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Characteristics of a laser irradiation and a matter

metals with ginteractin eV 1~ energy photon  n with theirradiatiolaser  optical )1 Lge
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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)

The only state suitable to investigate the lattice 

dynamics at electron temperatures up to several tens eV 
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Unique 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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Al, Fabs = 65 mJ / cm2,  Finc = 0.75 J / cm2

alpha = 30, b = 3.5

The black curve with markers=experiment

The blue curve = 2Tgd with b=0
The red curve = 2Tgd with b=3.5

where nu = nuei + nuee

nuee = b*(EF/hbar)(Te/TF)
2

DETERMINING INTRINSIC PARAMETERS OF METALS. 

AL, INFLUENCE OF ELECTRON-ELECTRON INTERACTIONS

ONTO THE REFLECTIVITY
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Evolution of the phase shift of reflected light, 

caused by the melting kinetics (Al)

ÅPhase shift with respect to the reflection from the cold aluminum state 

ÅCalculations and experiments are in a good agreement
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Al, Fabs = 65 mJ / cm2,  Finc = 0.75 J / cm2

alpha = 30*1017 (erg/s)/(cm3 K)

experiment

bopt=0, meff = 1.6

bopt=3.5, meff=1.2

Melting kinetics is described accurately:
because 2Tgd dependence agrees well
with experiment expansion
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Evolution of Optical Parameters after the Pump Impact

Au
ÅChanges in the reflectivity and the phase of reflected 

probe light after the pump action

eV1=w>

Å Gold

Å The upper three curves are phases

Å The bottom curves present the drop 

in the normalized reflection 

coefficient  R/Ro

Å Fabl is an ablation threshold

Å Finc is incident fluence of the 

chromium-forsterite laser 

tau_L=100 fs, lambda=1240 nm (1 

eV)

Å The pump operates at the first 

harmonics :         

Å The probe operates at the second 

harmonics : 

Å The red rectangular presents 

duration tau_L of the pump pulse

Å It should be emphasized that 

optical changes are fast : 

compare duration tau_L and rise 

time for R and 

eV2=w>
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Exitation of 5d-electrons into 6s-6p-bands
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electrons in 6s-p bands
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DETERMINING INTRINSIC PARAMETERS OF METALS.

Au
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ACOUSTIC DECAY OF THE PRESSURIZED 

BY THE LASER IRRADIATION TARGET LAYER  

reflected) andleft  (right,  waves threeof composed is profile pressurecurrent  The c)

 wavereflected  theproducesboundary  aon   Left wave b)

heatinglaser  a  todue layer  sticcharacteri e within th pressure and  re temperatua of Increase a) TdpT

Short pulse laser irradiation results in the spallative ablation



INCREASE OF THE POSITIVE AND NEGATIVE PRESSURES

WITH THE FLUENCE INCREASE



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     )   

Expansion of electron thermal wave into the bulk target (the     -

term ïelectron heat conduction in the equation for the energy of electrons)

Expansion of a hot target matter

k



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



Target parameters immediately at the end of laser pulse 

(t=0.3ps)



Parameters of a target at the instant of the equalization of 

electron and ion temperatures Te=Ti



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 

occur.
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Embedded atom potential for aluminum

The same potential will be used for AlF

nm 6875.0=cr Is a cut0ff 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

Å There are significant effects 

connected with existence of foam

Å The foam continues to decelerate 

cupola after nucleation. In larger 

objects this is impossible since 

surface tension and existence of 

foam are dynamically insignificant 

against inertial force

Å The foam is the reason for 

appearance of the nanomodulations 

at the surface of the cupola

Å If solidification is fast enough 

remnants of the foam remain frozen 

around the crater and in the bottom of 

the crater

thermomechanical 

ablation threshold

cavitation threshold

melting threshold

evaporation

surface profile long after irradiation

Fa

Gaussian fluence F(r)

Fc

Fm

debris

crater

rim

frozen bubbles



Nucleation and Formation of a Foam

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

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

Å Action of Gaussian in 
transverse plane laser beam 
creates nonhomogeneous 
heating ïabsorbed 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) ïit is 
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


