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Spectroscopy on strongly correlated electron systems
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Spectroscopy on strongly correlated electron systems
PO1 IXS end stations
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Spectroscopy on strongly correlated electron systems
Non-resonant Inelastic X-ray Scattering (NIXS)

Soft x-ray absorption spectroscopy - MRS XRS

spectrometer [

-

BUT: Using hard x-rays

- 700meV FWHM at 10keV e
Bulk sensitive

 Complex environments
* [n-situ experiments

* No cleaving

Beyond dipole
* New excitonic states
* Dichroism beyond 2-fold

Photon hungry
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Spectroscopy on strongly correlated electron systems
Side remark: NIXS for chemistry or geoscience

Soft x-ray absorption spectroscopy
BUT: Using hard x-rays Geoscience: NN
e 700meV FWHM at 10keV Extreme conditions

g analyzer

Bulk sensitive

* Complex environments .:}.];.ﬂ::.m
* In-situ experiments analyzer

Batteries:
In-situ / in-operando
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Ava Rajh, et al., J. Phys. Chem C 126, 5435 (2022)
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Spectroscopy on strongly correlated electron systems
NIXS: Unique insights to matter (part 1)

Soft x-ray absorption spectroscopy
BUT: Using hard x-rays
e 700meV FWHM at 10keV

Beyond dipole
* New excitonic states
* Dichroism beyond 2-fold

Exploit the transitions not accessible by soft XAS
— Unique new probe of matter
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Spectroscopy on strongly correlated electron systems
NIXS on rare earth (RE) intermetallics: 4f crystal-field ground state

Dichroism in cubic systems
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CeBg: multipolar order compound

We confirm the I'g ground state!!

Max-Planck-Institute CPfS Dresden / DESY Hamburg Germany

Sme, (100)
= SmB_(110)
= SmB_(111)

& gdichroism l'-1l"'-"-'_|'|||111

. | | data

al 1[I:I- gl111

0.6 x Sm" J = 5/2 quartet T,

572 doublet .o o

i
125 130 135 140 145 150
energy transfer (eV)

SmBy: Kondo insulator and putative strongly
correlated topological insulator.
Sm?6*: mixture of Sm3*and Sm?*
only Sm3* contributes to dichroism
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Spectroscopy on strongly correlated electron systems
NIXS on Uranium: Excitonic resonances in intermetallic compounds

* q||[001] i, Si. : —4ll[001] Proposalss for URu2Si2
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/ Nieuwenhuys et al. (1987),

Yanagisawa et al. (2013),

Beyond-dipole transitions give access to : 1 Kiss & Fazekas (2005),
- - - ' e s 4 Kusunose et al. (2011),
excitonic multiplets! ; \

Hanzawa (2012)

Haule & Kotliar (2009)

No cleaving required!

Santini & Amoretti (1994),
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Same symmetry forms HO and magnetism!! Restrict scenarios of the ordering!!
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Spectroscopy on strongly correlated electron systems
Tender Resonant Inelastic X-ray Scattering (RIXS)

MPI FKF Stuttgart
Prof. Bernhard Keimer
Build for RIXS at Ru L,
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Materials (2020) .
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Spectroscopy on strongly correlated electron systems
RIXS at the U M, ; edges: Low energy excitations

RIXS Uranium N, edge

RIXS at U Nys eclges U0, U M, RIXS
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Spectroscopy on strongly correlated electron systems
P22: Hard X-ray Photoelectron spectroscopy (HAXPES) on f-electron systems

Question: valence of RE / U?

P22 via proposal

dedicated UHV chamber for U cleaving

The new dedlcated HAXPES beamline P22 at
PETRAIII

Cite as: AIP Conference Proceedings 2054, 040010 (2019); https://doi.or
Published Online: 16 January 2019

'9/10.1063/1.5084611

C. Schlueter, A. Gloskovskii, K. Ederer, I. Schostak, S. Piec, |. Sarkar, Yu. Matveyev, P. Ldmker, M. Sing, R.
Claessen, C. Wiemann, C. M. Schneider, K. Medjanik, G. Schénhense, P. Amann, A. Nilsson, and W. Drube
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Configuration interaction parameters

Intermediate valence in rare earth intermetallics

Gunnarson Schonhammer model yields CI parameters!!

normalized intensity

Valence change across the phase diagram!!
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Spectroscopy on strongly correlated electron systems
NIXS: Unique insights to matter (part 2)

Soft x-ray absorption spectroscopy
BUT: Using hard x-rays
e 700meV FWHM at 10keV

Beyond dipole
* New excitonic states
* Dichroism beyond 2-fold

Exploit the transitions not accessible by soft XAS
— Unique new view on matter
Now: Direct imaging of orbitals
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Spectroscopy on strongly correlated electron systems
s-NIXS on transition metal (TM) oxides: direct imaging of orbitals
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Spectroscopy on strongly correlated electron systems
s-NIXS on transition metal (TM) oxides: direct imaging of orbitals
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Spectroscopy on strongly correlated electron systems
s-NIXS on transition metal (TM) oxides: direct orbital imaging
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Spectroscopy on strongly correlated electron systems
The collaboration between PO1 and MPI CPfS Dresden

New method: s-NIXS: New collaborations

direct imaging of charge densities

without sophisticated modeling
Prof. Jochen Geck

NIXS of Co L, 5 in DAC

NIXS: Ground state symmetry

NIXS: Spectroscopy beyond dipole:
Ground state symmetry beyond 2-fold
Multiplets in metallic U compounds
No cleaving
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Low energy excitations
HAXPES:
Intermediate valence B R
4f: configuration interaction model Energy transfer (eV)
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Spectroscopy on strongly correlated electron systems
The collaboration between PO1 and MPI CPfS Dresden

New method: s-NIXS: New collaborations

direct imaging of charge densities

without sophisticated modeling
Prof. Jochen Geck

NIXS of Co L, 5 in DAC

NIXS: Ground state symmetry

NIXS: Spectroscopy beyond dipole:
Ground state symmetry beyond 2-fold
Multiplets in metallic U compounds
No cleaving

Thank you!

Tender RIXSatU M, :
Low energy excitations
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HAXPES:
Intermediate valence 05 66 o5 1o is
4f: configuration interaction model Energy transfer (eV)
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