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Why Floquet Engineering ? 

Superconductors Topological insulators 

Wave guides Rydberg atoms 

 Discrete time crystals 

 

 

 

[Lukin group – Nature 2017] 

 Light-enhanced superconductivity  

 

 

 

[Cavalleri group – Nature 2016 ] 

 Floquet band structure 

 

 

 

[Gedik group – Science 2013] 

 Photonic topological insulators 

 

 

 

[Segev-Szameit group – Science 2018] 
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Floquet Engineering - idea 

Periodically driven Hamiltonian 

Stroboscopic time evolution 

Effective Floquet Hamiltonian 

Eckardt, RMP 2017 
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Example 1 – Pauling trap 

+ 

+ 

+ 

+ + 

  No static trapping in vacuum 

Trapping : 

But… 
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Example 1 – Pauling trap 

+ 

- 

- 

+ + 

+ 

+ 

- - 

Magnus expansion 



Max Plank Structure and Dynamics (MPSD) Seminar – Tuesday, February 20, 2018 

http://www.nonequilibrium.org 

Emanuele Dalla Torre Bar-Ilan University 

Example 1 – Pauling trap 

Video credit: Harvard Natural Sciences Lecture Demonstrations 

https://www.youtube.com/channel/UC0AeRY_wcZgoY5LtsS8jv2A
https://www.youtube.com/channel/UC0AeRY_wcZgoY5LtsS8jv2A
https://www.youtube.com/channel/UC0AeRY_wcZgoY5LtsS8jv2A
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Example 2 – lattice shaking 

Morsch-Arimondo PRL 2007 & PRL 2008 

“Gauge transformation” (rotating frame) 
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Outline 

• Periodically driven Ising model        Time crystal 

Russomanno, Dalla Torre (EPL 2016) 
Russomanno, Friedman, Dalla Torre (PRB 2017)  

• Many body kicked rotor          Prethermalization 

Rajak, Citro, Dalla Torre (arXiv:1801.01142)  

Periodically driven spin chain 
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Ising model : static 

Ferromagnet Paramagnet 

Quantum phase transition 
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Ising model : periodic drive 

Ferromagnet Paramagnet 

Time-periodic ferromagnet 

Discrete  time crystal 

Paramagnet ? 

Else, Bauer, Nayak (PRL 2016) 

Non local order Floquet topological phase 

Russomanno, Friedman, Dalla Torre (PRB 2017)  



Max Plank Structure and Dynamics (MPSD) Seminar – Tuesday, February 20, 2018 

http://www.nonequilibrium.org 

Emanuele Dalla Torre Bar-Ilan University 

Else, Bauer, Nayak PRL 2016 

Ising model : periodic drive 

Jordan-Wigner transformation 

Ferromagnet 
Paramagnet 

Discrete time crystal 

Floquet topological phase 

Band insulator 

Majorana edge states 

0 0 

0 0 

End of the story? 



Max Plank Structure and Dynamics (MPSD) Seminar – Tuesday, February 20, 2018 

http://www.nonequilibrium.org 

Emanuele Dalla Torre Bar-Ilan University 

Ising model : periodic drive 

• Paramagnet 

• Ferromagnet 

• Time crystals 

• Topological phases  

• Floquet topological phase 

 

Russomanno, Dalla Torre (EPL 2016) 
Russomanno, Friedman, Dalla Torre (PRB 2017)  
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The problem : heating 

Break integrability = Add interactions 

Thermalize (Eigenstate thermalization hypothesis) 

Steady state = infinite temperature 
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How to prevent heating? 

 Integrability 
 
 

Choudhury & Mueller PRA 2014  - Bukov etal PRL 2015 

- Abanin etal PRL 2015 – Goldman etal PRA 2015 - 

Chandra & Sondhi PRB 2016 – Canovi PRE 2016 -  

Abanin etal CMP 2017 - Lellouch etal PRX 2017 - 

Kuwahara etal Annals 2017 - Weidinger & Knap SR 

2017 – Zeng & Sheng PRB 2017 – Else etal PRX 2017 - 

Abanin etal PRB 2017. 

Quantum many-body: Classical many-body: 

? 

 Disorder (many-body localization) 

 High-frequency drive (prethermalization) 
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Coupled Kicked rotors 

High frequency = localized Low frequency = diffusive 

Diffusion coefficient 

Always diffusive 
Kaneko & Konishi (1989) 

Chirikov & Vecheslavov (1997) 
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Coupled kicked rotors – scaling analysis 

localized diffusive 

time 
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Coupled kicked rotors – scaling analysis 

Localized Diffusive 
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“Marginal localization” 

Prethermalization 
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Super-diffusion 
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Coupled kicked rotors – quadratic expansion 

K 

K 

Kicked rotor 
(“Chirikov standard map”) regular chaotic mixed 

K=0.976 K=4 
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Coupled kicked rotors – quadratic instability 
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Coupled kicked rotors – from quadratic to marginal 
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From Floquet Engineering to Pre-thermalization 

Periodically driven spin chain 

• Periodically driven quantum Ising model     

     Time crystal & Floquet topological phases 

Russomanno, Dalla Torre (EPL 2016) 
Russomanno, Friedman, Dalla Torre (PRB 2017)  

• Many body classical kicked rotor     

      Localization & Prethermalization 

Rajak, Citro, Dalla Torre (arXiv:1801.01142)  
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$$ Israel Science Foundation,  
Allon Fellowship 

University of Salerno 
Roberta Citro 

How, who, and where? 
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SAVE THE DATE: 2nd meeting in Salerno (September 4-7, 2018) 

1st Italy-Israel meeting on nonequilibrium Physics  
Bar-Ilan University (April 11-13, 2016) 
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Non-equilibrium Many-Body Quantum Physics 

Dynamics of closed systems 

Maty Aharonian:  

colliding condensates  

(Landau criterion) 

Strongly correlated materials 

David Dentelski: 

Short vs. Long-range  

superconducting fluctuations 

Topology in one dimension 

Bat-El Friedman:  

String order and  

duality transformations 

Periodically-driven systems 

Dr. Atanu Rajak: 

Dynamic localization of  

a many-body kicked rotor 

Quantum optics 

Mor Roses: 

Real-time dynamics  

of the extended Dicke model 

Dr. Marcello Strinati: 

Non-linear optics 
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From Floquet Engineering to Pre-thermalization 

Periodically driven spin chain 

• Periodically driven quantum Ising model     

     Time crystal & Floquet topological phases 

Russomanno, Dalla Torre (EPL 2016) 
Russomanno, Friedman, Dalla Torre (PRB 2017)  

• Many body classical kicked rotor     
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Extra slides 
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Prethermalization (longer times) 
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Super-diffusion 
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Finite size effect 


