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Large size: [12 n? a, ~ 1 ym (n=100)

Large dipole moments: [ n? ea, ~ 10000 D (H,O - 2.6 D)

o1 o

Dipole-dipole interaction

Long lifetime: (1 n® ~ 1 ms

Easy to ionize E,, [ n*~ 10 V/cm

on

Rydberg atoms: "Semi-classical atoms”




@ High temperature: Binary collisions
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@ Low temperature: Many-body interaction
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2ms> 10 ps; up to 100 MHz > 2 MHz

Cold Rydberg sample: Intermediate state between
atoms, solid, plasma




Rydberg atoms - Interest and applications

Phase transitions
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Quantum Information: dipole blockade

Phase gate for atoms ... mesoscopic ensemble of atoms
Jaksch et al. PRL 85 2208 Lukin et al. PRL 87 037901
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No Force

--------------------------- |;‘>

Rydberg 10 MHz dipole-dipole shift
Sin 1/2 | |
q)
QOO0 |g)

Cos 1/2 1 | |
| : - @
Phase Gate 1) Ttpulse atom A
[}} ®|0> N +‘ 0}.@ | D} 2) 2Tipulse atom B HSEF blockade
3) Ttpulse atom A

0)®[1)—>m|0)®|1)

&
1Y®[0) > m[1)®10} @
®[1) >m[1} &1

)
)




Motivation

Stark control of the dipole-dipole interaction

Coherence dynamics of dipolar Rydberg gas

Electric control of the dipole blockade

Conclusion and Outlook



Resonant energy transfer
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Dipole interactions for a quantum computer ?

Coherent superposition
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Resonant dipole-dipole
intferaction
> Strong, ~C,/R’
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Champ électrique

Weak
E-field due to each E-field
dipole influences

its neighbors

Strong
E-field

- Tunable with electric field <

Standing-wave trap laser beam 8

D. DeMille, PRL 88, 067901
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Depumping (high resolution) spectroscopy
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Coherence destroyed by attractive forces |
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# Dipole-Dipole Excitation and Ionization in an Ultracold Gas of Rydberg Atoms

# Colliding atomic pair distribution in an ultralong-range Rydberg potential
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~15 MHz »>V_~ 0,5 MHz O N Body effects

Wenhui Li et al., Phys. Rev. Lett. 94, 173001 (2005)
L. G. Marcassa et al., Phys. Rev. A 71, 054701 (2005)



Decoherence due to many body effects (migration)

 Resonant energy transfert :

p+tp>s+s| (T)

 Excitation migration :
Always resonant
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Dipole blockade - Saturation of excitation
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Dipole blockade - Spectral broadening
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Resonant Electric Dipole-Dipole Interactions
K. Afrousheh et al., PRL 93, 233001 (2004)

46d.,, Rydberg state fraction
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Kilian Singer et al., Phys. Rev. Lett. 93, 163001
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Excitation probability
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Very few ions can broaden the transition and match a “’blockade’’ effect !!

~Narrow-band spectroscopy is very sensitive to ions |
~Rydbergs as probe for weak fields
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Electric control of Dipole blockade
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Power control of dipole blockade
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High resolution CW spectroscopy
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Conclusion

* Coherence study for ultracold Rydberg sample

*Dipolar force play a major role: Frozen Rydberg gas VS dipole gas

- Coherence << 1 us for (attractive) |-> state
- Coherence for ~ 1 us for |+> state
- Decoherence due to migration

* Watch out for ions when doing Rydberg spectroscopy !
* Evidence for Resonant Dipole blockade (C,/R?)

*Broadening and blockade controlled by electric field
Futur

* Quantum gate with only 2 atoms ?



High resolution CW spectroscopy
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