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The incidence of energetic laser pulses on a metal foam may lead to foam ablation. The processes

occurring in the foam may differ strongly from those in a bulk metal: The absorption of laser light,

energy transfer to the atomic system, heat conduction, and finally, the atomistic processes—such as

melting or evaporation—may be different. In addition, novel phenomena take place, such as a

reorganization of the ligament network in the foam. We study all these processes in an Au foam of

average porosity 79% and an average ligament diameter of 2.5 nm, using molecular dynamics

simulation. The coupling of the electronic system to the atomic system is modeled by using the

electron–phonon coupling, g, and the electronic heat diffusivity, je, as model parameters, since

their actual values for foams are unknown. We show that the foam coarsens under laser irradiation.

While je governs the homogeneity of the processes, g mainly determines their time scale. The final

porosity reached is independent of the value of g. Published by AIP Publishing.
https://doi.org/10.1063/1.5012594

I. INTRODUCTION

The theoretical understanding of laser ablation by ultrafast

pulses has reached a mature level of understanding.1–3 This

applies to both metallic and insulating surfaces; however, the

situation in metals is particularly transparent. A visible or ultra-

violet laser light is absorbed by the conduction electrons,

which can transport the energy further away from the surface

by diffusion; by electron–phonon coupling, the energy is con-

veyed to the atomic system. Melting, evaporation, and ablation

processes can then occur in the atomic system.

Molecular dynamics (MD) simulations have demon-

strated a high capability of modeling the material processes

occurring in a metal after irradiation, since thermal heating,

the action of tensile and compressive pressures, and phase

transformations (melting, evaporation) are automatically

included in the description of the material as soon as an

appropriate interatomic interaction force has been included.4

The dynamics of the electron system and its coupling to the

atoms is treated with the so-called two-temperature model

(TTM), which describes the electron dynamics with the help

of a heat diffusion equation.4,5

The surface nanostructuring induced by laser ablation

has been investigated,6 but up until now, mostly flat metal

surfaces have been investigated and the modeling of laser

irradiation on nanostructured surfaces has been limited.7 An

extreme case of such nanostructures is provided by metallic

nanofoams. Their geometry is characterized by their poros-

ity, which describes the global fraction of space occupied by

atoms, and by the ligament diameter, which characterizes the

nanoscale of the material.

The mechanical behavior of the foam material may dif-

fer strongly from that of a bulk metal;8 but several experi-

mental results can be explained by MD simulations.9,10

However, the behavior of the excited electronic system in

the irradiated foam poses several interesting problems. The

ballistic and diffusive motion of the electrons (heat conduc-

tion) is hampered by the foamy structure, both due to geo-

metric constraints (transport occurs only in the ligaments)

and due to an increase in the scattering processes at the liga-

ment walls. Theoretical assessments for the dependence of

the ligament diameter on the heat diffusivity are available,11

but not for the entire foamy structure. A second issue is

related to the electron–phonon coupling; since both electron

and phonon densities of states change in the ligaments and in

the entire foam structure,12 electron–phonon coupling is

expected to change as well.13 However, here, to our knowl-

edge, no theoretical prediction could be obtained.

In the present study, we explore the heating of a metallic

Au foam by an ultrashort laser pulse using MD simulation.

In view of the uncertainties of the parameters describing the

electron system and its coupling to the atoms, we treat the

electron–phonon coupling in Sec. III A and the electronic

heat diffusivity in Sec. III C as model parameters, which we

change freely in order to observe their effects on the ablation

behavior. The results on the structural changes will be dis-

cussed in Sec. III B.

II. METHOD

The foam construction starts from the observation that

at any given time, local temperatures in a liquid will not

coincide with the global (average) temperature; we use the

isotherms to define non-simply connected structures that cana)urbassek@rhrk.uni-kl.de; http://www.physik.uni-kl.de/urbassek/.
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