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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).

244204-2



Y38 % 4k  Acta Phys. Sin.

Vol. 67, No. 24 (2018) 244204

BOC 77 i I &t P9 A~ 7 Bk b B9 AH X 38 3B {55,
K FEAE O B A L 5 S I ) R R TE P R
RFE &P & (PZT). 544 ()t FIH—4
O T WA R B TG A 2 B o AT 4 T B ) B
AR B S5 R B s Ot B R 4 7 O 2 TR
(transient-grating frequency-resolved optical gat-
ing, TG-FROG) 32 & 7 5 & 1 M7 I =40
HOR 16,

3 BOCHE XK

H T A T R R ) TR A O T Bk b
Z 8] A AR AL (ZE ), X8 H R 8R F BOC
ORI E Jik b 2 T8 FE X A I S5 i 2 4 ] 3 i

A

Long-wavelength

A\

Short-wavelength

5.0
> 25
T,
o
g o
=
)
> —2.5
—5.0
—90 —45 0 45 90
Delay /fs

N, BT A R, 9 N e EAE NS S
ot RIS E AR o AR, o — B
AN FiE B R (WU R S RS A, H A N
B 5 e A 2 RN 6 ) B SE N A 2
A, T BRI B S 8 FRE S 0w 0
A (BBO) SR AR £ 7= A 1 AN 5 AN [F) ) NS 5
ST BT i AR 3 2B IR A N AR,
o L ) 7 R A o R B 22 ol 2 R A AR B ) AR A
MAERN BOC 22 5 A % 0 Je s, “Fa e — 1k
BRI 28 Bt 1% 5 BT VRN B 825 ) /N i 1R
BIBhHOCT H A%, 20 min 815E 45 B 4 fios, wf
DU, B8 B, ko 2 1T B AR X e i R 3 A
T-80 as RMS, ARBE I, ik 2 77 AR X 2E i
BIah BT 200 as RMS.

PID
% controller

Balance PD  Data acquisition

H 3 BOCH¥E FBE R&RU RS EIR R E -6 K2k (BBO, MIRERL F/4; PID controller, ELEIF 44

i 28; Balance PD, “PA# - H#E)

Fig. 3. Schematic representation of BOC and BOC signal (S curve). BBO, $-BaB2Oy; PID controller,
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Fig. 5. Pulse duration measurement of synthesized pulses.
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Fig. 6. Pulse duration measurement after hollow fiber.
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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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