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Asymmetric electron emission in laser-assisted photoionization of 
diatomic molecules

Diego I.R. Boll∗ 1, Omar A. Fojón∗ 2
∗Laboratorio de Colisiones Atómicas, IFIR, CONICET-UNR, Rosario, Argentina

Synopsis We study theoretically the different kinds of asymmetries that may arise in the laser-assisted pho-
toionization of diatomic molecules.

The study of the electron dynamics now avail-
able within its natural time scale gave place to
the birth of the so called attosecond physics [1].
Extreme ultraviolet (XUV) light pulses with du-
rations in the range of hundreds of attoseconds
(as, 1 as = 1 × 10−18 s) in combination with
a weak or moderately strong near-infrared laser
field (NIR), allow to monitor and/or control the
electron dynamics.

The asymmetric electron emission is closely
related to the control of dynamical properties in
laser-assisted reactions. The electron localization
in dissociating molecular states [2] and the or-
bital parity mix [3] have been proved to be valid
tools to control the reactions.

In this work, we study theoretically the laser-
assisted photoionization of diatomic molecules by
means of an analytical model [4, 5], with em-
phasis in the asymmetric electron emission. In
this model, the initial molecular wavefunctions
are described as linear combination of Slater type
orbitals variationally optimized, whereas the fi-
nal states are represented by separable Coulomb-
Volkov type wavefunctions. Multiple differential
cross sections (MDCS) obtained by means of our
analytical model [4] are in qualitative agreement
with ab-initio calculations [6].

When the reaction is assisted by a NIR,
strong asymmetries in the MDCS are obtained
compared to the completely symmetric MDCS
produced by the XUV solely. Our model provides
an interpretation of this effect based on interfer-
ences of the different channels opened by the NIR
presence. For heteronuclear diatomic molecules,
the aforementioned effects, are superimposed to
the corresponding asymmetric emission patterns
for the one-photon ionization processes.

Finally, the effect of the XUV and NIR pulses
durations are analyzed. In Fig. 1, we show
the angle-energy photoelectron spectra for H+

2

molecules ionized with XUV pulses of different
duration in the presence of a NIR. As can be
seen, asymmetric electron emission is obtained

for XUV pulses with smaller durations (Fig. 1,
first row), corresponding to the streaking regime.
On the contrary, almost symmetric electron emis-
sion distributions are obtained when the XUV
pulse duration is comparable to the period of the
NIR (Fig. 1, second row).

Figure 1. Angle-energy photoelectron spectra for

H+
2 ionized with XUV pulses of different durations,

in the presence of a moderately intense NIR.

References

[1] F. Krausz, M. Ivanov 2009 Rev. Mod. Phys. 81
163

[2] F. Kelkensberg et al 2011 Phys. Rev. Lett. 107
043002

[3] G. Laurent et al Phys. Rev. Lett. 109 083001

[4] D. Boll, O. Fojón 2014 Phys. Rev. A 90 053414

[5] G. Yudin et al 2007 J. Phys. B: At., Mol. Opt.
Phys. 40 F93

[6] X. Guan et al 2013 Phys. Rev. A 87 053410

1E-mail: boll@ifir-conicet.gov.ar
2E-mail: fojon@ifir-conicet.gov.ar

XXIX International Conference on Photonic, Electronic, and Atomic Collisions (ICPEAC2015) IOP Publishing
Journal of Physics: Conference Series 635 (2015) 112117 doi:10.1088/1742-6596/635/11/112117

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1

http://journals.aps.org/rmp/abstract/10.1103/RevModPhys.81.163
http://journals.aps.org/rmp/abstract/10.1103/RevModPhys.81.163
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.107.043002
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.107.043002
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.109.083001
http://journals.aps.org/pra/abstract/10.1103/PhysRevA.90.053414
http://stacks.iop.org/0953-4075/40/i=5/a=F03
http://dx.doi.org/10.1103/PhysRevA.87.053410
mailto:boll@ifir-conicet.gov.ar
mailto:fojon@ifir-conicet.gov.ar

