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Motivation

- Experimental (“)/Pst suppression”)
- Theory. Cowntroversial results.

- No good theory for heavy quark “bound states” in a
thermal medium. Ad-hoe approaches/models.

- Our goal : contribute to development of such a theory
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Based on
A. Beraudo, JPB, C. Rattl, NPA 806 (2008) 312 [arXiv: 0F12.4394]
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outline

- The correlator of a heavy quark-a ntiguark pa'w.

- Static approximation (tnfinite mass limit).
Effective Lnteraction potential. Real part and free
energy. maginary part and damping rate of
heavy quark.

- Finite mass effects. one Loop spectral function.
Exact path integral formulation. Monte Carlo
caleulation and MEM reconstruction of spectral

function.




The heavy quark propagator

S>(t,r1;0,r}) = %Tr {e_ﬁH%b(f; roy’ (0; ri)}
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wote analyticity for —fF < Im¢

For a free particle
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For Large M
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The hea\% quark correlator
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The heavy quarks are
treated as a “test particles”.
They are NOT part of the
thermal bath.




A simpLe model

H®&R' s tn a plasma of electrons, positrons ana photons

(M — o0)

Hamtiltonian of the form

H=g f dx Ao(x) (—y' (W (x) + x " (O (x)) + Hew + Hi

Propagator in background Ay(t, x) s
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Q0 pairin Ay(t, x) backgrownd
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Exact representation of corvelator

G (t;r1, 1231, 15) = f[Z)A] Ga(t;r1,12; 75, 15) e 1A
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S[A] s the hard thermal Loop effective action
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The HTL effective action is quadratic in A

sertial =5 [t [ dya o)) @ nao)
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and the path integral can be done exactly

G(t,r1 —1rp) = exp [—5 f d*x f d*y J*(x) Dy (x — y)JV(y)]
C C
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Large time behaviowr (tmp > 1)

G(t,r — rz)t:oo expl—iVeg(r1 — o)t}

Verf has real and imaginary part (*)
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(*first observed by M. Laine et al hep-ph/ 0611300)




Screened po’cew’ciaL
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Real part of potential is heavy quark free energy

AFQQ — ReVeff(r)
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The imaginary part of the effective potential
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At short distance,
interference produces
cancellation: a small
dipole does not “see” the
electric freld
fluctuations.

At large distance the
Lmaginary part s twice
the damping rate of the
heavy quark

s,




FLnilte mass case
SLV\,@ le quark

For a test particle

+ 0o d .
G (1) = f %e_“‘”a(w)

where 0 (w) Ls the spectral function

By analytical continuation (T < )
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Relation to analytic propagator

—1
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The spectral function is determined by the imaginary part of
the self-energy




Oone Loop processes
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owe Loop spectral function
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Flnite mass case
Exact path itntegral for the propagator

Heavy quark in a background field A

x(7)=r T
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Averaging over A yields
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whieh can be evaluated bg Mownte Carlo
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Recovering the spectral function from the (numerical)
corvelator is a difficult problem

+00 d
G (f = —it) = f 2—‘:e—ma(w)

We are using the Maximum Bntropy Method.

Prelivaiing ry results (still sewnstitive to the
chotce of the prior - see plot)




spectral Tunction
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conclustons

- A simpLe model was constructed, whtch takes Linto account exactly all essential
many-body effects in the interaction of a heavy quark pair with a thermal bath

- The wmodel Leads to a simple path tntegral that can be caleulatedd using Mownte Carlo
technigques (in the Buclidean)

- To reconstruct (numeriea LLg) the real time information one has to face similar
difficulties as in usual Lattice gauge theory, but in a much simpler context.




