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Precise control of the electric field in double optical

gating with few-cycle pulses
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Abstract: To achieve the generation of ultrashort isolated attosecond pulses using few-cycle pulses, it is ne-
cessary to study the precise control of the electric field of few-cycle light through double optical gating tech-
nology. In conventional experiments, double optical gating typically regulates multi-cycle pulses, and the
analysis does not consider higher-order dispersion during laser propagation in media, second-harmonic con-
version efficiency, or the exact waveform of the second-harmonic electric field. However, such approxima-
tions are no longer valid for few-cycle pulses. This paper accurately simulates the propagation and second-
harmonic generation process of few-cycle pulses in nonlinear crystals based on a coupled-wave equation
model, revealing the key influence of dispersion effects and other factors on the gating waveform. The re-
search shows that when the driving light field is a few-cycle laser pulse, the traditional electric field estima-

tion method for double optical gating is no longer applicable. Few-cycle pulse lasers have an ultra-broad
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spectrum, and effects such as group velocity mismatch, phase mismatch, and dispersion caused by differ-

ences in phase accumulation among different wavelength components become significantly more pro-

nounced compared to long pulses. For a few cycle pulse, the optimal gating light field can be achieved by ad-

justing the thickness of the beta-barium borate (BBO) crystal in the double optical gating setup to 126.4 pum.

This paper proposes that coordinated adjustment of the waveplate and BBO crystal thickness can finely tune

the relative delay between the driving field and the second-harmonic field, thereby optimizing the gating

electric field and the driving electric field, providing effective parameter optimization guidance for the gener-

ation of ultrashort isolated attosecond pulses.

Key words: isolated attosecond pulses; double optical gating; few-cycle pulse
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Fig. 1 The schematics of double optical gating technique. QP1 and QP2 are quartz plates, BW is a fused-silica Brewster win-

dow, and BBO is a beta-phase barium metaborate crystal for frequency doubling.
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Fig. 2 The intensity profile of SH optical field calculated
with transient coupled-wave equations. (a) The cal-
culated SH pulse (thin blue solid line) after fre-
quency doubling of a 28 fs long pulse (thick red sol-
id line) through a 141 um BBO crystal is in agree-
ment with the optical field calculated by SNLO
(dots); (b) The calculated SH pulse (thin blue solid
line) after frequency doubling of an 8 fs few-cycle
pulse (thick red solid line) through a 141 um BBO
crystal is in agreement with the optical field calcu-
lated by SNLO (dots).
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gating under realistic experimental conditions. (a)
Without considering medium dispersion and group
velocity mismatch in the BBO frequency-doubling
process, the driving field E,, gating fieldE,, and SH
field Esy behave as expected; (c) The superim-
posed electric fieldE, spalso exhibits significant
asymmetry; (b) When considering medium disper-
sion and group velocity mismatch in the BBO fre-
quency-doubling process, Ey4, E,, and Egy all be-
come distorted; (d) E,ispalso becomes more sym-
metric, which is unfavorable for the generation of
isolated attosecond pulses. Framework of image

measuring system
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