
Spectroscopy of electronic excitations 

Vibrations of molecules, crystals 

Excitations between atomic/molecular orbits, 

interband excitations 

Molecular rotation 

HOMO 

LUMO 
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mu >>mv & D=0  → 

Itinerant (metallic) electrons 
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Dispersion relation: 

 

  

Wave equation:  
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Itinerant (metallic) electrons: Drude model 
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Dispersion relation: 
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Itinerant (metallic) electrons: Drude model 
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Itinerant (metallic) electrons: Drude model 
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Si:P       A. Gaymann, Phys. Rev. B 52, 16486 (1995) 

Al 
H. Raether, Springer Tracts in Mod. Phys., 38 (1965) 

Al 

Plasmaedge touches the continuum of the interband excitations, 

the reflectivity does not drop 

Spectroscopy of electronic excitations 



Metals used on reference mirrors 

Insulators, semiconductors often used 

in lenses, windows, cuvette 

Spectroscopy of electronic excitations 



Elektrongerjesztések spektroszkópiája Spectroscopy of electronic excitations 

Hydrogen (like) atom: 
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Time dependent perturbation: 
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Time dependent perturbation: 
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Elektrongerjesztések spektroszkópiája Spectroscopy of electronic excitations 

X-ray absorption spectroscopy (XAS) Sensitive:  

composition, charge state, environment 



Elektrongerjesztések spektroszkópiája Spectroscopy of electronic excitations 

X-ray absorption spectroscopy (XAS) 

XANES (X-ray Absorption Near Edge Structure) 

EXAFS (Extended X-Ray Absorption Fine Structure) 



Ti:sapphire LASER 

Ti3+:Al2O3 

3d1 

K.F. Wall and A. Sanchez. The Lincoln Laboratory Journal, 2 447 (1990) 
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Cental wavelength: 800 nm (375 THz) 

Pulse width: 10-100 fs 

Repetition rate: 80 MHz (     ), resonantor: ~2 m 
L

c

2

Pump: green, lasing: NIR 
Ti:sapphire LASER 
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Elektrongerjesztések spektroszkópiája Spectroscopy of electronic excitations 

in para-Terphenyl Terrilene 

Idea: Experiment: 

W.E. Moermer Nobel lecture (2014) W. E. Moerner and T. P. Carter, Phys. Rev. Lett. 59, 2705 (1987).  



Bandstructure and absorption spectra of germanium 
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Elektrongerjesztések spektroszkópiája 

Interband transitions 

Elektrongerjesztések spektroszkópiája Spectroscopy of electronic excitations 



Cu2O: direct transition through the band gap is forbidden 

“p” type (l=1) excitons are allowed 
P.W. Baumeister, PR 121, 359 (1957) 

  

Excitons 
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