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Abstract: We discuss the possibilities and the physical mechanisms of amplifying weak probe radiation interacting with atoms or 
molecules dressed by intense infrared laser fields. The main interest is in the amplification of the XUV radiation, but amplification in the 
visible frequency range will also be discussed. One of the intriguing routes is highly nonlinear parametric amplification, first suggested by 
J. Serez et al (Nature Phys.6, 455 (2010)). We find that this particular mechanism suffers from severe limitations associated with linear 
absorption of the XUV light. Next, we discuss the possibility of using the weakly bound states of a nearly free electron, created by the 
combined action of the intense IR (dressing) laser field and the core potential. We show that, at very high intensities of the IR dressing 
field, the existence of these so-called Kramers-Henneberger states offers a universal amplification mechanism.  

High-order harmonic generation (HHG) in gases is 
the workhorse for producing attosecond pulses with 
carrier frequencies ranging from the vacuum 
ultraviolet to the soft x-ray region. Its challenge, 
however, is the low conversion efficiency. One route 
to increasing the low conversion efficiency is 
efficient phase matching. Alternatively, HHG may be 
enhanced at the single atom/molecule level by 
enhancing the first step of the HHG process, 
ionization, seeding it with an attosecond pulse or a 
pulse train.  

Here, we focus on the recombination step in HHG 
and explore the possibility of stimulated XUV 
recombination. The first potential possibility that 
comes to mind in this context is parametric 
amplification seeded by the IR driver. Indeed, HHG 
is a parametric process, where many IR photons are 
converted into a single XUV photon. As the intensity 
of the XUV light grows during the co-propagation of 
both the IR and the XUV in the nonlinear medium, 
the recombination step can become stimulated, 
leading ideally to exponential growth of the XUV 
signal with the particle density, as opposed to 
quadratic growth in standard HHG [1-3].  

While this idea looks potentially attractive, it 
encounters one fundamental problem: Stimulated 
recombination from the high-energy continuum or the 
IR dressed Rydberg state to the ground state has to 
compete with the stimulated absorption from the 
ground state of the unexcited system. In this 
competition, the stimulated absorption is at a major 
disadvantage. Indeed, in the case of stimulated 
recombination the system has to first absorb multiple 
IR photons, and the electron has to return to the 
parent ion. These are the reasons for the low 

conversion efficiency of HHG in the first place. We 
show [4] that, in spite of the claims otherwise [3], the 
stimulated absorption always dominates under the 
standard HHG conditions. 

However, the inherent advantage of the stimulated 
absorption can be overcome if the ground state of the 
system is completely depleted. This regime is very 
unusual for the standard HHG, as it requires a nearly 
fully ionized medium. We show [5] that, depending 
on the parameters of the IR driver, substantial fraction 
of the ground state population can be transferred to 
the excited states via the so-called frustrated 
tunneling process [6]. While these states are only 
weakly bound, and their dynamics is dominated by 
the laser field, they remain surprisingly stable with 
respect to ionization, even at the IR intensities in the 
1015W/cm2 range [7]. Sufficiently intense driving IR 
field will lead to complete ionization of the ground 
state while trapping population in these weakly bound 
states, leading to population inversion and lasing. We 
examine this process in simple atoms and diatomic 
molecules, showing amplification in the visible and 
the XUV range. 
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