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How light excerts force on matter
(but does matter act-back on light?)



Synchronization



Arrays of condensates

Synchronization of polariton condensates

H. Ohadi et al, Phys. Rev. B 97, 195109 (2018)



Arrays of condensates

Synchronization of polariton condensates

H. Ohadi et al, Phys. Rev. B 97, 195109 (2018)



Synchronization of polariton condensates

+ Paul R. Eastham, PRB 78, 035319 (2008)

Interactions (non-linearities)
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INGREDIENTS:

• Two coupled condensates

• Detuned by De

• Coupled by J

• With interactions U

• And with dissipation!!



Synchronization of polariton condensates

J is constant

I. A. Ramos, I. Carraro-Haddad, F. Fainstein et al, PRB  109, 165305 (2024)

TWO CONDENSATES

RESERVOIR



Synchronization of polariton condensates

I. A. Ramos, I. Carraro-Haddad, F. Fainstein et al, PRB  109, 165305 (2024)

J is constant



The model: WITHOUT dissipation

RABI & 

JOSEPHSON 

OSCILLATIONS

+

SELF-TRAPPING

I. A. Ramos, I. Carraro-Haddad, F. Fainstein et al, PRB  109, 165305 (2024)



The model: WITH dissipation

I. A. Ramos, I. Carraro-Haddad, F. Fainstein et al, PRB  109, 165305 (2024)
Interactions

detuning



LIMIT CYCLE

The model: WITH dissipation

I. A. Ramos, I. Carraro-Haddad, F. Fainstein et al, PRB  109, 165305 (2024)
Interactions

detuning



LIMIT CYCLE

SYNCHRONIZATION

The model: WITH dissipation

I. A. Ramos, I. Carraro-Haddad, F. Fainstein et al, PRB  109, 165305 (2024)
Interactions

detuning

SFP



Synchronization: our experiments

Exciton reservoir

Energy blueshift

We strongly detune the traps



Asynchronous locking

D. Chafatinos et al, NatComm 14, 3485 (2023) 

But they lock!....

Exciton reservoir

Energy blueshift

We strongly detune the traps



Asynchronous locking: power dependence

Laser power dependence

of detuningSteps (locking) at integer

numbers n of wm !!



Asynchronous locking: power dependence

Laser power dependence

of detuningSteps (locking) at integer

numbers n of wm !!

Sum of 10s of experiments, different

arrays, trap sizes and separations



Asynchronous locking: the model

interactions coupling

driving and losses

D. Chafatinos et al, NatComm 14, 3485 (2023) 



Asynchronous locking: the model

interactions coupling

driving and losses

reservoir dynamics: 

cw non-resonant pump

D. Chafatinos et al, NatComm 14, 3485 (2023) 



Asynchronous locking: the model

interactions coupling

driving and losses

reservoir dynamics: 

cw non-resonant pump

D. Chafatinos et al, NatComm 14, 3485 (2023) 

phonon dynamics: 

polariton driving



Asynchronous locking: the model

Mechanically modulated inter-site coupling

interactions coupling

driving and losses

reservoir dynamics: 

cw non-resonant pump

D. Chafatinos et al, NatComm 14, 3485 (2023) 

phonon dynamics: 

polariton driving



First: “Frozen” phonon + RWA

+ RWA

I. A. Ramos, I. Carraro-Haddad, F. Fainstein et al, PRB  109, 165305 (2024)D. Chafatinos et al, NatComm 14, 3485 (2023) 



Same solutions as static case

are found proposing:

i.e., similar  ”sinchronization

condition” but displaced to:

First: “Frozen” phonon + RWA

+ RWA

I. A. Ramos, I. Carraro-Haddad, F. Fainstein et al, PRB  109, 165305 (2024)D. Chafatinos et al, NatComm 14, 3485 (2023) 



First: “Frozen” phonon + RWA

+ RWA

“Locking” regions behave as for synchronization, i.e., are enhanced by J and U

m

I. A. Ramos, I. Carraro-Haddad, F. Fainstein et al, PRB  109, 165305 (2024)D. Chafatinos et al, NatComm 14, 3485 (2023) 



Asynchronous locking: the full model
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locking

EXPERIMENT

THEORY

D. Chafatinos et al, NatComm 14, 3485 (2023) 
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Synchronization

Asynchronous

locking

EXPERIMENT

THEORY

D. Chafatinos et al, NatComm 14, 3485 (2023) 

J. F. Döppler et al., PRE 102, 062415 (2020)

Pitangus sulphuratus (Benteveo)



Day #3 wrap-up

• Synchronization. The relevance of coupling, non-linearities 

and dissipation. 

• Synchronization of polariton condensates

• Asynchronous locking of mechanically modulated coupled 

polariton condensates.
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Outlook #1: Bidirectional MW-to-optical conversion

Photonics and Optoelectronics Lab
Instituto Balseiro, Bariloche, Argentina

QUANTUM LIMIT?



Two sites 1, 2: 

Tight binding

WITHOUT 

magnetic field

:
+ magnetic field

“Peierls transformation”

Outlook #2: Spatio-temporal modulation, synthetic Beff

Photonics and Optoelectronics Lab
Instituto Balseiro, Bariloche, Argentina
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