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From cQED to band-gap physics 
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  Strong atom-photon interactions 

Lukin (Harvard) 
Vuletic (MIT)  

Kimble – Painter 
(Caltech) Rauschenbeutel (Vienna TU) 



   Strong atom-photon interactions 

: Free space decay rate 
: group velocity 

: effective mode area at  
: optical cross-section  



Single atom in free space  

   Strong atom-photon interactions 

ex.  C. Kurtsiefer group (Singapore) 
G. Leuchs group (MPL),  etc 



   Strong atom-photon interactions 

Decrease mode area 

Cs atom 200nm from the surface 

Rauschenbeutal 

Lodahl 



   Strong atom-photon interactions 

Increase by number of photon passes  

Number of passes 

The image part with relationship ID rId11 was not found in the file.

ex. Kimble,Faraon, Rempe, Lukin 



   Strong atom-photon interactions 

Photonic Crystal Waveguide  

bandgap 

370 nm 



Photon mediated atom-atom interactions 

“spin” 

“interaction” 

“spin” 

Kimble, “The 
Quantum Internet” 



  Photon mediated atom-atom interactions in a 1D system 

Coherent dipole-dipole interactions Dissipative interactions 

Spin-exchange Cooperative emission 



Photon mediated atom-atom interactions 

Initial settings:  

Spin exchange at  

Decay due to imaginary self-GF 

Waveguide atom-atom interaction 



Photon mediated atom-atom interactions 

Photonic Crystal 

Inside band-gap same as waveguide  bandgap 



Photon mediated atom-atom interactions 

Photonic Crystal 

Spin exchange in band-gap  

Inside band-gap:  

bandgap 
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~300x200nm wire spanning 2mm 

S. P. Yu, J. D. Hood, et al. APL 104, 111103 (2014).  

The Alligator Chip 



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

‘Alligator’ Waveguide 

Butt-coupling For device cooling and 
support 



  The Graveyard 



Si3N4 

Si 

Resist 

Fabrication 



  Finite photonic crystal model 

bandgap 

transformation 



  Measured photonic crystal transmission signal 



  Imaged scattered light from photonic crystal 

Cavity resonance condition: 
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    In Chen-Lung’s words… 






Ni ~ 5x106 Cs atoms 
at ρ ~ 1x1011/cm3  

T ~ 10μK 

Nf ~ 2x106 Cs atoms 
at ρ ~ 2x1010/cm3  

T ~ 20μK 

1 mm 

Optical fiber 
butt-coupled 
to SiN device 

SiN device – 
1d photonic 

crystal 
waveguide 

atom-light coupling 

370nm 

  Cold atom device loading into the Alligator PCW 






Trapping atoms via side illumination 

Schematic of trap 

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

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



  Cross section of trap and coupling rate 

Cross section of scattering intensity and coupling rate 

Multiple trapping sites   only closest site strongly couples to the waveguide. 
 

            (e.g.,        ) 



Frequency from band-edge (THz) 

=Decay rate 

=Lamb-shift 

Ratio  

Band-gap Cavity Waveguide 

  Photonic crystal decay rate and lamb-shift 

Coherent evolution Collective dissipation 



A. Goban, C.-L. Hung, J.D. Hood, S.P. Yu et al. PRL 115, 063601 (2015).  

Large collective dissipation 
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Single atom decay rate  

Free-space decay 

Superradiant decay rate 

Average atom number 

  Superradiance near the cavity resonance 



Transmission spectrum with atoms Transmission spectrum (no atoms) 

Greens function transmission model 

Lorentzian Asymmetric Lorentzian 

Frequency from band-edge (THz) 

asymmetric 

symmetric 

, 

, 

where 

  Moving into the band-gap 



Preliminary 

Frequency from band-edge (THz) 

Dissipation is suppressed 

Collective decay rate 

Cooperative level shift 

Greens function from fitted atomic spectra vs. theory (solid) 
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Effective mode area 

x 5 

At the center of the gap: 
 

     Projected  

Stronger coupling rate  

  Transport of atoms into center of alligator 



  Transport of atoms into center of alligator 






  Thank you! 
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