


Superradiance 

The weak intracavity photon field acts mainly  

as a communication bus to drive spontaneous synchronization  

of the atomic dipoles and to extract information  

about the phase stored in the collective atomic dipole.  

The synchronized atomic dipoles radiate at an increased rate,  

a phenomenon known as superradiance or superfluorescence. 
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Theory 

Schawlow-Townes full-width at half-maximum  

calculated the fundamental (quantum) limit for the linewidth of a laser 

𝑷𝑶𝑼𝑻 : power exiting the cavity 

 

𝒇 : oscillation frequency 

 

𝒉 : Planck’s constant 

 

𝒌 : cavity power decay rate 



Theory 

Schawlow-Townes full-width at half-maximum  

The transverse decoherence  rate of the lasing optical transition 

𝒓𝒆𝒈 : rate of decay from the excited state to the ground state 

 

𝟏/𝑻𝟐 : additional atomic dephasing mechanism 

 



Theory 

Frequency pulling coefficient 

Cavity frequency, atomic frequency is not identical  

system average frequency is, 

The cavity frequency changes the oscillation frequency 

from the atomic transition frequency by an amount 



Theory 

Good-cavity 

∆𝒇𝑮𝑺𝑻=
𝒌

𝟒𝝅𝑴𝒄
 

𝑷 ≈ 𝟏 

Bad-cavity 

∆𝒇𝑮𝑺𝑻=
(𝒓ㅗ )𝟐

𝝅𝒌𝑴𝒄
 

𝑷 ≪ 𝟏 

Drastically, reducing the impact of noise in the cavity frequency 

Bad cavity 𝑷 ≪ 𝟏  



Experiment 



Experiment 

c. With no repumping light a single superradiant pulse is emitted 

d. With optical repumping back to e state, we observe quasi-  

    continuous emission limited by atom loss.  

    The atoms emit into a single spatial mode of the cavity (TEM00) 

    imaged on a charge-coupled device  


