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Objective

Quantum information processing and computation.

Many different technologies
lon computing
Cavity QED
Quantum dots
Superconducting qubitse

Our approach: Photonic states
Photons are fast, robust.
Existing optical channels for communication.
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Optical non-linearity in a cold Rydberg gas

Control phase gate:

Control |16 118

ML g W

] =P
|10 per photon |10

Few photon noHinearities using Rydberg polaritond Rajiv Boddeda



Optical non-linearity in a cold Rydberg gas

Control phase gate:
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Rydberg atoms

Rydberg atoms : principal guantum number n>>1
Long lifetimes (~100us)
Static polarizability (| n*’) sensitive to DC fields
Large dipoles Y Long distance Van-der-Waals interactions (r ~ 5um)

Energy shift of Rydberg level ® C,/ré(® n*i)
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Rydberg EIT

EIT T Electromagnetically induced transparency

Review: M. Fleischhauer et. al. Rev. Mod. Phys, vol. 77, April 2005
D. Petrosyan et. al. Phys. Rev. Lett. 107, 213601, Nov. 2011

Few photon noHinearities using Rydberg polaritond Rajiv Boddeda



Rydberg EIT

EIT T Electromagnetically induced transparency

: i

WﬁOh

OWe akod

&)
Probe
—l9)

Review: M. Fleischhauer et. al. Rev. Mod. Phys, vol. 77, April 2005
D. Petrosyan et. al. Phys. Rev. Lett. 107, 213601, Nov. 2011

Few photon noHinearities using Rydberg polaritond Rajiv Boddeda



Rydberg EIT

EIT T Electromagnetically induced transparency

: i

WﬁOh

OWe akod

&)
Probe
—l9)

Review: M. Fleischhauer et. al. Rev. Mod. Phys, vol. 77, April 2005
D. Petrosyan et. al. Phys. Rev. Lett. 107, 213601, Nov. 2011

Few photon noHinearities using Rydberg polaritond Rajiv Boddeda



Rydberg EIT
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Rydberg EIT

EIT T Electromagnetically induced transparency
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Recent Observations

Single photon switch (Absorptive regime)
Dudin et al, Science 336, 887 (2012)

Peyronel et al, Nature 488, 57 (2012) o 3 %J"
Maxwell et al, PRI 110, 103001 (2013) o> Eeusc
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Transistors
H. Gorniaczyk, PRL 113, 053601 (2014). APS/John
D. Tiarks et.al. PRL 113, 053602 (2014)
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Recent Observations

Single photon switch (Absorptive regime)
Dudin et al, Science 336, 887 (2012) «
Peyronel et al, Nature 488, 57 (2012) + |
Maxwell et al, PRI 110, 103001 (2013) % ‘\A/

Transistors T
H. Gorniaczyk, PRL 113, 053601 (2014).

D. Tiarks et.al. PRL 113, 053602 (2014)

Attractive photons (off-resonance):
Parigi et al, PRL 109, 233602 (2012) (I10GS)
Firstenberg et al, Nature 502, 71 (2013)
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Optical non-linearities induced by
Rydberg excitations in a cavity
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Experiment
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Cloud size ~ 40um

Dipole Traps
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Cloud size ~ 40um
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MOT > Molasses _, & Depump .| Repump o Probe+Blue
~ 35ms ~6ms ~ 100us ~200pus ~ 100us
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Experiment

Rydberg state |n)

Control field- O,

5P3/2, F=3m=3

Probe

| =100 0000055, F=2m=2
.= 10MHz
Experimental sequence:

MOT > Molasses _, & Depump .| Repump o Probe+Blue
~ 35ms ~6ms ~ 100us ~200pus ~ 100us

J
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Results
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