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Pb-Pb collision in ALICE

Main purpose of ALICE:
 Study the Quark Gluon Plasma (QGP),  the deconfined state of strongly-interacting matter 

produced in high-energy collisions of heavy ions

One Pb-Pb collision at √sNN = 5.02 TeV
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 Why heavy quarks ? 
In pp collisions

 
● In Quantum-ChromoDynamics theory

● Heavy-quark production calculated perturbatively (large quark mass)
● Theoretical uncertainties mostly driven by the scales and quark masses still 

large

● Measurements allow to

● Test perturbative Quantum-ChromoDynamics predictions
          Total and p

T
-differential production cross section

● Investigate charm production mechanisms via more differential studies
● Multiplicity dependence
● D meson-hadron correlation studies

● Provide a reference for p-Pb and Pb-Pb measurements
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 Why heavy quarks ? 
In p-Pb collisions

● Study cold nuclear matter effects

● Modification of the parton distribution function inside the nucleus
       K.Eskola et al., JHEP 0904:065 (2009) 

● Initial state parton saturation in nucleus at low x (gg→ g) 
      Color Glass Condensate (CGC) Fujii-Watanabe, arXiv:1308.1258 

● k
T
 broadening, Energy loss in the CNM

       Vitev, PRC 75 (2007) 064906
            
● Control experiment for Pb-Pb measurements

Elementary collision
No nuclear matter effects

Cold nuclear matter (CNM ) effects
Without QGP

CNM effects 
+ hot matter effects
(related to the QGP)

Ratio of PDF in nucleus and in nucleon
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 Why heavy quarks ?
In Pb-Pb collisions 

 Study the interaction of heavy quarks with the medium

Pb

Pb

c/b

D meson
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 Why heavy quarks ?
In Pb-Pb collisions 

Parton energy loss
● Colour-charge dependence

 

           
● Quark-mass dependence: dead cone effect

 

Are these effects visible in the suppression of different hadrons ?

Nuclear modification factor

 Y.L Dokshitzer, et al., J. Phys. G 17, 1602 (1991)
  Y.L. Dokshitzer and D.E. Kharzeev, Phys. Lett. B 519, 199 (2011)

Not trivial: different spectral shape of the quarks,              
                 different fragmentation function, 
                 role of radial flow for soft π production 

C
R
 = 3    for gluons

C
R
 = 4/3 for quarks

?
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 Why heavy quarks ?
In Pb-Pb collisions 

Elliptic flow v
2

            

             Heavy-flavour hadron v
2
 measurements allow to probe:

●  At low p
T 
the heavy-quark participation in the collective expansion of the QGP

                   Thermalization of heavy quarks: longer relaxation time expected for heavy           
                   quarks than for light quarks ( Moore and Teaney, PRC 71 (2005) 064904)

●  At high p
T
 the path-length dependence of the heavy-quark energy loss

Pb

Pb

Initial spatial anisotropy
→ momentum anisotropy of heavy-flavour hadrons
     If sufficient re-scattering of heavy quarks in the medium

Study azimuthal distribution of heavy-flavour 
hadrons w.r.t the reaction plane
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Heavy-flavour decay muons 
in ALICE

   - 4 < η < - 2.5

Muon spectrometer:
μ identification via tracks
matched with trigger system

Absorber

Tracking Chambers

Dipole 
Magnet

Trigger chambers

D, B, Λc, Λb ... → μ + X 
Br=10%
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Heavy-flavour decay electrons 
in ALICE

   - 0.9 < η < 0.9

Identify e with:
TOF,TPC,TRD,EMCal

Use large lifetime of B hadrons 
to separate the beauty 
contribution using the ITS

D, B, Λ
c
, Λ

b
… → e + X Br=10%

 
B, Λ

b
...→ e + X Br=10%  

cτ(B) ~ 500 µm

Inner Tracking 
System

Time-Of-Flight 
Detector

Electromagnetic 
Calorimeter

Transition 
Radiation 
Detector

Time Projection 
Chamber
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D mesons in ALICE

  - 0.9 < η < 0.9

Reconstruct secondary 
vertices from tracks 
reconstructed in ITS and TPC

Identify decay products 
(TPC, TOF)

 

Time Projection 
Chamber

Inner Tracking 
System

Time-Of-Flight
Detector

D0 → K-π+                Br=3.87%
D+ → K-π+π+                  Br=9.13%
D*+→ D0π+→K-π+π- Br=2,59%
D

s
+→ Φπ+→ K-K+π+ Br=2,28%
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Data samples

Shift in rapidity |Δy|= 0.465
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h-h correlations 
in p-Pb collisions at √s

NN
=5.02 TeV

Two-ridge struture observed in ALICE di-hadron correlation analysis in p-Pb
as well as h-π, h-K and h-p correlation analyses

0-20% Highest multiplicity 60-100% lowest multiplicity (0-20%) - (60-100%)

PLB 719 (2013) 29-41
PLB 726 (2013) 164

Multiplicity classes defined with V0A detector
( Multiplicity in the region 2.8 < η < 5.1 in the Pb hemisphere)
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● Yield comparison, extraction of v2, v3 from Δϕ                
   projection

● The origin of collective features might be
● Initial state parton saturation in nucleus (CGC)
● Hydrodynamic expansion of high-density medium

(0-20%) - (60-100%)

PLB 719 (2013) 29-41
PLB 726 (2013) 164

K.Dusling, 
R.Venugopalan
arXiv:1302.7018

CGC 
ALICE data

What about the heavy-flavour sector ?
Do we observe a similar structure ?

h-h correlations 
in p-Pb collisions at √s

NN
=5.02 TeV
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Elliptic flow v
2
 measurements

Initial spatial anisotropy   →      momentum anisotropy if enough scattering of heavy            
                                                   quarks in the medium

Study azimuthal distribution of heavy-flavour 
hadrons w.r.t the reaction plane

Non zero v
2
 

● Thermalization/ collective motion of heavy quarks at low p
T

●
 
Path length dependence of heavy quark energy loss at high p

T
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Conclusion

● Two ridge structure observed in Heavy-flavour decay electron-hadron correlation in 
high multiplicity p-Pb collisions

       →  Initial state parton saturation in nucleus (CGC)
           Or hydrodynamic expansion of high-density medium effects ?

● Large suppression of heavy-flavour hadrons in central Pb-Pb collisions at high p
T

       → Strong modification of the momentum spectra of heavy-flavour hadrons

● R
pPb

 of heavy-flavour hadrons compatible with unity within uncertainties
       → Suppression observed in Pb-Pb mainly due to final state effects (QGP)

● R
AA

(D) > R
AA

(J/ψ from B) for central Pb-Pb collisions
       → Charm more suppressed than beauty at intermediate, high p

T

● v
2
 > 0 all heavy-flavour channels at low p

T

          
 → Charm takes part in the anisotropic evolution of the system
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ALICE upgrade

● Beauty measurement strategies
● Non-prompt J/ψ
● Direct beauty measurement B+ →

 
D0 π+

● Leptons from beauty hadron decays

● Heavy-flavour Baryons
● Λc

+ → pK-π+ BR=5% down to p
T
 = 2 GeV/c

            Small cτ = 59,9 µm
● Λb → Λc

+π- BR=3 x 10-4  down to p
T
 = 4 GeV/c

                     Large cτ = 417 µm, but very rare
● Compare Baryon/meson yield in pp and Pb-Pb to   

access the hadronization mechanism

● Reduce D
s
 error at low p

T

      
Enhanced in Pb-Pb ? Contribution from regeneration

           

Expected integrated luminosity 
In Pb-Pb at √s

NN
=5.5 TeV: 10 nb-1

Maximum collision rate 50 kHz

● New Inner Tracking System
● Closer to beam axis
● Increase granularity

● Time Projection Chamber upgrade
● Continuous readout at 50 kHz

● Upgrade online systems
● Online reconstruction and calibration

Raphaelle Bailhache 
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D mesons measured with STAR

q STAR: direct charm measurement vs p
T
, in bins of centrality

q pp reference consistent with FONLL upper limit

Suppression at high-p
T
 in central and mid-central collisions

Enhancement at “intermediate” p
T

(consistent with resonance re-combination model)
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