RIXS

Resonant Inelastic X-ray Scattering

core-core RIXS
core-valence RIXS
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2p3s RIXS of CaF,

« Ground state is 3d°
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1s2p RIXS of transition metal iens
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1s2p RIXS of transition metal 1ons
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Sharper pre-edge structures in 1s XAS
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Only quadrupole peaks visible
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Pre-edges structures in 1s XAS
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Pre-edges structures in 1s XAS

1 2 2 2 ] 2
Co K edge of LiCoO,

edge

low-spin Co'!
3d° [1A]

T, full

E, empty

7710 7715 7720 1725
Energy (eV)



Pre-edges structures in 1s XAS
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RIXS-MCD at the K pre-edge of Fe;
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RIXS-MCD at the K pre-edge
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RIXS-MCD at the K pre-edge
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RIXS-MCD of CrO,

measured ) measured ) calculated
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[Zimmermann et al. J. Elec. Spec (2017)]
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1s2p RIXS: the RIXS plane
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Does HERFD measure X-ray Absorption?
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RIXS of transition metal systems

* Reduce lifetime from 1.5t0 0.2 eV
* Reveal new features at pre-edge

« Valence specific EXAFS
[Inorg. Chem. 41, 3121 (2002)]

« Spin-polarized XAS

 Range extended EXAFS

« Background free FY for low conc.
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Core-valence RIXS



RIXS

Resonant Inelastic X-ray Scattering
or

Resonant X-ray Raman Scattering (RXRS)

Resonant X-ray Emission Spectroscopy (RXES)
or

Resonant X-ray Energy Loss Spectroscopy (R-XELS)
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Resonant Inelastic X-ray Scatternng

Single-particle approach Many-body approach
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resonant inelastic x-ray Spectroscopy.
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2p3d RIXS of NiO
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2p3d RIXS of CoO
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2p3d RIXS of CoO
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2p3d RIXS of CoO
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2p3d RIXS

RIXS1998: RIXS 2018:
-
500 meV 30 meV



Energy dependence in 2p3d RIXS

Charge Transfer
Phonons

(Bi-)
Magnons

50 meV 500 meV 15eV 28V Energy

In 2p3d RIXS the intensity of
charge transfer is smaller than dd-excitations

[Ament et al., Rev. Mod. Phys. 83, 705 (2011)]



Energy dependence in 2p3d RIXS

2eV-10eV
» charge transfer

0.5eV-6¢eV
» dd excitations (atomic + crystal field)

0.0 - 0.5eV

» spin-flip (magnon)

» symmetry distortions
» HS-LS transition point
» spin-orbit coupling

0.0 - 0.2 eV
» Vvibrations (phonon)



2p3d RIXS In cuprates

SrCuOs3 CaCu;O3

*RIXS data
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http://arxiv.org/abs/1310.8346

Incident photon energy (eV)
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[Huang et al. Nature Comm. 8, 15929 (2017) ]



Incident photon energy (eV)

Select specific states In 2p3d RIXS (Fez0))
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2p3d RIXS of isolated chromium 1ens (ruby)

[Van Schooneveld, Hunault et al., unpublished ]



Multiplet challenge: 2p3d RIXS on Cr*

a cr3+- d3 c |E||5|||3|d!||R|-E*|S||_|-I||||I TTTTITO T rrTTd TTTT TTTTITTTaT TTTTJT T
: r 2p E
6 C}'B = 3.74 10Dq = 2.32 B =0.071 |
[|||I ;
7]
5 -
o~
Lc I; ,ﬂ-r
4 q 5

3 E

> 3 » — 8

& . - 1 3

U 2 - _

T I'T.. : - =
22 =7 71 |E, B \l}\ ] /%:rf‘”—_ :;
“ Tl FON O\ N

1 = B 4 F S
. C 1 S "
. Al - 1 - - : ol =
E llllllllll‘:‘;ll N * 1 I L1 1 TJ|]|||||I*||||||- a

o 1 2 3 U.B 0.4 0.0 0.3 0.4 0.5

10Dq (eV) B/B, C (eV)
C =0.429
B 100q=-232 Bps=-0.071 bcm_ﬁu}.

b TG T dll fl T |I|1| ! | ILI I I |' LI d
< S S S S Cr LHXAS g
g B
@ i
2 i
A 8

1 I | 11 | []

574 576 578 5B0 582 584 536 588 590
Energy (eV) Energy (eV)



Multiplet challenge: 2p3d RIXS on Cr*
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» Optical resolution can be 0.01 meV

Spin-forbidden dd-excitations limited by experimental resolution

[Hunault, van Schooneveld, submitted]



RIXS and fluorescence

CoO: excitons — RIXS
Ni metal: band excitations — fluorescence
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Spin-state iIn LaCoO4 (single crystal)



Spin state of LaCoOx

5T2 A 1

NOTE: Term symbols and orbital occupations are only indications:
they are mixed by electron-electron, spin-orbit, etc.



Spin state of LaCoOx
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[Tomiyasu et al. PRL 8, 119, 196402 (2017) ]



Spin state of LaCoOx
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Spin state of LaCoOx

.............. e |S {3T1}

HS (5T2)
------------------ " LS {1A1}

momentum

Order of states at zero Kelvin: LS < HS < IS
Strong coupling between LS and IS (not with HS)
Large dispersion of IS: Excitonic Insulator

[Sotnikov & KUnes, Sci. Rep 6, 30510 (2016); Wang et al. submitted ]



Spin state of LaCoOx
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Spin state of LaCoO;
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