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Transport
faster …..

We can transport matter 
from one place to another.

Driven (periodically) systems

   It may also slow down ….
   Interesting classical and quantum dynamics.



Kapitza Pendulum

Non-driven Periodically driven

Dynamical stabilization



Periodically driven systems: some interesting results

localization of wave packet 
in one of the potential well.

Population trapping in a two level system.
Landau-Zener-stuckelberg interference
(periodically driving a system past a LZ transition)

Driven quantum spin systems
In general a platform to study non-equilibrium physics.



Rydberg atoms …



• without external fields: 

• in external fields:

✓strong long-range interactions
✓ tunable and state-dependent

Interactions:

n~50

✓ composite object: single electron + core
✓ mesoscopic object: 
✓ long lifetime:
✓ highly susceptible to external fields

Remarkable properties:

Rydberg atoms: short overview



Rydberg atoms: short overview

ground state

V(r)

Rydberg states

Direct measurement of Van 
der Waals interaction

UvdW(R) = C6/R
6

Phys. Rev. Lett. 110, 263201 (2013)
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Rydberg atoms: short overview

VvdW (r) � ~⌦

Coherent Rabi oscillations between

and 
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Rydberg atoms: short overview
Coherent Rabi oscillations between

and 

Nature Phys. 5, 115 (2009)

Enhancement of Rabi
frequency due to the
Rydberg blockade



Our setup

⌦

|gi

|ei
�(t)

�(t) = �0 + � cos(!0t)

Rydberg array



Our setup

⌦

|gi

|ei
�(t)

�(t) = �0 + � cos(!0t)

arXiv: 1707.01956



Our setup
�(t) = �0 + � cos(!0t)

In a rotating frame:

Engineering the Rabi couplings
by modulating the detuning.

arXiv: 1707.01956



Single driven atom: different regimes

�(t) = �0 + � cos(!0t)

time-dependent detuning

⌦

|gi

|ei

Ĥ = ��(t)�
ee

+
⌦

2
�
x

What really happens depend on the amplitude and frequency
of modulation.

We consider an atom in a frequency modulated light field



Single driven atom: different regimes
�(t) = �0 + � cos(!0t)

�,!0 ⌧ ⌦ adiabatic regime.

� ⌧ ⌦eff =
q

�2
0 + ⌦2

Weak driving or 
Rabi limit 

Resonance: !0 = ⌦eff

Energy separation between the
eigen-states of the un-driven Hamiltonian



Single driven atom: different regimes
�(t) = �0 + � cos(!0t)

!0 � ⌦ High-frequency 
limit 

the only term which survives: m!0 = �0

Rabi oscillations with a frequency 



Single driven atom: different regimes
�(t) = �0 + � cos(!0t)

!0 � ⌦ High-frequency 
limit (HFL)

Rabi oscillations with a frequency 

Hence, at the roots of the Bessel function, the Rabi couplings vanishes!

Population trapping
(identical to coherent destruction of tunnelling)



Single driven atom: Fast passage limit 
(FPL)

Ĥ = ��(t)�
ee

+
⌦

2
�
x

LZ
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Resonance condition

For sufficiently large value of 𝜹, FPL overlaps with HFL. 



Single driven atom

� ⌧ ⌦eff =
q

�2
0 + ⌦2

Weak driving or 
Rabi limit 

Resonance: !0 = ⌦eff

!0 � ⌦ High-frequency 
limit 

Fast-Passage
limit 

Resonance condition



Now we take two atoms ….



Two atoms

ground state

V(r)

Rydberg states

We consider two kinds of resonant transitions

(S-Resonance)

(D-Resonance)



Two atoms: Weak driving limit

Resonances are seen as 
dips/peaks in the 
population vs 𝜔0

� ⌧ ⌦eff =
q

�2
0 + ⌦2

Weak driving or 
Rabi limit 

Resonance: !0 = ⌦eff

Blockade 
enhancement!!!



Two atoms: Weak driving limit

S-Resonance

At large interactions:

D-Resonance



Two atoms: Weak driving limit

S-Resonance

D-Resonance

:                      are almost degenerate.



Two atoms: High frequency limit

!0 � ⌦ High-frequency 
limit 



Two atoms: High frequency limit

S-Resonance



Two atoms: High frequency limit

S-Resonance is satisfied

is satisfied



Two atoms: High frequency limit

are satisfied

𝜹 is the only free parameter then.



Two atoms: High frequency limit
Dynamics as a function of 𝜹. 

Time averaged population
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Two atoms: Fast passage limit

multi-LZ transition points



Two atoms: Fast passage limit

Blockade Enhancement

Anti-blockades at very large interactions



Blockade enhancement in Rubidium 
atoms
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More atoms …

Nine resonances in three atoms



Dynamical localisation

UDN  -   undriven

DN  -   driven



Dynamical localisation



Dynamical localisation
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V0/⌦ = 16.5

site isite i

Singly excited states time averaged populations



Conclusion

Periodic modulation of the driving field leads to 
interesting scenarios in a Rydberg-atoms dynamics.

Blockade Enhancement Anti-blockades at large interactions

Dynamical localisation of a many body configuration

Thank you all!!


