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Coherent intense sub-femtosecond (sub-fs) x-ray pulses would open wide applications for 

dynamical, element-specific microscopy, imaging and holography in chemistry, biology, medicine 

and material nanoscience, providing unique combination of the record high spatial and temporal 

resolution, ultimately determined by carrier wavelength and pulse duration accordingly. 

Production of the strong ultrafast coherent sources in “water window” range (situated between the 

carbon and oxygen K-shell absorption edges: 4.4-2.3 nm), would be especially important for 

imaging of the protein dynamics in the living cells. 

Modern table top x-ray plasma lasers produce high energy pulses (up to several mJ) but of 

rather long picosecond (ps) duration. The high-harmonic generation (HHG) technique produces a 

set of high harmonics stretching to x-ray range, which could constitute attosecond x-ray pulses, 

but of rather low (nJ) energy.  

Thus, there are two paths towards intense coherent sub-femtosecond pulses in the soft x-

ray range, namely: (i) time-compression of ps radiation of the x-ray plasma lasers without essential 

loss of the energy; (ii) amplification of the high-harmonic radiation. Recently the possibility of 

efficient transformation of ps x-ray plasma lasers radiation into the trains of sub-fs pulses in the 

thermal-equilibrium plasma with modulated resonant transition has been predicted [1]. The 

possibility of transformation of ps x-ray radiation into the trains of sub-fs pulses with simultaneous 

amplification in the modulated active medium of x-ray lasers has been also theoretically 

demonstrated [2].  In this work we show that both paths (i) and (ii) can be successfully combined 

via seeding of the x-ray plasma lasers, modulated by a moderately strong IR field, with high-

harmonics of the same IR field.  
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