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The physics of laser threshold [1] yield insight into and draws from the phase 

transition physics of e.g. the Bose Einstein condensate (BEC) and superconductivity 

(BCS). For the density matrix describing the photon statistics of the laser near 

threshold and atomic statistics of a BEC near the critical temperature, the diagonal 

elements  tnn , have the well defined steady state value. Also, the time evolution of 

the density matrix is described by the off-diagonal element  tknn ,  of the radiation 

density matrix. For a laser above threshold, when k=2, this is found to be [2] 
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As shown in Fig. 1, we measured the total time evolution of the laser which is 

described by the decay rates of the off-diagonal elements  tknn ,  of the reduced 

density matrix of the laser. The decay rate of the off-diagonal matrix element 

 tnn 2,   is measured and compared with that of  tnn 1,  , which corresponds to the 

laser linewidth. The experimental results agree with the quantum theory of the laser. 

 

 
Fig1. Experimental results from the two sets of measurements. For all the measurements, the obtained linewidth from the 

second order correlation spectrum is always approximately 4 times wider than that of the single beatnote linewidth. 
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