Smooth suppression 

ï Same suppression-starting point 

ï Slopes related to binding energy :                        
SY Ω > Sc > SJ/Y 
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Experimental 
design 

A new experiment @ SPS 
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Dipole 
field 

ÅMust measure :  
ïCharmonia : J/Y, YΩΣ cc 

ïopen charm (for reference) 

 
ÅBeam:fixed-target experiment 
ïhigh-intensity 158 GeV/c Pb beam 
ïhigh-intensity 158/450 GeV/c p beam 

 
ÅExperimental constraints 
ïMeasure muons from charmonia and open charm 

decays 
ïMeasure photon from cc decay (cc ĄJ/Y+g) 

 
ÅDetector main components : 

1. Vertex detector + Spectrometer 
ÅMeasures tracks before absorber Č very good 

mass resolution 
Å Measure muon vertex offset  Č open charm     

2. Ultra-granular calorimeter 
Å Measure g in high p0 multiplicity environment                                                       

3. Absorber/ muon trigger 
Å Absorb p/K 
Å Minimize fake triggers from p/K decays 
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Apparatus    
artist view   

A new experiment @ SPS 
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Instrumented Absorber :  
4.5 m thick Fe absorber 
 Č dimuon trigger rate ~ 0.3 kHz 
Could be magnetized to measure muon momentum 

Magnet :  
1m long 2.5 T dipole  

Calorimeter: 
Č   ultra-granular EMCal   
Č   W + Si layers à la CALICE 
        - 30 layers 
        - 0.5 x 0.5 cm2 pads 
        - 24 X0 in 20 cm 
       - DE/E  ~ 15% /ÕE 

ICNFP2013 - 30/08/2013 

E
stim

a
tio

n
s
 b

a
s
e

d
 o

n
 NA

6
0
/C

E
R

N
 

te
le

s
co

p
e

 p
e

rfo
rm

a
n

ce
s 

             Silicon Spectrometer   
              covers 1.5 rapidity unit 

Dp/p = 1% Č J/Y mass resolution ~20 MeV/c² 
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ÅTypical mass plots (~1 week data taking w/ a 10% lI Pb target) 

ï200 000 J/Y embedded in Pb+Pb Minbias events produced w/ EPOS 
Å140 000 direct J/YĄ m+m- (70%) 

Å60 000 cc Ą J/Y g Ą m+m- g (30%) 

Signal extraction 
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After acceptance/selection cuts 
within yCMSÍ[-0.5;0.5] 

35 000 J/YĄm+m- 

          Č acc x eff = 17.4% 
 

Including 

1700 cc Ą J/Y g Ą m+m- g                                       
Č acc x eff = 2.8 % 

cc 

J/Y 

Expected performances 

ICNFP2013 - 30/08/2013 

ʎ-ͯςπ -Å6ȾÃό 

ʎ-ͯτυ -Å6ȾÃό 
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ÅTypical 40-day Pb+Pb run (107.s-1 Pb beam Ą 10% lI Pb target) 

ï~ 180 000 J/YĄm+m- recorded 

ï2 extreme numerical scenarios: 
ÅIf cc suppressed as J/Y 

  

 

ÅIf cc suppressed as YΩ 

  

 

 Statistics 
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~180 000 J/Y 
~ 1300 YΩ 
~ 3000 cc 

E
u
r.

P
h
y
s
.J

.C
4

9
:5

5
9

-5
6

7
,2

0
0

7 

6774%16942   
yield ɢ

periph.most 

c

=³=ö
÷

õ
æ
ç

å

4060.64%16942   
yield ɢ

periph.most 
 

c

=³³=ö
÷

õ
æ
ç

å

18.2
yield '

yield ɢ
 c =
Y

%4~
yield J/Ɋ

yield ɢc

cc as YΩ cc as J/Y 

406 677 
530 1010 
495 1091 
421 1107 
336 1093 
647 1004 
240 1143 
3075 7125 

Expected number of  
events 

Expect 3000 < .Ⱶ╬ < 7000 
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NA50 data 

Possible cc suppression pattern  
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Open charm 

ÅUse same Strategy as NA60: measure muon vertex 

ï Open charm decay length: 
Ὀ Ⱦȡὧ† σρρȢψ ‘Í

Ὀȡὧ† ρςςȢω ‘Í
 

Measuring muon offset 
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CHIC: Vertex detector located 7.5 cm 

downstream of the target (7 cm for NA60) 

target 

ÅNA60 has separated prompt (red) from charm (blue) contribution in In+In 

ÅNA60 has found an excess of prompt dimuons in Intermediate Mass Region 

ÅNA60 has measured open charm cross-section: compatible with p+A results 

NA60 vertex detector: 

muon offset resolution    

~ 40 mm                       

(in transverse plane) 

Å CHIC is able to measure 

open charm yields. 
Å Detailed simulations needed to 

estimate performances 
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A thorough p+A program is mandatory to study Cold Nuclear 
Matter effects as a reference to study Hot Nuclear Matter effects 

ÅMust control (understand) :  
ï charmonium absorption by cold nuclear matter Č A dependence 

ï Shadowing/anti-shadowing (x2 scaling) 

ï Energy loss, formation time (xF scaling) 

p+A program  Cold Nuclear Matter 
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Mid-rapidity : yCMS Í [-0.5 ; 1] Forward-rapidity : yCMS Í [0.5 ; 2] 

Č Need large yCMS range 
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A thorough        
p+A program  

ÅLarge rapidity range 
ï Significantly Larger rapidity range for CHIC (yCMSɴ [-0.5;2]).vs. NA50 (yCMSɴ [0;1])   

ÅPrecise A dependence (thanks to fixed-target mode) 

ï Thanks to fixed-target mode  

ÅNA50 samples : p+Be, p+Al, p+Cu, p+Ag, p+W, p+Pb 

ÅLarge amount of data (thanks to fixed-target mode) 

 

 

 
 

 

 

Detector capabilities 

Frédéric Fleuret - LLR (fleuret@in2p3.fr) ICNFP2013 - 30/08/2013 

ï Large statistics required to study J/Y, YΩΣ 
cc and open charm differential yields as a 
function of y, pT. 

ï Current SPS operation: Delivering proton 
beam to the LHC several months per year 

ï Significantly larger (than NA50) amount 
of data available for CHIC. 

Typical 1week/target NA50 data taking  

(EPJ C33 (2004) 31-40) 
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