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Relevant diagrams
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Second order perturbation theory yields gi==1}
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Resonant inelastic scattering CFEL
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Sometimes also termed resonant x-ray emission,
resonant fluorescence and resonant x-ray Raman



Resonant inelastic scattering
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Including interference effects (sum over intermediate states)
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Raman features vs. emission lines
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Core level energies
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From L. J.P. Ament et al. to appear in Rev. Mod. Phys.
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Inelastic x-ray scattering

Electron energy loss spectroscopy
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From L. J.P. Ament et al. to appear in Rev. Mod. Phys.
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Tunable source CFEL

Synchrotron radiation from a storage ring or a free-electron laser



X-rays and their properties
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Soft x-ray beamline (_:F_EIE_E

Optical scheme : Collimated-light PGM
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Grating spectrometer - 400-1600 eV CFEEL

detector (L-N, cooled CCD)
on movable frame

entrance
slit

spherical 3200 lines/mm V I SSgaeTT
= (chamber with in-vacuum mechanics)

G. Ghiringhelli et al, Rev. Sci. Instrum. 77, 113108 (2006)



State of the art performance
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Hard x-ray beamline
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Crystal spectrometers (‘:Is,:am'é
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U. Bergmann, P. Glatzel, Photosynth Res (2009) 102:255
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History: x-ray emission spectroscopy CF

O’Bryan and Skinner, Phys. Rev. 45, 370 (1934)

2m grating spectrometer
30000 lines/inch

Detector: photographic plates

M. Siegbahn
Nobel prize
1924
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Resonant x-ray emission CFEL
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Mapping of molecular orbitals

Binding Energy [eV]

M. Stichler et al., Surf. Sci. 448 (2000) 164



Band mapping (‘:Is:aENIE'E
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Interference effects
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Incoming Photon Energy (eV)

Interference effects
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Advantages of X-ray Raman ? C
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Measure S(q,0) (finite q)

Element specific
Bulk sensitive
Spectroscopy of dipole forbidden transitions (e.g. d-d, f-f )
Direct coupling to charge
Spectroscopy in the presence of
Electric fields
Magnetic fields
High pressure
High femperature
High energy resolution
(given by monochromator, analyzer and final state widths)



Elementary excitations- strongly correlated CFEL
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Spin-flip excitations - magnons
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> resonant inelastic x-ray scattering from LaxCuQy:
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» 3d”* dd-excitation or spin-flip
» spin-flip allowed for certain geometries (symmetries) through

spin-orbit coupling

scattering geometry
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from L. Braicovich et al., PRL 104, 077002 (2010)



Magnon dispersion
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Direct coupling fo magnons
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Hubbard-model with an‘rifer'r'omagne‘ric order

Core excitation
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Superexchange (Cu-O-Cu) changed by 2p—3d transition

After L. J. P. Ament
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U-H Quantum Beats in Vibrational Resonant Inelastic Soft X-Ray CFEL
e Scattering at Dissociating States in Molecular Oxygen = e
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RIXS intensity (arb. Units)
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Wave packet evolution for molecular oxygen
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