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From Floquet to photons 

 Periodic (Floquet) driving gives rise to a wide variety 

of new phenomena 

◦ Time crystals 

◦ Pi-Majoranas 

◦ Floquet SPTs 

 What does the driving? Photons 

 Let’s quantize them and see  

what happens! 

 



Example: Quantized time crystal 





Outline 

 Intro to Floquet-Thouless energy pump 
[MK, Nathan, Gazit, Morimoto, Moore, PRL 120, 150601 (2018)] 

 Quantizing photons in energy pump 

◦ Topological photon creation/conversion 

◦ Closed cycle energy/charge pump 

 Quantizing photons in Floquet MBL 
[Ng, MK, arXiv:1809.02606] 

◦ Localization in present of global coupling 

◦ Effect of Floquet cutoff 

◦ Inverted mobility edge? 

 



Floquet-Thouless energy pump 
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Floquet-Thouless energy pump 



Chiral symmetry 

breaking 

Thouless 

charge pump 

Floquet 

charge pump? 



Floquet-Thouless energy pump 





Floquet-Thouless energy pump 



Floquet-Thouless 

energy pump 



Floquet-Thouless energy pump 

 Looks very similar to anomalous Floquet insulator 
[Kitagawa et al, PRB 82, 235114 (2010)] 

 

 

 

 

 

 

 

 Floquet-Thouless energy pump is dimensional 
reduction of anomalous Floquet insulator 



Floquet-Thouless energy pump 

 Use this intuition to get simpler flat band model…* 

*Inspired by Rudner et al, PRX 3, 031005(2013)



Floquet-Thouless energy pump 

Stabilized by disorder 

Smooth “topological” transition 



Floquet-Thouless energy pump 

Stable to MBL (within numerical uncertainty) 



Floquet-Thouless energy pump 

 Physical consequences? 

◦ Particles themselves do not move (stroboscopically) 

Topological 

edge states 
Left edge state 

loses one hO 



Floquet-Thouless energy pump 

 Physical consequences? 

◦ Particles themselves do not move (stroboscopically) 

◦ Pumps photon quanta from one side of system to the 

other 

 

 

 

◦ Pump involves quantized backaction (work) on the bath 



Energy pump with quantized photons 
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Energy pump with quantized photons 





Energy pump with quantized photons 





Energy pump with quantized photons 





Energy pump with quantized photons 

 How does this differ from Martin, Refael and 

Halperin*? 

* PRX 7, 041008 (2017) 

- Requires adiabatic ramping 

- Works for arbitrary frequencies 

- Many body effect throughout spectrum 

- Protected by winding number 

- Photons “pump” themselves 

- Works for low frequencies 

- Few body ground state effect 

- Protected by Chern number 



Energy pump with quantized photons 





Energy pump with quantized photons 





Quantized Floquet MBL 

 At some point I used the fact that the 1D chain was 

localized, consistent with what we know about 

Floquet MBL 

 But with cavity photon, have localized 

spins/atoms/electrons coupled to a global mode 

 Rest of talk: How to reconcile localization with global 

coupling to photons? 



Quantized Floquet MBL 



* PRB 94, 224202 (2016) 



Quantized Floquet MBL 
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Quantized Floquet MBL 





Quantized Floquet MBL 

 Central qudit Hamiltonian: 

 

 

 

 

 

 

 



Quantized Floquet MBL 





Quantized Floquet MBL 



Quantized Floquet MBL 

No crossing 

 

No MBL? 



Quantized Floquet MBL 





Quantized Floquet MBL 
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Quantized Floquet MBL 

MBL ETH 



Quantized Floquet MBL 
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Quantized Floquet MBL 



Quantized Floquet MBL 





Quantized Floquet MBL 
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