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Abstract. We present an ab initio study of strong-field ionization of H and H+
2 by

two-colour bicircular counter-rotating 1ω-2ω laser pulses containing 2 and 10 optical

cycles at the fundamental frequency corresponding to a wavelength of 800 nm. We

address effects of laser intensity, pulse duration and in the case of H+
2 of alignment on

photoelectron momentum distributions (PMDs). In the long pulse limit, as expected

from a simple classical picture, the PMDs of H and of H+
2 aligned perpendicular to

the polarization plane show a three-fold symmetry imposed by the bicircular laser

field. Compared with the expectation for the positions of the peaks in this three-fold

structure, we observe off-set angles that depend on the photoelectron energy as well as

the laser intensity. For H+
2 , the symmetry in the PMDs is broken by the anisotropic

molecular potential at molecular alignment not perpendicular to the plane of laser

polarization. In the short pulse limit, the PMDs are sensitive to the carrier envelope

phase of the laser field.

PACS numbers: 32.80.Rm

Keywords: Submitted to: J. Phys. B: At. Mol. Phys.

1. Introduction

Strong-field ionization may take place in the tunneling regime or the multiphoton

absorption regime depending on the external field strength, the binding energy of the

probed electron and the wavelength of the ionizing laser as described by the Keldysh

parameter [1]. In linearly polarized fields, at laser intensities around 1014 Wcm−2 and

a wavelength of 800 nm, corresponding to the Ti:Sapphire laser, the dynamics is close

to the tunneling regime for typical atomic and molecular targets, and the three-step
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model [2, 3] has been instrumental for the development of an understanding of much of

strong-field physics. In this model, after the first ionization step, the freed electron is

driven by the external field in the second step and may travel directly to the detector

or be driven back to the parent ion and recollide. In this case, a number of different

processes may occur: The electron may scatter and gain high energy, it may excite or

ionize the target or it may recombine and emit its excess energy as coherent radiation in a

high-order harmonic generation (HHG) process. The electron dynamics in the laser field

and the recombination process is controlled by the ellipticity and carrier envelope phase

of the driving field. For example, in circularly-polarized laser fields, the laser driven

electron hardly revisits its parent ion and both electron-ion rescattering and production

of HHG are suppressed [4, 5]. In the case of linear polarization, where rescattering

and production of HHG are substantial, both ionized and rescattered electrons move

predominantly along the laser polarization axis, making it difficult to distinguish direct

electrons from rescattered electrons in photoelectron momentum distributions (PMDs).

It is therefore of fundamental interst to investigate the ionization dynamics for different

polarizations and field configurations.

In this connection, we note the recent interest in the application of two-colour

bicircular laser pulses, which can lead to production of circularly polarized HHG and

attosecond pulses with circular polarization [6–9]. Such pulses have a large potential for

application in, for example, investigations of circular dichroism in chiral molecules, and

a number of recent studies on HHG from two-colour bicircular fields have appeared (see,

e.g., references [10–15] and references therein). The focus in this paper is on strong-

field ionization by bicircular two-colour counter-rotating fields. In the first combined

experimental and theoretical study on argon atoms [16], the characteristic shapes of

the PMDs were reported for co- and counter-rotating fields: PMDs exhibit a symmetric

n-lobe structure when the combined laser fields are counter rotating, whereas a co-

rotating bicircular field results in a single crescent-shaped structure in the PMDs. The

number of lobes in the PMDs produced by a counter-rotating bicircular laser depends

on the frequency ratio: a three-fold symmetric PMDs is obtained in the case of a

1ω-2ω frequency combination. The significant rescattering for counter-rotating fields

and its absence for co-rotating fields was also reported, as well as the decoupling

of the ionization and rescattering step. Later work, also on argon [17], investigated

the possibility of controlling the energy of the rescattering electron by varying the

intensity ratio between the two fields. The strong-field ionization process for atoms

was investigated theoretically in detail in the strong-field approximation including the

rescattering term [18, 19], and more recently molecular effects were analysed within

the same theoretical framework [20]. Probing of atoms and molecules by bicircular

laser fields can be used to extract information about elastic scattering differential cross

sections [21].Very recently theory on strong-field photoelectron holography in atoms was

reported for two-colour bicircular counter propagating fields [22]. Two-colour bicircular

double ionization has also been investigated theoretically [23,24] and experimentally, in

argon atoms, control over the PMDs by the intensity ratio [25,26] and the helicity [25]
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was illustrated. Very recently experiment and S-matrix calculations addressed the role

of molecular symmetry [27]. So far, the molecular case has not been investigated by

TDSE calculations and it is one of the main purposes of the present paper to provide

theoretical benchmark data for the simplest molecular target (the hydrogen molecular

ion) for strong-field ionization in counter-rotating bicircular fields.

In this paper, we study strong-field ionization of atomic hydrogen and the molecular

hydrogen ion by bicircular laser pulses. So far, strong-field studies of atoms and

molecules ionized by bicircular lasers focused on PMDs obtained in the long pulse

limit and explored the n-fold symmetric structure. To the best of our knowledge, no

studies have been reported on atoms or molecules in bicircular laser containing few

cycles, which would shed light on the effect of the carrier envelope phase. Moreover, for

molecules and molecular ions, ionization by bi-circularly polarized pulses is expected to

produce complicated shapes in PMDs due to the anisotropic molecular potential felt by

the ionized electron [28]. Here, we study strong-field ionization of H and H+
2 probed

by bicircular laser fields with the 1ω-2ω frequency combination by solving the three-

dimensional TDSE. In particular, we focus on above-threshold ionization (ATI) spectra

and PMDs and address the effects of laser intensity and pulse duration and for H+
2 the

effect of alignment. In the long pulse limit, the threefold symmetry of the ionizing field

is reflected in the PMDs for H and H+
2 aligned perpendicular to the polarization plane.

We find that the PMDs are rotated by an off-set angle compared to the expectation

from simple classical considerations, and we study these off-set angles as a function of

photoelectron energy and laser intensity. In the molecular case, the threefold symmetry

is broken when the molecular axis is not aligned perpendicular to the plane of laser

polarization. In this sense, the bicircular field elucidates the symmetry of the target.

In the short pulse limit, the carrier envelope phase (CEP) has substantial effect on the

PMDs for both H and H+
2 . Atomic units are used throughout unless indicated otherwise.

2. Summary of methodology and computational parameters

In this section, the methodology and the parameters used in the calculations are

summarized. The method has been described in detail elsewhere [29, 30], so the

discussion here will be brief. The TDSE, i∂tΨ(~r, t) = H(t)Ψ(~r, t), with Ψ(~r, t) the wave

function and H(t) the time-dependent Hamiltonian is solved in the velocity gauge and

dipole approximation. For the one-electron systems considered here, the Hamiltonian

is given by H(t) = −∇2/2− i ~A(t) · ∇+ V (~r), where ~A(t) is the vector potential of the

laser pulse and V (~r) is the atomic or molecular potential. To simplify the differential

orperators, it is convenient to work with the reduced wave function, Φ(~r, t) = rΨ(~r, t).

Inserting Ψ(~r, t) = Φ(~r, t)/r into the TDSE, the following equation is obtained for the

reduced wave function

i
∂

∂t
Φ(~r, t) =

[
−1

2

∂2

∂r2
+
L2

2r2
− i ~A(t) · (∇− ~̂r

r
) + V (~r)

]
Φ(~r, t), (1)
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where the first two terms on the right-hand side describe the radial and angular parts

of the kinetic energy operator and the last two terms describe the interaction with the

external field and atomic or molecular potential. The time-dependent reduced wave

function is expanded in spherial harmonics, Ylm(θ, φ)

Φ(~r, t) =
lmax∑
l=0

l∑
m=−l

flm(r, t)Ylm(θ, φ), (2)

which, e.g., simplifies the action of the angular momentum operator, L2, in equation

(1). The size of the angular basis is (lmax + 1)2, with lmax = 60 the maximum angular

quantum number. We use an equidistant grid with 8192 points that extends up to

1200 au for the radial functions flm(r, t). The TDSE is solved using a combined split

operator Crank-Nicolson method [29,30] with a time-step of δt = 0.005 au . The initial

state is found by propagation in imaginary time. The results have been checked for

convergence.

The external field of the considered counter-rotating bicircular laser pulse is defined

as ~F (t) = −∂t ~A(t), where ~A(t) is the vector potential, given by

~A(t) =
A0f(t)√

2

 cos(ωt+ ϕ) + cos(2ωt+ ϕ)

sin(ωt+ ϕ)− sin(2ωt+ ϕ)

0

 , (3)

with A0 the amplitude, ω the carrier angular frequency, ϕ the CEP, and f(t) =

sin2(ωt/2Ncyc) the envelope for an Ncyc-cycle pulse. In the present work, we use a 1ω-

2ω frequency combination with intensity ratio of 1:1 and ω = 0.057 au corresponding

to 800 nm wavelength. Lissajous curves of the external fields and vector potentials

for pulses containing 2 and 10 cycles are shown in figure 1. In the case Ncyc = 10

cycles, the field and the vector potential show a threefold symmetry, resulting in three

ionization events or three solutions to the saddle point equation in the strong-field

approximation [19, 31]. We see from the figure that a change in the CEP results in

a rotation of the Lissajous curves. In the short pulse limit (Ncyc = 2 cycles), the

envelope of the laser field breaks the threefold symmetry. In this case as can be seen

in figure 1, changing the CEP from −π/2 to 0 rad changes the shape of the external

field substantially and this will affect the resulting PMDs in a way which is not just a

simple rotation of the PMD. This is contrary to circularly polarized pulses, in which

case changing the CEP for spherically symmetric targets would only result in an overall

rotation of the PMDs as was demonstrated in earlier studies for H and Ar atoms [32,33].

The calculations were performed at laser peak intensity of 4.5 ×1013 Wcm−2 with

a corresponding field peak value of 0.0359 au, see figure 1(left panels). In order to

investigate the effect of laser intensity on PMDs and ATI spectra, TDSE calculations

were also performed for H (1s) at laser peak intensities of 2.2×1013 Wcm−2 and

6.7×1013 Wcm−2; all below the barrier-supression intensity of approximately 1.4× 1014

Wcm−2. The calculations were performed at fixed intensity ratio of the two fields

frequencies. In earlier studies [17], the shape of PMDs was found to depend on the

intensity ratio of the two frequencies.



Probing atomic and molecular targets by intense bicircular counter-rotating laser fields5

Figure 1. Lissajous curves of external fields (left panels (a), (c)) and (minus) vector

potentials (right panels (b), (d)) for a 1ω-2ω bicircular counter-rotating laser pulse

containing 2 cycles (top panels (a), (b)) and 10 cycles (bottom panels (c), (d)) with

a laser peak intensity 4.5 ×1013 Wcm−2, CEP values of ϕ = −π/2 (solid lines) and

ϕ = 0 rad (dashed lines), and ω = 0.057 au. The minus vector potentials in (b) and

(d) give the expected final momenta from simple classical considerations (see equation

(4)).

For H+
2 , the TDSE calculations were performed at a frozen geometry with an

internuclear separation of 5 au, which is larger than the equilibrium distance of 2 au.

We have chosen this distance to have a clear effect of the non-spherically symmetric

part of the molecular potential, while avoiding the phenomenon of enhanced ionization,

which is present at larger internuclear distances due to charge resonance phenomena and

coupling to the σu excited state [34,35]. The ionization potential of the σg state at this

internuclear distance is 0.729 au. The calculations were performed at laser intensities

of 2.2×1013 Wcm−2 and 4.5×1013 Wcm−2 at molecular alignment angles β=0 and 90◦.

The alignment angle β is defined as the angle between the molecular frame and the

laboratory (lab) frame z-axes, see reference [28]. In our TDSE calculations, the laser

polarization is confined to the xy-plane of the lab frame (see equation (3)). At β = 0◦,

the molecular axis is perpendicular to the plane of laser polarization. At β = 90◦, the

molecular axis and the lab frame x-axis are aligned.

The PMDs are computed by projecting the wavepacket at the end of the laser pulse

on scattering states for H [28, 36]. The scattering states were obtained by solving the

radial Schrödinger equation, using the same radial grid and size of angular basis set

as in the TDSE calculations. For H+
2 , PMDs were obtained by projection on Coulomb
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Figure 2. ATI (left) and PMDs (right) of H (1s) in 1ω-2ω bicircular counter-rotating

laser pulses containing 2 cycles (top) and 10 cycles (bottom panels) with a laser peak

intensity 4.5×1013 Wcm−2, ϕ = −π/2, and ω = 0.057 au corresponding to 800-nm

wavelength. The curves in (b) and (d) show the predictions of equation (4).

scattering states in the asymptotic region [28,36].

3. Results and discussion

This section is divided into two parts. In the first part we address effects of laser intensity

and pulse duration on ATI spectra and PMDs of H. In the second part, we move on to

the H+
2 molecule, where in addition we address the effects of the nonspherical molecular

potential and alignment on ATI spectra and PMDs.

3.1. H in bicircular counter-rotating laser fields: Effects of intensity and pulse

duration on ATI spectra and PMDs

In figure 2, we present ATI spectra and PMDs for H, initially in the 1s state, in bicircular

counter-rotating laser pulses containing 2 cycles (top panels) and 10 cycles (bottom

panels), with laser peak intensities of 4.5×1013 Wcm−2 and a CEP of ϕ = −π/2. In the

short pulse limit (Ncyc = 2), the ATI spectrum of H (1s) is characterized by a single

broad peak that is rather featureless. In the long pulse limit (Ncyc = 10), the ATI

spectrum contains several peaks resulting from multiphoton absorption. Increasing the

number of optical cycles shifts the ATI intensity to lower photoelectron energy.

Turning to PMDs (figures 2 (b) and (d)), for short pulses (Ncyc = 2) the PMD has
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Figure 3. PMDs (left column), ATI spectra (middle column) and angular distributions

within each ATI peak (right column) for H (1s) at laser intensities 2.2×1013 (top

panels), 4.5×1013 (middle panels), and 6.7×1013 Wcm−2 (bottom panels). The laser

pulses contain 10 cycles. The curves in (a), (d) and (g) show the predictions of equation

(4).

a general resemblance to the predicted final momentum based on the simple classical

considerations shown in figure 1(b), that is

~k = −
∫ ∞
t0

~F (t) = − ~A(t0), (4)

with t0 the time of ionization. However, a more detailed investigation of the PMD

reveals the following discrepancies with equation (4): the PMD obtained from TDSE

calculations is not reflection symmetric across the line kx = 0 likely due to CEP effects.

Moreover, the ionization peaks display an off-set (counter clockwise) angle relative to

the final momentum predicted by equation (4). The off-set angle is caused by the

Coulomb potential felt by the ionized electron, which changes its final momentum from

the classical prediction of equation (4) [37].

For 10-cycle pulses, the electric field presented in figure 1(c) induces three main

ionization events which give rise to PMDs with three-fold symmetry, in agreement with

recent experiments and theory on the Ar atom [17]. The PMDs display an off-set angle

compared to the final electron momentum predicted by equation (4). This off-set angle

is dependent on photoelectron energy. In elliptically polarized light a dependence of

the off-set angle on photoelectron energy was recently predicted for the H atom [38]

and observed and modelled for the Ar atom [39]. The energy-dependent off-set angle

was attributed to ionization time delays for electrons with different energies [39]. To

investigate the dependence of this phenomenon on laser intensity, PMDs were computed

for H at additional laser intensities of 2.2×1013 and 6.7×1013 Wcm−2, and the results
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Figure 4. Intensity effect on energy-dependent off-set angle measured with respect

to the expected classical peak along the ky axis (see the 10-cycle vector potential

is figure 1(d)) for H at laser intensities 2.2×1013 (squares), 4.5×1013 (circles), and

6.7×1013 Wcm−2 (diamonds), and H+
2 at β = 0◦ alignment angle and laser intensities

2.2×1013 (x) and 4.5×1013 Wcm−2 (+).

obtained at all considered intensities are presented in figure 3. From the ATI spectra

(middle column in figure 3), it is seen that the ATI peaks shift to lower energy as

the laser intensity increases due to the increase in pondermotive energy. The PMDs

(left column in figure 3) become more complex as the laser intensity increases, with

additional progressions showing up resulting from multiphoton absorption, in addition

to a low-energy structure that becomes more pronounced with increasing intensity, in

particular at 6.7×1013 Wcm−2. The rightmost column in figure 3 includes angular

distributions of photoelectrons within each ATI peak. These distributions show how

the emission angle (θk) depends on both photoelectron energy and laser intensity, and

reveal a dip in θk at photoelectron energy just below 0.1 au, in particular at a laser

intensity 6.7×1013 Wcm−2.

The energy-dependent off-set angles were calculated for H from figure 3 and plotted

against photoelectron energy in figure 4 at the different laser intensities. The off-

set angle is defined as the difference between the expectation value of θk from the

differential probability at a given momentum/energy value derived from the TDSE

results and the expected angle of the final momentum from classical predictions based

on equation (4). Since the PMDs show a threefold pattern, we select the emission peaks

closest to the positive ky axis, that is at θk ≈ 90◦ in figure 3 (right panels). At the

higher photoelectron energies above 0.2 au, the off-set angle decreases with increasing

peak intensity. This behaviour is similar to that found in argon in close-to-circularly-

polarized light [40] and in naphthalene in circularly polarized light [41]. At lower

photoelectron energies, however, the dependence of the off-set angle on intensity is not
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Figure 5. ATI (left column) and PMDs (right column) for H+
2 at alignment angles

β = 0 (top panels) and 90◦ (bottom panels) and a laser intensity of 4.5×1013 Wcm−2.

The laser pulses contain 10 cycles. The curves in (b) and (d) show the predictions of

equation (4).

monotonously decreasing, a behaviour contrasting the findings for close-to-circularly-

polarized and circularly polarized light [40,41], and therefore a marker for the difference

in the dynamics in these two kinds of fields.

3.2. H+
2 in bicircular counter-rotating laser fields: Effects of intensity, pulse duration

and alignment on ATI spectra and PMDs

Next, we move on to explore the PMDs originating from the σg ground state of aligned

H+
2 , at fixed internuclear separation of 5 au. This system provides an interesting contrast

to the atomic case, due to the interplay between pulse parameters, molecular potential,

alignment of the H+
2 molecule [28,42], and transient electron localization [43].

In figure 5, we present ATI spectra and PMDs for H+
2 at alignment angles β = 0 and

90◦. The laser pulses contain 10 cycles, and the peak laser intensity is 4.5×1013 Wcm−2.

The energy positions of the ATI peaks in figures 5(a) and (c) depend on the alignment

angle, suggesting the involvement of AC Stark shifts that depend on the alignment

angle [44]. The PMD obtained at alignment angle β = 0◦, shown in figure 5(b), reveals

a three-fold ionization pattern. These peaks reflect the three field maxima (see figure 1).

The comparison between the final momenta obtained by equation (4) (full curves) and

the TDSE results show that the TDSE ionization peaks have an off-set angle relative to

the classical predictions. We also see that the off-set angle depends on the photoelectron

energy as was the case in the H results. At β = 90◦, the three-fold symmetry is no
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Figure 6. ATI spectra and PMDs for H+
2 (β = 0◦) computed at laser intensities of

2.2×1013 Wcm−2 (top panels) and 4.5×1013 Wcm−2 (bottom panels). The curves in

(b) and (d) show the predictions of equation (4). The ATI spectrum and PMDs shown

in (c) and (d) are the same as those in figure 5(a) and (b).

longer imprinted in the PMD: the ionization probability is substantially suppressed at

θk ≈ −45◦. The symmetry in the polarization plane is lost due to the anisotropic

molecular potential and possible coupling to excited states [42].

To address the effect of laser intensity on the energy-dependent off-set angle, PMDs

were computed for H+
2 at a lower laser intensity of 2.2×1013 Wcm−2. The calculations

were performed at alignment angle β = 0◦ in order to eliminate any effects caused by

the anisotropic molecular potential and coupling to excited states. The resulting ATI

spectra and PMDs are presented in figure 6. The ATI spectrum includes a new feature,

namely a low-energy shoulder on the ATI peaks at energy around 0.05 au. This shoulder

can also be seen in the ATI rings in the PMD of figure 6(b), but the exact origin of

this feature is presently not identified. Regarding the PMDs, three-fold symmetries

are observed at both intensities and energy and intensity dependent off-set angles are

observed. To see clearly the dependence on energy and intensity, the off-set angles are

plotted for H+
2 in figure 4 at laser intensities 2.2×1013 Wcm−2 and 4.5×1013 Wcm−2.

The off-set angle decreases with increasing laser intensity, as is the case for close-to-

circularly [40] and circularly [41] polarized light. Compared to the H results of figure 4,

the H+
2 results show monotonic behaviour, which highlights the sensitivity of the off-set

angle on the atomic or molecular potential.

To address CEP effects, TDSE calculations were carried out for H+
2 at alignment

angles β = 0 and 90◦ and at CEP values of −π/2 and 0 rad. The laser pulses contain
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Figure 7. (a,d) ATI spectra and (b,c,e,f) PMDs for H+
2 in 1ω-2ω bicircular counter-

rotating laser fields at (b) β = 0◦ and CEP ϕ = −π/2 (solid line in (a)), (c) β = 90◦

and CEP ϕ = 0 (dotted line in (a)), (e) β = 90◦ and CEP ϕ = −π/2 (dashed line in

(d)), and (f) β = 90◦ and CEP ϕ = 0 (dashed line in (d)). The laser pulses contain 2

cycles, and the peak intensity is 4.5×1013 Wcm−2. The curves in (b), (c), (e) and (f)

show the predictions of equation (4).

2 cycles and have a peak intensity of 4.5×1013 Wcm−2. The resulting ATI spectra

and PMDs are shown in figure 7. The ATI spectra in figure 7(a) and (d) reveal larger

ionization yield in the in-polarization-plane geometry (β = 90◦), compared to the out-

of–polarization-plane geometry (β = 0◦). The CEP has more effect on ATI spectra at

the ionization peak at β = 0◦ compared to β = 90◦. Turning to PMDs, the CEP effect

is clearly reflected in the PMDs. At β = 0◦, the molecular potential is rotationally

symmetric in the plane of laser polarization, making the interpretation of CEP effect

more straightforward. In this case, changing the CEP from −π/2 to 0 rad changes

the shape of the external field (see figure 1), thereby creating a substantially different

PMDs as can be seen in figure 7(b) and (c). At CEP=−π/2, the PMD in figure 7(b)

contains 2 ionization peaks at emission angles θk ≈ −50◦ and −180◦ at corresponding

photoelectron energies of ≈0.2 au and 0.1 au, respectively. At CEP=0 rad, the PMD

in figure 7(c) contains only a single ionization peak at θk ≈ −30◦ and corresponding

photoelectron energy slightly above 0.1 au. These results make an interesting contrast

to PMDs of H+
2 in circularly polarized laser, in which case changing the CEP from −π/2

to 0 rad would result in an overall rotation of the PMD [32, 33, 42]. At β = 90◦, the

molecular potential of H+
2 is strongly anisotropic in the plane of the laser polarization,

with substantial impact on the resulting PMDs: namely that the emission peaks are

significantly narrower and the emission angle are different. At CEP = −π/2, the

distribution at β = 90◦ has two ionization peaks at θk ≈ −170◦ and −130◦ (figure 7(e)).

At this alignment angle, changing the CEP from −π/2 to 0 rad results in suppressing

the ionization peak at −130◦ and the main ionization peak is found at emission angle
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θk ≈ 180◦ (figure 7(f)). This is in contrast to a final emission angle of 0◦ from classical

predictions based on equation (4).

4. Conclusions

In this study of strong-field ionization of atomic and molecular targets by two-colour

bicircular counter-rotating laser pulses, we focused attention on ATI spectra and PMDs.

The three-dimensional TDSE was solved and ATI spectra and PMDs were obtained by

projecting the wavepacket on scattering states, or Coulomb waves in the asymptotic

region.

For H and for H+
2 aligned perpendicular to the polarization plane probed by 10-cycle

pulses, the PMDs revealed a three-fold symmetry in the PMDs. Compared with a simple

classical estimate, the PMD is rotated by an off-set angle that depends on photoelectron

energy and laser intensity. The distinct peaks in the three-peaked PMDs obtained by

two-colour bicircular counter-rotating field in the many-cycle limit (Ncyc & 10) and

their shifting with photoelectron energy and intensity seems a suitable observable for

addressing questions of energy-dependent continuum wave phase shifts and time-delays

in strong-field ionization [39]. The symmetry in the PMDs is broken as the short

pulse limit is reached due to CEP effects. For H+
2 , the threefold symmetry of PMDs

depends on molecular alignment due to the anisotropic molecular potential: the three-

fold symmetric PMD is obtained when the molecular axis is aligned perpendicular to

the plane of laser polarization, because of rotation symmetry of molecular potential in

that plane. The symmetry in the PMD is broken when the molecule is aligned parallel

to the plane of laser polarization. In this sense the presence or absence of symmetry

patterns in the PMDs following strong-field ionization by two-colour bicircular counter-

rotating fields is a direct marker of the presence or absence of rotational symmetry in

the potential felt by the active electron.
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