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Why X-rays?
VUV?

What can we
hope to learn?




Photon Interaction

Incident photon interacts with electrons
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Below 100 keV

Photoelectric and elastic cross
section dominates

Spectroscopy-Scattering



Detected Particles

hv,

EMITTED PARTICLE
e Elastic Scattering  X-Diffraction, Speckle
* Inelastic Scattering X-ray Emission Spectroscopy

e Electron Emission  Photoelectron Spectroscopy

NO EMITTED PARTICLE
Photon Adsorbed X-ray Absorption Spectroscopy
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Diffraction

«X-ray diffraction
*Photoelectron diffraction (PhD)

*Extended X-ray Absorption Fine Structure
(EXAFS)

Long range X-ray diffraction

Interference of many scattered photons

Short range PhD and EXAFS

Local scattering of electrons to nearest
neighbor



Spectroscopy

Valence electrons > Chemical Bonding
Core electrons > Non interacting
lonization > Photoelectron Spectroscopy

glectron
spectrum




Core Levels-Atom Specific Information

X-rays probes core levels

Element Sensitive Chemical Shifts
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Core Level Spectroscopy

Unoccupied states
Eg  Fermi level

Occupied states

Core level

Creation of core holes
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Ionization Excitation
X-ray Photoelectron Spectroscopy (XPS) X-ray Absorption Spectroscopy (XAS)

Decay of core holes
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Non Radiant Radiant
Auger Electron Spectroscopy (AES) X-ray Emission Spectroscopy (XES)




Polarized X-rays Orientations and Directions

Absorption Intensity ~ | <f|D|i> [
D = E-r is dipole operator
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Probing Charge orientations and Spin directions



Polarization Effects in X-ray Absorption

X-ray Linear Dichroism X-ray Magnetic Linear Dichroism
Stohr et al., Phys. Rev. Lett. 47, 381 (1981) Van der Laan et al., Phys. Rev. B 34, 6529 (1986)
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Resonant Processes

Non Radiant

Resonant Photo-Electron Spectroscopy (RPES)
Resonant Auger Spectroscopy (RAES)
Autoionization Spectroscopy (AIS)
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Participator decay Spectator decay
one hole final state two hole-one particle final state

Radiant

Resonant Inelastic X-ray Scattering (RIXS)
Resonant X-ray Emission Spectroscopy (RXES)
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Participator decay
Recombination process
ground state

Spectator decay
one hole-one particle final state



Methods

«X-ray Diffraction
*Photoelectron Spectroscopy (PES)

Core level electron spectroscopy
Valence band photoemission
Resonant photoemission
Photoelectron Diffraction

o X-ray Absorption Spectroscopy (XAS)

Near Edge X-ray Absorption Spectroscopy (NEXAFS)
Extended X-ray Absorption Fine Structure (EXAFS)
X-ray Magnetic Circular Dichroism (XMCD)

«X-ray Emission Spectroscopy (XES)

Resonant Inelastic X-ray Scattering (RIXS)

«Soft X-ray Scattering
Speckle



ys so Useful ?

Atomic and Molecular Structure

Imaging - Seeing the Invisible - where are the atoms -

Electronic Structure and Bonding Magnetic Structure and Properties
- where are the electrons - - where are the spins-




Molecular-Scale
Processes In

Environmental
Science

Total Electron Yield (Arb. Units)
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Chemical Analysis
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e Chemical Identifications
e Speciation

e Quantitative analysis
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Geometric Structure
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Electronic Structure
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Angular resolved PES
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Photoemission spectra of W

Electronic Structure
*Band structure
Electronic properties in complex materials

*Magnetism

Binding Energy rel. to E, eV

Momentum, A-1

Measured band structure of quasicrystals



Chemical Bonding

eElectronic structure
*Chemical Bonding

Molecular orbitals

_ocal Probing

X-ray emission process
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XES spectra of N, on Ni(100) Hydrogen bonding in water



Magnetism

«X-ray magnetic circular dichroism
(XCMD)

*Element specific

*Spin and orbital moments
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Microscopy

- toward Nanometer Resolution ° S peCtrOSCO py Wl th S p atl al

Scanning Transmission Xeray Microscopy  Transmission X-ray Microscopy X-Ray Photoemisson Electron Microscopy I t -
s o e resolution
Monochromatic Polychromatic
X Rays X Rays Magnified
mage
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iy *Spatial chemical speciation

*Magnetic domains

X-Ray Linear Dichroism

X-Ray Magnetic Circular Dichroism
Ade and Hsiao., Science 262, 1427 (1993)

Stohr ef al., Science 259, 658 (1993)

Present resolution in the 20 - 40 nm range
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X-Ray Magnetic Linear Dichroism X-Ray Circular Dichroism

Stohr et al., Phys. Rev. Lett. 83, 1862 (1999)
Scholl et al., Science 287,




Future

X-Rays have opened the Ultra-Small World
X-FELs open the Ultra-Small and Ultra-Fast Worlds

Ultra-Small

Nature Technology
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Ultra-Fast
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