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High energy density and coherence of the radiation determined the wide usage of lasers in modern science and
industry. Material treatment is considered as one of the main application fields of lasers. In most cases it is based on the
heating effect caused by laser beam. To improve the efficiency of these processing types, it is necessary to improve the
methods of the temperature field control [1]. The heat transfer simulations are the one of the most useful tools for the
study of transient heat conduction for laser-matter interaction problems.

The important property of the laser beam is the shape of pulse (both spatial and temporal). The switch of pulse spatial
shape from standard gaussian to the tubular (vortex, Bessel, etc.) will lead to the observable changes in the dynamics of
heat generation inside the irradiated sample. The exact knowledge of the pulse spatial shape influence on the temperature
field spreading will open up a new class of possibilities: for processing and synthesizing materials [3] in case of high-
intensity radiation and for generation of lattice vibrations for the laser acoustics and acoustoplasmonics applications.

We’ve implemented two versions of 2-temperature model for heating with femtosecond laser pulses (1),(2) with
finite-elements commercial software and hand-written finite-difference code.
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Here ρ - density, C - heat capasity, T - temperature. The index ”e” relates to the electronic subsystem, the index ”i”
− to the ionic subsystem, parameter γ determines the rate of energy relaxation from electrons to crystalline lattice. The
heat source Qs law is determined by the laser pulse shape [2].

Fig. 1. Isothermal surfaces of electronic temperature Te
(Gauss-shaped pulse)

Fig. 2. Isothermal surfaces of electronic temperature Te
(donut-shaped pulse)

It was established that heat energy deposited by donut-shaped pulse does not spread inside the volume directly below
the symmetry center of incident pulse for the time & 10 τp (τp is the pulse timelength). Examples of isothermal surfaces
at time 10τp for gaussian and donut pulses are given in Figs. 1 and 2, respectively. Therefore, the presence of non-heated
region under the beam center allows a precise preservation of nano-sized areas from the thermal effects during the laser
treatment.
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