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Spectroscopic Techniques

In \ Out hv electrons A

hv XD, IR, Raman ARPES, Auger LA

e IPS, EDX (SEM) SEM, LEED, EELS ESD

A BLE IAES RBS, SIMS

T TDS

E STM/STS, FEM FIM

n-n: ND, INS
μ-e+: μSR



Auger electron spectroscopy
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XPS: X-ray Photoelectron Spectroscopy –
Density of States (DOS)

Bi2Se3



XPS: X-ray Photoelectron Spectroscopy –
Density of States (DOS)



XPS – Valence band



ARPES: Angle Resolved Photoemission Spectroscopy 



ARPES: Angle Resolved Photoelectron Spectroscopy 
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Fermi's golden rule

Three step model 



Photoelectron escape depth



Electronic structure
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Electronic dispersion, electronic structure, Fermi surface
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http://www.phys.ufl.edu/fermisurface/

Nb Cu

http://www.phys.ufl.edu/fermisurface/


H. Shishido et al. PRL 2010
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A(ω,k)

Spectral 
function

Σ(ω,k) – self-energy

Kordyuk PRB 2005

Structure of electronic spectrum

ε(k) – “bare" electronic

band structure



ε(kx,ky) A(ω,kx,ky)

Electronic spectrum of quasi-2D crystals
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EK

TiSe2 - «excitonic insulator»
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Electronic spectrum in
momentum-energy 3D space

Borisenko JoVE 2012



Fermi surface (energy distribution) map
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CDW у TaSe2: commensurate CDW state

Borisenko PRL 2008



Energy scales

w

~1 eV

~ 4 kT

T = 300 K

kT = 26 meV

4kT ~ 0.1 eV

2Σ'' ~ 

a w2 + bT2
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