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Motivation
» heavy quarks and antiquarks/quarkonia produced in hard initial conditions
FPy(Q?)

/B

p
open heavy
%‘%@C ﬁ/ [ D/B flavor
‘6@@@ Q\ quarkonium
P Y, Iy

Fry(@?)

ol

> interactions with hot and dense medium during entire evolution of collision
> mgq > Aqcp, Mg > Tieq = only partial equilibrium with bulk

= handle on transport properties(?)

» both “drag” of HQs with medium and quarkonium melting < regeneration
> kinetic process rather than “naive coalescence”
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Langevin equation for QQ-pairs

> drag and diffusion of single Q’s and Q’s with bulk medium
» binding QQ potential = formation and destruction of bound states
dig="2dt, dfg=—dtfo—dr¥oV(iTo—Tg)+ v2DArA(1)
Q

-

- pi - - =3 - - -
dig= E—Zdt, dpg=—rdt pg—dtVgV(3q— 350+ v2Ddtp(t)

» analogous for more than one QQ pair

> y:drag coefficient, D = E Ty diffusion coefficient, g uncorrelated white noise
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HQ potential

> use HQ model in an Abelian plasma by Blaizot et al orois
> non-relativistic HQs in plasma of relativistic particles
» influence functional for HQs, mgp — 00 = complex potential

expl—mpr
9 ==aymp—as P g 1), 7 =153

> interaction potential: real part (screened Coulomb potential) with
L (D)

ST 1+CIn(T/T.)

ay(T.)=0.7, C=0.76, m)=16ma,T*/3

m.=1.8GeV, T.=160MeV,

» with momentum cut-off A =4 GeV
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HQ potential

QQbar Potential
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Drag coefficient
> taken from same model by Blaizot et al
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Energy distribution in equilibrium

> classical distribution for QQ pair

> bound states: E, <0
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Bound-state formation

> T =160MeV > Npairs =1
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Comparison to statistical hadronization model
» charmonium multiplicity in grand-canonical ensemble

m. T 32 ‘
Neharmonium = Vzkigl (?) exp(—-m;/T), i€ {T)c,l/ll), lp/» Xc}» Ac=exp(uc/T)
i

> V=13

Box’

Lbox =10fm

0.6 1

+  simulation, as=0.7 e
e SHM <

0.5 A

'S 0.3
=

0.1 A

P
00{ ¥

0 20 40 60 80 100
Charmonium production in a classical Langevin model Hendrik van Hees GU Frankfurt 10



Relaxation time(s)
» charm-quark equilibration time 7¢q=1/y ~3.3fm/c
> relaxation times for quarkonium number much longer 7 g ~ 127fm/c
» c-c must come close (within range of potential ~ 0.6 fm)

» influence of drag coefficient: y — ky > initial state:
(potential kept) free cc pairs vs. all in bound states
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First simulation for heavy-ion collisions

> fireball elliptic cylinder

2 2

x y
b2(0) " axe) S

» volume
V(t)=ra(t)b(7t)(zg+cT)

> long and short axes

a(T)=a0+ai(\/1+a§T2—l), b(T)=b0+ai(\/l+aiT2—l)
b

a
> a, and a; chosen to fit py spectra and v, of light hadrons
» 3D and finite rapidity: boost-invariant Bjorken flow
U=(t/tvy(t)cos vr/rg,T/tv,(T)sin vr/rg, tanhn)

» initial HQ momentum distribution from PYTHIA
> initial spatial distribution according to Glauber model
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Charm-quark v,

009 018
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Charmonium v,

RHIC, 20-40% Centrality

LHC, 0-20% Centrality

LHC, 20-40% Centrality
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Conclusions and outlook

» Conclusions
> Box simulations: correct equilibrium limit (detailed balance) in agreement with
SHM
> bound-state formation as dynamical/kinetic process, including dissociation «
regeneration
» in fireball: v, of charm quarks and charmonia

» Outlook
> Nuclear modification factors
» using PHYTHIA: initialize with primordial charmonium
> use formalism for bottom quarks and bottomonia
> (Big) Open questions
> in-medium bound-state formation within many-body non-equilibrium QFT (so far
only quantum-mechanical toy model nrs+24) or Lindblad approach)
» how to understand hadronization/confinement in dynamical models?
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