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X-ray emission: Characteristic radiation?

High-Frequency Spectra of the Elements.
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Yes, but also uncharacteristic
Valence electronic struture

H. M. O’BRYAN AND H. W. B. SKINNER
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F1G. 4. Photometer curves of x-ray lines.

Phys. Rev. 45, 370 (1935)
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Core levels are atomic-like: Dipole Selection rules are valid:

Local Properties Symmetry Selectivity
Al ==1
SiC Density of States
:= - Valence Band
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Almost the same information as electrons,
but: photon-in-photon-out

* Deep probing (>1000A)

* True bulk properties

* Buried structures

* Ambient Conditions

* Liquids and Gases

* Independence of external
fields and charging.




Notoriously low count rates
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Dg,:.téctor

Grating

Combining the focussing properties of a sphere with the dispersive properties of a grating



Experiment
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Resonant Inelastic X-ray Scattering

Atomic-Site Specific
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Joseph Nordgren design from mid-80:s

still going strong...
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New Concepts for efficiency and resolution

PGS:
Plane grating
spectrometer

Two parabolic mirrors and
a plane grating

FTS:
Fourier Transform
Spectrometer

Wavefront Beamsplitters and
mirrors in grazing incidence




X-ray scattering; always a one-step process

Core Excited
] ore BExcite
-O—

Emission:

Absorption: h a)k

E b Valence Excited

i

E Ground State
a




Linear approximation
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The oxygen molecule: inversion symmetry
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Controlling the nuclear motion

Potential surface and lifetime of the core excited

state.

Intensity
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| The_ Ultrafast Core-hole Clock
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Scattering:
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Gives narrow peaks.
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Molecular Materials and Processes
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High-Resolution RIXS
gives access to

local potential
surfaces of the
electronic ground
state of complex
molecular systems
coupling of local
vibrational
combination modes



Looking Through Windows

Si3N4 Density=3.44, Angle=90.deg

Several 1000 Angstrodm
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Cell for gas-phase
and liquid samples

emitted light

100nm amorph
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Gold Electrode
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Chopper

Pulsed current from molecular layer



Momentum Conservation

Bandstructure RIXS

And band mapping



K/U

Intensity

Silicon Carbide again
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Correlated Electron Materials

spin-liquid quadrupolar

Mott

in-orbit led
ins. spin-orbit couple

Mott ins.
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Charge Transfer

Phonons
(Bi-)
Magnons
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Magnon energy
depends on momentum
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PRL 102, 167401 (2009)

PHYSICAL REVIEW LETTERS
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Dispersion of Magnetic Excitations in the Cuprate La,CuQ4 and CaCuO, Compounds

Measured Using Resonant X-Ray Scattering
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Energy transfer (eV)

Orbiton-Spinon Separation
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Magnetism and Magnetization Dynamics

Double spin-flips depend on the spin-spin interaction strength,
whereas the spin-orbit coupling is faster

(@t=0"

ey g 2 H? A JR =
”%m*“* dh s :

) t=1 AS =1 é 0.1}

3‘“##“## ety %

Energy loss (eV)

w%&%%% #4444 !

G

% 087 (d) +Igo' 0.8} (e) —lg |
oy bk g by o
. §o4 x10 { 04
2p 'H' 'H"H' 'ﬁ"ﬁ’ 'H"H' 2 02 1 o2
K, oy kl,(l)kl ) 0

0 0.5 1 0 0.5 1

|q| in units of n/b

Femtosecond Dynamics of Momentum-Dependent Magnetic Excitations from
Resonant Inelastic X-Ray Scattering in CaCu,O;.
V. Bisogni et al. PRL. 112, 147401 (2014)



Phonon energy
depends on momentum

Acoustical Mode




Phonon-electron-magnon-orbiton coupling
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Property-determining interactions

accessible 1n high-resolution RIXS



Main messages

* High resolution RIXS requires high
brilliance, and large instruments

* Local potential surfaces in molecular
materials can be determined

* Interaction between spin, charge, orbital
and lattice in correlated electron systems
can be determined



At free-electron lasers

Stimulated X-ray Emission and Stimulated
Resonant Inelastic Scattering

Collimated scattered light opens up new experimental opportunities

Grating spectrometer
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Control of the nuclear dynamics

Spectral intensity (arb. units)
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Pulse compression, Burnham-Chiao modulation and four wave mixing
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1-D 1maging spectrometer as an in-kind
contribution the European XFEL

Wolter mirror pair Grating
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Thank you
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