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Molecular-orientation-dependent interference and plateau structures in strong-field ionization
of a diatomic molecule by a corotating bichromatic elliptically polarized laser field
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We investigate strong-field ionization of homonuclear diatomic molecules, exemplified with the N2 molecule,
by a bichromatic elliptically polarized laser field having corotating components. We assume that both the emitted
electron momentum vector and the internuclear vector of the diatomic molecule lay in the laser-field polarization
plane. Our analysis of the low-energy electron spectra caused by the direct above-threshold ionization (ATI) and
of the high-energy rescattered electron spectra that can form an extended plateau (high-order ATI or HATI) is
based on the improved molecular strong-field approximation. The photoelectron spectra obtained by (H)ATI of
molecular targets are more complex and have a reacher structure in comparison to the analogous spectra for
atomic targets. We explain the observed interference structures by the interference of two electron wave packets
emitted from the two centers of the diatomic molecule. Particular attention is devoted to the HATI spectra. For
small values of the ellipticity the photoelectron spectra exhibit a plateau whose length can be as high as 17Up,
with Up the electron ponderomotive energy. The yield of high-energy electrons emitted nearly antiparallel to the
semimajor axis of the laser-field polarization ellipse is one order of magnitude higher for perpendicular than for
the parallel molecular orientation.
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I. INTRODUCTION

Atomic and molecular processes in a strong laser field
have been extensively studied in the past few decades. Above-
threshold ionization is one of these processes that has attracted
a lot of attention in the research community (see review
articles [1–4] and references therein). In the first step of this
process, the exposed atomic or molecular system absorbs more
photons from the laser field than is necessary for ionization
[5]. The electron that is released from the atom or molecule
by absorbing these photons can go directly to the detector.
This process is known as the direct above-threshold ionization
(ATI). The released electron is driven by the laser field and may
return to the parent atomic or molecular ion (second step). The
returned electron may elastically scatter off this ion (third step)
before reaching the detector. In this way, many more photons
may be absorbed from the laser field than in the direct ATI
process. The above-described three-step process is referred to
as high-order ATI or HATI [6]. The electrons scattered in the
HATI process contribute to the high-energy part of the electron
spectrum, forming a plateau in which the (HATI) photoelectron
yield is practically constant, but lower than that of the ATI. This
plateau is followed by an abrupt cutoff.

Various nonlinear processes generated by strong bichro-
matic elliptically polarized laser fields have been among the
most popular phenomena within the laser science and strong-
field physics in the last few years. A special case of bichromatic
elliptically polarized laser field is the so-called bicircular field
that consists of two coplanar corotating or counterrotating
circularly polarized fields having different angular frequencies.

Laser-induced process of generation of high-order harmonics
by such counterrotating bicircular field was first considered
in papers published more than 20 years ago [7–9]. This
process was explained using the strong-field approximation
(SFA) and quantum-orbit theory in Ref. [10]. Experimental
confirmation that the so-generated high harmonics are circu-
larly polarized [11] has triggered investigation of atomic and
molecular processes in such fields. In addition to high-order
harmonic generation (HHG) (see, for example, Refs. [12–14]),
other strong-field processes in bicircular field have also been
explored (for reviews see Refs. [15,16]). Examples are above-
threshold detachment [17], (H)ATI [18–23], laser-assisted
electro-ion radiative recombination [24], laser-assisted scat-
tering [25], nonsequential double ionization [26,27], electron
vortices in photoionization [28,29], spin-dependent effects
[30], subcycle interference effects [31], high harmonics from
relativistic plasmas [32], optical chirality in nonlinear optics
[33], attoclock photoelectron interferometry with two-color
corotating circular fields [34], and strong-field photoelectron
holography of atoms by bicircular two-color laser pulses [35].

Molecular HHG process induced by a bicircular laser field
was investigated in Refs. [36–42]. Very few papers are devoted
to the molecular HATI generated by bicircular laser field.
In Ref. [43], we extended our theoretical approach from
the atomic HATI by counterrotating bicircular field to the
HATI from molecular targets. In the present paper we analyze
HATI of homonuclear diatomic molecules in a corotating
bichromatic elliptically polarized laser field. We do not re-
strict ourselves to a two-component circularly polarized laser
field, but rather investigate the cases of various ellipticities
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FIG. 1. Schematic presentation of the coordinate systems used in
the paper. The two circles along the z axis represent the atomic centers
of the diatomic molecule in the zx coordinate system. The laser field is
defined in the zLxL coordinate system. The ionized electron is emitted
with the momentum p whose direction is determined by the angle θ

(θe) with respect to the z (zL) axis.

of the corotating field components. A particular attention is
devoted to the appearance of the high-energy plateau, which
is absent for corotating bicircular fields. Compared with a
linearly polarized laser field, for which such plateau exists,
many more control parameters are available in a bichromatic
elliptically polarized laser field, such as component intensities,
frequencies, and ellipticities. As molecules are multicenter
systems, it is reasonable to expect that their exposure to
a bichromatic elliptically polarized laser field will lead to
interesting phenomena.

This paper is organized as follows. In Sec. II we shortly
present the improved molecular SFA theory for diatomic
molecules in a bichromatic elliptically polarized laser field.
The obtained numerical results are presented in Sec. III, while
our conclusions are summarized in Sec. IV. We use the atomic
system of units (h̄ = e = me = 4πε0 = 1).

II. THEORY AND THE GEOMETRY OF THE PROCESS

Our molecular SFA (MSFA) theory of strong-field ion-
ization of molecular systems was introduced in a series of
papers [44–46] (see Ref. [47] for a general case of polyatomic
molecules and more references). This theory was confirmed
by comparison with the experiments [48–50]. In the present
paper we will use the same notation as in Ref. [43] in which
our MSFA theory was generalized to the case of bicircular
field. More precisely, we suppose that the laser field, the
molecule, and the emitted electron all lay in the same plane.
The internuclear vector R of the diatomic molecule is along
the z axis. The laser field is defined in the coordinate system
zLxL, which is rotated with respect to the zx coordinate system
(defined by the unit vectors ẑ and x̂) by the angle θL around the
y = yL axis that is perpendicular to the polarization plane. The
direction of the emitted electron momentum p is determined
by the angles θ and θe in the zx and zLxL coordinate system,
respectively (see Fig. 1).

We suppose that the laser field is bichromatic and elliptically
polarized having corotating components of frequencies ω and
2ω, with the electric field vector

E(t ) =
2∑

j=1

Ej√
1 + ε2

j

[êLz sin(jωt ) − êLxεj cos(jωt )], (1)

FIG. 2. Normalized electric-field vector E(t ) (solid black lines)
and vector potential A(t ) (dashed red lines) of the corotating ω–2ω

elliptically polarized laser field (1) for equal component intensities,
plotted for 0 � t � T , T = 2π/ω. The electric-field vector starts
from the point E(0) = (0, 0) and develops in the clockwise direction
for t > 0, while the vector potential develops in the counterclockwise
direction. The ellipticities of the corotating laser-field components are
equal (ε1 = ε2 = ε) and ε = 1 (left panel) and ε = 0.4 (right panel).

where Ej = I
1/2
j , Ij , and εj are the electric field amplitude,

intensity, and ellipticity of the j th field component. The
fundamental angular frequency is ω and the relative phase
between the two corotating field components is fixed to zero.
The unit polarization vectors along the zL and xL axes are
êLz = ẑ cos θL + x̂ sin θL and êLx = −ẑ sin θL + x̂ cos θL.

The T -matrix element of the (H)ATI process in which the
energy nω is absorbed from the laser field is

TRpi (n) =
∫ T

0

dt

T
FRpi (t )ei[p·α(t )+∫ t

dτA2(τ )/2+nωt−Upt], (2)

with the T -periodic functions FRpi (t ), α(t ) = ∫ t
dτA(τ ), and

A(t ) = − ∫ t
dτE(τ ), and with Up = Up1 + Up2 =E2

1/(4ω2) +
E2

2/(16ω2) the ponderomotive energy. The normalized
electric-field vector E(t ) and the vector potential A(t ) for
equal intensities of the corotating laser-field components are
presented in Fig. 2. The energy-conservation condition is
nω = Ep + Up + Ip, where Ep = p2/2 is the photoelectron
kinetic energy and Ip is the ionization potential of the molecule.

The zeroth-order term of the MSFA, which corresponds to
the direct ATI electrons, within the dressed MSFA in length
gauge [44], is described by the matrix element

F (0)
Rpi (t ) =

∑
q=±1

eiqp·R/2〈p + A(t )|E(t ) · r
∑

a

cqa|ψa〉, (3)

where |ψa〉 are the Slater-type atomic orbitals in which the
ground-state molecular wave function is expanded. The sum
over q is the sum over the atomic centers (q = +1: left center,
q = −1: right center). The first-order term (improved MSFA),
which corresponds to the rescattered electrons, is given by [45]

F (1)
Rpi (t ) = −ie−iSkst (t )

∫ ∞

0
dτ

(
2π

iτ

)3/2

ei[Skst (t−τ )−Ipτ ]

×
∑

q,q ′=±1

V
q ′

e,kst−pe
i[qkst−q ′(kst−p)] · R/2

×〈kst + A(t − τ )|r · E(t − τ )
∑

a

cqa|ψa〉, (4)
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with kst = − ∫ t

t−τ
dt ′A(t ′)/τ the stationary electron momen-

tum, Skst (t ) = ∫ t
dt ′[kst + A(t ′)]2/2, and V

q ′
e,kst−p the Fourier

transform of the rescattering potential for the q ′ center (q ′ = +1
corresponds to the left center, while q ′ = −1 corresponds to
the right center in Fig. 1; for details see Ref. [45]). We calculate
the differential ionization rate wRpi (n) = 2πp|TRpi (n)|2 by
numerical integration over the times t and τ in Eqs. (3)
and (4).

III. NUMERICAL RESULTS

We present our numerical results for the corotating bichro-
matic elliptically polarized laser field and the N2 molecule used
as a target. We first analyze the spectra of direct electrons,
Eq. (3), for different ellipticities and molecular orientations.
In the next step, we include additional interaction between
the released electron and its parent molecular ion using
Eq. (4). Special attention is devoted to the laser and molecular
parameters at which the high-energy plateau emerges. The
geometry used in our calculations is presented in Fig. 1. It is
assumed that the ellipticities of the two laser-field components
are equal (ε1 = ε2 = ε). The ω–2ω elliptically polarized laser
field component intensities are I1 = I2 = I = 1014 W/cm2

and the fundamental wavelength is 800 nm. We have checked
that all features of the spectra shown in this paper are present
in a wide range of laser intensities and wavelengths.

A. Direct ATI

In Fig. 3 we present the logarithm of the differential
ionization rate in false colors in the electron momentum plane
for the direct ATI and the molecular orientation angle θL = 0◦,
45◦, and 90◦. For θL = 0◦ the internuclear axis is along the
semimajor axis of the polarization ellipse (see Fig. 1) and
the orientation of the molecule is parallel. For θL = 90◦ the
orientation is perpendicular. The spectra shown in the left and
right panels of Fig. 3 are calculated for ε = 1 and ε = 0.4,
respectively. Let us explain the shape of the presented direct
ATI spectra. The integral over the ionization time t in Eqs. (2)
and (3) can be solved using the saddle-point method which
leads to the nonlinear equation for the ionization time [17]:
[p + A(t )]2 = −2Ip. If we neglect the ionization potential Ip

in this equation, we obtain that the electrons are predominantly
emitted opposite to the direction of the vector potential at the
ionization time, i.e., p = −A(t ). Therefore, the emission in
the direction determined by −A(t ) has the key influence on
the ATI spectra, i.e., it determines the dominant feature of the
spectra (compare Fig. 2 and the top panels of Fig. 3).

The spectra presented in the top and bottom panels of
Fig. 3 obey the reflection symmetry with respect to the pz

axis, i.e., the ionization rates are the same for the angles
θe and 360◦ − θe. This reflection symmetry was analyzed in
detail for the counterrotating bicircular field, both for atoms
[19] and molecules [43]. However, for corotating bichromatic
elliptically polarized laser field this θe → 360◦ − θe symmetry
is satisfied only for the parallel and perpendicular orientations
of the homonuclear diatomic molecules, while it is absent for
other molecular orientations, as it can be seen from the middle
panels of Fig. 3.

FIG. 3. Direct ATI electron spectra obtained using the MSFA for
the N2 molecule. The intensities of the ω–2ω corotating laser-field
components are 1014 W/cm2 and the fundamental wavelength is
800 nm. The electron momentum plane is defined with respect
to the laser-field coordinate system: pz = p cos θe, px = p sin θe.
The angle between the internuclear axis and the semimajor axis of
the laser-field polarization ellipse is θL = 0◦ (top panels, parallel
orientation), θL = 45◦ (middle panels), and θL = 90◦ (bottom panels,
perpendicular orientation). The ellipticities of the laser field are ε = 1
(left panels) and ε = 0.4 (right panels). The false color scale covers
six orders of magnitude. Results are presented for Ep � 12Up.

In addition, all spectra presented in Fig. 3 are characterized
by the two-center destructive interference minima. The phase
difference between the two electron wave packets emitted
from the left center (q = +1) and the right center (q = −1) is
p · R = pR cos θ . The interference of these wave packets is de-
structive if pR cos θ = (2m + 1)π , with m integer. For m = 0,
R = 2.068 a.u. (equilibrium internuclear distance of the used
N2 molecule), θL = 0◦, and θ ≈ 180◦ (for the top left panel
of Fig. 3 we have θe = θ − θL = θ ) the minimum appears
at pz ≈ −1.5 a.u. The above simple destructive interference
condition should be modified taking into account the molecular
symmetry. It can be shown [45] that in Eq. (3) the coefficients
cqa satisfy the relation c−1a = saλc1a , with saλ = (−1)la for
3σg highest-occupied molecular orbital of N2 molecule and la
the orbital quantum number of the used orbital (12 Slater-type
orbitals having la = 0, 1, 2, 3 are used in our calculations).
In this case the summation over q in Eq. (3) gives the
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factor

eip·R/2 + saλe
−ip·R/2 =

{
2 cos(p · R/2) for saλ = +1,

2i sin(p · R/2) for saλ = −1.
(5)

For saλ = +1 the corresponding destructive interference con-
dition is equivalent to the above-described condition for de-
structive interference of emitted wave packets, pR cos θ =
(2m + 1)π . For saλ = −1 the destructive-interference condi-
tion is different. In general, for saλ = ±1 the corresponding
momenta p

(saλ )
min,m are

p
(+1)
min,m = (2m + 1)π

R cos(θe − θL)
, p

(−1)
min,m = 2(m + 1)π

R cos(θe − θL)
, (6)

where m = 0,±1,±2, . . .. For the used laser and molecular
parameters the minima which correspond to p

(+1)
min,0 and p

(−1)
min,−1

are clearly visible in the top left panel of Fig. 3. If we take
into account only the orbitals with la even, the interference
minima form a straight line pz = p

(+1)
min,0 cos(θe − θL) = −π/R

in the momentum plane. Analogously, for la odd we have pz =
p

(−1)
min,−1 cos(θe − θL) = 0. Since both even and odd orbitals

contribute to the spectra, the mentioned minima are partially
masked, as it can be seen in the top left panel of Fig. 3.
Comparing this result with those presented in other left panels,
we see that the positions of the minima are rotated by the angle
−θL, which is in accordance with Eq. (6). More precisely, while
for the top left panel the minimum appears for θe = 180◦, for
the middle left panel (θL = 45◦) it appears for θe = 135◦, and
for the bottom left panel (θL = 90◦) it appears for θe = 90◦.

For the ellipticity ε = 0.4 (right panels of Fig. 3), in addition
to the two-center-interference minima, which satisfy relation
(6), one can notice series of minima along the pz axis. We
checked that these minima appear at the same places as the in-
terference minima for Ar atoms (for the same laser parameters;
Ar atom is companion of the N2 molecule due to nearly equal
ionization potential). Therefore, these minima are caused by
the interference of the parts of the wave packet emitted from the
same center of the N2 molecule. For the corotating bicircular
field these single-atom interference minima are absent [15,20].

B. Rescattering high-order ATI

We now consider high-energy photoelectron spectra gov-
erned by a corotating ω–2ω elliptically polarized laser field.
The analysis of the HATI process includes the rescattering of
the released electron off the parent molecular ion. In this sense,
we calculate the differential ionization rate as a coherent sum of
the two terms given by Eqs. (3) and (4). The spectra calculated
for different values of the ellipticity and for parallel molecular
orientation are presented in Fig. 4. Comparing the top panel of
Fig. 4 with the top right panel of Fig. 3 (θL = 0◦ and ε = 0.4)
we see that now the reflection symmetry is violated and that,
due to the rescattering effects, long plateaus are developed
for high electron energies, both for θe = 0◦ (pz > 2 a.u.) and
for θe = 180◦ (pz < −2 a.u.). As we will see, the plateau for
θe = 180◦ is even longer. This is not visible in Fig. 4, where
we limit our presentation to six orders of magnitude and to the
energies lower than 12Up (compare Fig. 8, where the rate is
below 10−11 a.u. near the cutoff at 16Up). From other panels

FIG. 4. Electron HATI spectra obtained using the improved
MSFA (both the direct and the rescattered electrons are included)
for the N2 molecule and parallel molecular orientation. The four
presented momentum distributions correspond to different values of
the ellipticity: ε = 0.4, ε = 0.6, ε = 0.8, and ε = 1, from the top to
the bottom panel, respectively. The intensities of the ω–2ω corotating
laser-field components are 1014 W/cm2 and the fundamental wave-
length is 800 nm.
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FIG. 5. Same as in Fig. 4 but for the ellipticity ε = 0.4 and the
angle of molecular orientation θL = 45◦ (upper panel) and θL = 90◦

(lower panel).

of Fig. 4, we see that, with the increase of the ellipticity, the
rescattering plateau becomes less visible and disappears for the
corotating bicircular laser field (ε = 1). Thus, the rescattering
effects are negligible for corotating bicircular laser field. This
is the case both for the atomic and for the molecular HATI.

To analyze the contribution of high-energy electrons to
the HATI spectra as a function of the molecular orientation,
in Fig. 5 we present the summed differential spectra in the
electron momentum plane for ε = 0.4 and for θL = 45◦ and
θL = 90◦ (the case of θL = 0◦ is already shown in the top panel
of Fig. 4). A detailed inspection of these results leads to the
conclusion that the structure and the height of the high-energy
plateau do not change much in the region around θe = 0◦ for
the parallel and perpendicular molecular orientation, while
for θL = 45◦ there is a significant suppression of the plateau
height for θe ≈ 0◦. On the other hand, for θe = 180◦ there
is a considerable difference in the structure (height) of the
spectra for the parallel (top panel of Fig. 4) and perpendicular
(bottom panel of Fig. 5) molecular orientations. As the value
of θL increases from θL = 0◦ (parallel) to θL = 90◦ (perpen-
dicular orientation) the corresponding yield of the high-energy
electrons around θe = 180◦ becomes higher and more visible.
It is an interesting effect that could be observed in future
experiments. We will examine this effect in more details.

In the remaining figures we will show only the rescattered
(HATI) photoelectron spectra for fixed electron emission
angles. In Fig. 6 we show the energy-resolved rescattered pho-
toelectron spectra obtained for parallel molecular orientation,
for the corotating ω–2ω laser field, for four different values of
the ellipticity, and for the electron emission angle θe = 0◦. For
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FIG. 6. Rescattered photoelectron energy spectra for the N2

molecules ionized by a corotating ω–2ω field, obtained for parallel
molecular orientation (θL = 0◦), for various values of the ellipticity ε

denoted in the upper right corner of each panel, and for the electron
emission angle θe = 0◦. Other laser parameters are as in Fig. 3.

lower values of the ellipticity, the high-energy plateau is well
developed with the cutoff position near 8Up (see, for example,
the results for ε = 0.2 in the lower right panel of Fig. 6). As
the ellipticity increases, the cutoff of the high-energy plateau
shifts to the lower energies and the plateau height (i.e., the
high-energy electron yield) decreases. As one can see from the
upper right panel of Fig. 6, the rescattering plateau is almost
entirely suppressed for ε = 0.6. For even higher values of the
ellipticity the rescattering plateau is not observable (compare
the upper left panel of Fig. 6, where the results for ε = 0.8 are
presented).

Another example of the energy-resolved rescattered photo-
electron spectra is presented in Fig. 7 for the electron emission
angle θe = 180◦. One can observe that in this case almost
all curves are characterized by a lower probability than those
for θe = 0◦, presented in Fig. 6. In addition, the high-energy
plateau for small values of ε is longer for θe = 180◦ than for
θe = 0◦. Figure 7 shows that the cutoff of the high-energy
plateau for θe = 180◦ is about 16Up for ε = 0.2 and ε = 0.4.
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FIG. 7. Same as in Fig. 6 but for the electron emission angle
θe = 180◦.
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FIG. 8. Rescattered photoelectron energy spectra for the N2

molecule ionized by a corotating ω–2ω field. The ellipticity of the
laser-field components is ε = 0.4, while the electron emission angles
are θe = 0◦ (left panel) and θe = 180◦ (right panel). The spectra
for parallel (black solid lines) and perpendicular (red dashed lines)
orientation of the molecule are presented. Other laser parameters are
as in Fig. 3.

This plateau vanishes for higher values of ε, both for θe = 0◦
and θe = 180◦.

Finally, we analyze the energy-resolved rescattered pho-
toelectron spectra for the parallel (θL = 0◦) and perpendicu-
lar (θL = 90◦) orientations, and for two fixed values of the
electron emission angle, θe = 0◦ and θe = 180◦. The results
are presented in Fig. 8. From the left panel of Fig. 8 one
can see that for θe = 0◦ the high-energy electron yields for
θL = 0◦ and θL = 90◦ are comparable. For θe = 180◦ the
high-energy electron yield calculated for θL = 90◦ is one order
of magnitude higher than that calculated for θL = 0◦ (see the
right panel of Fig. 8). This difference between the high-energy
electron yields for θL = 0◦ and θL = 90◦ exists for wide ranges
of ellipticities, intensities, and wavelengths. In Fig. 9 we show
an example of the ellipticity dependence. One should keep in
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FIG. 9. Differential ionization rate of the N2 molecule as a
function of the ellipticity ε of the laser-field components, for the fixed
electron energy of 105 eV (14Up) and for two molecular orientations,
θL = 0◦ (black solid line) and θL = 90◦ (red dashed line). The electron
emission angle is θe = 180◦. Other laser parameters are as in Fig. 8.
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FIG. 10. Total (solid line) and partial differential ionization rates
for the N2 molecule ionized by a corotating ω–2ω field, for the same
parameters as in Fig. 8 and for θe = 180◦. Left panel: θL = 0◦. Right
panel: θL = 90◦.

mind that the high-energy plateau is much longer for θe = 180◦
than for θe = 0◦, regardless of the molecular orientation
(see Fig. 8).

The reason why the rates in the plateau region are higher
for the perpendicular than for the parallel orientation is the
constructive or destructive interference of partial T -matrix
contributions. Namely, the rescattering T -matrix element can
be written as T R = T ++ + T −− + T +− + T −+. The terms
T ++ and T −− refer to the situation where the electron is born at
and rescatters off the same center, while in T +− and T −+ these
two events take place at different centers. It can be shown [45]
that T R ∝ cos γ where 2γ = (p − kst ) · R. The rates obtained
using partial T -matrix contributions, for the parameters of
right panel of Fig. 8, are shown in Fig. 10. For θe = 180◦ we
have (p − kst ) · R = R[kxL sin θL − (kzL + p) cos θL], where
kzL and kxL are the corresponding components of the stationary
momentum kst in the laser field coordinate system. For small
ellipticities kxL is also small since kst ≈ −A(t0) [compare the
right panel of Fig. 2 where A(t ) is presented]. For θL = 90◦
and small kxL we have γ ≈ 0 so that cos γ ≈ 1 and we have
constructive interference, as can be seen in the right panel
of Fig. 10.

IV. CONCLUSION

Using the improved molecular strong-field approximation,
we investigate the strong-field ionization of N2 molecules by
a corotating bichromatic (ω–2ω) elliptically polarized laser
field. The photoelectron spectra of both the direct (ATI) and the
rescattered (HATI) electrons are analyzed. The obtained spec-
tra are more complex than the corresponding atomic (H)ATI
spectra. For all considered cases, a destructive interference
structure is imprinted into the spectra. We explain this structure
by the interference of two electron wave packets emitted from
the two centers of the diatomic molecule. The high-energy
plateau, characterized by the rescattered electrons, does not
appear in the energy spectra obtained by a corotating bicircular
laser field, which is a result analogous to that of the atomic
HATI.
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In the case of molecular direct ATI, the reflection symmetry
about the pz axis (in the laser-field coordinate system) is
preserved for the parallel and perpendicular molecular orien-
tations. This symmetry is violated for other orientations, as
well as for the HATI spectra which include the rescattering
effects. The analysis of the rescattering effects shows that the
high-energy plateau can be observed for the ellipticities lower
than ε = 0.4. The yield of the rescattered electrons rapidly
decreases for higher values of the ellipticities and cannot
be observed for ε � 0.6 (for the molecular orientations we
considered: θL = 0◦, 45◦, and 90◦). This information can be
useful for experimentalists.

For the used bichromatic laser field and for the angle of
electron emission around θe = 180◦ (i.e., nearly antiparallel to
the semimajor axis of the laser-field polarization ellipse) the
high-energy plateau has maximum length and is much longer

than for the spectra obtained using a linearly or an elliptically
polarized monochromatic field. The cutoff energy of the
plateau can be higher than 16Up for small values of the elliptic-
ity. In the limit of ε → 0 the classical cutoff tends to 16.72Up

as in the case of an ω–2ω linearly polarized laser field [51,52]
(in these papers the calculated classical cutoff was 20.9Up1).

An important contribution of this paper is the prediction
of a strong molecular orientation dependence of the HATI
spectra for θe ≈ 180◦. As the value of θL increases from the
parallel (θL = 0◦) to the perpendicular (θL = 90◦) orientation,
the corresponding yield of high-energy electrons around θe =
180◦ increases by at least one order of magnitude. This effect
occurs for ε � 0.4 and can be useful for determination or
control of the molecular orientation in experiments. We have
checked that this effect exists for a wide range of the laser field
intensities and wavelengths.
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