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Outline

• Motivations and context
• Hydrodynamic setup
• Relaxations and DC transport
• Relaxations from kinetic theory



Context….

Some exaples: Graphene, ultra-pure 2D 
heterostructure, Dirac/Weyl semimetals, 

cuprates.



…and motivations



Setup



Linear response and transport

Indeed,  adds momentum,  adds energy,  adds axial charge. 

 We need energy, momentum and axial charge relaxations.

nδE J ⋅ δE ∝ B ⋅ δE δE ⋅ B

⇒



DC transport I



DC transport II



Generalized relaxations

Finite DC conductivities, Onsager relations and electric charge conservation. However…
                     only  is anomalous (NMR) 

 entropy production not positive definite.  
⇒ σDC σDC = σDrude + αB2

⇒



Kinetic theory

Charges are conserved in kinetic theory, Icoll = Iee



Collision integral



Relaxation time approximation



Generalized relaxations from kinetic theory

Mixed relaxation from kinetic theory identically  satisfy Onsager ̂χ ⋅ ̂τ = ̂τT ⋅ ̂χT



Summary and outlook




