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Generation of an extreme ultraviolet supercontinuum
with a multicycle chirped laser and a static electric field*
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We theoretically present a method for generating an ultrabroad extreme ultraviolet (XUV) supercontinuum by

using the combination of a multicycle chirped laser and a static electric field. At a low laser intensity, the spectral

cutoff is extended to the 495th order harmonic, and the bandwidth of the supercontinuum spectrum is broadened to

535 eV. At a high laser intensity, the harmonic cutoff is enlarged to the 667th order, and a supercontinuum covering

a bandwidth of 1035 eV is generated. In these two cases, the long quantum path is removed, and the short quantum

path is selected. Especially for the relatively high laser intensity, an isolated 23-attosecond pulse with a bandwidth of

about 170.6 eV is directly obtained. Finally, we also analyze the influences of the chirp parameter and the duration of

the chirped pulse as well as the static field strength on the supercontinuum.
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1. Introduction

The appearance and development of isolated at-
tosecond (as) pulses has paved a way for studying
and operating basic ultrafast electronic processes in
atoms and molecules with unprecedented accuracy
and resolution.!' 3] So far, high-order harmonic gener-
ation (HHG) is the most advanced method to produce
a single attosecond pulse experimentally. The physi-
cal mechanism of the HHG can be well understood by
using a semiclassical three-step model.l*) According to
the model, the electron first tunnels through the bar-
rier formed by the atomic potential and the laser field,
then it oscillates almost freely in the laser field, and
finally it may return to the ground state by recombin-
ing with the parent ion. During the recombination, a
photon with energy equal to the ionization potential
plus the kinetic energy of the recombining electron is
emitted. The above process is repeated every half op-
tical cycle of the driving pulse, which results in the
generation of an attosecond pulse train (APT) with a
periodicity equal to half of the optical cycle.

In the practical application, since a single attosec-
ond pulse is more useful in the pump—probe exper-
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iment, how to produce an isolated attosecond pulse
It has been
shown that an isolated attosecond pulse can be gener-

has drawn a great deal of attention.

ated with a few-cycle laser pulse>2%! or a polarization
gating technique.l An isolated 80-as pulse, which is
currently the shortest attosecond pulse, was realized
in a recent experiment.l® However, the durations of
the single attosecond pulses are still far longer than
the natural time scale of electron motion in atoms,
i.e., 24 as. Therefore, it is necessary to broaden the
bandwidth of the isolated attosecond pulse and push
the duration to shorter time. Very recently, it has
been proposed that a two-color field can broaden the
bandwidth of the supercontinuum and be used to ob-
tain an isolated short attosecond pulse. Zeng et al.l”]
showed that a 148-eV supercontinuum can be gener-
ated by a two-color field, then an isolated 65-as pulse
was directly created. Lan et al.l®! proposed that a
synthesized two-color field can coherently control the
electron dynamics, and showed that this method can
not only broaden the attosecond pulse bandwidth and
reduce the harmonic chirp, but also produce a close-to-
Fourier-limited 80-as pulse. Moreover, they also pro-
posed that an ionization gating, which can be achieved
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with a few-cycle laser pulse in combination with its
second harmonic, can generate an isolated attosecond
electron wave packet and an isolated broadband 135-
as extreme ultraviolet (XUV) pulse.?) An alternative
method for generating a broadband attosecond pulse
is controlling the quantum paths. In the single-atom
response, the quantum path control can be realized by
using a two-color field,['9=14 an APT,[*] or a ultravio-
let (UV) pulse.!*617] Tn the real scenario of the HHG, a
full description of the propagation of the driving field
and the high harmonics through the gas medium at
the macroscopic level is required. It has been reported
that the phase matching in the propagation plays an

(18,19] By carefully adjust-

important role in the HHG.
ing the gas pressure or the position of the laser focus,
one can realize the phase matching conditions for ei-
ther a short quantum path or a long one, and then a
single quantum path can be macroscopically selected.
Lan et al.[?%) showed that only the short quantum path
can be selected after the propagation through the he-
lium gas and an isolated 130-as pulse is obtained. In
addition, they also studied the HHG of the asymmet-
ric molecules and demonstrated that the selection of
the long quantum path can be achieved by placing
the gas jet before the laser focus. They demonstrated
the generation of an isolated 95-as pulse with a 47-eV
bandwidth.2!] Dai et al.l?2! theoretically investigated
the macroscopic effects of the harmonic generation by
a two-color field and showed that a specific range of
harmonics can be enhanced dramatically by adjusting
the time delay and the relative intensity between the
fundamental and the frequency-doubled laser pulses.
With the introduction of a chirp, many schemes
with a chirp form are employed to extend the har-
monic cutoff and broaden the bandwidth of the XUV
supercontinnum, from which a broadband isolated at-
tosecond pulse can be obtained. Carrera et al.*%! ex-
tended the HHG cutoff and created an isolated 108-
as pulse via the coherent control of an intense few-
cycle chirped laser pulse. Wu et al.**! realized the
extension of high-order harmonics and generated an
isolated 38-as pulse by using intense few-cycle lin-
early chirped laser pulses. Xiang et al.?®! theoretically
demonstrated the extension of the HHG cutoff and
the generation of an isolated 10-as pulse with phase
compensation by using a chirped few-cycle laser and

(26] directly obtained

a static electric field. Li et al.
an isolated 26-as pulse by using an intense few-cycle
chirped laser and its high-order harmonic pulses. Xu
et al.27 proved the extension of harmonic cutoff in

a multicycle chirped pulse combined with a chirp-free

pulse. Feng et al.?8! generated an isolated sub-40-as
pulse using two-color laser pulses with the combined
chirp effects.

HHG in the presence of a static electric field has
been extensively investigated.[? =34 It has been shown
that a static electric field is a very useful means to
control the high harmonic emission rate,? the maxi-

[30-33] and the polariza-

mum harmonic photon energy,
tion properties of harmonics.!** Although the effects
of the single chirped pulse and the chirped pulse in
combination with the static electric field have been
investigated,23=2% few studies have been reported for
the combination of the chirped pulse and the static
electric field in the multicycle regime. In this paper,
we investigate the HHG of a model neon atom in a
multicycle chirped laser and a static electric field. The
numerical results show that the extensions of both the
harmonic cutoff and the XUV supercontinuum can be
achieved by using this method. Furthermore, the elec-
tron trajectories for HHG are significantly modulated
in the presence of the static electric field, as a result,
only the short quantum path is selected to contribute
to the harmonic generation. When the intensity of the
chirped pulse is relatively high, by superposing some
proper continuous harmonics, an isolated attosecond
pulse as short as 23 as is directly obtained. In par-
ticular, the influences of the chirp parameter and the
duration of the chirped pulse as well as the static field
strength on the supercontinuum are investigated.

2. Model and methods

In our simulation, the HHG spectrum and at-
tosecond pulse generation can be studied by nu-
merically solving the one-dimensional time-dependent
Schrédinger equation with the splitting operator
method.[?® The simulation method is based on the
single active-electron approximation and has been
The har-
monic spectrum is obtained by Fourier transforming

widely employed in the HHG simulation.

the time-dependent dipole acceleration for a model
atom. The temporal profiles of the attosecond pulses
can be generated by simply performing the inverse
Fourier transformations of the XUV supercontinua in
different spectral regions. In our calculation, the soft
Coulomb potential V(z) = —1/v22 + a2 is adopted,
where a = 0.817 is chosen to match the ionization en-
ergy 0.792 a.u. of a real Ne atom. The driving pulse
consists of a 10 fs/800 nm chirped laser pulse and a
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static electric field, which is given as
E(t) = Eofo(t) COS[th + §(t)] + El, (1)

where FEy and F; are the amplitudes of the chirped
pulse and the static electric field, respectively, wy and
0(t) are the corresponding frequency and time pro-
file of the carrier envelope phase (CEP) of the laser
field, fo(t) = exp[—21In(2)(t/70)?] denotes the Gauss
envelope of the laser field, and 79 = 10 fs is the pulse
duration of the full width at half maximum (FWHM).
The form of the CEP is §(t) = —Btanh[(t — to)/7],
where parameters (3, tg, and 7 are used to control the
chirp form. In this work, ¢y and 7 are chosen to be 0
a.u. and 200 a.u., respectively.

3. Results and discussion

To verify our scheme, we first investigate the
HHG process according to the semiclassical three-
step mode. Here, the intensities of the chirped pulse
and the static electric field are 4.0x10* W/cm?
and 2.8x10' W/cm?, respectively, and 3 = 6.25 is
adopted. Figure 1(a) shows the electric field of the
10 £s/800 nm chirped pulse alone. Figure 1(b) shows
the corresponding dependence of the harmonic or-
der on the ionization and the emission times. From
Fig. 1(b), we can see that the electrons are mainly
ionized near the peaks (labelled by P;, P, and Ps)
of the electric field. The highest order harmonic is at
the 241st order due to the electrons ionized near peak
P,, and the second-highest order harmonic is at the
134th order due to the electrons ionized near peak Pj,
whereas the electrons ionized near peak P; are mainly
attributed to the harmonics lower than the 129th or-
der. Therefore, only the harmonics from the 134th or-
der to the 241st order become continuous, correspond-
ing to a supetcontinuum with a bandwidth of 166 eV.
For the continuous harmonics, each order harmonic is
generated only through two electron trajectories. The
trajectory with an earlier ionization time but a later
emission time is called the long trajectory, and the
other trajectory with a later ionization time but an
earlier emission time is called the short trajectory. As
the harmonic order increases, the emission time for
the short trajectory increases, and that for the long
trajectory decreases, and these two emission times are
equal for the highest-order harmonic. This result indi-
cates that the harmonics in the second plateau are not
emitted in phase, and the harmonics in the cutoff re-
gion are only emitted at the same time. Thereby, the

superposition of several plateau harmonics will lead to
an attosecond pulse train with two bursts in each op-
tical cycle of the driving pulse. Only when the single
quantum path is picked out, an isolated attosecond
pulse can be produced.

When a static electric field is added to the chirped
laser pulse, the electronic dynamics in the HHG pro-
cess is significantly modulated. In order to substan-
tiate this fact, we perform the classical trajectory
simulation of the electrons in the chirped pulse com-
bined with the static electric field. Figure 1(c) shows
the combined electric field. Figure 1(d) shows the
corresponding dependence of the harmonic order on
the ionization and the emission times. As shown in
Figs. 1(c) and 1(d), the electron is no longer ion-
ized near the peak of the driving field, instead it is
to —0.68 o.c.

and forms two dominant ion-

ionized from —1.32 o.c. and from
0.62 o.c. to 1.27 o.c.
ization events labeled by Ry and R3. Though there is
an ionization event taking place (labeled by Ry), R;
only contributes to the harmonics below the 84th or-
der. The highest order harmonic is at the 486th order,
which is ascribed to the electron ionized at —1.3 o.c.
and recombined at 0.38 o.c. The second-highest or-
der harmonic is at the 144th order, which is ascribed
to the electron ionized at 0.93 o.c. and recombined
at 2.05 o.c. Compared with the case of the chirped
pulse alone, since the highest order of the harmonics
is greatly increased and the second-highest order of
the harmonics is increased a little, the frequency dif-
ference between them (i.e., between peaks Ry and R3)
becomes much larger than that in Fig. 1(b). The en-
larged frequency difference explains why an ultrabroad
XUV supercontinuum spectrum can be formed in the
field shown in Fig. 1(c). Furthermore, we notice that
for the supercontinuum origined from the ionization
event Rs, only the short trajectory contributes to each
harmonic, which implies that the harmonics higher
than the 144th order are almost locked in phase and
emit simultaneously with one single quantum path
contribution. Considering all the results above, we
can conclude that under the modulation of the static
electric field, the harmonic cutoff is extended to the
486th order harmonic, and a spuercontinuum with a
bandwidth of about 530 eV is generated, which can

support isolated short attosecond pulse generation.
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Fig. 1. (a) Electric field of the 10 fs/800 nm chirped pulse
alone. (b) Dependence of the harmonic order on the ioniza-
tion and the emission times in the field shown in panel (a).
(c) Electric field of the 10 fs/800 nm chirped pulse in com-
bination with the static electric field. (d) Dependence of the
harmonic order on the ionization and the emission times in
the field shown in panel (c). The intensities of the chirped
pulse and the static electric field are 4.0x10'* W/cm? and
2.8x1013 W/ch, respectively, and 8 = 6.25 is adopted. The
o.c. represents the optical cycle throughout this paper.

To confirm the classical theory predictions above,
we investigate the HHG spectrum using the full quan-
tum calculation. All the parameters are the same as
those in Fig. 1. Figure 2 presents the harmonic spec-
tra in the fields mentioned above. As shown by the
solid line in Fig. 2(a), the harmonic spectrum shows
an irregular structure, and the spectrum cutoff is only

at the 63rd order harmonic, and only a few order har-
monics in the cutoff region become continuous. With
the introduction of the chirp, the harmonic spectrum
shows a different structure in comparison with that
in the chirp-free pulse case. As shown in Fig. 2(a),
the harmonic spectrum (dotted line) exhibits a two-
plateau structure, the cutoff in the first plateau is at
the 134th order harmonic, and the cutoff in the sec-
ond plateau is significantly extended to the 241st order
harmonic. Additionally, the harmonics higher than
the 134th order become continuous, thus an XUV su-
percontinuum is formed in the second plateau. How-
ever, the supercontinuum shows a deep modulation
structure, which is due to the interference of the long
and the short quantum paths. As is well known,
the supercontinuum with a modulation structure is
not beneficial to the production of a single attosec-
ond pulse. By applying a static electric field to the
chirped pulse, the harmonic spectrum shows a distinct
structure, as shown in Fig. 2(c). The spectrum cutoff
is remarkably extended to the 495th order harmonic,
and the spectrum above the 150th order becomes very
regular and continuous, namely, an ultrabroad XUV
supercontinuum spectrum is generated. Moreover, the
modulation in the supercontinuum is largely reduced,
implying that one single quantum path is selected. In
order to understand the spectrum structure, we in-
vestigate the emission time of the harmonics with the
wavelet transform method.[8] The result is presented
in Fig. 2(d). For comparison, the time-frequency dis-
tribution of the HHG spectrum in the chirped pulse
alone case is also shown in Fig. 2(b). Clearly, there
are three peaks contributing to the harmonics, which
are labeled by Ry, R2, and Rg, respectively. The max-
imum harmonic orders of Ry, Ro, and R3 are approx-
imately at the 90th, the 495th, and the 150th, re-
spectively. Among these three peaks, the intensity of
R; is the weakest, the intensities of Ry and R3 are
nearly comparable. In addition, the harmonics above
the 150th order only originate from the contribution
of Ry, forming an ultrabroad XUV supercontinuum
with a bandwidth of about 535 eV. Compared with
the case of using only the chirped pulse, the band-
width of the supercontinuum in the combined field is
much broader. For the harmonics below the 150th or-
der, the interference among R;, Rp, and Rj3 results
in an irregular spectrum structure, which is shown in
Fig. 2(c). It is worthwhile to note that for peak Rg,
the long quantum path (the negative-slope branch)
is completely eliminated, and only the short quan-
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tum path (the positive-slope branch) exists, which in-
dicates that the broadband supercontinuum is con-
tributed only by the short path harmonics, i.e., the
harmonics for Ry are almost phase-locked. Since the
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(a) Harmonic spectra in the chirp-free (solid line) and the chirped (dotted line) pulses.

phase-locked harmonics cover a large frequency range,
an isolated short attosecond pulse can be generated.
All results above are in good agreement with those
obtained by the three-step model shown in Fig. 1(d).
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time-frequency distribution of the HHG spectrum corresponding to the dotted line in panel (a). (¢) Harmonic

spectrum in the chirped pulse in combination with the static electric field. (d) The time-frequency of the HHG

spectrum corresponding to panel (c). All the parameters are the same as those in Fig. 1.

In the following, we investigate attosecond pulse
generation. The intensity of the chirped pulse is
Iy = 4.0x10'* W/cm?. For comparison, the inset
in Fig. 3 shows the temporal profile of the attosecond
pulse by superposing the harmonics from the 185th or-
der to the 220th order in the chirped pulse alone case.
As shown in this figure, two bursts of radiation with
comparable intensities are generated in each optical
cycle. This is because there are two quantum paths
with different emission time and nearly equal contri-
bution corresponding to the same harmonic shown in
Fig. 2(b). Since the plateau harmonics are not emitted
at the same time, the superposition of several plateau
harmonics will result in an attosecond pulse train con-
taining two pulses in every optical cycle. Such an at-
tosecond pulse train is very difficult to be used in the
pump—probe experiment or the measurement of ultra-
fast dynamic processes. Figure 3 presents the tem-
poral profile of the attosecond pulse in the combined
field. We choose 88 order harmonics from the 163th to
the 251th, an isolated 38-as pulse with a bandwidth of
about 136 eV is directly produced without any phase

compensation, which is different from that shown in
the inset of Fig. 3. We also notice that the main peak
is accompanied by several subpeaks, whereas the in-
tensity ratio between the strongest subpeak and the
main peak is 0.36, so it can be ignored.
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Fig. 3. The temporal profile of the attosecond pulse by
superposing the harmonics from the 163th order to the
251th order. The inset shows the temporal profile of the
attosecond pulse by superposing the harmonics from the
185th order to the 220th order in the chirped pulse alone
case. The other parameters are the same as those in Fig. 1.
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Now, we consider the case of the chirped pulse
with an intensity of 6.0x10'* W/cm?. The other
parameters are the same as those in Fig. 1. The har-
monic spectrum is shown in Fig. 4(a). As shown in
this figure, the harmonic spectrum reveals two sepa-
rated plateaus. The cutoff of the first plateau is at
the 89th order harmonic, corresponding to the en-
ergy of 138 eV, and the second one is at the 667th

order harmonic, corresponding the energy of 1035 eV.
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Fig. 4. (a) Harmonic spectrum in the combined field. (b)
Time-frequency distribution of the HHG spectrum shown
in panel (a). (c¢) Temporal profile of the attosecond pulse
by synthesizing the harmonics from the 390th order to
the 500th order.
6.0x10'* W/cm?. The other parameters are the same as

The intensity of the chirped pulse is

those in Fig. 1.

Though the harmonic intensity of the second plateau
is at least one magnitude lower than that of the first
plateau, the spectrum is smooth and regularly mod-
ulated for the harmonics from the 219th order to the
cutoff. Figure 4(b) shows the corresponding time-
frequency distribution of the HHG in Fig. 4(a). It
can be seen that there are four peaks (labeled by Si,
Sa, Sz, and S4) contributing to the harmonic gen-
eration, and the maximum harmonic orders for S,
So, S3, and Sy are about 145, 667, 179, and 219, re-
spectively. For the harmonics below the 219th order,
there are at least three quantum paths with different
emission times contributing to the same harmonic, the
interference of these quantum paths leads to an irreg-
ular spectral structure. For the harmonics above the
219th order, there is only one short quantum path
(the positive-slope branch) contributing to the har-
monic generation, which implies that the harmonics
above the 219th order are almost emitted in phase.
Thus a large number of harmonics emitted in phase
are generated. This demonstrates a potential for pro-
ducing an ultrashort isolated attosecond pulse. In or-
der to check the above analysis, we investigate the
attosecond pulse generation for this case. Figure 4(c)
illustrates the single attosecond pulse generated by su-
perposing the harmonics from the 390th order to the
500th order.
of this isolated attosecond pulse is about 23 as with
a bandwidth of 170.6 eV, which is first smaller than
the atomic unit of time (24 as) by directly filtering

As shown in this figure, the duration

the HHG spectrum. The isolated 23-as pulse contains
only 3.8 optical cycles of the central wavelength of
1.8 nm. Such a short isolated attosecond pulse will
enable the detection and the control of the electronic
dynamics inside atoms and molecules.

In the presence of the static electric field, by in-
troducing a chirp form with a proper parameter to
the fundamental laser pulse, we extend the harmonic
cutoff and broaden the supercontinuum width. But
we want to concretely know what is the effect of the
chirp parameter 8. For this purpose, we take the case
with Iy = 4 x 10'* W/cm? as an example to inves-
tigate the HHG processes in the combined field with
different chirp parameter 8 by using the semiclassical
three-step model. Figure 5(a) shows the dependences
of the 1st and the 2nd cutoffs of the HHG on parame-
ter [ for the cases of two different durations. For the
case of 79 = 10 fs, as we increase 3 from 0 to 10, the
2nd cutoff of the HHG enlarges from 0 to 7.9, reaches
the maximum value at § = 7.9, and finally decreases
to the 438th order at 8 = 10; whereas the 1st cutoff
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of the HHG has no significant change (from the 107th
order to the 146th order). According to the definition
of continuum spectrum in Ref. [7], i.e., the frequency
difference between the highest and the second-highest
cutoffs, in our method, the harmonic cutoff and the
width of the supercontinuum reach the maxima at
B8 = 7.9. The HHG spectrum for this parameter is
presented by the black line in Fig. 5(b). We can find
that the continuum spectrum is broadened to 475
order harmonics, corresponding to a supercontinuum
with a bandwidth of about 737 eV. For the case of
70 = 20 fs, a similar result is obtained, and a harmonic
spectrum with a cutoff of 777 order and a supercon-
tinuum with a bandwidth of 856 eV are obtained at
S = 8.5, as shown by the gray line in Fig. 5(b). In
addition, for the case of Iy = 6 x 10'* W/cm?, sim-
ilar results can be obtained if the chirp parameter
B changes from 0 to 10. In the case of 75 = 10 fs,
the 1st and the 2nd cutoffs of the spectrum are at
approximately the 204th order and the 1014th order,
respectively, at 8 = 8.3, which results in an ultrabroad
XUV supercontinuum with a bandwidth of 1261 eV.
In the case of 7y = 20 fs, at § = 9.1, the spectral cut-
off is extended to the 1290th order harmonic, and the
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Fig. 5. (a) Dependences of the 1st and the 2nd cutoffs
of the HHG on parameter 3 in the combined field for two
different durations of 10 fs and 20 fs. (b) HHG spectra
in the combined field. The other laser parameters are the
same as those in Fig. 1.

supercontinuum ranges from the 296th order to the
1290th order, covering a bandwidth of 1542 eV. This
unique property may offer an opportunity to produce
an ultrashort isolated attosecond pulse by filtering a
large number of harmonics emitted in phase.

Finally, we investigate the influences of the dura-
tion of the chirped pulse (79) and the intensity of the
static electric field (I7) on the supercontinuum. The
other parameters are the same as those in Fig. 1. Fig-
ure 6(a) presents the harmonic spectra for the cases
with three different durations. As shown in this fig-
ure, with the increase of the pulse duration, though
the start point of the continuum spectrum moves a
little along the harmonic order axis, the end point of
the continuum has almost no change, which indicates
that our quantum control scheme for the generation
of the ultrabroad supercontinuum spectrum (namely,
the harmonics between the start and the end points)
is also suitable for the chirped pulse with a longer
duration (the laser pulse with a longer duration is
much easier to achieve in experiment). In addition, we
also find that the harmonic intensity will be multiplied
several times when the duration of the chirped pulse
changes from 10 fs to 20 fs. When the duration of the
chirped pulse is less than 10 fs, the harmonic intensity
and the spectral cutoff as well as the supercontinuum
width will be decreased, especially for the case with
the duration of 79 < 5 fs. Figure 6(b) presents the
generated harmonic spectra with five different inten-
sities of the static electric field. From Fig. 6(b), we can
clearly see that the harmonic spectrum is sensitive to
the variation of the intensity of the static electric field.
If the static field strength is relatively low, this leads
to a harmonic spectrum with larger modulation and
decreases the supercontinuum width. Contrarily, if
the static field strength is relatively high, the spectral
modulation becomes smaller, and the spectrum be-
comes smoother, but the width of the supercontinuum
becomes shorter. We also find that the harmonic in-
tensity will be reduced with the increasing static field
strength. For the case of 6 x 10'* W/cm?, the depen-
dences of the supercontinuum on the two parameters
are the same as those above. Therefore, in practi-
cal experiments with our scheme, a proper static field

strength should be chosen.
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rectly obtain an ultrashort isolated 23-as pulse with a
bandwidth of 170.6 eV without any phase compensa-
tion. We also analyze the influence of the chirp pa-
rameter on the supercontinuum for the two different
durations and investigate the dependence of the su-
percontinuum on the intensity of the static electric
field. It is worthwhile to note that in this paper, the
static field strength is extremely high and can hardly
be achieved in experiment nowadays. However, it has
been shown that a CO, laser field?>37) or a strong ter-
ahertz field®8 can be used instead of the high static
field. Our calculations also indicate that by applying a
100-um THz field to the chirped pulse, similar results
can be obtained. Such an effective controlling scheme
can also use a combined field with a much longer du-
ration, which makes our scheme more achievable in
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Fig. 6. (a) Harmonic spectra with three different dura-
tions of the 800-nm chirped pulse (the harmonic intensi-
ties for 15 fs and 20 fs are multiplied by the factors of

102 and 10%, respectively). (b) Harmonic spectra with

five different intensities of the static electric field (the har-
monic intensities for 1.0x 102 W/cm?, 2.0x 1013 W /cm?,
4.0x10'® W/cm?, and 5.0x 1013 W/cm? are multiplied by
the factors of 10~4, 102, 102, and 10%, respectively). The
other parameters are the same as those in Fig. 1.

4. Conclusion

In conclusion, we have theoretically presented a
method to generate an ultrabroad XUV supercon-
tinuum using the combination of a multicycle 800-
It has
been shown that this method can significantly mod-
ulate the quantum paths for the HHG. For the case
of 4.0x10' W/cm?, the spectral cutoff is extended
to the 495th order harmonic, and the bandwidth of
the XUV supercontinuum spectrum is broadened to
535 eV. For the case of 6.0x10'* W/cm?, the har-
monic cutoff is enlarged to the 667th order, and a

nm chirped pulse and a static electric field.

supercontinuum covering a bandwidth of 1035 eV is
generated. In these two cases, due to the modulation
of the static electric field, the long quantum path is
removed, only the short one is selected to effectively
contribute to the harmonic spectrum, and then an iso-
lated ultrashort attosecond pulse can be obtained by
filtering out some proper continuous harmonics. Es-
pecially with the relatively high laser intensity, we di-

experiment.

In short, the advantage of the scheme

presented here lies in generating a broadband XUV

supercontinuum in the multicycle regime, which is fa-

vorable for producing an ultrashort isolated attosec-

ond pulse.
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