Materials Research Letters

ISSN: (Print) 2166-3831 (Online) Journal homepage: http://www.tandfonline.com/loi/tmrl20

Melting of Al Induced by Laser Excitation of 2p
Holes
Yudi Rosandi, Fairoja Cheenicode Kabeer, Yaroslav Cherednikov, Eeuwe S.
Zijlstra, Martin E. Garcia, Nail A. Inogamov & Herbert M. Urbassek
To cite this article: Yudi Rosandi, Fairoja Cheenicode Kabeer, Yaroslav Cherednikov, Eeuwe
S. Zijlstra, Martin E. Garcia, Nail A. Inogamov & Herbert M. Urbassek (2015) Melting of Al
Induced by Laser Excitation of 2p Holes, Materials Research Letters, 3:3, 149-155, DOI:
10.1080/21663831.2015.1033564
To link to this article: http://dx.doi.org/10.1080/21663831.2015.1033564

© 2015 The Author(s). Published by Taylor &
Francis.

Published online: 16 Apr 2015.

Submit your article to this journal

Article views: 377

View related articles

View Crossmark data

Citing articles: 2 View citing articles

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=tmrl20
Download by: [Fritz Haber Institute MPS]

Date: 12 April 2016, At: 04:05

This article was downloaded by: [36.72.59.49]
On: 24 June 2015, At: 09:42
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Materials Research Letters
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/tmrl20

Melting of Al Induced by Laser Excitation of 2p Holes
ab

cd

b

c

Yudi Rosandi , Fairoja Cheenicode Kabeer , Yaroslav Cherednikov , Eeuwe S. Zijlstra ,
c

e

b

Martin E. Garcia , Nail A. Inogamov & Herbert M. Urbassek
a

Department of Physics, Universitas Padjadjaran, Jatinangor, Sumedang 45363, Indonesia

b

Fachbereich Physik und Forschungszentrum OPTIMAS, Universität Kaiserslautern, ErwinSchrödinger-Straße, D-67663 Kaiserslautern, Germany
c

Theoretische Physik, Universität Kassel and Center for Interdisciplinary Nanostructure
Science and Technology (CINSaT), Heinrich-Plett-Straße 40, 34132 Kassel, Germany
d

Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4–6, D-14195 Berlin,
Germany
e

Click for updates

Landau Institute for Theoretical Physics, Russian Academy of Science, Prospekt Akademika
Semenova 1-A, 142432 Chernogolovka,Moscow, Russia
Published online: 16 Apr 2015.

To cite this article: Yudi Rosandi, Fairoja Cheenicode Kabeer, Yaroslav Cherednikov, Eeuwe S. Zijlstra, Martin E. Garcia, Nail
A. Inogamov & Herbert M. Urbassek (2015) Melting of Al Induced by Laser Excitation of 2p Holes, Materials Research Letters,
3:3, 149-155, DOI: 10.1080/21663831.2015.1033564
To link to this article: http://dx.doi.org/10.1080/21663831.2015.1033564

PLEASE SCROLL DOWN FOR ARTICLE
Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained in
the publications on our platform. Taylor & Francis, our agents, and our licensors make no representations or
warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of the Content. Versions
of published Taylor & Francis and Routledge Open articles and Taylor & Francis and Routledge Open Select
articles posted to institutional or subject repositories or any other third-party website are without warranty
from Taylor & Francis of any kind, either expressed or implied, including, but not limited to, warranties of
merchantability, fitness for a particular purpose, or non-infringement. Any opinions and views expressed in this
article are the opinions and views of the authors, and are not the views of or endorsed by Taylor & Francis. The
accuracy of the Content should not be relied upon and should be independently verified with primary sources
of information. Taylor & Francis shall not be liable for any losses, actions, claims, proceedings, demands,
costs, expenses, damages, and other liabilities whatsoever or howsoever caused arising directly or indirectly in
connection with, in relation to or arising out of the use of the Content.
This article may be used for research, teaching, and private study purposes. Terms & Conditions of access and
use can be found at http://www.tandfonline.com/page/terms-and-conditions
It is essential that you check the license status of any given Open and Open Select article to confirm
conditions of access and use.

Mater. Res. Lett., 2015
Vol. 3, No. 3, 149–155, http://dx.doi.org/10.1080/21663831.2015.1033564

www.tandfonline.com/toc/tmrl20/current

Melting of Al Induced by Laser Excitation of 2p Holes
Yudi Rosandia,b , Fairoja Cheenicode Kabeerc,d , Yaroslav Cherednikovb , Eeuwe S. Zijlstrac ,
Martin E. Garciac , Nail A. Inogamove and Herbert M. Urbassekb∗
a

Department of Physics, Universitas Padjadjaran, Jatinangor, Sumedang 45363, Indonesia; b Fachbereich Physik
und Forschungszentrum OPTIMAS, Universität Kaiserslautern, Erwin-Schrödinger-Straße, D-67663
Kaiserslautern, Germany; c Theoretische Physik, Universität Kassel and Center for Interdisciplinary Nanostructure
Science and Technology (CINSaT), Heinrich-Plett-Straße 40, 34132 Kassel, Germany; d Fritz-Haber-Institut der
Max-Planck-Gesellschaft, Faradayweg 4–6, D-14195 Berlin, Germany; e Landau Institute for Theoretical Physics,
Russian Academy of Science, Prospekt Akademika Semenova 1-A, 142432 Chernogolovka, Moscow, Russia

Downloaded by [36.72.59.49] at 09:42 24 June 2015

(Received 16 February 2015; ﬁnal form 20 March 2015)

Novel photon sources—such as XUV- or X-ray lasers—allow to selectively excite core excitations in materials. We study the
response of a simple metal, Al, to the excitation of 2p holes using molecular dynamics simulations. During the lifetime of the
holes, the interatomic interactions in the slab are changed; we calculate these using WIEN2k. We ﬁnd that the melting dynamics
after core-hole excitation is dominated by classical electron–phonon dynamics. The eﬀects of the changed potential surface for
excited Al atoms occur on the time scale of 100 fs, corresponding to the Debye time of the lattice.
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Ultrafast laser-induced melting of metals has been
studied theoretically in the past by computer simulation and many aspects are by now well understood.[1–
6] Such studies consider the action of a visible-light
(VIS) or ultraviolet (UV) laser, which conveys the photon energy to the conduction electrons of the metal.
Electron–phonon coupling then equilibrates the energy
with the lattice, which is heated and melts. Aspects
such as the superheating of the lattice, the nucleation
of the liquid phase, or the inﬂuence of pre-existing lattice defects, for example, grain boundaries, have been
studied.
Apart from this ‘conventional’ energy transfer via
the conduction electron gas, another route of heating the
lattice was detected in several materials; the accompanying melting process was termed non-thermal melting,
as lattice disordering and melting occur so quickly—on
the timescale of several 100 fs—that the lattice is not in
(local) thermodynamic equilibrium. The process operates via the changed interactions that lattice atoms experience as a consequence of the laser-excited electrons.
It has ﬁrst been found in covalently bonded materials

crystallizing in the diamond structure such as C or Si
[7–10] and, more recently, also in a wider class of semiconducting and semimetallic materials, for example, in
InP [11] and Bi.[12] On the microscopic scale, nonthermal melting can be distinguished from conventional
melting by fractionally diﬀusive atomic pathways.[13]
In the present paper, we inquire how laser-induced
changes of the interatomic interaction potential of a simple metal, Al, inﬂuence the melting process. VIS or UV
lasers will not be able to induce such changes.[14] However, extreme ultraviolet (XUV) pulses with an energy
of 75 eV are able to selectively excite 2p core holes in
Al atoms. We study their eﬀect on the subsequent lattice
dynamics.
We assume the laser pulse to have a Gaussian time
distribution with maximum at time t0 = 0 and width σ ,
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Here E0 is the total energy absorbed by the electrons per
unit volume. Due to the large penetration depth of 75 eV
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