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Optical susceptibility: 

  

↗ photons  ↗ Rydberg atoms   ↗ blockade spheres 

 ≠ transmission / phase 

Off-resonant regime? 

Pritchard &al, PRL 105, 193603 (2010)  

Ates &al, PRA 83, 041802(R) (2011) 
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Volume of a blockade sphere 

∝ √C6 ∝ (n*)5.5 

Atomic 

density 

Normalized line shift f(Y): 

df 

f(Y) 

(0) ∝ nblock = ρ Vsphere dY 

df 
dY 

∝ (n*)5.8 0.5 

Parigi et al, PRL 109, 233602 (2012) 

Stanojevic et al, PRA 88, 053845 (2013) 

(+ inhomogeneities  & dynamics) 
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Increasing probe power Y=P/Psat 

a b 

    

Dispersion   Re() : OK 

Absorption   Im() : Additional losses 

    
• Phase shift (t)=t*C6/r

6 

   r random  dephasing 
     Dudin & Kuzmich, Science 336, 887 (2012) 

• d states  angular dependence  dephasing  
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Trigger probability ~1/1000 (rate ~100/s) 

Duan & al, Nature 414, 413 (2001) 
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Duan & al, Nature 414, 413 (2001) 

Read 
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Emitted in (another) cavity mode 



Stanojevic et al, PRA 84, 053830 (2011) 
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Detector’s efficiency: 
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Bimbard et al, PRL 112, 033601 (2014) 
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Bimbard et al, PRL 112, 033601 (2014) 

Homodyne/counting measurements consistent: 

• Temporal mode exp(-t²/2²), =40ns 

• Generation efficiency ~80% 

Polariton decoherence 

Cooperativity limit : C/(1+C) 

Read pulse efficiency + defects 

Quality of optical pumping 

Amplitude and phase matching 

Cavity resonance condition 

0.94  x0.97     x0.96  x0.965  x0.97 = 0.82 

= PDoppler (t) * PC * PRead * Ppump * Pmode * Pcav 

 = Doppler decoherence time at 50 μK 
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Probe ~1nW ~1000 photons  ~1 photon? 

Dudin & Kuzmich, Science 336, 887 (2012), 

Peyronel et al, Nature 488, 57 (2012) 

Maxwell et al, PRL 110, 103001 (2013) 

Firstenberg et al, Nature 502, 71 (2013) 

Baur et al, PRL 112, 073901 (2014) 

Gorniaczyk et al, PRL 113, 053601 (2014) 

+ Fewer losses than previous experiments? 
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(« Super-atom » model) 

 

(c- c,res)/ 

Grankin et al, NJP 16, 043020 (2014) 

F = 100 1000 

w = 90 15 µm 

 Brigher, uniform control beam  

      → Buildup cavity (G~16) 

 Smaller, denser cloud 

      → Dipole trap (σ~40µm) 

 Higher cavity finesse & smaller waist 
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In Out 

Free space:  

Turns losses into phase shift 

First experimental evidence of non-classical effects 



• Additional technical complexity (OK) 

• Specific theoretical models (OK) 
• Temporal/spectral issues : 

Can the tail of a photon enter the system before its head comes out? 

 OK 

Free space: Cavity: 

Dynamic control  OK 

Storage time  (linewidth)-1 … Time to cross the gas  L 

EIT linewidth  L-1/2 

 

Length L 
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create  
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PRA 88, 053845 (2013) 

PRL 109, 233602 (2012) 

PRA 84, 053830 (2011) 

PRL 112, 033601 (2014) 

PRA 86, 021403(R) (2012) 

NJP 16, 043020 (2014) 

Work in progress 
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