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Mid-infrared field phase measurement and attosecond pulse generation
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of Science, Liaoning University of Technology, Jinzhou 121001, China; 3. State Key Laboratory of Molecular Reaction Dynam-
ics, Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023, China)

Abstract: In order to measure the phase of mid-infrared field and to obtain the attosecond pulse, the investigation on mid-
infrared field phase measurement and attosecond pulse generation has been presented by using the relationship between phase and
harmonic cutoff energy. With the introduction of a few-cycle pulse to mid-infrared field, the effect of phase of the combined field
on harmonic cutoff energy became much more distinct in comparison with the single field. One new method of phase measurement
was gotten. Further, harmonic extension spectra and attosecond pulse generation of the three-color mid-infrared field were
numerically investigated. The results show that by properly adjusting the delay times and phases of three pulses, not only
harmonic cutoff energy is extended, but also single quantum path is selected to contribute to the harmonic generation, resulting in
supercontinuum with bandwidth of 272eV. Finally, by superposing the properly selected harmonics in supercontinuum region, a
series of X-ray pulses with pulsewidth of 34as can be obtained. The investigation is helpful for phase measurement of mid-infrared
field and attosecond pulse generation.
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Table 1  Relationship between phase angle ¢, and harmonic order w/w, of the combined field (20fs/800nm + 5fs/800nm) when 7, =0.07,p, =0.0m7
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Fig. 1 a—relationship between harmonic order w/w, and phase angle ¢, of
the single field (20fs/800nm )
order w/w, and phase angle ¢, of the combined field (20fs/800nm +
5fs/800nm)  c—relationship between signal intensity and harmon-
ic order w/w, of the single field (20fs/800nm)
between signal intensity and harmonic order w/w, of the combined
field (20fs/800nm + 5fs/800nm)
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Fig.2 a—relationship between E(¢) and ¢ of the single field (20fs/800nm)

b—Xkinetic energies on ionization and recombination of the single field (20fs/

800nm) from A to B c—Xkinetic energies on ionization and recombination of the single field (20fs/800nm) from B to C  d—relationship between

E(t) and ¢ of the combined field (20fs/800nm + 5fs/800nm )

e—kinetic energies on ionization and recombination of the combined field (20fs/

800nm +5fs/800nm) from A to B f—Xkinetic energies on ionization and recombination of the combined field (20fs/800nm + 5fs/800nm) from B to C
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Table 2 Relationship between the maximum harmonic order w/w, and phase angle ¢, of the combined field (20fs/2000nm + 5fs/800nm) when 7, =0. 0,

¢, =0.0m
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Fig.3 Relationship between harmonic order w/w; and ¢
a—the single field (20fs/800nm) , ¢, =0.0m b—the single field (20fs/
800nm) ,¢; =0.3m c—the combined field (20fs/800nm + 5fs/800nm) ,
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Fig.4 Relationship between harmonic order w/w; and phase angle ¢,
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Fig.5 Relationship between harmonic order w/w, and phase angle ¢, of
the combined field (20fs/2000nm + 5fs/800nm)
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