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Outline
• Background: Input-Output theory
• Ben’s work: quantum critical materials in cavities
• Spenser’s work: Higgs polaritons in cavities
• Input-output Keldysh action
• Ahana’s work: non-thermal states in Keldysh

• Directions
• Chiral materials and entangled states of light
• Spin liquids, (anti)bunching, and squeezed states of light
• Other ideas?



Background 1: Ben’s Quantum Criticality Work

• arXiv:2411.08964

Fig 1 Revision
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Background 2: Spenser’s Higgs Polariton Work
• Forthcoming
• Classical inputà (anti)bunched output
• Matter (Higgs) as an effective nonlinearity
• Method: master equation/P function
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Background 3: Keldysh Input-Output Action

• Partition function is Tr 𝜌 = 1

• Ex. Initial state 

• Action for transmission through a cavity

• Ex: thermal coherent state input 

See also: Aaron Daniel Thesis (U. Basel 2023)



Background 4: Ahana’s Work
• PRB 99, 054306 (2019): Key formalism development
• PRL 127, 200603 (2021): Bosonic Renyi entropies
• PRX-Q 6, 020341 (2025): photon mediated superconductivity

Example: Fock state input in
single mode bosonic system

All that changes is a new
quadratic term in the action

Fock states are complete!
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Directions 1: Chiral Materials and Bell Pairs

• 2411.08964

• Classical input à quantum output
• Entangled light generation

• Combination of spatial symmetries 
and polarized light
• Resonantly addressing a single 

eigenstate
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Directions 2: Kitaev Spin Liquids
• Bunching/antibunching g(2)

• Bond-bond correlations?
• x, y, z bonds
• Different linear polarizations 

should matter
• Quantum output light (or 

input light?)


