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RIXS:

Orbital and Magnetic excitations in
quasi-2D and 1D antiferromagnets

Cu oxides & Fe pnictides
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RIXS spin-flip amplitude @ transition metal L-edge 

Marra, Wohlfeld & JvdB, 
PRL 109, 117401 (2012)

x2-y2 spin NOT // z:
pure spin flip

Ament, Ghiringhelli, Moretti, 
Braicovich & JvdB, 

PRL 103, 117003 (2009)
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High resolution Cu L-edge RIXS spectrum

zero-loss
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Magnetic RIXS on La2CuO4 @ Cu L-edge

In special cases direct spin-flip scattering is 
allowed at Cu L-edge

CuO’s are such special cases...

magnon
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Spinons in Sr2CuO3 

spinons of Heisenberg spin chain 
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RIXS magnon dispersion of Sr2CuO2Cl2 

—> transferred momentum q

deviation from
simple Heisenberg

Guarise et al.,
PRL 105, 157006 (2010)
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Magnetic RIXS vs. Inelastic Neutron Scattering

Neutrons

amount of 
material needed small large

magnon energy 
accessible high (>25 meV) low (<25 meV)

materials Cu, Fe ... non-absorbers

momentum 
range accessible

soft: < 1 BZ
many BZ’s

hard: few BZ’s



Direct RIXS

doped quasi-2D 

Magnetic RIXS on

Cu-oxides and Fe-pnictides 
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Magnetic L-edge RIXS on 8% doped La2-xSrxCuO4 

Braicovich, JvdB et al.
PRL 104, 077002 (2010)
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RIXS on Bi-2212 cuprate 

Guarise, Piazza, Berger, Giannini, Schmitt, Rønnow, 
Sawatzky, JvdB, Altenfeld, Eremin & Grioni, 

Nat. Comm., in press (2014)

magnon paramagnon

no
paramagnon

Benjamin, Klich & Demler
PRL 112, 247002 (2014)

Related to presence of 
e-h continuum?
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Magnetic RIXS on Ba0.6K0.4Fe2As2

Zhou, Huang, Monney, Dai, Strocov, Wang, 
Chen, Zhang, Dai, Patthey, JvdB, Ding & 

Schmitt, Nat. Comm. 4, 1470 (2013)



para-
magnon

Magnetic RIXS on Ba0.6K0.4Fe2As2

Zhou, Huang, Monney, Dai, Strocov, Wang, 
Chen, Zhang, Dai, Patthey, JvdB, Ding & 

Schmitt, Nat. Comm. 4, 1470 (2013)

dispersing paramagnon

Significant 
softening
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and can directly probe their dispersions

Magnons and spinons in low dimensional magnets 
observed in RIXS.

Paramagnon present in (heavily) doped cuprates and in 
Ba0.6K0.4Fe2As2
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Sr2IrO4 : equivalent of cuprate La2CuO4 

t2g
5: single hole s=1/2 in 3-fold 

degenerate l=1 state

Jackeli & Khaliullin, PRL 102,017205 (2009)

B.J. Kim, Ohsumi, Komesu, Sakai, Morita, 
Takagi, Arima, Science 323, 1329 (2009)
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Sr2IrO4 : equivalent of cuprate La2CuO4 

J=L+S

t2g
5: single hole s=1/2 in 3-fold 

degenerate l=1 state

Jackeli & Khaliullin, PRL 102,017205 (2009)

B.J. Kim, Ohsumi, Komesu, Sakai, Morita, 
Takagi, Arima, Science 323, 1329 (2009)

Jeff=1/2 

Jeff=3/2 

3λ/2

doublet

quartet

Magnetic Iridium Oxides
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doublet
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Magnon dispersion

Ament, Khaliullin & JvdB 
PRB 84, 020403 (2011)
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3λ/2

doublet

quartet

Ament, Khaliullin & JvdB 
PRB 84, 020403 (2011)

PRL 108, 177003 (2012) 

Direct RIXS on Sr2IrO4
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RIXS determines orbital energies + magnetic interactions 
directly

Can J / orbital energies be calculated 
from first principles?

Density functional theory (DFT)

Of limited use for d/f electrons

In strict sense a ground state theory

DFT+ (LDA+U, LDA+DMFT)

Not ab initio, parameters ad hoc, not always 
well-known or sometimes not well-defined

Hybrid uncorrelated - correlated approach 
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perovskite Sr2IrO4 and Ba2IrO4

quasi-0D

pyrochlore Y2Ir2O7

honeycomb: A2IrO3, A=Na/Li

hyper-honeycomb: β-Li2IrO3

Sr3IrCuO6

tetravalent iridates

postperovskite CaIrO3quasi-1D

quasi-2D

3D

2D/3D
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quasi-2D iridates: Sr2IrO4 and Ba2IrO4

Sr2IrO4

distortion 3.8% 
Rotation of octahedra 11o 

Ba2IrO4

Elongated octahedra 

No rotation of octahedra 

Elongated octahedra 
distortion 6.6% 
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CF splittings in Sr2IrO4 and Ba2IrO4

Katukuri, Stoll, JvdB & Hozoi 
PRB 85, 224002(R) (2012) 

Katukuri, Roszeitis, Yushankhai, 
Mitrushchenkov, Stoll, van Veenendaal, Fulde, 
JvdB & Hozoi, Inorg. Chem. 53, 4833 (2014) 

δeff > 0 

δeff < 0  

Negative splitting for Sr214



Super-exchange J in Sr2IrO4 and Ba2IrO4

Jungho Kim, Casa, Upton, Gog, Y-J Kim, Mitchell, 
Veenendaal, Daghofer, JvdB, Khaliullin & B.J. Kim 

PRL 108, 177003 (2012)

Katukuri, Stoll, JvdB & Hozoi 
PRB 85, 224002(R) (2012) 
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Causes level inversion in less-elongated Sr214
This CF counter-acts δ of oxygen cage



More iridates ...
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pyrochlore Y2Ir2O7

•Y coordination causes non-cubic crystal 
field
• J=3/2 states split also when IrO6 
octahedron is undistorted
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Kim, Yushankhai, Fulde, Y.-J. Kim & JvdB 
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FeSe: (one of the) simplest 
iron based SC with Tc=9K

FeSe monolayers: 
Tc > 65K reported

Se77 NMR: 
nematic order at 90 K

Superconductivity in FeSeSuperconductivity in FeSe: orbitals set the stage
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Superconductivity in FeSeNMR in FeSe

Orbital order parameter

...from which follows



Orbital nematicity in FeSe

Orbital nematic 
order parameter 

and 
superconductivity 

compete


