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Abstract: We demonstrate transient lasing at 6.1 nm without population inversion in the x-ray regime using 
He-like Boron as a gain medium.

Quantum coherence  and  interference  has  numerous  applications in  quantum optics.  Of  the  many applications of 
quantum coherence effects, we here discuss lasing action in short wavelength spectral regions without the requirement 
of population inversion in He-like Boron.

The  phenomenon  of  lasing  without  inversion  (LWI)  [1-4]  is  attractive  in  realizing  lasers  operating  in  the  short 
wavelength (XUV and X-ray) regimes. We propose schemes which utilize He-like Bororn as a gain medium to realize  
such devices. In particular, we consider three-level He-like Boron in the so-called  configuration as sketched in Fig. 
(1a). Our scheme involves interaction of two laser pulses with an ensemble of He-like Boron ions (N=1016 atoms/cc). 
We start off with no population inversion between levels |c〉  and |b〉  and apply strong driving field of Rabi frequency, 
Ω which couples levels |c〉  and |a〉 , followed by a very weak probe field (Ωl). The driving field induces coherence 
between levels |c〉  and |b〉 , which help cancel the resonant absorption in the lasing transition |a〉→|b〉 . This leads, 
under certain conditions, to gain without population inversion. 

Our numerical result shows that lasing without population inversion at 6.1nm for initial non inversion condition (see 
Fig. 1b). This plot clearly indicates that there is amplification of the output lasing field in the absence of population  
inversion in the |a〉→|b〉  as well as |a〉  and |c〉  transition at all times.
                                                                                                 

          

Fig.1 (a) A three-level  scheme for LWI in He-like Boron. (b) Plots of the square of output field Ω l (solid curve) and vs retarded time 
µ =t-z/c, / =3, l/ =0.01Exp[-(t-3)2/5],  N=1016 ions/cc and for initial condition different initial conditions. The dashed curve shows 
that the inversion is always negative. The unit of time is τ1=0.55 ns which is the |a〉→|b〉  transition lifetime. The energy output is a nJ 
compared to the input energy 0.01 pJ. 
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