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High-order harmonic generation from He driven by the
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Abstract: The generations of the high-order harmonic and the attosecond pulse from He" ion driven by
the chirped pulse combined with the unipolar pulse have been numerically investigated. The results show
that by preparing the initial state as the coherent superposition of the ground and the first excited states
of He™ ion, the harmonic yield is enhanced by 7 orders of magnitude in comparison with the single
ground initial state case. Further, by introducing the laser chirp and the unipolar controlling pulse, the
cutoff energy of harmonic spectrum is remarkably enhanced, and the interference structure of harmonic
is also reduced. With the introduction of the spatial inhomogeneous effect, the harmonic cutoff can be
further extended, resulting in a super-bandwidth of 320 eV. By superposition of harmonics, three at-
tosecond X-ray pulses with durations from 45 as to 48 as can be obtained, which is 5~6 orders of magni-
tude improvement in comparison with the single ground initial state case.
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Fig. 1 (a) Harmonic spectra of He™ when the initial state
is prepared as the single ground state (z = 1) and
the coherent superposition of the ground and the
first excited states (n = 1 + 2). The laser field is
5 {s/800 nm, I = 1.0X10" W/cm*, B = 0.0, s
= 0. (b) and (c¢) population probabilities of the
ground and the excited states when the initial state
is prepared as n=1 and n = 1+2, respectively. T
means the optical cycle of the 800 nm pulse
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Fig. 2 (a) Harmonic spectra of He" driven by the
chirped pulses. The other laser parameters
are the same as those from Fig. 1. (b) Laser
profiles of the chirped pulses with g = 0.0,
0.5, 0.6
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Fig. 3 Time-frequency harmonic distributions

for the cases of chirped pulses with (a)
B =0.0; (b)ﬁ: 0.5 (C)B: 0.6
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Fig.4 (a) Harmonic spectra of He" driven by the chirped pulse (8 = 0.5) combined with the unipolar

pulse. The parameters of the unipolar pulse are chosen to be & = 0.3, t,= 4.5, 4.7, 4.9, 5.1

T, zwmi= 5 fs. (b) Intensity of the unipolar pulse effect on the harmonic generation. (c) Laser

profiles of the single chirped pulse (8 = 0.5), single unipolar pulse (k = 0.7, t,= 4.9 T) and

the combined field. (d) Time-frequency harmonic distribution for the case of optimal combined
field (8 = 0.5, &k = 0.7, tp,= 4.9 T, 7., =5 {s)
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