
COL 12(4), 040201(2014) CHINESE OPTICS LETTERS April 10, 2014

Harmonic spectra bandwidth broadening with a new
polarization gating
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A new polarization gating is demonstrated by our principle-of-proof experiment, which is theoretically
proposed to generate the isolated or double attosecond pulses with the multi-cycle driving laser pulse in
the previous work [Optics Express. 20, 5196 (2012)]. In the experiment, the polarization gating is formed
by two orthogonally-polarized linearly chirped multi-cycle laser pulses, and the spectral bandwidths of the
harmonics are broadened by more than two times, which agree with the previous theoretical work.
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Extreme nonlinear optical process in the interaction
of an ultrashort laser pulse with atoms or molecules
has been widely investigated for studying the electron
dynamics[1−6], teraherhz tomographic imaging[7,8], pro-
ducing the attosecond XUV pulse[8] and the others in
experiment. The process of the HHG can be controlled
through modifying the quantum path of the ionization
electron, such as controlling the chirp[9], the two-color
laser field[10], and the polarization gating[11−13]. The
HHG process has been described with the three-step
model[14] which includes the ionization, the acceleration
and the recombination. This model shows that we can
control the three steps by using the special laser fields to
change the acceleration or recombination and to achieve
particular high-order harmonic spectrum. For example,
in the two-color experiment, the period of the recom-
bination events is the full optical cycle instead of the
half-cycle in the case of one-color field[10]. It also has
been reported that using the combination of a chirped
laser and a static field can extend the cutoff and increase
the maximum harmonic photon energy[15,16].

In general, the electric field of the polarization gating
has been generated by combining two counter rotating
circularly polarized laser pulses[11]. The modulation of
the ellipticity in this polarization gating electric field
results in that the field can generate a high-order har-
monics only when the ellipticity is enough smaller . We
have also proposed a new polarization gating scheme
which can generate two coherent at to second pulses
with a tunable delay[17]. In this letter, we perform a
principle-of-proof experiment for this new polarization
gating scheme and demonstrate that the spectral band-
width of harmonics can be controlled by the delay of two
orthogonally-polarized linearly chirped multi-cycle laser
pulses. We also calculate the HHG using the Lewenstein
model[18] with this kind of laser field and find almost the
same harmonic broadening.

The harmonics are generated from the argon gas by
using the experiment setup shown in Fig. 1. In this ex-
periment, we use the 800-nm laser field with a positive
chirp. The value of this positive chirp can be adjusted
by the chirped mirrors in the laser system. This positive
chirp pulse is splited into two pulses by the first beam
splitter (BS). Then a quartz plant (QP) and a glass (G)
are used to make one pulse orthogonalizing the other and
having a negative chirp. Two pulses are both broadened
to be almost 70 fs by adjusting the chirped mirrors and
the thickness of the glass (G). The wedges are used for
changing the delay between these two pulses.

The orthogonally polarized chirped laser pulses, with
the each pulse energy of 0.75 mJ, are focused to an ar-
gon gas jet to generate the high-order harmonics. The
harmonics pass through an Al filter and are sent into a
homemade XUV spectrometer, and then are detected by
the X-ray CCD.

In this letter, we mainly investigate the feature of
the harmonic spectrum changed by the delay between
the two orthogonally polarized linearly chirped pulses.
Figure 2 shows the typical harmonic spectra obtained
in this experiment, with the relative delays of 0 (a) and

Fig. 1. Experimental setup for the orthogonally-polarized
chirped laser fields, consisting of two beam splitters (BS), two
mirrors, two parallel wedges (W), and a glass (G). A gas jet
and a CCD are also shown in the figure for generation and
detection of the high order harmonics.
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Fig. 2. Typical harmonic spectra for two different time delays.
The time delay is a relative delay between two orthogonally
polarized chirped pulses, which is adjusted by the wedge.

Fig. 3. Spectral bandwidth of each harmonic as a function of
the time delay between the two orthogonally polarized chirped
pulses. The maximum bandwidth of the 21st harmonic can
be broadened to 55, which is more than two times of the min-
imum bandwidth of the 21st harmonic.

2.2 fs (b) (the time delay is set to the relative time de-
lay). In the case of 0-fs delay, a well-resolved harmonic
spectrum can be observed and only one peak exists in
each harmonic shown in Fig. 2(a). But for the case of
2.2-fs delay, the harmonic is obviously broadened and
the split can be seen in some harmonics. The broadening
of the harmonics is shown in Fig. 3. The black dashed
line in Fig. 3 represents the bandwidth of the 21st har-
monic as a function of the time delay between the two
pulses. The bandwidth can be broadened by more than
two times. We calculate the HHG with the Lewenstein
model[18] to investigate this process, taking into account
the parameters used in the experiment. The detail can
be found in Ref. [17]. With the simulation, we can get
the HHG spectrum as a function of the delay between the
two orthogonally laser fields. In this simulation, the laser
intensity is 1×1014 W/cm2 which could make the cutoff
almost the same with experimental results. The results
of 21st, 23rd and 25th harmonics are shown in Fig. 4(a)
in detail. The simulation results agree with the exper-
imental results with the same period and broadening.
But there is a little different: an obvious interference can
be seen in the calculation result around the time delays

of 0.2 and 1.5 fs, but it cannot be found in the measured
harmonic spectrum around these delays which may be
eliminated by the propagation effect in the experiment.
In Fig. 4(b), the bandwidth of the 21st harmonic shows
changing with the time delay between the two orthogo-
nally laser fields which agrees with the results shown in
Fig. 3.

A deeper insight of the physical mechanism can be ob-
tained by using the time frequency analysis for the high-
order harmonic spectra. Different curves in Fig. 5(a)
show the 21st harmonic with the different time delays.
The time-frequency distributions of the three time delays
are shown in Figs. 5(b)-(d). As shown in Figs. 5(a) and
5(b), the bandwidth of the 21st harmonic is about 180
(arb. unit) when the time delay is 0.2 fs, while the time-
frequency distribution shows that the time window for
the generation of the 21st harmonic is divided into two
parts and each time window is about 4 T (T is the optical

Fig. 4. (a) HHG spectra versus time delay between the two
orthogonally laser fields. A 24-fs initial laser pulse is used in
the calculation. We choose N=3 to broaden the pulse width
to 72 fs, which is close to the pulse width in the experiment.
(b) Spectral bandwidth of the 21st harmonic.

Fig. 5. (Color online) (a) The 21st harmonic spectra produced
from the combined fields with the time delay of 0.2 fs (green
dashed line), 0.4 fs (red line) and 0.6 fs (cyan line). The blue
line shows the 21th harmonic spectra under the only 800-nm
electric field. (b)−(d) The time-frequency distributions of the
HHG of different time delays (0.2, 0.4, and 0.6 fs) shown in
(a), respectively.
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Fig. 6. Temporal profiles of the 21st harmonic as a function of
the time delay between two pulses. When the delay is shorter
than 0.4 fs, the duration of the 21st harmonic in one part can
be about 1 T .

cycle of the 800-nm pulse). In the case of 0.4 fs (Fig. 5(c))
and 0.6 fs (Fig. 5(d)) time delays, the bandwidth of the
21st harmonic are about 100 a.u. and 40 a.u., while the
time windows for the generation of the 21st harmonic are
about 20 T and 8 T , respectively. In Fig. 5(a), the spectra
show an obvious interference at some delays. By compar-
ing with the time-frequency distributions of the different
time delays, we find that the harmonic interference come
from the time interval between the harmonics generated
in the different times, and this is corresponding to the
statement in our early work in Ref. [17]. The temporal
profiles of the 21st harmonic as a function of the time
delay are shown in Fig. 6. The shortest emisstion of the
21st harmonic can be about 1 T .

In conclusion, we experimentally demonstrate that the
harmonic bandwidth can be broadened by a new polar-
ization gating formed by two orthogonally-polarized lin-
early chirped multi-cycle laser pulses, which is theoret-
ically proposed by in the Ref. [17]. This method can
be used to generate the isolated attosecond pulse with
multi-cycle driving laser pulses if using a longer wave-
length laser field.
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