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Key observation behind improvement: 
Dimensional reduction and effective theories 
HTL and EQCD → Resummation of soft modes 



AV, PRD 67, PRD 68 (2003) 
Mogliacci, Andersen, Strickland, Su, AV, JHEP 1312 (2013) 

No Sign Problem → Perturbation theory works 
even (better) at finite density! 
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Simple models 
often miss 
logarithmic 
approach to 
free limit No lattice 

prediction! 



Kurkela, Fraga, 
Schaffner-Bielich, AV, 
APJ 789 (2014) 



Main goal of future work: 
• Extend EoS of 𝑇 = 0 QM to 

full four-loop order → 
dramatically reduced uncert. 

• Further constrain neutron 
star EoS at moderate density 

• 𝑂 𝑔6 ln 𝑔  already almost 
complete  

 
Ghisoiu, Gorda, Kurkela, Romatschke, AV, 
In preparation 
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Perturbation theory: expansion of partition function in powers 
of gauge coupling g → Vacuum or bubble diagrams  
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Status of weak coupling EoS today: 
• 𝜇𝐵 = 0: 𝑂 𝑔6 ln 𝑔  Kajantie, Laine, Rummukainen, Schröder, PRD 67 (2003) 

• 0 < 𝜇𝐵 ≤ 𝑇/𝑔:  𝑂 𝑔6 ln 𝑔  AV, PRD 68 (2003) 

• 𝑇 = 0: 𝑂 𝑔4  /w finite masses Kurkela, Romatschke, AV, PRD 81 (2010) 

 

Problematic region: small but nonzero temperatures 
• High order expansion in 𝜏 ≡ 𝑇/(𝑔𝜇𝐵) around 𝑇 = 0 – small 

radius of converge; “Hard Dense Loops” Rebhan et al. 2002-2005 

• Very cumbersome diagrammatic resummation connecting 
𝑇 = 0 and 𝑇~𝜇𝐵 Ipp, Kajantie, Rebhan, AV, PRD 74 (2006) 
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• Analyticity: result trivially extendible outside beta equilibrium 

and charge neutrality 

 Leading finite-T correction: 𝑂 𝑇2ln
𝑇

𝜇𝐵
 

• Potential uses in neutron star merger calculations: need finite 
temperature corrections on a large density interval 
 Plan: Constrain low-density EoSs with new result 



Conclusions 
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