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Key fact:  
Manifold = factorizable
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(2+1) Thirring Model
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What is known?

•                 spontaneously at             
• Chiral restoration at large        Nf

Hands et. al. [0701016]

h ̄ i 6= 0 m = 0 Hands et. al. [9512013]

µ = 0

Pawlowski et. al. [1302.2249]

Li [1608.03141]

µ 6= 0
• Complex Langevin + Heavy Dense  
• Complex Langevin + Fermion bags
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Strategy

• Use SOMME manifold 
• Combine with HMC 
• High statistics
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difficult if non-separable

SOMME is key  
to HMC on manifolds
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Upshot

• Complex manifolds in (2+1) ✓ 
• SOMME + HMC = speed 
•          phase diagram computed(T, µ)



Thanks!


