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Photon absorption
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A double-crystal x-ray
monochromator: perfect Si crystals
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Measure at least one of:
- transmission

'S law: 1 = : - fluorescence vyield
Bragg's law: A = 2d sin 8 - electron yield



W& Vacuum ultraviolet + x-ray
absorption
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Fourier transform IR

T(w) = J [(x) cos(awx) dx
0

Detector

Transmission spectra
obtained from a Fourier
transform of signal as a
function of wave path length
difference

Infrared region of the

excitations:

- Molecular dynamics

- Force fields

- ldentification of
compounds and their
environment
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X-ray absorption
p - Aterm in first order Angular-momentum
A projected DOS p;(E)
u(E) = M(E)pi(E)

*
M(E) is the matrix element
(depends weakly on E)

Energy
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Bethe-Salpeter Equation with GW self energies
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A - Aterm in first order

Electron binding energy
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Inelastic scattering
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Non-resonant x-ray scattering
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Electron scattering

=k, -k,
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Dynamic structure factor S(Q,E)

Momentum L )
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Electron microscopy
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First Born approximation
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Photon emission
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Resonant inelastic scattering

p - A term in second order
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X-ray emission spectrum
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Photoemission
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Inverse photoemission
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Photoemission

A. Damascelli et al., Rev. Mod. Phys 75, 473 (2003)

Scienta
hemispherical
analyzer

Entrance slit
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pherical
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Powerful tool for
- ESCA (electron spectroscopy for chemical analysis): identification of core

levels, shifts, shape
- Valence PES for band mapping (ARPES)
- Circular dichroism
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The Volume Photoemission (VOLPE) spectrometer at ESRF
(G. Panaccione, M. Sacchi, et al.)
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Photoemission

A. Damascelli et al., Rev. Mod. Phys 75, 473 (2003)
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Quasiparticle
renormallsatlon factor
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S. Huotari, J. A. Soininen, T. Pylkkanen, K. Hamalainen, A. Issolah, A.
Titov, J. McMinis, J. Kim, K. Esler, D. M. Ceperley, M. Holzmann, V.
Olevano, Phys. Rev. Lett. 105, 086403 (2010)
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%&\ Bulk-sensitive photoemission
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Bulk-sensitive photoemission

The Mott-Hubbard insulator V,04

S.K. Mo et al., PRL 90, 186403 (2003)
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Half-filled one-band Hubbard model

U = on-site Coulomb repulsion
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Band mapping by ARPES

Example: Graphene

0.1 0 0.1
A. Bostwick et al., Nature Phys. 3, 36 (2007)
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Ellipsometry

http://www.pil.uni-stuttgart.de/research/Methoden/Ellipsometrie_e.php

(from Univ. Stuttgart)
Monochromator

Light
source

Detector

Polariser Rotating
Sample analyser
N, Air % /
Have to solve the Fresnel equations for s-
and p-polarized light, in non-normal N, | Thin filr R.\ IJ
incidence, from an interface between two
media N, | Substrate &, \
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Ellipsometry

Optical constants: L Band structure:
P UVAvisible | gandgap (£,
Complex refractive index | FES100 Direct fransition:
i), kifv): N=n - ik %} a=Alhv—E )"
Complex dielectric constant Indirvect transition: 1
EhV), Eslhv): E=E| —iEs a=Alhv=£g )"
a'"';bEEITFlli.EII'I. coefficient Surface temperature L“C}
o = 4nkfh I“rf“r"'l Alloy composition (at.%)
region Phase structure
{% (crystal, amorphous, void)
Measured Grain size (A
values: :§>- Cr.l.lz.'.'n.'ila.'{';r'nn Beflectance: B
i) iﬁ:::ﬁj; cd Transmittance: T
A (hv) Free-carrier absorption:
4} Carrier concentration (cm™ )
Carrier mobility (cm¥Vs)
Film thickness Conductivity (S/cm)
(structure): Infrared absorption:
Surface roughness layer LO and TO phonons
Bulk laver Local structures (5i-H, —OH)
Multilayer

H. Fujiwara, Spectroscopic ellipsometry: Principles and applications, Wiley, 2009
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Ellipsometry

Measure both real and imaginary parts of the dielectric function
at Q=0 simultenously — no Kramers-Kronig analysis needed!

University of Stuttgart

P. Lautenschlager et al., PRB 36, 4821 (1987)

15.1.2012
UNIVERSITY OF HELSINKI Simo Huotari, Benasque TDDFT school 2012 23:54:19 31



Thank you!

Valentina Giordano (ESRF and CNRS/Univ. Lyon, France)
Giulio Monaco (ESRF)

Roberto Verbeni (ESRF)

Pieter Glatzel (ESRF)

Keijo Hamalainen (Univ. Helsinki)

Tuomas Pylkkanen (ESRF and Univ. Helsinki)
Arto Sakko (Univ. Helsinki and Aalto University)
J. Aleksi Soininen, Mikko Hakala (Univ. Helsinki)

G. Panaccione, M. Grioni, et al., (VOLPE collaboration)



