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Strongly correlated systems: open issues

Strongly correlated electronic materials
- Metal – insulator transitions
- High Tc superconductors

Open questions on electronic structure, accurate experimental
data needed for electronic structure close to the Fermi level

• Photoemission (filled electronic states)
• X-ray absorption (empty electronic states), XAS
• X-ray scattering (low energy excitations across gap), IXS, RIXS

• XAS, IXS all photon methods, complementary to ARPES
• (R)IXS flux hungry technique – bulk sensitive, insulating samples

• with pump probe approach: different pathways for phase transitions
• fs scale: Tel ≠ Tlattice, electron-phonon coupling…
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spectroscopy DMFT
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ARPES XAS

RIXS
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V2O3 prototype Mott transition

LDA+DMFT, Poteryaev et al., (2006)

McWhan et al.(1973)



V2O3 ARPES
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XAS and IXS: principle

EIN

Inelastic X-ray Scattering
ΔE = ħωIN – ħωOUT

low energy excitations
d-d (dipole forbidden)

Stronger signal at
resonance (RIXS)
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X-ray Absorption Spectroscopy

empty states



RIXS: V2O3

C. Hague et al., (2008)



X-ray Absorption: V2O3

(V1-xCrx )2O3

x=0.011 
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fs pump-probe IR reflectivity
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B. Mansart et al., 
in collaboration with
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VO2 fs X-ray XAS

A. Cavalleri et al., PRL 95, 067405 (2005)

T<320 K insulator
T>320 K metal

(Mott vs Peierls?)



Conclusions

XAS and (R)IXS strongly correlated systems (transition metal oxides)
Complementary approach to ARPES for fermiology studies
Bulk sensitive, compatible with insulating samples

Pump-probe configuration phase transition dynamics (fs, e-ph coupling)

Applicable in different wavelength regions (optical pump, X-ray probe)
with sources 400-1000 eV (1-3 nm) L2,3 edges

High cross section 2p 3d transitions 
with sources 4-10 keV (0.1 – 0.3 nm) K edges

transitions over the whoe (P, T) phase diagram

High repetition rate (1-100 kHz) preferable, but feasible even with
low repetion rate (~10 Hz) fs sources 





RIXS on M edge



RIXS on M edge



Pressure induced transitions
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