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Attosecond-resolved electron emission in nonsequential double ionization
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We have investigated the correlated electron dynamics in nonsequential double ionization (NSDI) of xenon
by the orthogonally polarized two-color pulses consisting of 800- and 1600-nm laser fields. The two-electron
momentum distributions are sensitively dependent on the relative phase of the two pulses. By tracing the history
of double ionization trajectories, we find that the revisit time of the returning electron wave packet is controlled
with attosecond accuracy. After recollision, one electron is ionized immediately while the other electron is either
released immediately or excited with subsequent field ionization. The release time of the excited electron is
also steered with attosecond resolution by changing the relative phase of the orthogonal two-color pulses. The
attosecond-resolved control of the revisit time of the returning electron wave packet and the release time of the
excited electron is responsible for the phase dependence of the correlated behaviors of the two electrons. These
results indicate that we can trace the emission of the two electrons in NSDI on attosecond time scales.
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I. INTRODUCTION

Recent advances in femtosecond laser technology have
opened the door to unprecedented insight into intense laser-
matter interaction, leading to a number of new physical phe-
nomena such as high-order harmonic generation (HHG) [1],
above-threshold ionization (ATI) [2], and double ionization
(DI) [3]. DI by strong field can proceed through two different
ways, sequential double ionization (SDI) and nonsequential
double ionization (NSDI). In sequential double ionization, two
electrons are ionized near the peak of the electric field one
by one almost independently [4,5]. Due to electron-electron
interaction, NSDI has attracted utmost attention. In recent
years, NSDI has drawn extensive researches experimentally [6]
as well as theoretically [7–11]. The differential measurement
of recoil ion and emitted electron momenta [12–14] provide
a convincing evidence that the NSDI process is governed by
the rescattering mechanism [15]. Thereafter, a great number of
studies dedicated to the details in the recollision process were
performed [16–20].

According to the recolliding mechanism, an electron ion-
ized near the peak of the laser field by tunneling is driven away
from its parent ion. When the field reverses its direction, the
electron is driven back and recollides with the parent ion which
gives rise to the second electron being ionized directly (RCI)
or excited with subsequent field ionization (RESI) [13]. Based
on this mechanism, steering and identifying the correlated
electron dynamics in NSDI can be realized by controlling
the recollision process. For example, by changing the phase
of the strong few-cycle laser pulse, one can control the
returning direction of the recolliding electron, which leads
to phase-dependent asymmetric ion momentum distributions
in NSDI [21]. Tracing the attosecond electron dynamics is one
of the ultimate goals in investigating the correlated electron
process in NSDI. Due to its ability to confine the recollisions
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into a single laser cycle, the few-cycle laser pulse allows one to
trace the motions of the electrons and control their dynamics
on attosecond time scales. For instance, with phase-stabled
few-cycle pulses with a lower intensity, 9 × 1013 W/cm2,
the emission times of the two electrons from the doubly
excited state formed by recollision are traced on attosecond
time scale [22]. The emission time difference between two
electrons is found to be 200 ± 100 as. At a higher intensity,
3 × 1014 W/cm2, it has been shown that the correlated electron
momentum distribution exhibits a cross-shaped pattern [23],
which was connected with the RESI process due to the
asymmetric energy sharing at recollision [20]. From the
correlated electron momentum distribution, the emission of the
correlated electrons was traced on subfemtosecond time scales.

It has been demonstrated that the orthogonally polarized
two-color laser pulses are an efficient tool to control the
spatial and temporal characteristics of the recolliding electron
wave packet [24]. For instance, with the orthogonal two-color
field (OTC) the recollision angle of the recolliding electron
wave packet can be controlled, and thus the molecular orbital
symmetry [25] as well as the symmetry of the atomic wave
function [26] are successfully probed. Moreover, by control-
ling the relative phase of the orthogonally polarized two-color
pulses, one can steer the revisit time of the recolliding electron
wave packet precisely [27]. With this scheme, Brugnera
et al. demonstrated the control of short and long quantum
trajectories in HHG at the single-atom level [28].

For NSDI, the crucial step is also recollision, but the
electron dynamics is more complicated. For example, previous
studies have shown that the correlated behavior of the electron
pairs from NSDI depends on the species of the targets [29,30].
In the single-color field, because of the wide time window
of recollision, different pathways of NSDI simultaneously
contribute to the final yields in each laser shot, and thus
it is difficult to understand the underlying physics of the
dependence of the correlated electron behavior on the targets.
Carefully steering of the recolliding electron wave packet may
help us to understand this complicated electron dynamics
more comprehensively. In this paper, we demonstrated that
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via changing the relative phase of the orthogonal two-color
fields, the revisit time of the recolliding electron wave packet
is controlled with attosecond precision. Because of the precise
control on the revisit time of the recolliding electron wave
packet, the correlated electron momentum distributions exhibit
different correlated behaviors. This indicates that the orthog-
onal two-color fields can be used to resolve the correlated
electron dynamics on attosecond time scale.

II. MODEL

Here, we employ the classical ensemble model [10,11,31–
34] to study the correlated electron dynamics in NSDI of
xenon by the orthogonal two-color fields. The motions of the
two electrons are restricted to the polarization plane of the
orthogonal two-color fields because the out-of-plane effects
are negligible. The evolution of the two-electron system is
governed by Newton’s motion equations (atomic units are used
throughout this paper unless otherwise stated):

d2r1

dt2
= − 2r1(

r2
1 + a2

)3/2 + r1 − r2

[(r1 − r2)2 + b2]3/2
− E(t), (1)

d2r2

dt2
= − 2r2(

r2
2 + a2

)3/2 + r2 − r1

[(r1 − r2)2 + b2]3/2
− E(t), (2)

where, ri = xi x̂ + yi ŷ, and the subscript i = 1,2 is the label of
the two electrons. x̂ and ŷ are the polarization vectors. In order
to obtain the initial values, the ensemble is populated in the
classically allowed position for the xenon ground-state energy
of −1.224 a.u. The remaining kinetic energy is randomly
distributed between two electrons in the momentum space.
Then the system is allowed to evolve for a sufficiently
long time without laser field to obtain stable position and
momentum distributions. Note that these distributions in the
phase space do not change when we use different methods
to obtain the initial state [31]. To avoid autoionization, the
screening parameters a and b are set to be 2 and 0.1,
respectively. The synthetical electric field is written as E(t) =
f (t)[Ex(t)x̂ + Ey(t)ŷ]. f (t) is the laser envelope, which turns
on and turns off linearly for two cycles of the 1600-nm field
and keeps full strength for six cycles of the 1600-nm field.
This envelope facilitates us to study NSDI at a certain laser
intensity. Ex(t) =Ex0cos(ωt + φ), and Ey(t) = Ey0cos(2ωt),
where Ex0 is the amplitude of the 1600-nm field. Ey0 is the
amplitude of the 800-nm field. φ is the relative phase between
the 1600-nm and 800-nm fields. ω is the frequency of the
1600-nm laser field. The intensities of both fields are set to be
5 × 1013 W/cm2.

Note that the model employed in this paper is completely
classical and thus the quantum effects in strong field ionization
cannot be captured. However, previous studies have shown
that this simple classical model is very successful in exploring
the electron dynamics in NSDI [10,32,33]. This is because in
NSDI the laser intensity is so strong that the electron motion
in the laser field can be well approximated by the motion
of a classical particle. More importantly, the critical step of
NSDI is the strong electron recollision, which could be well
described with a classical method. Providing that the classical
treatment is more valid in the long wavelength region, in this
paper, the wavelengths of the two-color field are chosen to

be 1600 nm + 800 nm though the 800 nm + 400 nm field is
more easily accessible in experiment.

III. RESULTS AND DISCUSSIONS

When the intensities of the two fields in the OTC are very
different, the weaker field can be treated as a perturbation.
In this case, the recollision dynamics is similar to that of
the single color field, in the condition that the motion of the
electron along the weaker field is offset by a proper initial
transverse momentum at tunneling [26]. In our calculations,
the intensities of the two pulses are comparable and thus neither
of them could be treated as a perturbation. The ionization
of the first electron is greatly disturbed as compared to the
single-color field. For example, the ionization of the first
electron is not along the direction of the 1600-nm field but
along the direction of the synthetic field, which could be in
any direction of the polarization plane as shown in Fig. 1(a)

FIG. 1. (Color online) (a) The position distribution of the
electrons where all of the trajectories that suffer ionization are
included in the orthogonal two-color fields. (b) The same as (a) but
only the trajectories that eventually lead to DI are included. The
intensities of both pulses are 5 × 1013 W/cm2. The relative phase
φ = 0. (c) Sketch of the roles of two pulses in the orthogonal
two-color fields. The brown and green areas represent the time
windows for return determined by the fundamental field and by
the second-harmonic field, respectively. The black curve represents

the amplitude of the synthetical field (
√
E2

x + E2
y ). (d) The sketch of

the ionization/recollision dynamics for the relative phase φ = 0 and
0.27π , respectively. The dashed curves represent the synthetic electric
field. The solid curves denote the electric field of the 1600-nm pulse.
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FIG. 2. (Color online) The momentum distributions of Xe2+

in the polarization plane for the relative phase φ = 0 and 0.2π ,
respectively. The distributions are normalized.

[only part of these electrons could be driven back to the parent
ion and lead to NSDI, as shown in Fig. 1(b)]. After the first
ionization, the evolution of the electron can be considered
as two independent motions in the polarization direction of
the two fields. In each direction, there is a time window for
return. The effective recollision occurs at the overlap region
of the two windows, as shown in Fig. 1(c). By changing the
relative phase of OTC, the ionization time of the first electron
can be manipulated and thus the recollision time windows in
both directions change. Consequently, the time window for
effective recollision changes, as shown in Fig. 1(d). As shown
below, based on this control of the first ionization time and
thus the recollision time, the electron dynamics in NSDI can
be resolved.

Figure 2 shows the momentum distributions of Xe2+ in
the polarization plane for the relative phase φ = 0 and 0.2π ,
respectively. When the relative phase is φ = 0 [Fig. 2(a)], the
momentum of Xe2+ is clustered around the x axis and shows
two peaks in the x direction (the polarization direction of the
1600-nm field). This distribution is very similar to the case of
the single-color field [12]. For the relative phase φ = 0.2π ,
the distribution in the x direction is clustered around zero
momentum and in the y direction it is located at a positive
momentum. The overall dependence of the ion momentum
distribution on the relative phase of the two-color field is
shown in Fig. 3. Figures 3(a) and 3(b) show the momentum
distributions of Xe2+ along the polarization direction of the
1600-nm laser field (x axis). The ion momentum distribution
in Fig. 3(a) is normalized at each φ. The ion momentum
spectrum in Fig. 3(b) is normalized with respect to the whole
φ, which reflects the variation of the DI yields of xenon with
the relative phase (as shown in Fig. 4). Figures 3(c) and 3(d) are
the same as Figs. 3(a) and 3(b) but for the momentum along the
polarization direction of the 800-nm laser field (y axis). As the
relative phase changes, the momentum distributions of Xe2+
along the x axis and the y axis exhibit a periodical variation. As
shown in Fig. 3(a), for φ = 0 the momentum distribution of
Xe2+ exhibits a double-hump structure. When φ increases,
the gap in the double-hump structure gradually becomes
narrow and finally evolves into a single-hump structure when
φ = 0.3π . When φ further increases from 0.5π to 0.8π ,
the momentum distribution of Xe2+ again evolves from a
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FIG. 3. (Color online) (a) and (b) The momentum distributions
of Xe2+ along the polarization direction of the 1600-nm laser field as
a function of the relative phase φ. In (a) the distribution is normalized
at each φ. In (b) the distribution is normalized with respect to the
whole φ. (c) and (d) are the same as (a) and (b) but for the momentum
along the polarization direction of the 800-nm laser field.

double-hump structure into a single-hump structure. Note that
in the long laser pulses the recollision occurs twice every
laser cycle of the 1600-nm field and thus the distribution of
the ion momentum Px should be symmetric with respective
to Px = 0. However, in Figs. 3(a) and 3(b), one peak (with
positive momentum) of the double-hump structure is often
much weaker than the other. This unphysical behavior is from
the fact that in the classical model a great part of trajectories
suffer DI at the turn-on stage of the pulses. In the classical
description, the first electron can get ionized more easily at
the expense of leaving the second electron near the bottom of
the potential well [20,35]. For the soft potential employed in
this paper, the potential-energy well for the second electron is
about −1 a.u., which is lower than that of realistic xenon. Thus
the first electron can be ionized very early at the turn-on stage
of the pulse and returns to the parent ion at the turn-on stage,
leading to the asymmetric shape in Figs. 3(a) and 3(b). This is
also responsible for the asymmetry in the correlated electron
momentum distributions shown in Fig. 5. We stress that this
unphysical behavior is due to the shortcoming of the simple
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FIG. 4. (Color online) DI yields of Xe as a function of the relative
phase φ. The green solid curve represents the fitting curve.
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FIG. 5. (Color online) The correlated electron momentum distri-
butions along the polarization direction of the 1600-nm laser pulse
for NSDI of xenon by the orthogonal two-color laser pules with the
relative phase φ = 0.33π , 0.4π , 0.53π , and 0.73π , respectively. The
distributions are normalized.

model. However, this shortcoming does not affect the physics
of this paper.

Figure 3(c) shows that the momentum spectrum of Xe2+
along the polarization direction of the 800-nm field (y axis) ex-
hibits a single-hump structure, the position of which oscillates
near the zero momentum. It is well known that the momentum
distribution of Xe2+ will exhibit a double-hump structure if the
recollision currents repeat every half optical cycle. However,
in the orthogonal two-color field the repetition period is one
optical cycle of the 800-nm field, not half optical cycle. Thus
the momentum distribution of Xe2+ along the polarization
direction of the 800-nm field exhibits a single-hump structure.
In Fig. 4 we display the DI yields of xenon as a function of
the relative phase φ. When φ changes, the DI yields exhibit
a periodical variation with a period of 0.5π . It is seen from
Fig. 4 that the heights of the peaks in different periods are not
the same, which also results from the fact that a considerable
part of DI events occur at the turn-on stage of the pulses.

Figure 5 shows the two-electron momentum distributions
along the x axis (the polarization direction of the 1600-nm laser
pulse), where the relative phases φ are 0.33π , 0.40π , 0.53π ,
and 0.73π , respectively. The correlated electron momentum
spectra are symmetric with respect to the diagonal P1x = P2x

because the two electrons are not distinguished here. For φ =
0.33π , the two-electron momenta are distributed along the
diagonal P1x = P2x in the first and third quadrants. When φ =
0.4π , the two-electron momenta are distributed in the first and
third quadrants and exhibit a repulsive behavior with respect to
the diagonal P1x = P2x . As φ increases to 0.53π , the repulsive
behavior becomes more obvious. As φ further increases to
0.73π , the correlated electron momentum are distributed in the
second and fourth quadrants. These results show that with the

FIG. 6. (Color online) The same as Fig. 5 but for the electron
momentum along the polarization direction of the 800-nm laser field.
The distributions are normalized.

increase of the relative phase φ the two-electron momentum
distribution gradually expands with respect to the diagonal
P2x = P1x .

In Fig. 6 we display the two-electron momentum spectra
along the y axis (the polarization direction of the 800-nm
laser pulse). When φ = 0.33π , the two-electron momenta
are almost uniformly distributed near zero momentum. When
φ = 0.40π they mainly clustered in the second and fourth
quadrants. For φ = 0.53π , the momenta are located around
negative values of x and y axes. As φ increases to 0.73π , the
correlated electron momentum spectrum exhibits an overall
maximum in the first quadrant.

The results above reveal that the correlated electron behav-
iors in NSDI by the orthogonally polarized two-color laser
pulses strongly depend on the relative phase. Previous studies
have indicated that back analysis of the classical trajectories is
an efficient method to explore the responsible dynamical pro-
cess for the correlated electron behaviors in NSDI [10,17,32].
In order to understand the correlated behavior of the electron
pairs in the orthogonal two-color fields, we trace back the
history of DI trajectories. Here, we define the recollision time
to be the instant of the closest approach of two electrons after
the first departure of one electron from the core, and the DI
time to be the first time when both electrons gain positive
energy, where the energy of an electron contains its kinetic
energy, the ion-electron interaction and half electron-electron
interaction.

Note that in the single-color laser field, the electron often
returns to the parent ion along the polarization direction of
the laser field. However, in the orthogonal two-color fields
the electron often recollides with the parent ion with different
angles at different times [24]. This characteristic has been
widely used in probing molecule structure [25]. Figure 7 shows
the recollision angle and recollision energy for the relative
phase φ = 0 and 0.2π , respectively. It is shown that for φ = 0
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FIG. 7. (Color online) (a) and (b) The recollision energy and the
recollision angle of the returning electron wave packet as a function
of the recollision time for the relative phase φ = 0. (c) and (d) are
the same as (a) and (b) but for the relative phase φ = 0.2π . The
intensities of two pulses are 5 × 1013 W/cm2.

there are two groups of recollisions near 4.5T2 [see Figs. 7(a)
and 7(b)]. These two groups of recollisions correspond to the
trajectories that the first electron recollides with the parent ion
at its first and second returns (in the polarization direction of
the 1600-nm field), respectively. In Fig. 8 we display such two
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FIG. 8. (Color online) Two sample trajectories for recollision
occurring at the first (left column) and second returns (right column)
along the x axis, respectively. The upper, middle, and bottom rows
show, respectively, the energy, position along the x axis, and position
along the y axis versus the time for each electron. The arrows denote
the recollision.
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FIG. 9. (Color online) Distributions of the first ionization time
(upper row), the recollision time (middle row), and the DI time
(bottom row) for DI events for the relative phase φ = 0.53π (left
column) and 0.73π (right column), respectively. For (a) and (b),
in the green curves all of the trajectories that suffer ionization are
included. In the red curves only the trajectories which eventually
lead to double ionization are included. The red numbers represent the
portion of the first electrons that eventually lead to double ionization.
T1 represents the cycle of the 1600-nm field. The blue dashed and gray
solid curves represent the electric fields of the 800-nm and 1600-nm
pulses, respectively.

representative trajectories. For the trajectory shown in the left
column, the recollision occurs at the first return for the motion
along the x axis (the polarization direction of the 1600-nm
field) while it corresponds to the second return for the motion
along the y axis (the polarization direction of the 800-nm field).
For the trajectory shown in the right column, the recollision
occurs at the second return for the motion along the x axis and
corresponds to the fourth return along the y axis. These two
type of trajectories correspond, respectively, to two groups of
electrons recolliding with the parent ion around 4.5T2 with
different angles and energies.

Figure 9 shows the distributions of the first ionization time,
the recollision time, and the DI time for DI trajectories where
the relative phases are 0.53π (left column) and 0.73π (right
column). In the first row of Fig. 9, we also show the ionization
time for single ionization trajectories. It shows that only a very
small portion of electrons eventually return to the parent ion
and lead to NSDI. It is seen from Fig. 9 that the recollision
events are clustered in a narrow time window and whereas the
DI events are distributed in a wider time window. This is due
to the fact that the RESI process also contributes significantly
to NSDI besides the RCI process. For the RESI process,
one electron possesses positive energy after the recollision
process and the other electron is excited by this recollision.
The excited electron is often released near the first peak of the
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800-nm field after the recollision. For φ = 0.53π , as shown in
Fig. 9(e), both electrons get ionized near the zero crossing of
the 1600-nm field, so the two electrons escape into the same
hemisphere along the polarization direction of the 1600-nm
laser field [see Fig. 5(c)]. Figure 9(e) also shows that the
recollision is around the zero crossing of the 800-nm field
and thus the first electron is ionized at this instant. However,
the double ionization (the ionization of the second electron)
occurs around the peak of the 800-nm field. For this type of
DI events, one electron achieves a large final momentum and
the other electron achieves almost zero momentum, resulting
in the two-electron momentum distribution in Fig. 6(c).

When φ = 0.73π , as shown in the right column of Fig. 9,
the recollision occurs just before the peak of the 1600-nm field
and DI occurs just after the peak of the 1600-nm field. This
means that the two electrons are ionized before and after the
peak of the 1600-nm field, respectively. Thus two electrons
achieve opposite final momentum, resulting in the distribution
in the second and fourth quadrants, as shown in Fig. 5(d).
As related to the 800-nm field, the recollision is just after the
peak of the electric field and DI occurs just before the next
peak, and thus both electrons achieve positive final momenta,
resulting in the distribution in the first quadrant, as shown in
Fig. 6(d). As will be shown below, the recollision time and
the electron dynamics of the excited electron change when the
relative phase changes, which is responsible for the variation
of the correlated patterns in Figs. 5 and 6.

Figure 10 shows the distributions of the travel time from
the first ionization to recollision [Fig. 10(a)], the recollision
time [Fig. 10(b)], the DI time [Fig. 10(c)], and the delay
time between recollision and DI [Fig. 10(d)] as a function
of the relative phase φ. It is seen from Fig. 10(a) that the travel
time changes from about 0.75T1 to 0.25T1 as the relative phase
varies from 0.4π to 0.9π . This indicates that the short or long
trajectories are selected by adjusting the relative phase of the
two-color field.

Figure 10(b) shows that the first peak in the distribution
of the recollision time changes from 3.5T2 to 2.5T2 and the
second peak varies from 4.5T2 to 3.5T2 when φ changes from
0 to 0.4π . When φ increases from 0.4π to 0.8π , the recollision
time changes from 4T2 to 3T2. Closer examination of the phase
dependence of the recollision time shows that the recollision
time changes about 400 attoseconds when the relative phase
φ increases by 0.05π . This result indicates that the recollision
time is controlled with attosecond precision by changing the
relative phase of the orthogonal two-color fields.

Figure 10(c) shows that there are two types of trajectories
in NSDI by the orthogonal two-color fields. The first one is the
RCI process [as shown with a red ellipse in Fig. 10(c)] and the
second one is the RESI process [as shown with a white ellipse
in Fig. 10(c)]. Figure 10(d) shows the delay time distribution
as a function of the relative phase, which more clearly exhibits
the features of the two types of trajectories. For the first type
of trajectory, the time delay between DI and recollision is
clustered at zero. While for the second type of trajectory, the
time delay is about 0.25T2. As the relative phase increases, the
time delay for the second type of trajectory varies gradually
and exhibits a periodical variation. These results show that the
delay time between recollision and DI in the RESI process is
steered accurately by changing the relative phase.

FIG. 10. (Color online) Distributions of the travel time (a), the
recollision time (b), the DI time (c), and the delay time (d) as a
function of the relative phase. T2 and T1 are the laser cycles of the 800-
and 1600-nm fields, respectively. The distributions are normalized at
each phase.

Further calculations show that the main results above are
insensitive to the laser intensity. For example, the behavior of
the recollision time, i.e., it moves gradually with the relative
phase of the two-color field, does not change with the variation
of the laser intensities, as shown in Fig. 11. Nevertheless, some
details depend on the laser intensity. For example, when we fix
the intensity of the 1600-nm field and decrease the intensity of
the 800-nm field, the time window of recollision becomes
wider and the movement of the recollision time windows
becomes slower, as compared to the case of Fig. 10(b) (see
Fig. 11).

The analysis above shows that the revisit time of the
recolliding electron wave packet is controlled with attosecond
precision. After the recollision, the first electron is ionized
immediately and a great number of the second electrons are
realeased near the first peak of the 800-nm field, where the
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FIG. 11. (Color online) Distribution of the recollision time as
a function of the relative phase. The intensities of the 1600-nm
laser pulse and the 800-nm laser pulse are 5 × 1013 W/cm2 and
3.1 × 1012 W/cm2, respectively. The distribution is normalized at
each phase.

delay time between recollision and DI is also steered with
attosecond accuracy. This precise control of the revisit time
of the recolliding electron wave packet and the delay time
between recollision and DI in the RESI process is eventually
expressed in the phase-dependent correlated electron behav-
iors in NSDI. These results mean that the correlated electron
dynamics in NSDI at different recollision times are resolved
with attosecond accuracy by changing the relative phase of the
orthogonal two-color fields.

IV. CONCLUSION

In conclusion, we have investigated the correlated electron
dynamics in NSDI of xenon by the orthogonally polarized

two-color pulses consisting of an 800- and a 1600-nm laser
fields. The results show that the correlated electron behavior
depends sensitively on the relative phase of the two-color
fields. These phase-dependent correlated behaviors result from
the accurate control of the recollision time and the final
release time of the electrons by the orthogonal two-color
fields. The RESI mechanism is identified with the orthogonal
two-color fields and it is clearly displayed in the correlated
electron momentum distributions. Different from NSDI by
the single-color field where the recollision occurs during a
wide time window, in the orthogonal two-color fields, only a
selective part of trajectories could return to the parent ion
and induce NSDI. Thus, the time window for recollision
is much narrower [see in Fig. 9(c)]. This allows one to
study the correlated electron dynamics of NSDI more cleanly.
Additionally, the position of the narrow time window can be
steered precisely and thus enable us to resolve the electron
emissions in NSDI with attosecond accuracy. Based on these
two advantages, the orthogonal two-color fields might be used
to resolve the subtlety of the complex electron dynamics, such
as the target dependence of the correlated electron dynamics
in NSDI.
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