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Anisotropic Symanzik gauge/2+1 Wilson clover

a−1
s (GeV) ξ mπ/mρ mπL Ns Nτ

1.5 3.5 0.446 3.9 16 128

• But mb ∼ 5 GeV...

Effective field theory for heavy quarks

• Omit modes & mb ∼ 5 GeV.

• Power counting in (p/mb)
2 ∼ v2 ≈ 0.1.

• Heavy quark phase symmetry.

Eucl. Cont. NRQCD Lagrangian

L0 = ψ†(x)

[
+Dτ −

D2

2mb

]
ψ(x),

δLv2 = ψ†(x)

[
− (D2)2

8m3
b

+
ig0

8m2
b

(D ·E −E ·D)

]
ψ(x),

δLσ,v4 = ψ†(x)

[
− g0

8m2
b

σ · (D ×E −E ×D)− g0

2mb
σ ·B

]
ψ(x).
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G(n+ aτeτ ) =

(
1− aτH0|nτ+aτ

2

)
U†τ (n)

(
1− aτH0|nτ

2

)
(1− aτδH)G(n)

Lattice NRQCD

• Heavy quark propagators solve initial value problem =⇒ cheap.

* ‘Energy shift’ undefined.

• No continuum limit! Must keep a−1 . mb.

Tuning bare parameters

• Heavy quark rest mass plays no role.

• Tune m̂b via meson dispersion relation.

• Use 1S spin-averaged ‘kinetic mass’.
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Credit: Jeffery Mitchell. VNI model by Klaus Kinder-Geiger

and Ron Longacre, Brookhaven National Laboratory

A signal for the QGP

• Suppression of J/ψ yield in RHICs [Matsui & Satz].

• b-quark ‘cleaner’ probe.

• Sequential Υ suppression observed at LHC arxiv:1208.2826.
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Figure: Temperature dependence of the effective energies

Finite temperature

• Simulate with Lτ = Nτaτ = β and appropriate b.c.s.

• Fixed-scale approach: vary temperature by changing Nτ .

Ns Nτ T/Tc Ncfg

24 {16,. . .,40} {1.75,. . .,0.70} ≥500
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Figure: m̂b-dependence of the correlators



Cont. nearly-free dynamics in NRQCD

G(τ) ∼
∫ ∞
−ω0

dω

π
e−(ω+ω0)τρ(ω)

ρfree(ω) ∼ ωαΘ(ω) =⇒ Gfree(τ) ∼ e−ω0τ

τα+1

γeff(τ) = −τ G
′(τ)

G(τ)
−→ ω0τ + α+ 1

* Temperature dependence enters through interaction with the hot
medium and not kinematically via the boundary conditions.
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NRQCD

• Radiatively improve NRQCD action with automated LPT.

Finite temperature

• Compare analysis of correlators with spectral functions from MaxEnt.

New ensembles with ξ = 7

• Anisotropy tuning with Wilson flow.
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Sψ = a3
s

∑
n∈Λ

ψ†(n) [ψ(n)−K(nτ )ψ(n− aτeτ )]

H0 = −∆(2)

2mb

δHv2 = − (∆(2))2

8m3
b

+
ig0

8m2
b

(∇± ·E −E ·∇±)

δHσ = − g0

8m2
b

σ · (∇± ×E −E ×∇±)− g0

2mb
σ ·B

δHimp =
a2
s∆

(4)

24mb
− aτ (∆(2))2

16km2
b

where ∆(2) =
∑
i

∇+
i ∇
−
i , and ∆(4) =

∑
i

(∇+
i ∇
−
i )2
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reality crossover
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