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Subcycle control of the photoelectron angular distribution using two-color laser
fields having different kinds of polarization
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We investigate the subcycle control of electron trajectories in single ionization of Ar atoms with two-color laser
pulses consisting of a linearly polarized 800-nm field and a circularly polarized 400-nm field. By varying the
relative phase between the two fields, the photoelectron angular distribution rotates in the polarization plane and
the rotation velocity can be controlled. From the comparison with results obtained with a semiclassical model,
we find that the Coulomb field has a greater impact on direct trajectories than on those that undergo a recollision
which is opposite to the electron behavior in a monochromatic field. This effect can be directly visualized in
the experiment and finely controlled on a subcycle timescale by means of the two-color field scheme. It is
shown that the influence of the Coulomb force on the photoelectron momentum distribution is different along
the longitudinal and transverse direction.
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I. INTRODUCTION

In laser-driven light-atom interactions a valence electron is
photoionized on an attosecond timescale. This ultrafast elec-
tron dynamics has attracted an abundance of attention because
it is one of the most fundamental processes in light-matter
interactions, and it gives rise to many new exciting phenomena
[1]. Owing to the rapid advancements in laser technology,
the control of electron motion in atoms and molecules has
become possible and has thus been intensively investigated
in the past two decades. Carrier envelope phase stabilized
few-cycle pulses [2–8], single subfemtosecond pulses [9–11],
and near-infrared femtosecond pulses combined with syn-
chronized extreme ultraviolet attosecond pulses [12–15] are
efficient tools to successfully control the ultrafast electron
dynamics in strong-field ionization.

In recent years, two-color laser fields have been widely
used to control the photoelectron motion on a subcycle
timescale. In many cases, these fields consist of the funda-
mental wave (FW) and its second harmonic (SH) component.
With the well-defined relative phase between them, the photo-
electron ionization dynamics can be finely controlled. Using
parallel two-color (PTC) laser pulses, one can control the
photoelectron interference pattern [16,17], the photoelectron
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angular asymmetry [18,19], and the asymmetric dissociation
of molecules [20–23]. With orthogonally polarized two-color
(OTC) laser fields the photoelectron momentum distributions
can be controlled even in two dimensions [24]. Moreover,
subcycle control of the inter- and intracycle interferences
in photoelectron emission, the control of electron-electron
correlation in double ionization [25,26], and the direc-
tional emission of nuclear fragments [27,28] in ionization
of molecules have been achieved. Utilizing two-color cir-
cularly polarized fields with different helicity trefoil and
semilunar patterns of proton emission have been observed
[29], and by means of two-color corotating circular fields
a double-pointer attoclock photoelectron interferometer was
produced [30]. Recently, a 45 ° cross linearly polarized two-
color (CTC) laser field was employed to study the effect
of Coulomb focusing and defocusing on the photoelectron
motion by tuning the relative phase between the constituent
laser fields [31]. In all previous works, mainly two-color
fields with the same type of polarization (only bilinear
or bicircular) were combined. Here, we employ two laser
fields with different colors and different polarization (linear
and circular) to study and control the electron dynamics in
photoionization.

The parent ion’s Coulomb potential has manifested its im-
portance in modifying the trajectory of the tunneled electron
in many experiments and numerical simulations. The trajec-
tories of the recolliding electrons are always most affected
because of their return to the parent ion. Recently, a surpris-
ingly strong distortion of direct, nonrecollision trajectories
has been verified in an OTC field [24]. However, since the
contributions from recollision and nonrecollision trajectories
are still coupled in the momentum spectrum, this effect cannot
be observed directly in the experiment. Here, we show that
this peculiar effect can be clearly visualized and precisely
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FIG. 1. (a) Illustration of the two-color electric field generated
with linearly polarized 800-nm and circularly polarized 400-nm laser
pulses in one cycle for prel = π . Four colors denote four quarter cy-
cles of the 800-nm laser field. (b) 800-nm (solid red line) and 400-nm
(dotted blue line) electric fields along the z direction for prel = π .
The intensities of the 800- and 400-nm fields are 1.0×1014W/cm2

and 0.3×1014W/cm2, respectively.

controlled by means of a two-color laser field having two
different types of polarization.

In this work, we measured the photoelectron angular dis-
tribution (PAD) of argon atoms in a two-color laser field
which combines a linearly polarized 800-nm field with a
circularly polarized field with doubled frequency. By vary-
ing the relative phase between them, we can control the
PAD in the polarization plane. The PAD rotates in the plane
of polarization with increasing relative phase, but not at a
constant speed. By comparing with the results of classical
trajectory Monte Carlo (CTMC) calculation, we study the
influence of the parent ion’s Coulomb force on the PAD.
After separating the phase-dependent PAD into contributions
emerging from different electron birth times we find that
direct trajectories are suppressed and distorted more than
the recollision trajectories. This effect can be directly vi-
sualized and controlled by tuning the relative phase in the
experiment. The phase-dependent momentum spectra show
further that the Coulomb interaction has an opposite effect
on the photoelectron longitudinal and transverse momentum
distributions.

II. CLASSICAL PREDICTION

The laser field used in the calculations consists of a linearly
polarized 800-nm field and a circularly polarized 400-nm
field. The polarization plane is the z-x plane and the 800-nm
field is polarized along the z axis. Figure 1(a) shows the indi-
vidual components of the electric field over one laser cycle.
Here, the ratio of the intensity of the 400-nm field to the
800-nm field is 0.3. The electric field of this two-color pulse
can be expressed as

⇀

E (t ) = fz(t )

[
E0,Rcos(ωRt ) + E0,B√

2
cos(ωBt + prel )

]
⇀

ez

− fx(t )
E0,B√

2
sin(ωBt + prel )

⇀

ex, (1)

where E0,R (ωR) and E0,B (ωB) are the electric field amplitude
(frequency) of the 800- and 400-nm fields, respectively; fz, x

denote the pulse envelope along the z and x directions, respec-
tively; designates the relative phase between the two colors as
shown in Fig. 1(b). Atomic units (a.u.) are used throughout
unless specified.

With this two-color laser field we first use a classical tra-
jectory model to predict the electron momentum distribution
at different relative phases, as shown in Fig. 2(a). In this
simplest strong-field ionization model the electron momen-
tum distribution is obtained by a classical time to momentum

mapping relation ⇀
p = −⇀

A(t0) with a probability determined
by the ionization rate at the spatial origin [32] and a nar-
row Gaussian-like momentum distribution around the final
electron momentum ⇀

p. Here,
⇀

A(t ) = −∫t
−∞

⇀

E (t ′)dt ′ is the
vector potential and t0 is the electron birth time. Since we
ignore the Coulomb force the electrons are driven only by
the two-color laser field and sorted into different momentum
regions in the z-x plane according to their birth time. One
can find that the PAD is always mainly distributed in adja-
cent quarter cycles rather than two quarter cycles apart and
it rotates anticlockwise with the increasing two-color prel .
This characteristic behavior and the rotation of the PAD are

FIG. 2. (a)–(c) Photoelectron momentum distribution in the z-x polarization plane for various prel simulated by the classical trajectory
model (a), and CTMC model without (b) and with (c) inclusion of the Coulomb potential. The distribution from π to 2π (0) is central

symmetrical of the distribution from 0 to π . The field-driven electron momentum curve ⇀
p = −⇀

A(t0) for the specific two-color field is drawn
on top of the momentum distributions. The colors encode quarter cycles of the 800-nm field. (d) The PAD with respect to the prel calculated
by the classical trajectory model.
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FIG. 3. The measured (a) and simulated (b), (c) PADs with respect to the prel . (b), (c) CTMC simulations without (b) and with (c) the
parent ion’s Coulomb potential included. (d) The measured (open circles) and simulated (solid line) photoelectron emission angle distribution
after integrating over the two-color relative phase prel in the range from 0.5π to 1.5π . The black and red lines represent the results without and
with inclusion of the Coulomb potential, respectively.

determined by the composite field. To achieve a more straight-
forward observation of this prel -dependent rotation effect, and
to increase the overall visibility, we plot the electron yield
as a function of the electron emission angle and the phase
[Fig. 2(d)]. We deal with the photoelectron momentum dis-
tribution in the z-x plane as Y Nprel,i (pz, px)= Yprel,i (pz, px ) −
(1/N )[

∑prel,i=2π

prel,i=0 Yprel,i (pz, px )], where Yprel,i (pz, px ) is the
prel,i-dependent electron yield in the pz-px momentum plane,
and N is the total number of scanning steps over the prel phase.
Then, after momentum integration along the electron emis-
sion angle θ , where θ = cos−1(pz/

√
p2

z + p2
x ), we get two

separated, tilted sandglasslike structures in the prel -dependent
electron angular distribution, as shown in Fig. 2(d).

III. EXPERIMENTAL SETUP AND
EXPERIMENTAL RESULTS

In our experiment the two-color laser pulses with different
polarizations were produced using a Mach-Zehnder inter-
ferometer. The linearly polarized FW was generated with a
Ti:sapphire multipass amplifier (25 fs, 800 nm, 3 kHz). After
creating a copy with a beam splitter, one of the beams was
frequency doubled by a 200 μm thick β-barium borate crystal
(β-BBO) to obtain a SH pulse. A quarter-wave plate was put
right after the BBO crystal to produce the circularly polarized
SH field. The prel delay between the two colors was controlled
by a motorized translation delay stage in the SH arm of the

interferometer. The two-color laser pulses were focused onto
a supersonic gas jet of Ar atoms by a concave mirror in-
side a reaction microscope. Then, correlated ion and electron
fragments were measured by cold-target recoil-ion reaction
momentum spectroscopy (COLTRIMS) [33]. The peak in-
tensity of FW and SH was estimated to be (1.0 ± 0.1) ×
1014W/cm2 and (0.3 ± 0.1)×1014W/cm2, respectively. The
absolute relative phase between the two laser fields was cali-
brated by comparison with the numerical results.

Figure 3(a) shows the measured PAD versus the two-color
prel . The shape of the spectrum still exhibits an antidiago-
nal distribution in the 2π prel range which means the PAD
rotates anticlockwise with increasing prel . However, the ex-
perimental and classical results [see Figs. 3(a) and 2(d)] do
not correspond to each other in many details. Firstly, the
tilted sandglasslike structure is only barely visible in the ex-
periment which exhibits pronounced yield maxima around
prel ≈ 0.87π and 1.87π . Secondly, in comparison with the
experimental result, the classical spectrum shows clear yield
minima or valleys in the distribution around (0.5π, 180◦)
and (1.5π, 360◦). But the rotation velocity jump in these two
regions is predicted by the classical model. This means the
nonuniform rotation of the PAD is entirely caused by the two-
color laser field. From the electron momentum distribution
and field-driven momentum curve shown in Fig. 2(a), we can
find that at most of the relative phases, the field-driven mo-
mentum curves of the first (third) and second (fourth) quarter
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cycles are always close to each other, but their ionization rates
are totally different except around prel = 0.5 π and 1.5π .
This results in a dominant angular distribution only pointing
to a certain angle with highest ionization probability at most of
the relative phases. However, the contributions from both the
third (first) and fourth (second) quarter cycles are dominant
when prel is near 0.5 π (1.5π ), and they are even exactly the
same when prel = 0.5π (1.5π ). Therefore, the rotation veloc-
ity will decrease around these two relative phases because of
the two dominant distributions which are close to each other.

IV. THEORETICAL SIMULATIONS AND DISCUSSIONS

In order to explore the reasons for the noncorrespon-
dence between the experimental and classical results, we
performed a three-dimensional CTMC simulation. In the
CTMC model, the electron tunneling exit is derived from
Landau’s effective potential theory [34]. At the tunneling exit,
the electron has a Gaussian-like initial transverse momen-
tum distribution perpendicular to the instantaneous two-color
field and a zero longitudinal momentum distribution along
it. The electric field dependent ionization rate is given by
the ADK theory [35,36]. After tunneling, the evolution of
the electron trajectory is obtained by numerically solving the

classical equation of motion d2⇀
r (t )/dt2 = −⇀

E (t ) − ⇀∇V (r),
where V (r) = −1/r, is the atomic potential (r is the dis-
tance between electron and nucleus). The two-color electric
field is given by Eq. (1), where ωR = 0.057 a.u. and E0,R =
0.0534 a.u. In order to mimic the experimental laser condi-
tions, we use a half-trapezoidal field envelope as shown in
Fig. 1(b), where the amplitudes of the first six cycles are
constant and the pulse ramps off to zero during the last four
cycles. In addition, the calculations are done for 40 different
prel values covering the range from 0 to 2π in order to achieve
a sufficient resolution with affordable computing time.

We first show the CTMC result without inclusion of the
Coulomb field, as illustrated in Fig. 3(b). The spectrum
essentially resembles our classical result [Fig. 2(d)], as ex-
pected, and some features of the experiment [Fig. 3(a)]. The
velocity jump is also very clear around (0.5π, 180◦) and
(1.5π, 360◦). Interestingly, the yield minima (or valleys) in
these two regions for the classical result are refilled. This
is because there is a strong coupling of the electron mo-
menta along the z axis around these two relative phases, and
hence the two separate dominant angular distributions [see
Fig. 2(a)] converge toward the z axis, as shown in Fig. 2(b).
In addition, compared with the classical result, there is more
yield around (0, 90◦) and (π, 270◦), which agrees with the
measurement. This is caused by the initial transverse mo-
mentum spread that is included in the CTMC model. With
increasing initial transverse momentum spread, the angular
distribution will be more prominent in these regions. How-
ever, as for the classical spectrum, it does not reproduce the
experimental result at all relative phases very well, especially
the yield around (0.25π, 170◦) and (1.25π, 350◦). There-
fore, we performed another CTMC simulation which includes
the Coulomb potential. The result, as shown in Fig. 3(c), is
in a good agreement with the measured spectrum, not only
in terms of the nonuniform rotation effect, but also in the

electron yield at all relative phases. The electron momentum
distribution at various relative phases without and with inclu-
sion of the ionic potential is also shown in Figs. 2(b) and 2(c)
for comparison.

For a deeper analysis of the influence of the Coulomb
potential on the PAD at different relative phases, we show both
the one-dimensional measured and simulated angular distri-
bution after integrating Figs. 3(a)–3(c) over prel , as shown
in Fig. 3(d). Since the electron momentum distribution is
central symmetrical in 0.5π–1.5π and 1.5π–2π (0π )–0.5π ,
we only show the electron angular distribution in the range
of 0.5π–1.5π in Fig. 3(d), which corresponds to PADs that
are mainly distributed in the lower half of the z-x plane. One
can find that after including the Coulomb force, the simulated
result (solid red line) is in quantitative agreement with the
experiment (open circles). The two-hump distribution without
the Coulomb potential (solid black line) disappears and only
the peak around 180◦ remains. The remaining peak is not
located at the same position but is shifted to a smaller angle,
and the yield of this peak is almost twice that of the peak
without Coulomb potential.

In order to understand the origin of this angular distribution
difference and also the subcycle dynamics of the photoelec-
tron trajectory at different relative phases, we separated the
electron angular distribution versus the prel into four parts in
terms of the electron birth time, as shown in Fig. 4. Here we
only show the results when the electron tunneled out during
the second and third quarter cycles [green and red parts in
Fig. 1(a)], because these quarter cycles mainly contribute to
the angular distribution in the lower half of the z-x plane,
which corresponds to the angular distribution in Fig. 3(d). In
the results without Coulomb force, as illustrated in Figs. 4(a)
and 4(c), it is clear that the angular distribution associated with
the second and third quarter cycles contributes to one of the
peaks in the solid black line of Fig. 3(d), respectively. After
including the Coulomb potential, as shown in Figs. 4(b) and
4(d), however, one can clearly identify that more electrons
are created in the third quarter cycle and the electron yield
from the second quarter cycle is suppressed. In addition, the
peak of the angular distribution from the second quarter cycle
does not change, while it exhibits a small shift and is closer
to 180◦ from the third quarter cycle. This is the reason why
we can only observe one slightly shifted peak in the solid red
line of Fig. 3(d). More interestingly, the angular distribution
related to the second quarter cycle is widely spread while the
width does not change much for tunneling during the third
quarter cycle. This indicates that the Coulomb force has a
larger influence on the electrons that are released during the
second quarter cycle compared to those from the third quarter
cycle.

In a linearly polarized laser field the electrons that are
ionized before a field maximum within a quarter of a laser
cycle will be driven away from their origin by the laser field.
We call them direct trajectories. However, those electrons
ionized during a quarter cycle slightly after the field maximum
will be driven back and can recollide with their parent ion.
They are called recollision trajectories. In our two-color laser
field, after including the Coulomb field the direct trajecto-
ries are strongly suppressed and their angular distribution is
broader than that of the recollision trajectories at all relative
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FIG. 4. CTMC simulated PADs as a function of the phase prel without (a), (c) and with (b), (d) the Coulomb potential for electron
trajectories originating from the second (a), (b) and the third (c), (d) quarter cycle of the two-color field, as indicated in the panels. Left panel:
Distribution of electron emission angle θ after integrating over the prel . Right panel: Typical trajectory corresponding to the yield maximum in
the distribution. The black and red lines represent the results without and with inclusion of the Coulomb potential, respectively.

phases. Some typical trajectories corresponding to the yield
maxima in Figs. 4(a)–4(d) are illustrated on the right-hand
side. From the position-space analysis of trajectories one can
clearly identify that with inclusion of the Coulomb force
recollision trajectories do not change much, while the di-
rect trajectories experience a larger distortion, and some of
them are even driven back and recollide with the parent ion
[see the trajectory at the bottom right of Fig. 2(b)]. This
means the direct trajectories are more strongly affected by
the ionic potential than the recollision trajectories, which is
completely opposite to the electron behavior in monochro-
matic fields but in agreement with the results in OTC laser
fields [24].

Based on the electron trajectory distribution, this suppres-
sion and stronger distortion of the direct trajectories can also
be explained by the fact that the Coulomb field counteracts
the laser field at the first few turning points and leads to a
pulling back of the departing electron to some extent resulting
in a reduced ionization probability. However, the Coulomb
force does not distort recollision trajectory very much be-
cause it has the same direction as the laser field when the
electron starts to return to the parent ion at the first turning
point. As a result, it just increases the recollision velocity.
Unlike the result in OTC laser fields, where the contribution
from direct and recollision trajectories are still coupled in the
momentum spectrum in the experiment, here we can directly
distinguish them in the prel -dependent photoelectron angu-
lar distribution, as seen in Fig. 3(a). The main distribution
(dashed red box) only comes from the recollision trajectories,
while the direct trajectories contribute to almost all of the
remaining distribution. Thereby, the contribution from rec-
ollision and direct trajectories can be clearly distinguished
and controlled by the relative phase. Since the direct tra-
jectories have a stronger impact by the ionic potential, that
means this special Coulomb effect can be directly visualized
and controlled in the experiment utilizing this two-color field
scheme.

We further investigate the influence of the Coulomb force
on the photoelectron momentum distribution with respect to
prel . Figures 5(a)–5(c) and 5(e)–5(g) show the experimental
and simulated results for transverse (px) and longitudinal (pz)
momentum distributions versus prel , respectively. It is inter-
esting that an initial 0.5π prel difference between the px and
pz distributions versus prel without considering the Coulomb
potential [Figs. 5(b) and 5(f)] disappeared after including the
Coulomb field [Figs. 5(c) and 5(g)], and the experimental re-
sults [Figs. 5(a) and 5(e)] confirm this as well. By comparing
the CTMC results in Figs. 2(b) and 2(c), it becomes clear that
this is caused by the Coulomb induced ∼45 ° angle difference
at each phase delay.

Moreover, both px and pz distributions change after in-
cluding the Coulomb potential. To illustrate this change more
clearly, we integrate Figs. 5(a)–5(c) and 5(e)–5(g) over prel .
The one-dimensional measured and simulated px and pz dis-
tributions are shown in Figs. 5(d) and 5(h), respectively. Since
the electron momentum distribution is central symmetrical in
0.5π–1.5π and 1.5π–2π (0π )–0.5π , we also show here only
the px and pz distribution in the range of 0.5π–1.5π [dashed
red box in Figs. 5(a)–5(c) and 5(e)–5(g)] in Figs. 5(d) and
5(h), which corresponds to PADs that are concentrated in the
lower half of the z-x plane. Comparing the simulated results
without and with the Coulomb potential, one can find that px

becomes smaller after including the Coulomb potential while
pz gets larger [see the arrows in Figs. 5(d) and 5(h)], and
the simulated results including the Coulomb potential agree
very well with the experimental results. This means that the
Coulomb force has an opposite effect on px and pz.

To explore the cause of this opposite Coulomb effect on px

and pz, we separated the px and pz distribution with respect to
the prel into four parts in terms of the electron birth time as we
did in the PAD spectra. The results are shown in Fig. 6. Here
we also show only the results for electrons that get ionized
in the second and third quarter cycles [green and red parts in
Fig. 1(a)], because they mainly contribute to the PAD in the
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FIG. 5. The measured (a), (e) and simulated (b), (c), (f), (g) photoelectron momentum distribution for pz (a)–(c) and px (e)–(g) as a function
of the prel . (b), (c), (f), (g) CTMC simulations without (b), (f) and with (c), (g) Coulomb potential included. (d), (h) The measured (open circles)
and simulated (solid line) photoelectron pz (d) and px (h) distribution after integrating over the prel in the range from 0.5π to 1.5π [dashed
red box in (a)–(c) and (e)–(g)]. The black and red lines represent the results without and with Coulomb potential, respectively. The red arrow
indicates the direction of the peak position change from the black line to the red line.

lower half of the z-x plane which corresponds to the px and
pz distribution in Figs. 5(d) and 5(h). For example, px distri-
bution versus prel without Coulomb potential in the range of
0.5π–1.5π [the dashed red box in Fig. 5(b)] is separated into
Figs. 6(a) and 6(d), which correspond to electrons released
in the second and third quarter cycles, respectively. Similarly,
the dashed red box in Fig. 5(c) is separated into Figs. 6(b) and
6(e), the dashed red box in Fig. 5(f) is divided into Figs. 6(g)
and 6(j), and the dashed red box in Fig. 5(g) is separated into
Figs. 6(h) and 6(k).

After integrating them over prel , we get the px and pz dis-
tribution as shown in the third column of Fig. 6. In Figs. 6(c)
and 6(f), one can find that px for both direct and recollision
electrons becomes smaller after including the Coulomb po-
tential. This is caused by the Coulomb focusing effect [37],
but it plays a bigger role for the recollision electrons, as can
be seen by the area of the shading in these two figures. This
is because along the x axis, there is only a weak transverse
component of the blue circular field in this direction, and all
electrons are driven farther and farther away from the parent
ion along the x direction. However, compared to the direct
electrons, that feel a weaker and weaker Coulomb attraction
when they leave the parent ion, the recollision electrons will
feel a stronger Coulomb attraction as they approach the parent
ion along the z direction. However, the Coulomb force does
not work the same way for the electrons in the z direction as it
does in the x direction. As illustrated in Fig. 6(i), although the
direct electrons have a smaller pz after including the Coulomb

force because they still experience Coulomb focusing along
the z axis, their ionization probability is suppressed. For the
recollision electrons, however, due to the strong linear red
field along the z axis, the Coulomb force always attracts them
and accelerates them when they return to the parent ion. This
not only increases the chance of a recollision with the parent
ion but also produces a larger pz, as shown in Fig. 6(l). As
a result, the different influence of the Coulomb potential on
direct and recollision electrons leads to a larger pz finally.

V. CONCLUSION

In conclusion, we have presented measurements of angle-
resolved photoelectron spectra for single ionization of Ar
atoms in a two-color laser field with a linearly polar-
ized 800-nm field and a superimposed circularly polarized
400-nm field. The photoelectron angular distribution rotates at
a nonconstant speed with the relative phase prel . It slows down
around prel = 0.5π + nπ, (n = 0, 1, 2 · · ·) and the rotation
speed can be precisely controlled. Based on a semiclassical
CTMC model, we separate the relative contributions of direct
and recollision trajectories on the prel -dependent angular dis-
tribution depending on the electron subcycle birth time. Our
analysis shows that the direct trajectories are more affected
by the Coulomb field than the recollision trajectories and we
realized an experimental visualization that allows us to control
this Coulomb effect in our two-color field scheme. Moreover,
we find that the Coulomb effect on electrons in the transverse
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FIG. 6. CTMC simulated px (a), (b), (d), (e) and pz (g), (h), (j), (k) distributions as a function of the prel without (the first column) and
with (the second column) Coulomb potential for electron trajectories originating from the second (a), (b), (g), (h) and the third (d), (e), (j),
(k) quarter cycle of the two-color field, as indicated in the panels. (c), (f), (i), (l) The corresponding photoelectron px (c), (f) and pz (i), (l)
distributions after integrating over the prel in the range from 0.5π to 1.5π . The black and red lines represent the results without and with
Coulomb potential, respectively. The red arrow indicates the direction of the peak position change from the black line to the red line.

direction (x axis) is not the same as in the longitudinal direc-
tion (z axis), which results in an opposite change of momenta
along the px and pz directions. This kind of two-color field

scheme could be used as a general tool for controlling the
ultrafast dynamics of various atomic and molecular systems
throughout the strong-field community.
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