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Fig. 1. Three dimensional diagrams for the total electric field (red), gating field (green), and driving field (blue) in polarization gat-

ing pulse as a function of time: (a) 5 fs pulse width and 5 fs time delay; (c) 10 fs pulse width and 22.5 fs time delay; (e) 10 fs pulse

width and 15 fs time delay. Panels (b), (d), (f) correspond to the driving electric field versus time in panels (a), (c), (e), respect-

ively (shaded portion is polarization gate).
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Fig. 2. High order harmonic generation from helium atom in

a polarization gating pulse with 10 fs pulse width. The

Tt
black curve is from the polarization gate width &tg = ?0,

the red curve is from the polarization gate width &tg =
0.827,,.
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Fig. 3. Evolution of the harmonics with ionization (black)

and recombination (red) time.
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Isolated attosecond pulse generation from polarization
gating pulse with 10 fs duration”

Song Hao  Lii Xiao-Yuan  Zhu Ruo-Bi  Chen Gao

(School of Science, Changchun University of Science and Technology, Changchun 130022, China)
( Received 19 March 2019; revised manuscript received 10 June 2019 )

Abstract

Isolated attosecond pulses make it possible to study and control the ultrafast electron processes in atoms
and molecules. High order harmonic generation (HHG) is the most promising way to generate such pulses,
which is benefited from the broad plateau structure of the typical HHG spectrum. In previous HHG studies on
the polarization gating pulse with longer pulse duration, one needs to dramatically increase the separation in
time between the two counter-rotating circularly-polarized pulses to generate the nearly-linear half-cycle
“polarization gate”. This leads to a low harmonic conversion efficiency because the field outside the polarization
gate is much stronger than inside the polarization gate. In this paper, by using Lewenstein model, we
theoretically simulate the high-order harmonic generation from helium atom subjected to the polarization gating
pulse with 10 fs pulse duration. It is found that high-order harmonic spectra each with a higher efficiency and
regular structure can still be obtained by reasonably adjusting the delay time ratio and the amplitude ratio of
electric fields between the two counter-rotating pulses. Further, a single 175 as pulse in the time domain is
obtained by Fourier transforming the 80th order harmonics into the 172nd order harmonic without
compensating for the harmonic chirp. This scheme has two main advantages. First, the adjustment of the
polarization gate width from half optical cycle into nearly one cycle ensures higher intensity of the synthesized
electric field inside the polarization gate. Second, the suitable adjustment of the amplitude ratio between two
electric fields ensures the low ionization probability before the polarization gate, and thus further fulfills the

harmonic phase matching condition in the process of the propagation.

Keywords: high order harmonic generation, attosecond pulse, polarization gating scheme
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