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Synopsis The goal of this work is to study the photodesorption dynamics of a single atom of potassium from the surface of
superfluid helium nanodroplets using the most recent and powerful theoretical simulation tools.

During the past few years, several real time dy-
namics experiments have been conducted on super-
fluid helium nanodroplets doped with alkali atoms
using femtosecond pump-probe laser techniques [1].
Alkali atoms are particularly interesting as dopants
because of their very weakly attractive interaction
with helium, which makes them reside in a dimple at
the droplet surface [2, 3]. Upon photoexcitation they
usually desorb [3], except the heavy alkalis Rb and
Cs excited close to the gas phase D1 transition [4, 5].
This is due to the strong repulsion between the ex-
cited state electronic orbital, which is much more
diffuse and spread out than in the ground state, and
the surrounding helium. The process can be rather
complex, since the nanodroplet can absorb and dissi-
pate part of the recoil energy as density waves and/or
atom evaporation. In addition, the alkali atom can
bring along one or a few helium atoms and desorb as
an exciplex [1, 6].

From a theoretical point of view, the light mass
of helium makes it a challenge to study the real time
dynamics of this process because of quantum ef-
fects. The Helium density functional theory (He-
DFT) approach and its time-dependent version (He-
TDDFT) are very efficient semi-empirical methods
which work with the helium density rather than the
N-helium wave function, like quantum chemistry
DFT does with electron density. They have proven to
be the only way to date to simulate both the stability
and the dynamics of a droplet with a size comparable
to experiment [7, 8].

We study the 4p ← 4s and 5s ← 4s photo-
excitation and desorption dynamics of a helium
droplet doped with potassium using He-TDDFT. The
method is the same as the one already used for other

alkalis [9, 10]. Potassium presents the additional in-
terest that its dynamical behavior is at the border be-
tween classical and quantum mechanical dynamics.
We will present and discuss the results for a classical
description of potassium photo-desorption dynamics
and give a preliminary discussion of the quantum ef-
fects.

References

[1] M. Mudrich and F. Stienkemeier 2014 Int. Rev. Phys.
Chem. 10.1080/0144235X.2014.937188

[2] F. Ancilotto, E. Cheng, M. W. Cole and F. Toigo 1995
Z. Phy. B 10.1007/BF01338398

[3] F. Stienkemeier, J. Higgins, C. Callegari, S. I.
Kanorsky, W. E. Ernst and G. Scoles 1996 Z. Phys.
D 10.1007/s004600050090

[4] G. Auböck, J. Nagl, C. Callegari and W. E. Ernst 2008
Phys. Rev. Lett. 10.1103/PhysRevLett.101.035301

[5] M. Theisen, F. Lackner and W. E. Ernst 2011 J. Chem.
Phys. 10.1063/1.3624840

[6] F. Stienkemeier and K. K. Lehmann 2006 J. Phys. B:
At. Mol. Opt. Phys. 10.1088/0953-4075/39/8/R01

[7] M. Barranco, R. Guardiola, E. S. Hernández, R.
Mayol, J. Navarro and M. Pi 2006 J. Low Temp. Phys.
10.1007/s10909-005-9267-0

[8] F. Ancilotto, M. Barranco, F. Coppens, J. Eloranta, N.
Halberstadt, A. Hernando, D. Mateo and M. Pi 2017
to be published

[9] A. Hernando, M. Barranco, M. Pi, E. Loginov, M.
Langletb and M. Drabbels 2012 Phys. Chem. Chem.
Phys. 10.1039/C2CP23526A

[10] J. von Vangerow, F. Coppens, A. Leal, M. Pi, M.
Barranco, N. Halberstadt, F. Stienkemeier and M. Mu-
drich 2017 The Journal of Physical Chemistry Letters
10.1021/acs.jpclett.6b02598

1E-mail: maxime.martinez@irsamc.ups-tlse.fr

http://dx.doi.org/10.1080/0144235X.2014.937188
http://dx.doi.org/10.1007/BF01338398
http://dx.doi.org/10.1007/s004600050090
http://doi.org/10.1103/PhysRevLett.101.035301
http://dx.doi.org/10.1063/1.3624840
http://dx.doi.org/10.1088/0953-4075/39/8/R01
http://dx.doi.org/10.1007/s10909-005-9267-0
http://dx.doi.org/10.1039/C2CP23526A
http://dx.doi.org/10.1021/acs.jpclett.6b02598
mailto:maxime.martinez@irsamc.ups-tlse.fr

