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Fig. 2.

450-950 nm), short-wavelength arm spectrum (blue dot line,

Broad spectrum after hollow fiber (solid line,

450-750 nm) and long-wavelength arm spectrum (red dotted

line, 650-950 nm) after dichroic mirror.
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Fig. 1. Experimental setup (F, focused lens; D, dichroic mirror; PZT, piezo-transducer; BOC, balanced

optical cross-correlator; TG-FROG, transient-grating frequency-resolved optical grating).
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Fig. 3. Schematic representation of BOC and BOC signal (S curve). BBO, 3-BaB2Oy; PID controller,

proportional-integral-derivative controller; balance PD, balance photodiode detector.
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Fig. 4. Relative time delay drift measurements.
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Fig. 5. Pulse duration measurement of synthesized pulses.
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Fig. 7. Compressed pulses with/without coherent synthesis.
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Abstract

Coherent synthesis of laser pulses is a major trend in the generation of ultrafast pulse field. There is no good
way to compensate for the whole spectrum when the spectrum of ultrashort pulses is wide enough to reach an octave,
so it is difficult to realize a sub-cycle pulse in a single-path laser system even if the spectrum range is wide enough.
In this paper, 0.8 mJ, 30 fs laser pulses at 1 kHz repetition rate with 790 nm center wavelength from a Ti:sapphire
chirped pulse amplifier (CPA) system are focused into hollow fiber with an inner diameter of 250 um and a length of
1 m to produce an octave-spanning white-light supercontinuum (450-950 nm). Using this supercontinuum, we conduct
two sets of comparative experiments. 1) We split the supercontinuum into two pulses with different spectrum ranges
(450-750 nm and 650-1000 nm) by a dichroic mirror (HR, 500-700 nm; HT, 700-1000 nm), and we compress the two
pulses by the double-chirped mirrors and wedge pairs to generate two few-cycle pulses: the long and short wavelength
yielding pulses are 7.9 fs and 6.1 fs, respectively. Then we coherently synthesize two pulses by using another dichroic
mirror, and controlling the relative time delay between the two pulses, and thus we synthesize a pulse of 4.1 fs. 2) We
directly compress the supercontinuum by the double-chirped mirrors and wedge pairs, and obtain an optimization result
of 5.3 fs, of which the pulse duration is wider than that in experiment 1. In these comparative experiments, the advantage
of coherent synthesis for shorter pulse duration is preliminarily verified. Besides, the balanced optical cross-correlator
technique is used to lock the relative time delay between two pulses. The root-mean-square value of relative time delay
drift is less than 80 as in the case with feedback control loop, which ensures the stability of coherent synthesis system.
This scheme can be adopted to accurately compensate for the dispersion and obtain the sub-cycle synthesized pulse,

which is useful for generating the high harmonic and atto-second pulse.

Keywords: coherent synthesis, balanced optical cross-correlator, relative time delay control, dispersion

compensation
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