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Outline

‐ General  view  on  RIXS  processes  and electronic  excitations
in  strongly correlated  3d‐,  4d,  and  5‐d  electron  systems  

(transition metal oxides);

‐ Theory  of  RIXS  : basic formulation; 

‐ Correlated  electron  systems :   layered  high‐Tc cuprates ,    
RVO3 with  nearly cubic  perovskite structure and
iridium  oxides  with pyrochlore structure  A2Ir2O7;

‐ Local and  collective  excitations  in  these    materials  
detected   by  RIXS    and   their  model   description; 

‐ Application of  ab initio  quantum‐chemical  cluster  calculations    
of  local  electronic  properties  measured  by RIXS;
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General  view  on  RIXS  process

Electronic  excitations accessible  
by RIXS  in  TM  oxides.

Further  we  focus  on  local  d-d,
propagating   excitons 

and   magnons

Understanding the excitation spectrum of 
a system is the understanding  the system. 

RIXS   process creates  a  valence  
excitation  with  momentum                     
and   energy                       , with resolution



Theory  of  RIXS  in  multiorbital   correlated   electronic   systems
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In the dipole limit,  the total scattering amplitude is ( ):

intermediate-state  propagator
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Nearly   cubic   perovskites ABO3
A= Ba, Sr, La, R;
B= Ti, V, Co,  Mn, …- transition metal  (TM) ions 

of  iron ( 3d )  group;B

A

O

3d  orbitals  of the TM ion  
in  cubic  (Oh)  crystal field

(ii)   La1 ‐xCaxMnO3 : (i)   BaTiO3 : FE CMR ;  etc.

(iii) High-Tc cuprate



“Ab Initio  quantum-chemical  cluster calculations  
of  Cu  3d  orbital   energies  in  copper oxides”

L. Hozoi, L. Siurakshina, P. Fulde & J. van den Brink

(with the use of MOLPRO 2010)

Relative energy ∆(eg)as function of
the  distance h between the Cu and 
apical  ligands in different  cuprates

PHYS. REV. B 84 (2011) 235125

h

d(x2-y2)

d(z2)
eg ∆(eg)

Moretti-Sala et al., New J. of Physics 13 (2011) 043026

(ADRESS beamline at PSI using SAXES spectrometer)

Crystal - field  dd excitations  in  undoped  cuprates 



In   undoped  cuprates  with  
tetragonally  split   eg orbitals,  

the  orbital  inter-site fluctuations  
are  quenched

and  the  spin  exchange  dynamic  
is  allowed  only. 

d(x2-y2)

d(z2)

eg ∆(eg)t 1eV

L. Ament et al., PRL 103 (2009)  – theory;
L. Braicovich et al., PRL 104 (2010) –
first   observation  of  single-magnon

RIXS   in   La2CuO4



In  actual  perovskites  Oh symmetry  
and   degeneracy of  eg and  t2g orbitals 

are  slightly  lifted  
due  to  cooperative  J-T  distortion
and a tilting of  oxygen  octahedra. 

tilting

J-T distortion for
LaMnO3

eg

t2g

LaMnO3  (eg
1)

∆CF < 2JH

Si = 1 / 2
τi= 1 / 2

∆(eg)

Both  the spin  (Si) and  orbital (τi) degrees  
of freedom   are equally important in  
understanding   the  low-energy physics, 

Si = 1
τi = 1 / 2

∆CF

RVO3 (t2g
2)

∆(t2g)

eg

t2g

which  is captured  by a generalized  Kugel - Khomskii  model  =
superexchange   spin-orbital   lattice  model.

∆(t2g), ∆(eg) ~ 0.1 ev



Low-energy  superexchange  spin-orbital  model  for  RVO3

A. Oles et al., PRB 75 (2007) 184434;

Orbital  and  spin  
ordering  

patterns  in YVO3

Model parameters ab intio quantum - chemical  
calculations  for  a  small  lattice  fragment  (cluster) 
of  TM  oxides with  experimental structural  lattice  
parameters.

J  ~ 50 meV

“Ab  initio  analysis  of  crystal-field   multiplets 
of  V3+ ion   in  YVO3 for  RIXS “

V. Yushankhai & L. Siurakshina
Int. J. Modern Phys., 27 (2013) 1350185

∆(t2g)

∆(t2g)

dd  exc.



In  doped  and   AFM  disordered 
cuprates,  intense  paramagnons
(damped  spin  excitations ) survive 
in a  large  domain  of    Q‐space

M. Le Tacon, et al.,  Nature Physics  7, 725 
(2011);  Phys. Rev. B  88, 020501  (2013).

Magnetic  excitations  in high‐Tc cuprates
detected  by RIXS 

(AFM ordered)

Выступающий
Заметки для презентации
“A large  family  of  superconductors,  exhibits  damped  spin  excitations (paramagnons)  with  dispersions  and  spectral  weights  closely similar  to  those  of  magnons  in  undoped  cuprates.”



L. Hozoi, H. Gretarsson, V. Yushankhai, et al., 
PHYS. REV. B 89, (2014) 115111



F.Wang & T.Senthil
PRL, 106 (2011)

A  doped  Sr2IrO4 –
a  novel  platform  

for  high-Tc
superconductivity ?  

Magnetic excitation spectra 
of  Sr2IrO4  probed by RIXS: 

Links to cuprate superconductors   

J. Kim, et al., PRL, 108 (2012)
Sr2IrO4

Magnon  dispersion

A real space description of the spin-orbit  exciton 

Jeff =3/2

Jeff =1/2



Conclusion

2.  The  ab initio  quantum-chemical cluster  calculations  for 
the  local  electronic  structure  of  complex  transition-metal  
oxides  combined with complementary  theoretical  analysis
of  the local  d-d excitation  spectra  accessible   by  RIXS  
may  become  a  routine  procedure;

1. Large  scattering  phase, i.e., the range of  energies and  
momenta transferred in the scattering  event,  

makes  RIXS  a powerful  tool in  measuring  spin  and  orbital  
excitations  in  solids.



Orbital  waves  in  LaMnO3  (eg
1)

Выступающий
Заметки для презентации
Theoretical  results for the dispersion relation  of the orbital  wave in  LaMnO$_3$.\\E. Saitoh et al,  Nature ${\bf 410 }$ (2001)  180.




