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e Strong atom-photon interactions
e ‘Alligator’ waveguide fabrication

* The experiment: atoms trapped near photonic crystals

e What next?
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Strong atom-photon interactions
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Quantum nonlinear optics — photon by photon
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Strong atom-photon interactions
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Strong atom-photon interactions

1 c ofs) Finesse
F r = — F - @
() 2vg Aegt(7a) -

ex. Kimble,Faraon, Rempe, Lukin




Strong atom-photon interactions
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Photon mediated atom-atom interactions

Kimble, “The
Quantum Internet”



Photon mediated atom-atom interactions in a 1D system
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Jij x Re [G(r’ia Iy, OU())] Fij x Im [G(ria rjawO)]

Waveguide atom-atom interaction
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Spin exchange at Az = \/4
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Jij x Re [G(r’ia Iy, OU())] Fij x Im [G(ria rjawO)]

Photonic Crystal

Inside band-gap same as waveguide
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The Alligator Chip

S.P.Yu, J. D. Hood, et al. APL 104, 111103 (2014). I
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Overview of the “Alligator” photonic crystal waveguide

(Fabrication and characterization) S. P. Yu, J. D. Hood, et al. APL 104, 111103 (2014).
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The Graveyard
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Finite photonic crystal model
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Measured photonic crystal transmission signal
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Imaged scattered light from photonic crystal
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Outline

* The experiment: atoms trapped near photonic crystals



In Chen-Lung’s words...







Cold atom device loading into the Alligator PCW

N;~ 5x108 Cs atoms
at p ~ 1x10't/cm3
T~ 10uK

SiN device —
1d photonic
crystal
waveguide

Dptical fiber
putt-coupled
o SiN device

Ng~ 2x10°6 Cs atoms
at p ~ 2x101%/cm3
T~ 20uK
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Trapping atoms via side illumination

Schematic of trap S| ‘

« Trapping atoms by scattering from the structure
« Superradiance from trapped atoms near the bandedge

Ref: J.D.Thompson, et al. Science 340, 1202 (2013). [Lukin]



Cross section of trap and coupling rate

Cross section of scattering intensity and coupling rate
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Multiple trapping sites = only closest site strongly couples to the waveguide.
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Photonic crystal decay rate and lamb-shift
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Superradiance near the cavity resonance
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A. Goban, C.-L. Hung, J.D. Hood, S.P. Yu et al. PRL 115, 063601 (2015).



Moving into the band-gap

Greens function transmission model
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Greens function from fitted atomic spectra vs. theory (solid)
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Transport of atoms into center of alligator

Stronger coupling rate

At the center of the gap:

Projected
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Transport of atoms into center of alligator
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Thank you!
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