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High temperature, zero density: 𝑂 𝑔6 ln 𝑔 perturbative 
result for pressure, in agreement with lattice and HTLpt



High temperature, zero density: 𝑂 𝑔6 ln 𝑔 perturbative 
result also for quark number susceptibilities
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No Sign Problem → Perturbation theory works even 
(better) at finite density – as long as 𝑇 ≥ 𝑔𝜇𝐵



𝑇 = 0 limit: 𝑂 𝑔4 result with massive quarks

Kurkela, Romatschke, AV, PRD 81 (2010)



𝑇 = 0 limit: 𝑂 𝑔4 result with massive quarks

Kurkela, Romatschke, AV, PRD 81 (2010)

No lattice 
prediction!



In between: smooth approach to 𝑇 = 0 demonstrated; 
however, result very impractical to use

Ipp, Kajantie, Rebhan, AV, PRD 74 (2006)
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• T-dependent part amenable to ``DR resummation’’ → Rapid 

convergence of thermal effects
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Motivation: increased interest in description of NS-NS and 
NS-BH mergers due to LIGO gravitational wave detection
• NS disruption in a merger with a BH may lead to vastly 

improved radius measurements → EoS
• Important: mergers involve temperatures up to 100 

MeV → Need to include thermal effects!
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Perturbation theory: expansion of partition function in powers 
of gauge coupling g → Vacuum or bubble diagrams 



Problem: infrared divergences at three-loop order from long-
range gauge fields
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an (unspecified) IR sector

Strict loop expansion of the full 
theory pressure: 
• Known analytically since a 

long time [AV, PRD 67 (2003)]
• Singular in the IR: contains 

both 1/𝜀IR and log 𝑇 terms
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naive
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Pressure of EQCD: 
• Known to 𝑂(𝑔6) [Kajantie et al., 

JHEP 0304 (2003),…]
• Naïve part vanishes in dim. reg.

• Cancels IR 1/𝜀 of 𝑝QCD
naive

HTL ring sum for 𝑛 ≠ 0 modes:
• Known to 𝑂 𝑔4 [Andersen, Braaten, 

Strickland, PRD 61 (2000)]

• Cancels log 𝑇 divergence of 𝑝QCD
naive

• Important simplification: HTL limit 
valid for soft 𝑛 ≠ 0 modes!
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