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[Can we exploit the extraordinary properties of Rydberg atoms to modify a light field in a useful way?j
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[Can we exploit the extraordinary properties of Rydberg atoms to modify a light field in a useful way?j

1. What does the output field tells us about the Rydberg atom or the
environment of each Rydberg atom?

C Rydberg energy level detection}

V4 N\

CEIectrometry] C Precision measurement] CDlpoIe -dipole mterac’uons]

/ Coherent spectroscopy
( Rydberg constant )\ [ of the blockade }

@urface interactions] o
® Coulomb's law at
@Iasma diagnostics) intermediate length scales
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Rydberg states: large n

Scaling with principal quantum number n (low /)

Size n?

Dipole moment n?

Lifetime n3 Long lived

Polarizability n’ Sensitivity to electric fields

van der Waals n Strong atom - atom interactions
Gsr;ligd Rb 5s Dipole moment 5s -np  n32 Weak atom light interactions
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G. Rydberg energy level detection]

C'Precision' measurement ]

@. Effects dipole — dipole interactions on the optical response}

[Coherent spectroscopy of the blockade}
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1. Rydberg atom detection
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Detection via coherent atom - light interactions
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Weak excitation: single atom response
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Experimental set-up - 2

-V coupling
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Typical spectra in a room temperature Rb vapour cell - M .q - O\
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'Precision measurement'
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rf dressing and 'electrometry’
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Microwave dressing
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Outlook: Microwave dressing
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2. Rydberg non-linear optics: Kerr effect - 2
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Rydberg non-linear optics: Kerr effect B
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Demonstration of giant Kerr effect in a thermal vapour cell "1' 2.Q
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3. Dipole-dipole interactions: electric field of another atom. L'. 2.g -
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Electric field of a single oscillating dipole
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Semi-classical dipole-dipole level shift and broadening 2 .',' Y K
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Why Rydberg?

Wavelength N> 1x102 cm™3
~1mm
Sp
Wavelength
780 nm N > 2 x 10" e¢m ™3
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Rydberg dark state
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Dipole-dipole interactions: electric field of another atom. 2 M .q .
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Coherent spectroscopy of the blockade 5s — 5p - 60s =

N =2x 10" ecm™3
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Experiment: low density (3 atom model) 2 .',' Y K
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Simple picture of suppression

_|_
|

Rydberg atom-light interaction: from non-linear optics to quantum optics

20
"Durham MPIKS, Dresden.

University September 14™ 2010.



g , 4
Rydberg level shift / Broadening (high density) ; .',' e | LN
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What might we learn from this data?

1 Tp =
@
Shift is less than 500 kHz
Mean superatom spacing
8.0 microns
| Dephasing of superatoms < 200 kHz
|
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4. Outlook: Experimental Rydberg quantum optics » .',' Q.
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Strong coupling

Level shift due to a single quanta is larger than the line width.
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4. Outlook: Experimental Rydberg quantum optics

Single blockade volume

1 micron

High optical depth per blockade or a cavity
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Single photon source directionality? ol @ - -
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Pedersen and Molmer
Phys. Rev. A, 79, 012320 (2009)
7 x 7 x 20 atoms

Olmos and Lesanovsky
ring lattice

Total excited state population

0 0.05 0.1 0.15 0.2

100 atoms randomly distributed in 3 x 1 micron
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Single photon source directionality? AtM 01 . A .

100 atoms randomly distributed in 3 x 1 micron

: a2 22 _ 2z
8(337 Y, Z) — (C/,O_elkze el /2Re pr/w a = tan ™! 2
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Gouy phase in the near field AtMol . 2 g

Without Gouy phase With Gouy phase

Large effect in the near field but not so apparent in the far field
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Summary

Input field Output field
q ﬁ
(Electrometry) [Spectroscopy of the blockade}
CE-fieId inside cel@ [E-field close to surfaces] _
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