
Identifying unbound strong bunching 
and the breakdown of the Rotating 
Wave Approximation in the quantum 
Rabi model

Dr Mikolaj K. Schmidt
“miko” + why

MQ Centre for Quantum Engineering, 
MQ Photonics Research Centre, 
School of Mathematical and Physical Sciences, 
Macquarie University, Australia

arXiv:2211.13249 (2022)



Can measuring the statistics of light 
herald the breakdown of the JC 
model?

Dr Mikolaj K. Schmidt
“miko” + why

MQ Centre for Quantum Engineering, 
MQ Photonics Research Centre, 
School of Mathematical and Physical Sciences, 
Macquarie University, Australia

arXiv:2211.13249 (2022)



Michael J. Steel

Macquarie UniversityUniversity of the Basque Country

Alvaro Nodar

Ruben 
Esteban

Unai 
Muniain

Javier 
Aizpurua



ఙ ఙ
ற ற

ோ ఙ
ற ற ற ற




Jaynes and Cummings, Proceedings of the IEEE 51, 89 (1963).



which justification for the rotating wave
approximation (RWA) did you learn in school?

Australian Institute of Physics 
seminar by Daniel Burgarth 
(MQ/FAU) @ YouTube

arXiv:2301.02269
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௫ for Fock states RWA introduces error 

arXiv:2111.08961
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ଶ 0, 𝑔 = 𝑔ଶ 0, 𝑔 + 𝑔ଶ 2, 𝑔

𝜔± = 𝜔 ± 𝑔 𝑛 + 1𝛾 → 𝛾 ×
4𝑔ଶ

 𝜅𝛾

  ோ

Melnikau, et al., Phys. Chem. 
Lett. 7, 354–362 (2016)

Niemczyk et al., Nat. Physics 6, 
772 (2010).

𝑔 ≪ 𝜅 𝜅 ≲ 𝑔 ≪ 𝜔 𝜔/10 ≲ 𝑔
coupling 𝑔

other signatures?

further mode splitting 𝜔±



1/ fix the Rabi Hamiltonian, add measurement,

2/ calculate/measure the intensity correlations

𝑔 ଶ 𝜏 =
𝐼ଵ 𝑡 + 𝜏 𝐼ଶ 𝑡

𝐼ଵ 𝑡 + 𝜏 𝐼ଶ 𝑡
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rewrite the Quantum Rabi Hamiltonian (in the Coulomb gauge):

Di Stefano et al., Nat. Physics 15, 803 (2019);
Settineri et al., Phys. Rev. Res. 3, 023079 (2021);
Salmon et al., Nanophotonics 11, 1573 (2022);
+ many others!
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vector potential ∝ 𝑎ற + 𝑎

electric field       ∝ 𝑖(𝑎ற − 𝑎)
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hermitian evolution

TLS and cavity decay 

incoherent TLS pumping

Salmon et al., Nanophotonics 11, 1573 (2022). 

1/ rewrite the Hamiltonian, add measurement,
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1/ rewrite the Hamiltonian, add measurement,

2/ calculate/measure the intensity correlations
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1/ rewrite the Hamiltonian, add measurement,

2/ calculate/measure the intensity correlations

g(2)(0)

g/ω0

weak 
coupling

strong 
coupling

ultra-strong 
coupling
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𝑔 ଶ 0 =
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ii. approximate the steady state as the statistical mixture of Rabi 
polaritons,

where     𝑥  =  ∑ 𝜇 ோ⟨𝜇|𝑖 𝑎ற − 𝑎 𝜈 ோ⟨𝜈|ఔ,ఓ; 
ఠഌவ ఠഋ
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ఔ

𝜈 ோ⟨𝜈|

i. intensity correlation is expressed through the dressed operators
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what’s so special about ோ?
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• decays to 1 − ோ, emitting a pair of photons
ோ⟨1 − |𝑥𝑥 3 − ோ ≠ 0

• efficiently populated from the ground state (large 𝑅ଷି)
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i/ Coulomb gauge quantum Rabi Hamiltonian:

f 

rotating wave approximation and bare operators

ଶ

ଶ

what breaks down?

ii/ interaction with environment dressed operators:
𝑥, 𝑥ఙ



Where from here?

- experimental verification?

- revisiting theoretical results of ଶ calculated with JC,

- more direct proofs of the role of squeezing.

Summary

- intensity correlations are a good (better?) probe of the Rabi 
Hamiltonian effects,

ଶ can herald the breakdown of the RWA even in the WC regime!
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