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HIGH-HARMONIC GENERATION (HHG)

discovered in 1987

Intense femtosecond High-order short-

laser pulse wavelength pulse
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Highly nonlinear optical process in which the frequency of laser light is converted
into its integer multiples. Harmonics of very high orders are generated.
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New extreme ultraviolet (XUV) and soft X-ray source
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Wahlstrom et al., Phys. Rev.A 48,4709 (1993)
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Simple explanation of the cut-off law
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Harmonic electric field
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Nabekawa et al., Phys. Rev. Lett. 97, 153904 (2006)
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Time of emission depends on harmonic order
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Phase of recombination (phi_r)
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Time of emission depends on harmonic order
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K. L. Ishikawa, “High-harmonic generation” in Advances in Solid-
State Lasers, ed. by M. Grishin (INTECH, 2010) 439-464
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Quantum theory of
high-harmonic generation

| ewenstein modae

Lewenstein et al., Phys. Rev. A 49, 2117 (1994)
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Strong-field approximation (SFA)

o

WJ%_'IK/M@—I%%:’ ,\\\'J](% The contribution of all the excited

bound states can be neglected.
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IE %Jb’lklu FENE T Fl"ﬂpo The effect of the atomic potential

on the motion of the continuum electron can be neglected.

ﬁ}_‘_'lj(u_,\ 7 ﬁffﬁ The depletion of the ground state can be

neglected.
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saddle-point analysis (SPA)

Saddle-point equations| solutions #& — trajectories 53z o kU—
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Example of saddle-point E(t) = Eycoswt Ar (= 157596 V) 1.6 x 10'* W /cm®
solutions  BEREEDE
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» The 3-step model Is a good approximationlto the quantum-

mechanical Lewenstein model = Success of the 3-step model
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