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Physics <> Computer Simulations 

• Laser-matter interaction 

 

 

• Laser      photon energy     E/ W/ I        las 

 

• Matter  metals    semiconductors    dielectrics 

 

• Geometry:  size of irradiated spot – structure of 

a target 
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Photon energy 

• From IR, optical to EUV / soft X-ray – 10 keV  
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IR-optical lasers.  Cr:forsterite (left) 1 eV  and Ti:sapphire 1.5 eV.    
Joint Inst.for High Temp. of RAS, Femtocenter, M.B. Agranat laboratory 
 
Agranat et al., Appl.Surf.Sci.(2007); Anisimov et al., Appl.Phys.A (2008); Inogamov et al., 
JETP(2008); Appl.Surf.Sci.(2009); Appl.Phys.A(2010); Agranat et al., JETP Lett.(2010); Inogamov et 
al., Contrib. Plasma Phys.(2011);  Ashitkov et al., JETP Lett.(2012); Inogamov et al., Contrib. Plasma 
Phys.(2013); J. Phys. Conf. Ser.(2014); Ashitkov et al., Quantum Electronics(2014); Inogamov et al., 
Engin.Failure Analysis(2015); Appl.Phys.B(2015); Ashitkov et al., Quantum Electronics(2015);  

http://dx.doi.org/10.1016%2Fj.apsusc.2007.01.077
http://dx.doi.org/10.1007%2Fs00339-008-4608-x


Photon energy 

• From IR, optical to EUV / soft X-ray – 10 keV  

4 

Kansai Photon Science Institute, Japan Atomic Energy Agency: 
 
Oscillator –Amplifier SXRL 
 
Faenov et al., Appl. Phys. Lett. (2009); Inogamov et al., Contr. Plasma Phys. (2009); Appl. Phys. A 
(2010); Ishino et al., J. Appl. Phys. (2011); Inogamov et al., Contr. Plasma Phys.(2011a; 2011b); J. Opt. 
Technol.  (2011); J. Phys. Conf. Ser. (2014a; 2014b); Ishino et al., J. Appl. Phys. (2014); Inogamov et 
al., Engin. Failure Analysis (2015); Appl. Phys. B (2015); 

Ag  Ag+19  Ni like ion 
Far field image  ~ 0.2 mrad 

λ/λ ~ 10-4 



Photon energy 

• From IR, optical to EUV / soft X-ray – 10 keV  
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X-FEL  SACLA (shown, http://xfel.riken.jp) 
LCLS  = Linac Coherent Light Source at SLAC 
Europian XFEL/DESY 
 
Ablation of dielectrics and metals by EUV-FEL at Spring-8=the work done few years ago 
Current work is: pump-probe with the subnanosecond pump and the XFEL probe 
 

http://xfel.riken.jp/


Ablation of dielectrics and metals by EUV-FEL at Spring-8= 

the work done few years ago 

• EUV-FEL  photon energy 20 eV 
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Physics <> Computer Simulations 

• Laser-matter interaction 

 

 

• Laser      photon energy     E/ W/ I        las 

 

• Matter…   
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Ti:sapp  ~ 1 eV 
SACLA  XFEL up to ~ 104 eV 



Physics <> Computer Simulations 

• Laser-matter interaction 

 

 

• Laser      photon energy     E/ W/ I        las 

 

• Super powerful machines  NIF  &  LMJ 

 

• Petawatt lasers+spot 4*4 um2  I ~ 1021 W/cm2 

– at 1019 electron oscillation energy is ~ me c
2 
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Physics <> Computer Simulations 

• Our physics: Below we consider the case of 
moderate intensities F~ 0.1-100 J/cm2 

• It is important for technological applications 

• LIFT, laser printing, nanoplasmonics, SERS, 
nanoparticle formation 
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Kuznetsov et al., Opt.Express (2009). 



Physics <> Computer Simulations 

• Laser-matter interaction 

 

 

• Laser      photon energy     E/ W/ I        las 

 

• Matter  metals    semiconductors    dielectrics 

 

• Geometry:  size of irradiated spot – structure 

of a target 
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Tightly focused case: RL~λ 
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       SEM images:  Emel’yanov et al., JETP Lett. (2014)                                                                   

Kuznetsov et al., Appl. Phys. A (2012) 



Physics <> Computer Simulations 

• DFT,  QMD 

• Band structure, wave functions 

• Kubo-Greenwood, electron transport 

• VASP (https://www.vasp.at/) 

• ABINIT (www.abinit.org/) 

• Elk (http://elk.sourceforge.net/)  

• DMOL3 (http://accelrys.com/)  

• EAM interatomic potentials (force matching vs. stress matching) 

• Electron additions into wide-range EoS   
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https://www.vasp.at/
https://www.vasp.at/
https://www.vasp.at/
http://accelrys.com/


Physics <> Computer Simulations 

• electron transport 

• EAM interatomic potentials 

• Electron additions into wide-range EoS  

 

• Then we run two-temperature hydrodynamic codes 

• LAMMPS Molecular Dynamics Simulator  

• MPD3:    material particle  

• dynamical  

• domain  

• decomposition 13 



MPD3 
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Intern. Symp. On CCGrid2005. pp. 848-854, vol. 2 (2005) 



MPD3 
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MPD3 
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Homogeneous irradiation: large RL 
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Homogeneous irradiation: large RL 

and bulk target 
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Rear-side spallation 
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Small spot, thin film 
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q

Finite size of a beam, 
maximum of fluence 
at the axis 

Velocity distribution 
created by the beam 

Blistering of a film 
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q

Molecular Dynamics-Monte-Carlo (MD-MC) cooling: 

Red is molten gold, green is solid 



Formation of a jet 
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az G
L

Laser heating        Thermal expansion 

Thermal expansion versus 

Deceleration by surface tension 

 
Surface tension  vertical deceleration + 

                                    radial acceleration,  

which drives material flow toward axis  near 

axis accumulation of material forms an axial 

cumulative jet 

23 

Explanation of jetting: flow toward the axis 

effective gravity in noninertial frame   

q a 

cumulative jet 



Formation and solidification of a jet 

in the apex of the nanobump 

Gold film, combined MC-MD simulation 

Results of MD simulation  
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N.A. Inogamov et al, JETP Lett. 100 p. 4 (2014) 

N.A. Inogamov et al, JETP 120, p. 15 (2015) 

Red is molten gold. 

Green is solidified gold.  



Freezing of the skirt 
Motion down of the solidified skirt 

Folding of the surface excess = 
this is our explanation how the radial ripples appear 
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https://simes.stanford.edu/events/mike-armstrong-simes-seminar 



Conclusion 

• Experiments on laser-matter interaction 

often give us only final results 

• Computer simulations are necessary to 

understand the sequence of events that 

lead to these final results 

• Physics is cumbersome therefore several 

codes complementary to each other are 

used:  DFT, QMD EAMMD 
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Thank you for your attention 
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