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Quantum Chromo Dynamics (QCD)
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Heavy ion collision and hydrodynamic model

mnnmmn

mn
m

pguupeT

T

-+=

=¶

)(

0

Perfect fluidity, Local thermal equilibrium
Early thermalization, Hadronization

Dynamics of light particles (u,d,s,g)
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2. Heavy quark diffusion in heavy ion collision

QGP fluid

Charm and bottom in QGP T/Mc,b<<1  impurity probe
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Ref :     Akamatsu, Hatsuda, Hirano, PRC79(‘09),054907,  PRC80(‘09), 031901(R)
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Previous works on charm and bottom in QGP

Radiative energy loss

Resonance scattering

Collisional energy loss

Based on weak coupling
or model calculation

How about
strong coupling “model”?
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Model of heavy quark in medium

Relativistic Langevin equation
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Generalized fluctuation-dissipation theorem
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Fokker-Planck equation by Ito discretization
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Weak coupling (pQCD)

Poor convergence (Caron-Huot ‘08)

Strong coupling (SYM by AdS/CFT  sQGP)

N=4 SYM theory
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(Gubser ’06, Herzog et al. ’06, Teaney ’06)

“Translation” to sQGP

5.01.2 ±=g (Gubser ‘07)

2.0~g (leading order)

Drag coefficient γ
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0 fm….

0.6 fm…

Little Bang

Initial Condition

Brownian Motion

Heavy Quark Spectra

Full 3D hydrodynamics

Electron Spectra + ….

T(x), u(x)

Local temperature 
and flow

(pp + Glauber)

(Hirano ’06)

c(b)→D(B)→e- +νe+π  etc
_

time
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Experiment

(PHENIX, STAR ’07)
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Heavy Quark Langevin + Hydro Model

O(10)fm…

generated by PYTHIA

(independent fragmentation)
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Initial condition

available only spectral shape 
above pT ~ 3GeV

<HQ in pp>

<decayed electron in pp>

No nuclear matter effects in initial condition
No quark coalescence effects in hadronization
Where to stop in mixed phase at 1st order P.T.
 3 choices (no/half/full mixed phase)

Reliable at high pT

11

Notes in our model
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Numerical Results

Experimental result  γ=1-3  

AdS/CFT  γ=2.1±0.5  

Nuclear Modification Factor

Bottom dominant

Different 
freezeouts 
at 1st order P.T.
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