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Overview

• FASTSUM approach 
• Anisotropic 

• Maximal Centre Gauge 
• Vortices 

• Measurements 
• Vortex & Branching Point Density 
• Cluster Extent 
• Correlations 

• Transition(s) in QCD ? 
• Systematics
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Generation 2L

(2+1) flavour
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Maximal Centre Gauge
Choose gauge transform Ω

 i.e.  ≈ ei 2π/3 n V where  n = {−1, 0, +1}
V ∼ Identity

z3 = 1

s.t. U ⟶ Ω U Ω′ ≈ z V  where  z ∈ Z(3)  i.e.  z3 = 1

Can factorise   


Product around MCG Plaq = 


⟹    either 

Ω U Ω = ei 2π/3 n Vpert = z Vpert
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Vortex Branching Point

i.e. e2πi/3 × e2πi/3 × e2πi/3 = 1

n=+1 n=-1

Conservation of Flux modulo 3

Ntot = +1 +1 +1 mod 3 = 0

i.e. e2πi/3 × e−2πi/3 = 1

Ntot = +1 −1 = 0

Maximal Centre Gauge 
Vortices, Flux & Branching Points



Reminder:   


Fundamental 3-Vol: 

aτ << as

Maximal Centre Gauge 
Anisotropic Lattices

τ
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Check:
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Quenched Isotropic Scaling Plots

To fix to Maximal Centre Gauge, key idea is to maximise ∑
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TC from Chiral Condensate
FASTSUM Phys.Rev.D 105 (2022) 3, 034504
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Nt=64  T=95MeV Nt=8  T=760MeV

Connection with Percolation and Area Law 
Engelhardt, Langfeld, Reinhardt, Tennert Phys.Rev.D 61 (2000) 054504

Mickley, Kamleh, Leinweber 2405.10670
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Estimates of “Transition” Temperatures

Vortex Density

[ fm -2 ]

Branching Point Density

[ fm -3 ]

Cluster Extent

Space-Space Plaqs

(Plaq’s with NO t dir’n) 

Space-Time Plaqs

(Plaq’s with t dir’n) 

Space3 3-Vols

(3-Vol with NO t dir’n) 

Space2 x Time 3-Vols

(3-Vol with t dir’n) 

—

T(1st) / TC 0.980 0.981 0.982 0.981 —

T(2nd) / TC 1.909 1.940 1.871 1.914 1.813(6)

TC from Chiral Condensate FASTSUM Phys.Rev.D 105 (2022) 3, 034504



Temporal Vortex Correlators
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Local Quantities:


• Vortex Density

• Branching Pt Density

• Temporal Correlation


All show 2nd transition
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Generation 2L

a-1 = 6.079(13) GeV from HadSpec calculation of 𝝮 baryon, 
D. J. Wilson, et al., Phys. Rev. Lett. 123 (2019)

c  32.46(7)  

  [am]

Tc ~ 167 MeV


