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Quarkonium: Open Charm/Bottom:

c, b

c̄, b̄

Interesting thermal physics takes place in the latter case as well!
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The heavy quark jets get slowed down and eventually stopped, by

bremsstrahlung and by elastic scatterings.

Very strong interactions are seen in experiment: [ALICE 1106.4042]
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This physics can be captured by a “transport coefficient”, called

the “momentum diffusion coefficient” and often denoted by κ

(the “usual diffusion coefficient” is given by D = 2T 2/κ).

At NLO in perturbation theory: [Caron-Huot Moore 0801.2173]
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Truncated leading order (eq. (2.5) with C=0) ⇒ Huge effects in

a good direction

— but very poor

convergence so a

lattice study is

needed.
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How does it look in imaginary time? (Assuming M ≫ πT .)

rτ

1

T

Ei

Ei

1

T

A quark-antiquark pair,

separated by a distance r.

[e.g. Rothkopf et al 1108.1579]

A single quark, kicked by the

Lorentz force Fi = gEi.

[Caron-Huot et al 0901.1195]

The latter as an equation:

GE(τ) = −
1

3

3
∑

i=1

〈ReTr[Uβ;τ gEi(τ, 0)Uτ ;0 gEi(0, 0)]〉

〈ReTr[Uβ;0]〉
.
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Discretized version:

Special techniques:

• Links between electric fields handled through “link integration”

[Parisi Petronzio Rapuano PLB 128 (1983) 418; de Forcrand Roiesnel PLB 151 (1985) 77]

• Time intervals enclosing electric fields subjected to ∼ 10 extra

updates with fixed boundary conditions

[ Lüscher Weisz hep-lat/0108014; Meyer 0704.1801 ]
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Combining both techniques we get a signal:
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Finite-volume effects (V = Nτ × N3
s ):
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These seem to be harmless at the current resolution.

8



A bigger problem concerns the dependence on the lattice spacing:
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Either need several more lattice spacings, or do something clever...
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With “tree-level improvement” [Sommer hep-lat/9310022; Meyer 0904.1806]:

(i) GLO
cont(τT ) = GLO

lat (τT ); (ii) Gimp(τT ) ≡ Glat(τT ).
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After perturbative renormalization [Eichten Hill PLB 240 (1990) 193] , with

c22 ≈ (1 − 0.59777
β )2, can compare with NLO [Burnier et al 1006.0867]:
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A clear enhancement at

large time separations!
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A rough model: enhance IR as ρmodel(ω) ≡ max{ωκ
2T , ρNLO(ω)}.
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κ
?
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NLO ∼ 2T 3;

D∼(0.5...0.8)/T ;

2πDT ∼3...5.
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Compares reasonably with the other paper [ Banerjee et al 1109.5738 ]:
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However renormalization of both results and particularly their

analytic continuation require further work.
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Conclusions

Single heavy quarks experience modifications at finite temperature

which are conceptually somewhat simpler than with quarkonium,

although still of non-perturbative nature.

There is hope for a comparison with experiment in the future.
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