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Circularly polarized light-induced potentials and the
demise of excited states

Sebastián Carrasco,a José Rogan,b,c Juan Alejandro Valdivia,b,c Bo Y. Chang, d Vladimir S.
Malinovsky, a and Ignacio R. Sola∗e

In the presence of strong electric fields, the excited states of single-electron molecules and molecules
with large transient dipoles become unstable because of anti-alignment, the rotation of the molecular
axis perpendicular to the field vector, where bond hardening is not possible. We show how to
overcome this problem by using circularly polarized electromagnetic fields. Using a full quantum
description of the electronic, vibrational, and rotational degrees of freedom, we characterize the
excited electronic state dressed by the field and analyze its dependence with the bond length and
angle and the stability of its vibro-rotational eigenstates. Although the dynamics is metastable, most
of the population remains trapped in this excited state during hundreds of femtoseconds, allowing
quantum control. Contrary to what happens with linearly polarized fields, the photodissociation
occurs along the initial molecular axis, not perpendicular to it.

1 Introduction
The quantum treatment of the dynamics of a molecule in all its
degrees of freedom is an imposing computational challenge. Ow-
ing to the hierarchy of masses and the consequent different scales
of motion, for coupled degrees of freedom one often describes
each slower motion on the average potential created by the faster
motion, reducing the dimensions of the problem1–5. In addition,
it is customary to treat the nuclear (slower) motions using a clas-
sical or semiclassical approach. Such approximations do not al-
low to describe the back-action of the slower motion on to the
faster one, inducing decoherence, although the former effect can
be approximately described by averaging over trajectories. In ad-
dition, when the time-scale of the motions is not very different,
as near degeneracies (e.g. at conical intersections) and particu-
larly with lighter atoms, the approximations are deemed to fail
and a full quantum treatment is necessary. This is particularly
the case for the Hydrogen molecular cation and its isotopes. We
have recently developed a model and computational scheme to
integrate the time-dependent Schrödinger equation (TDSE) for
one-electron molecules in 3-electronic plus 2-nuclear (internu-
clear distance and angle of the molecular axis with respect to a
fixed axis) in the presence of electromagnetic fields6.

a U.S. Army Research Laboratory, Adelphi, Maryland 20783, USA
b Departamento de Física, Facultad de Ciencias, Universidad de Chile, Casilla 653,
Santiago, Chile 7800024
c Centro para la Nanociencia y la Nanotecnolgía, CEDENNA, Chile
d School of Chemistry(RIBS), Seoul National University, Seoul 08826, Republic of Korea
e Departamento de Química Física, Universidad Complutense, 28040 Madrid, Spain.
E-mail: isola@quim.ucm.es

The first excited state of H+
2 or any other one-electron molecule

is dissociative, corresponding to the anti-bonding character of its
molecular orbital. However, under an electric field, the ground
and first excited electronic states becomes mixed so that their
corresponding dressed potentials feature bond softening7–10 and
bond hardening11–14. With field intensities of the order or larger
than the TW/cm2, bond hardening in the excited dressed po-
tential is enough to support several bound vibrational states.
Many quantum control schemes rely on bond hardening to con-
trol the bond length of molecules15–19 to generate huge dipole
moments20–22, or to control the photofragments velocity and an-
gular distribution23–26 requirement the previous alignment of the
molecules with the external field27,28. Diatomic molecules can be
aligned by means of different techniques, more so if the molecule
has a permanent dipole, and a single strong non-resonant field
(perhaps the same used for bond-hardening) can be used for that
purpose. It is customary to assume that the molecules may remain
aligned at least during the short period of time during which one
acts on or control its dynamics with ultrafast laser pulses. While
this is true in the ground state of the molecule, we recently found
that the converse is the norm in the excited state29, even when
the molecule had a permanent dipole moment and is subject to a
constant electric field, as in HD+ 6. Then, anti-alignment, that is,
the alignment of the molecular axis perpendicular to the polariza-
tion of the field, moves the molecule out of the influence of the
field in as short a time as a molecular vibration, leading to fast
photodissociation.

Anti-alignment was first predicted using a semiclassical model,
where the nuclear motion was treated classically, allowing for
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bond-hardening in those molecules initially aligned with the
field29. Therefore, one could anticipate a control mechanism re-
lying on laser alignment in the ground state before sending the
population to the excited potential dressed by a field or, alterna-
tively, a control process that would filter those molecules initially
aligned with the field, the only ones to survive after the excitation.
But using a full quantum description, we observed that the angu-
lar width of the initial wave function is always enough to induce
total dissociation6. In fact, aided by dephasing, a very narrow
angular wave packet anti-aligns more rapidly than a wider distri-
bution. The survival time in the excited state only depends on the
average angle, nor the angular dispersion. In addition, the anti-
alignment process was strong enough to beat the dipole-induced
alignment when the molecule had an initial dipole moment, as in
the HD+ isotope. The question is, then, are all strong field con-
trol scenarios based upon bond hardening in the excited states
doomed to fail?

When working with electromagnetic fields, rather than static or
ac electric fields, we expect some differences to occur. The field
frequency selects the geometry of the excited potential that is res-
onant with the ground potential, forcing a stronger reshaping of
the light-induced potentials30–35 (LIPs) and trapping population
at selected internuclear distances in the excited state. This is not
the case, however, when the molecular axis is perpendicular to
the polarization and θ = π/2. Then the coupling is zero and the
molecule dissociates, while some population may be transferred
to the ground potential by non-adiabatic processes in the vicinity
of θ = π/2. In the representation of the LIPs, this process can be
seen as fast internal conversion through a light-induced conical
intersection35–41 or LICI, using the language of Photochemistry,
and it is possible even in diatomic molecules, including the rota-
tional degree of freedom. There have been a plethora of studies
concerning how to probe the LICIs and how to use them as a re-
source to control photochemical or photophysical processes, but if
anything, one expects that the presence of LICIs will make harder
to stabilize the excited states of single electron molecules.

But the frequency is not the only control knob that electro-
magnetic fields provide: One can use the vectorial properties
of the field to control the dynamics via the polarization of the
light. The selection rules of different Spectroscopic techniques
crucially depend on whether one uses linearly or circularly po-
larized fields42,43. It is also well known that the polarization of
the field directly affects the electronic motion, as observed for in-
stance in yields of ionization and high harmonic generation44.
Although circularly polarized fields are often used as enantio-
sensitive signals that probe the chirality of the media (e.g. in
measurements of circular dichroism or in photo-electron currents
upon ionization45–48 they have also been proposed to control the
dynamics49,50. As an example, two pulses of circularly polarized
pulses with different wavelengths could orient molecules51,52, al-
though simpler schemes were suggested27,28. This is a field in de-
velopment, as the technology of pulse shaping including the full
vectorial properties of light is now available53 and a further step
is being made in creating synthetic chiral light54.

In this work we show the effects and dynamics of antialignment
with electromagnetic fields, rather than electric pulses, and study

Fig. 1 Diagram of H+
2 molecule under an elliptically polarized field. The

field can be understood as two perpendicular linearly polarized fields with
different amplitudes that differ in phase by π/2.

the role of the polarization. Both using a theoretical model and
by solving the TDSE for the electronic, vibrational and rotational
degrees of freedom, we find that bond hardening in the excited
state of H+

2 is stable (actually meta-stable) using circularly polar-
ized fields. Hence, the molecule survives in the excited state for
the duration of short pulses. On the contrary, there is antialign-
ment that leads to fast photodissociation when using linearly po-
larized fields, while the effect of elliptically polarized fields stands
in between both extremes. In Section 2, we outline the theoretical
model. In Section 3, we introduce the numerical method used to
solve the TDSE. Section 4, studies the dynamics and dissociation
in the excited state under different initial conditions and fields
and finally, Section 5, is the conclusions.

2 Theory: Excited state stability under linear
and circularly polarized fields

As previously outlined, a strong field can induce bond hardening
in the first excited dressed state of H+

2 , enough to support several
bound vibrational states, but the orientation of the molecular axis
with the electric field makes such bond-hardening dependent on
the nature of the polarization properties of the light. To under-
stand the origin of the stability or instability of the excited elec-
tronic state state conditional to the polarization properties of the
dressing field, we present here a model which allows to predict
the average properties of the light-induced potentials under cer-
tain approximations. This will be confronted with the numerical
results in Section 4 which avoid the approximations.

Consider two isolated electronic states of a diatomic molecule
(e.g. the ground, Vg(R) and the first excited state Ve(R)) that lies
in the plane perpendicular to the axis of propagation of the field
ey. In the length gauge and dipole approximation, the coupling
with the external, linearly polarized field E1(t) (see Fig. 1), adds
the term

E(t) · r = E1(t)S(t)(cosθ ez + sinθ ex) · (zez + xex) (1)

= E1S(t)zcosθ (2)

where S(t) is a slowly evolving (possibly constant) pulse envelope,
E1 the pulse peak amplitude, and θ the angle between the inter-
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nuclear vector and the field. Note that we are omitting x in Eq.
(2) because it is zero for the ground and first excited states of H+

2 .
Bold letters are reserved for vectors. For an elliptically polarized
field (two perpendicular linearly polarized fields with opposite
phases)

E(t) · r = zE1S(t)cosθ cos(ωt)+ zE2S(t)sinθ sin(ωt) (3)

The potential energy matrix can be written as

V =

(
Vg 0
0 Vu

)
+2S(t)µ (E1 cosθ cosωt +E2 sinθ sinωt)σx (4)

In the rotating frame, defined by

|ψR〉= exp
(
− i

2
ωt(σz− I)

)
|ψ〉

the TDSE becomes

ih̄
d
dt
|ψR〉= HR |ψR〉=−

1

2
h̄ω |ψR〉+

1

2
h̄ωσz |ψR〉

+ exp
(
− i

2
ωtσz

)
(T+V)exp

(
+

i
2

ωtσz

)
|ψR〉

where we have used the 2× 2 Pauli matrices σx and σz, and the
unit matrix I, for notational convenience. Since we are interested
in the potential energy dressed by the field, we will omit the ki-
netic energy operator T from our consideration. In principle, a
time-dependent transformation adds non-adiabatic terms in the
kinetic term, which are often neglected under the adiabatic ap-
proximation. Because of

exp
(
− i

2
ωtσz

)
σx exp

(
+

i

2
ωtσz

)
=

(
0 e−iωt

e+iωt 0

)

we obtain

VR =

(
Vg µS(t)(E1 cosθ − iE2 sinθ)

µS(t)(E1 cosθ − iE2 sinθ) Vu− h̄ω

)

+µS(t)

(
0 (E1 cosθ + iE2 sinθ)e−2iωt

(E1 cosθ + iE2 sinθ)e+2iωt 0

)

Following the rotating wave approximation (RWA), after neglect-
ing non-resonant high frequency terms, we obtain the matrix

VRWA =

(
Vg µS(t)(E1 cosθ − iE2 sinθ)

µS(t)(E1 cosθ − iE2 sinθ) Vu− h̄ω

)

with eigenvalues or LIPs,

V± =
Vg +Vu− h̄ω

2

± 1
2

√
(Vg + h̄ω−Vu)2 +4µ2S2(t)|E1 cosθ − iE2 sinθ |2 (5)

We can address different polarization through this last expression,

such as the linearly polarized field, e.g. in the z direction (E2 = 0)

V l
± =

Vg +Vu− h̄ω

2
± 1

2

√
(Vg + h̄ω−Vu)2 +4µ2S2(t)E2

1 cos 2θ

In this case, these dressed potentials show bond-hardening in the
excited state and bond-softening in the ground state except in the
surroundings of θ = ±π/2, where there is a LICI. The molecule
dissociates through the LICI if the molecular axis rotates perpen-
dicular to the field. The dependence of V l

± on θ explains that
any wave packet will be subject to a torque. The direction of the
torque toward the LICI or anti-alignment effect is due to the po-
larization in the excited state, and it was numerically predicted
even when the molecule has a permanent dipole (as in HD+)6.
The consequence is that any vibrational wave function prepared
in V l

+ will dissociate in the time-scale of a molecular rotation: The
potential does not bare any bound state.

In similar lines, setting E1 = E2 in Eq. (5), we obtain the
dressed potentials for a anti-clockwise polarized field

V c
± =

Vg +Vu− h̄ω

2
± 1

2

√
(Vg + h̄ω−Vu)2 +4µ2S2(t)E2

1 (6)

We obtain the same result for a clockwise circularly polarized field
by choosing E1 = −E2. Note that these dressed potentials do not
depend on the angle: there is no LICI that connects the excited
(bond-hardened) dressed potential V c

+, with the ground (bond-
softened) potential V c

−, so that any vibrational wave packet in V c
+

remain trapped in the potential. There is also no angular depen-
dence in this electronic state.

3 Numerics: Quantum model of the Hy-
drogen molecular cation under time-
dependent fields

To model the dynamics an Hydrogen molecular ion under a time-
dependent field, we will include electronic, vibrational and ro-
tational degrees of freedom treated in a fully quantum way, to
account for the correlation of the different degrees of freedom
and the effect of decoherence that one motion can induce in the
others. On the other hand, to reduce the dimensionality of the
system, we study the dynamics of the molecules that lie in the
plane perpendicular to the axis of propagation of the field.

Following the procedure shown in reference6, we solve numer-
ically the TDSE in the position representation (discretized in a
grid), given by

i
∂

∂ t
Ψ(R,r) =

[
− 1

2µabR
∂

∂R
R

∂

∂R
− 1

2µabR2
∂ 2

∂θ 2

−1
2

∇
2
r +V (R,r)+E(t) · r

]
Ψ(R,r) (7)

where R is the internuclear distance, θ the angle between the
molecular axis and the field, and E the field. This equation treats
the electron in three degrees of freedom and includes vibration
and rotation. Henceforth, it will be written as a (3+2)TDSE. No-
tice also that in the dynamics we do not neglect any non-resonant
(or counter-rotating) term in the field. To solve the (3+2)TDSE,
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we use the following expansion into electronic states

Ψ(R,r) =
√

R ∑
n

φn(R,θ)ψn(r)

Considering this, Eq. (7) becomes

i
∂

∂ t
ϕn(R,θ) =

[
− 1

2µab

∂ 2

∂R2 −
1

8µabR2 −
1

2µabR2
∂ 2

∂θ 2

]
φn(R,θ)

+∑
n′

〈
ψn
∣∣He(R,θ ,E(t))

∣∣ψn′
〉

φn′(R,θ) (8)

where He(R,θ ,E(t)) is the electronic Hamiltonian, φn is the nu-
clear wave function in the electronic state ψn. To avoid solving
for the eigenfunctions of He(R,θ ,E(t)) at each grid-point, we take
the eigenfunctions for R1 = 2a0,

He(R,θ ,0)ϕn(R = R0;r) = He,n ϕn(R = R1;r)

and then we re-scale the states in the following way

ψn(r) = ϕn

(
R = R1;r

R
R1

)
In this way, we can calculate the matrix elements〈
ψn
∣∣He(R,θ ,E(t))

∣∣ψn′
〉

as function of R, θ , and E(t). To
calculate the eigenfunctions for R1 = 2a0, we use the well-
established prolate spheroidal treatment for an electron in a
two-center molecule55–57.

Finally, we solve Eq. (8) propagating all nuclear wave functions
φn′(R,θ) over a grid of 128 points between R= 0.1a0 and R= 10a0,
and 32 points between θ =−π and θ = π, using a Strang method
with a three operator-splitting scheme.58,59

4 Results
4.1 The ground state of circularly-polarized light-induced

potentials
In this section we study the nature of the light-induced poten-
tial prepared by a strong field of circular polarization, what the
call a CLIP. We will do so by characterizing its fundamental vibro-
rotational state and other states near its equilibrium geometry.
First, we calculate the CLIPs. For that, we employ Eq. (6).
For the examples in this work, we choose E1 = E2 = 0.02 a.u.
and ω = 0.1 a.u. The field amplitude controls the strength of
the bond hardening, and the frequency, the position of the min-
imum. These parameters are within the range of values where
one can typically observe bond hardening in light-induced poten-
tials, avoiding substantial ionization. To have enough intensity, in
practice, most experiments are performed with 800 nm lasers and
the dressing is achieved by the action of one and three photons.
In this work we avoid these complications by choosing a larger
frequency. The CLIPs are shown in Figure 2, As observed, the
ground CLIP V c

− exhibits bond softening, while the excite CLIP,
V c
+ exhibits bond hardening, with a minimum at R0 ≈ 4.1 a0 that

in principle supports several bound states. Both curves are sepa-
rated by an avoided crossing near the minima with an energy gap
of ∼ 0.19 a.u.

Then, we need to isolate the ground vibrational state of the
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−0.5

−0.4

−0.3

−0.2

−0.1

0

0.1

0.2

0.3

1 2 3 4 5 6 7 8

V
c ±

(a
.u

.)

R (a0)

Ground CLIP
Excited CLIP

Stabilized state

Fig. 2 Ground and excited light-induced potentials prepared by a strong
field of circular polarization (CLIPs) with ω = 0.1 a.u. and E1 = E2 = 0.02
a.u. as a function of the internuclear distance. The curves do not depend
on θ . Also shown is the ground vibrational wavefunction in the excited
CLIP. Note that the CLIPs exhibit bond hardening, bond softening and
an avoided crossing for all values of the angle.

excited CLIP. To do so, we will use a dynamic approach, by prop-
agating an initial Gaussian wave packet in a linear combination of
the ground and excited electronic states centered at R0, under a
circularly polarized field, adding an artificial imaginary potential
at small and large internuclear distances, namely,

Vim(R) =


−i/10(R−Rmin)

2 if R < Rmin = 2a0

−i/10(R−Rmax)
2 if R < Rmax = 7a0

0 elsewhere

(9)

Because we expect no angular dependence in the CLIP (see Sec.
2), we can set the initial wave packet with an arbitrary angular
distribution. While running the dynamics, we observe that some
of the population dissociates or transits to lower internuclear dis-
tances, and in both cases, vanishes due to the imaginary poten-
tial. The parameters of the potential does not alter the asymptotic
state but the convergence time, as long as it filters both cases. For
these parameters, what is left after 100 fs is approximately the
ground vibrational state of V c

+. In Fig. 2, we show such wave
packet at the end of the dynamics along with the ground and
excited CLIPs (see Eq. (6)), and we can observe that the out-
come matches approximately the minimum of the excited CLIP.
We achieve the same results for different starting angular distri-
butions. In particular, in the plot a uniform distribution was used,
but the final radial wave function did not depend on the angle.

Naturally, the question is why the dynamics works to find the
ground vibrational state of the excited CLIP. The answer is that
our simulations show that this state is not stable (as expected
from the model in Sec. 2) but metastable. Indeed, a wave packet
can remain in the excited CLIP for an appreciable time (e.g. dur-
ing several vibrational periods) while dissociating slowly. But as
the wave packet sits or moves around the avoided crossing, there
is a non-negligible probability of crossing to the lowest CLIP by
non-adiabatic coupling, induced by the kinetic term, which we
did not include in the model. Henceforth, the ground vibrational
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Fig. 3 Population decay in the presence of a circularly polarized field for
a set of different initial wave packets initially prepared in V c

+, measured
as the norm of the wave function in the grid.

state is the one that remains after a relatively long dynamics. To
test this, in Figure 3, we prepare the system in different initial
states and calculate the remaining population as a function of
time. As we can observe, the population in all cases of study de-
cays exponentially, as one can expect from a metastable state. In
particular, the wave packets that are initially Gaussian in the ra-
dial coordinate, resembling the expected vibrational ground state,
are the most slowly decaying, independently of the angular distri-
bution. In contrast, a Gaussian displaced to larger bond distances
or a function prepared as a Gaussian times a linear-term, resem-
bling the first excited vibrational state, decays faster. Finally, we
must remark that the initial state, created as a superposition of
the ground and excited electronic states by hand, initially decays
faster due to transient effects (the electronic components of the
wave function are not similar to those of the true electronic eigen-
function of the dressed Hamiltonian) that are filtered during the
first stage of the dynamics, before reaching the slow exponential-
decay regime. Only after reaching this steady regime we consider
that the wave functions obtained are the vibrational and elec-
tronic eigenstates (or electronic eigenstates times a nuclear wave
packet) that we show in the paper.

4.2 Dynamics and metastability
After isolating the vibrational ground state, we now proceed to
study its stability and the stability of the CLIP in the proximity of
the equilibrium geometry. From now on, we remove the imag-
inary potential for low internuclear distances, allowing the sys-
tem to be in the ground electronic state. In Fig. 4, we show the
average and standard deviation in R and θ under the circularly
polarized field for a nuclear wave packet that is the ground state
displaced by 0.5 a0 (∼ 1.5σR, where σR is the standard deviation
of the initial state in the radial direction). Likewise, we choose a
Gaussian wave packet in the angle, centered at θ = 0 with width
σθ = 0.2π. As expected, we observe vibrations in the LIP with
a 23 fs period during the 100 fs of simulation with a airly con-
stant standard deviation (although slightly increasing because of
dephasing and dissociating fragments), indicating a high degree

Fig. 4 Time evolution of the expected bond length 〈R(t)〉, the expected
angle between the field E1 and the molecular axis 〈θ(t)〉, and their cor-
responding standard deviations, in the presence of a circularly polarized
field with ω = 0.1 a.u., E1 = E2 = 0.02 a.u. The initial wave function cor-
responds to a Gaussian in R displaced 0.5 a0 from R0, times a Gaussian
in θ with σθ = 0.2π.

of stability. In the angle, the average remains the same as there
is no torque, but the packet naturally spreads as the potential is
flat on θ (it does not depend on the angle). The spreading in the
angle is slower than in R as the rotational quanta is smaller than
the vibrational one.

In Fig. 5, we present some snapshots from the first period of
oscillation of the wave packet dynamics considered in Fig. 4.
The dynamics shows the typical vibration of the packet, where
it spreads mostly at the classical turning points, and squeezes in
the initial position, characteristic of harmonic motion. However,
we also observe the gradual emergence of a second maximum
due to the anharmonic nature of the CLIP. At certain times, the
spreading enlarges due to the dissociation of small components of
the packet (for instance, at t = 11.25 fs, around θ = 0, R = 6 a0).
The slow decay of population to V c

− leads to photodissociation in
the excited electronic state, V2, as both curves correlate at large
R (see Fig. 2). The electronic population dynamics is subtle. The
CLIP is created by the periodic electron dynamics induced by the
circularly polarized field, but the dynamics is no longer periodic
when the nuclei move. Consequently, the electron loses its syn-
chronization with the field and the wave function is no longer in
the exact mix of the ground and first excited electronic states that
creates the CLIP. Indeed, the circularly polarized field period is of
the order of 1 fs, which is not that far from the timescale of the
nuclear dynamics, so the electron cannot instantly adapt to the
movement.

4.3 Analysis of photofragments
So far, we have explored the nature of the CLIPs and concluded
that they sustain a metastable state that slowly dissociates. One
question that remains is what happens with the dissociating frag-
ments of the wave packet. Can the amplitudes of the linearly
polarized fields that create the circular polarization be modified
to observe the fingerprints of other effects, such as the anti-
alignment with the field in the excited electronic state? To explore
this, we prepared a wave packet with a Gaussian distribution in R
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Fig. 5 Snapshots of the time evolution of a Gaussian wave packet initially displaced 0.5a0 from R0, with σR = 0.34a0 and σθ = 0.2π in the presence
of a circularly polarized field.

Fig. 6 Angular distribution of the dissociating fragments for linear,
elliptical, and circular polarization after 10 fs of simulation. The integral
is taken from R1 = 6a0 to R2 = 10a0. We use E1 = 0.02 a.u. and E2 = 0.01
a.u. for the elliptically polarized case, E1 = 0.04 and E2 = 0 for the linearly
polarized case, and E1 = E2 = 0.02 a.u. for the circularly polarized case.
In all these cases, we set ω = 0.1 a.u.

and θ , centered approximately at R0 and θ = 0. Then, we solved
the TDSE with circularly, elliptically, and linearly polarized fields.
Finally, we compared the final angular distribution of the disso-
ciating fragments. We calculate the photo-angular distribution
(PAD) in the following way

Γ =

t∫
0

dt
∞∫

0

dr
R2∫

R1

dR |Ψ(R,r, t)|2

where R1 is set to 6a0 in order to ignore the stabilized part of the
wavepacket and R2 is set to 10a0, the boundary of the simula-
tion. In practice, we observed that the shape of the PADs do not
strongly depend on time after the first ∼ 10 fs so that there is no
need to integrate over time except to obtaining the exact yields,
which can be easily inferred from the norm of the wave function.

In Fig. 6, we present the distribution for the three cases.
First, we can observe that the linear polarization dissociates
more strongly than the two other cases, followed by the elliptical
case. Second, the elliptical and linear cases show maxima around
θ ±π/2 indicating anti-alignment, as we expected from the cor-
responding CLIPs. Note that the maxima are displaced because
a fragment has to travel from θ = 0, the position of the wave
packet. Finally, for the circular polarization, the fragments just
travel radially, as observed in Fig.5. Typically, the anti-alignment
and subsequent photodissociation with linearly or elliptically po-
larized fields is faster than the dissociation through non-adiabatic
couplings that induce the metastability of the wave packets in the
CLIP.

5 Conclusions

Excited states of single-electron molecules are unstable under
strong linearly-polarized laser pulses. In spite of bond-hardening,
due to the polarizability of the molecule (the effect of a charge
transfer that creates a transient dipole that increases linearly with
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the internuclear distance), the same polarizability is responsible
for anti-alignment, leading to fragmentation at perpendicular ori-
entations of the polarization vector in the excited state.

Under the effect of circularly polarized fields, we have shown
that the light-induced potential does not show any light-induced
conical intersection. Bond hardening allows the wave packet to
sustain vibrational motion in the LIP. The LIP is independent of
the angle, so an initial rotational wave packet slowly disperses in
the flat potential at a rate inversely proportional to the moment
of inertia. Due to non-adiabatic couplings, the vibrational motion
leads to a slow decay in the continuum, so that all eigenstates of
the CLIP are meta-stable. However, the states survive during a
few hundreds of femtoseconds, enough to allow for many differ-
ent quantum control actions.

In this work we have shown results for constant one-color
fields, but the emerging picture clearly indicates what will be the
main results when using ultrashort femtosecond pulses. Initially,
we expect some steeper decay in the population as the pulse am-
plitude increases and before the electronic populations adjust to
the LIP. If the pulse is slow, then the wave packet will adiabatically
change adapting to the LIP. Then, depending on the polarizabil-
ity of the field, the molecule will either anti-align and dissociate
or the molecular axis will remain at its initial state, where the
molecule slowly dissociates. We have identified the simplest ex-
perimental observable to distinguish both situations, namely the
photofragment angular distributions. We believe that previous
experiments may show indications of anti-alignment60. A more
thorough study of these dynamical effects will be explored in fu-
ture studies and we hope to motivate further experiments using
both linearly and circularly polarized pulses to control the pho-
todissociation of simple molecules.
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