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Lasenrradiation is absorbedby theelectronsubsystemf atargel

Twocharactesticlengths:
fd,, - theattenuatia depthof alaserirradiation
1d; - thedepthof layerina targetheatedoy alaserirradiation

Threetimescales

¢, - laserpulseduration, laserirradiation fluence F(t):Foe'tz“’E

it,,- electron-ion thermdization tme

{it, =d; /c, - acoustidimefor thelayerof atargetheatedoy alaserirradiation.
C, Isasoundvelocity



{|Action of alaserpulsegivesrisein thepressuracreasewithin aheatedayerd,
fromp=0uptop,.q4
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(GisaGruneiserparamete(of theorderof unity))

Tif t, <tg, lon pressurexpandsmatterat thehy drody namal stage
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Tif t,, >t , high electronpressurexpandsa matterat thetimeintervalt, <t <t



Characteristics of a laser irradiation and a matter

1) opticallasenrradiation with thephotorenergye, ~1eV interactirg with metal

2) opticallasenrradiation €, ~1eV interactirg with semicondutors

3)interaction of opticallaserirradiation €, ~1eV with dielectrics

4) hardultraviolg or soft X - raydrradiation actingonto
metals semicondutorsanddielectrics



1) Opticallasenrradiation e, ~1eV interactirg with metals
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ForAl d; ~100nm, for Au d; ~250nm

C.= Ke _ electronheatdiffusivity
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Opticallasenrradiation ¢, ~1eV interactirg with metals

d, Is practicaly independenupon thdaserfluenceF
d; >d_, duetotheelectron-ion energy trasferand
high electronheatconductivty

. . C
Eletronheat wavepropagatewithasupersonispeed/,,,, ° P Ce

2 d.

Att <t auniguestateof a metalexistswithin thed, - layer.

Up tothemelting

fthedependencef aphonorspectraipon theveryhigh electron émperature
(uptoseverakenseV) aswell as

dependencef meltingtemperatieon theslectron emperature
canbeconsidered



Unique state of metals under the action of femtosecond laser
irradiation. Phonon spectra of a metal with a hot electrons
within the Thomas-Fermi approach (simple metals)
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The only state suitable to investigate the lattice
dynamics at electron temperatures up to several tens eV



Unigue state of metals under the action of femtosecond laser
irradiation. Dependence of a melting temperature of a simple

metal on the electron temperature
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R / R,: Reflectivity of prob fsLP normalized to Reflectivity before Pump
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DETERMINING INTRINSIC PARAMETERS OF METALS.
AL, INFLUENCE OF ELECTRON-ELECTRON INTERACTIONS
ONTO THE REFLECTIVITY
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DPsi, nm - phase difference

between the current phase and the phase before pump

6

Evolution of the phase shift of reflected light,
caused by the melting kinetics (Al)

A Phase shift with respect to the reflection from the cold aluminum state
A Calculations and experiments are in a good agreement
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Evolution of Optical Parameters after the Pump Impact

AU

A Changes in the reflectivity and the phase of reflected
probe light after the pump action
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The upper three curves are phases

The bottom curves present the drop
in the normalized reflection
coefficient R/Ro

Fabl is an ablation threshold

Finc is incident fluence of the
chromium-forsterite laser
tau_L=100 fs, lambda=1240 nm (1
eV)

The pump operates at the first
harmonics : >w=1eV

The probe operates at the second
harmonics : >w=2eV

The red rectangular presents
duration tau_L of the pump pulse
It should be emphasized that

optical changes are fast :
compare duration tau_L and rise
time forRand Y



Exitation of 5d-electrons into 6s-6p-bands

O I I I I : I

[
100) Au _

L(4))
Q

Y axis (kJ/mol)

A Increase of the number of

electrons in 65 bands

Number of electrons in 6s + 6p zones

10



DETERMINING INTRINSIC PARAMETERS OF METALS.
Au
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Short pulse laser irradiation results in the spallative ablation

ACOUSTIC DECAY OF THE PRESSURIZED
BY THE LASER IRRADIATION TARGET LAYER
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INCREASE OF THE POSITIVE AND NEGATIVE PRESSURES
WITH THE FLUENCE INCREASE
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Two-temperature hydrodynamics approach
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Hydrodynamics equations describe:

Heating of ion subsystem via energy transfer from hot electrons to ions (term
with the coefficient g )

Expansion of electron thermal wave into the bulk target (the K -
term 7 electron heat conduction in the equation for the energy of electrons)

Expansion of a hot target matter



Initial state of a crystal for two-temperature hydrodynamics.
Pulse has a gaussian temporal form.
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Target parameters at instant t=0, corresponding to the
fluence maximum
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Target parameters immediately at the end of laser pulse
(t=0.3ps)
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Parameters of a target at the instant of the equalization of
electron and ion temperatures T_=T,
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1. Two-temperature hydrodynamics provides adequate
Initial conditions for further used molecular dynamics

simulation of laser ablation of metals.

2. Molecular dynamics simulation with many-body
potentials of metals is more adequate to describe the
ablation pattern late in a time when phase transitions

OCcCur.



Embedded atom potential for aluminum
The same potential will be used for AlF

U, = al_v(rij)"' F(n)

n=a n(rik)
ki

X=ar’, x =af,

V(r) =@/ x- a,)(x- %) ((x- %,)° +(8;X)°)
F(n) =bn(b, + (b, +n)*)/(1+b,n)

n(r) =c,(r- rS)*/(1+(c,r?)°)

r. = =(0.6875nm Is a cutOff radius, other parameters are obtained from the
minimization procedure for a sum of deviations from the

experimental data at normal conditions and from the cold
stretching pressure evaluated by ABINIT density functional

code



Gaussian Focal Spot
and Final Morphology of Irradiated Area

Gaussian fluence F(r)

thermomechanical

There are significant effects Fa ablation threshold

connected with existence of foam

The foam continues to decelerate
cupola after nucleation. In larger
objects this is impossible since
surface tension and existence of
foam are dynamically insignificant Fm melting threshold
against inertial force

The foam is the reason for
appearance of the nanomodulations
at the surface of the cupola

If solidification is fast enough
remnants of the foam remain frozen
around the crater and in the bottom of
the crater

Fec cavitation threshold

evaporation

surface profile long after irradiation



Nucleation and Formation of a Foam

A Figure shows matter motion and its thermodynamic phase composition
after action of Gaussian laser beam with maximum intensity at the middle
vertical straight line.

A In metals and
semiconductors nucleation
under stretching takes place
inside the molten layer
(cavitation)

A Action of Gaussian in
transverse plane laser beam
creates nonhomogeneous
heating i absorbed fluence
depends on radius r from the
beam axis. It results in the
formation of thin liquid
runaway layer (cupola)
above the focal spot at a
surface. Thickness of the
cupola is a function of the
local value Fabs(r) i itis
thinner in the central region
where Fabs is larger. There
is a liquid-vapor foam under
the cupola. Foam region
becomes thicker near the
central axis. The bottom of
the future crater is located
under the liquid layer,
separated from the bulk
matter by the melting-
solidification front



