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Superradiant Phase Transition

H[A] = Hmat[A] +Hem[A]

Superradiant GS when minimum energy for finite static A
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Graphene cyclotron resonance
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Does Superradiance occur?

Quantum phase transition of second order
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negative correction to matter energy at second order in the field A

origin of the transition

not compatible with gauge invarinace: 
need to compensates for the negative energy shift

gauge invariance of the EM field

If gauge invariance is unbroken the system cannot 
respond to a static uniform A

A(r)→ A(r) +∇Λ(r)

diamagnetic contribution always cancels the paramagnetic 
contribution

Gauge invariance

Superradiant phase transition cannot occur at equilibrium in systems 
in which gauge invariance is unbroken diamagneticparamagnetic

Role of valence band
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Energy correction at second order in A

dynamically-generated inter-band 
diamagnetic contribution
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QPT if ωΩM (1 + 4κ/ω)/(4g2) < 1

SPT forbidden due to g2 = κΩM

(in parabolic band f-sum rule)
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Dicke model of Graphene cavity QED
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