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Coherent second order optical formula:
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1. Longitudinal and Transverse 1. Longitudinal and Transverse 
Geometries in MCDGeometries in MCD--RXESRXES

2. 2. Longitudinal GeometryLongitudinal Geometry
Excitation spectrum of MCD-
RXES:

A powerful tool of high resolution
MCD-XAS (XMCD)

3. Transverse Geometry3. Transverse Geometry



Longitudinal and Transverse Longitudinal and Transverse 
Geometries in MCDGeometries in MCD--RXESRXES
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Longitudinal and Transverse 
Geometry

~  0 =  90 deg
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Longitudinal Geometry Transverse Geometry
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2. Longitudinal Geometry2. Longitudinal Geometry
The case of simple RXESThe case of simple RXES

Excitation spectrum of RXES:
A powerful tool to detect  hidden 
structures in XAS

K. Hamalainen et al. (1991)

Extension to MCDExtension to MCD--RXESRXES
Excitation spectrum of MCD-RXES:

A powerful tool to detect  hidden    
structures in MCD-XAS (XMCD)



Detection of hidden structure in XAS
Excitation spectrumExcitation spectrum
for Dy(NOfor Dy(NO3))3

K. Hamalainen et al.
Phys. Rev. Lett. 67, 2850 (1991)
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Theoretical calculation

ΓL = 2.1 eV

ΓM = 0.7 eV
S. Tanaka, K. Okada and A.Kotani : 

J. Phys.Soc. Jpn.  63, 2780 (1994)



Excitation spectrum 
of MCD-RXES

A powerful tool to detect  hidden   
structures in MCD-XAS (XMCD)

Theoretical calculations on hidden
structures in XMCD of
1. ferromagnetic Lu compound

Lu2Fe14B
2. mixed-valence compound      

CeFe2



XAS and XMCD of Lu2Fe14B
Model

Lu

hybridization

Lu

Fe 3d – Lu 5d states :
LCAO by tight-binding   
band calculation

K. Asakura, A. Kotani and I. Harada (unpublished)



XAS and XMCD of Lu2Fe14B

Lu

Experiment: J . Chaboy et al., J. 
Phys. IV FRANCE 7 (1997) C2-
449.
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RXES and excitation 
spectrum

Excitation
spectrum

Reduced Γ Γ=0.7 eV
Γ=3.0 eV



MCD in Ce L3 XAS of CeFe2

Peak position and the 
width of XAS differ from 
those of XMCD.

Experiment: C. Giorgetti et al., 
Phys. Rev. B 48 (1993) 12732.
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Model

Fe 3d – Ce 5d states :

LCAO for Ce３５Fe７６

cluster model

Ce 4f mixed valence 
effect:
Single impurity
Anderson model
with 4f0, 4f1 and 4f2

configurations

Ufd

-Udc

K. Asakura, K. Fukui, H.　Ogasawara, I. Harada, J. C. 
Parlebas and A. Kotani:  J. Phys. Soc. Jpn (2004)



Comparison with 
Experiments
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Parameters:
εf = – 0.7,  Udc = 2.0 (eV)
Ufc = 10.5, Uf d = 1.7
Uf f = 7.5 , (dfσ) = 0.35

f0

f1+f2



Where is 4f2 ?

Reduced Γ 4f2

Γ=0.7 eV

MCD*100

XAS

K. Asakura, A. Kotani and I. Harada (unpublished)



Where is 4f2 ?
4f2

with 4f2

without 
4f2



Where is 4f2 ?

Reduced Γ

4f2

Excitation
spectrum

4f2

K. Asakura, A. Kotani and I. Harada (unpublished)



3d5/2

3d3/2

GdGd LL2323 XAS and LXAS and L2323--MM4545 RXES in GdRXES in Gd3333CoCo6767

Experiment: Experiment: IwazumiIwazumi et al.et al.　　 Theory: Fukui et al.   Theory: Fukui et al.   
JJ．．Phys. Soc. Phys. Soc. JpnJpn. 70 (2001) 1230; 70 (2001) 3457.             . 70 (2001) 1230; 70 (2001) 3457.             

3. Transverse Geometry3. Transverse Geometry



Experiment and Theory

Emission angle dependence   Emission angle dependence   

Theory Theory 

3d3/2 3d5/2

= 45

Experiment         Experiment         



Experiment and Theory
(EQ excitation in Sm-Co) 

ExptExpt: Nakamura  et al.   : Nakamura  et al.   
Calc:  Fukui   and  Kotani       Calc:  Fukui   and  Kotani       
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T. Nakamura et al. : Phys. Rev. B 67, 94439 (2003)T. Nakamura et al. : Phys. Rev. B 67, 94439 (2003)



Angle Dependence in MCD-RXES by 
Quadrupole Excitation



Theoretical Prediction
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K.  Fukui   and  A. Kotani : J. Phys. Soc. K.  Fukui   and  A. Kotani : J. Phys. Soc. JpnJpn. . 73, 1059 (2004).73, 1059 (2004).



Conclusion
Longitudinal Geometry of MCD-RXES
Excitation spectrum of L3-M5 MCD-RXES is 
a powerful tool to detect fine structures of 
L3 MCD-XAS beyond the lifetime 
broadening of the L3 core hole.

Transvers Geometry of MCD-RXES
We can measure 100% interference term 

in the second order optical process.
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