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Resonant X-Ray Emission
Spectroscopy (RXES)
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Magnetic Circular Dichroism in
RXES (MCD-RXES)
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1. Longitudinal and Transverse
Geometries in MCD-RXES

2./Longitudinal Geometry

Excitation spectrum of MCD-
RXES:

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

3. Transverse Geometry




Longitudinal and Transverse
Geometries in MCD-RXES
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Longitudinal and Transverse
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2. Longitudinal Geometry
The case of simple RXES

Excitation spectrum of RXES:

A powerful tool to detect hidden

structures in XAS
K. Hamalainen et al. (1991)

Extension to MCD-RXES

Excitation spectrum of MCD-RXES:

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




Detection of hidden structure in XAS

Excitation.spectrum o
uorescence s
fo r DY( N o 3)3 - Analyaer resol lon

7820 7830 7840

Phys. Rev. Lett. 67, 2850 (1991)



ML y T " T v I
total |
| — —— dipole Experiment
2 2 —-— quadrupole [[ - L
g E . ‘ }:"'\/Nw-\".
S i .

g o | Excitation Spectrum /
& . 5 L/
E Excitation > -
@ [ 7780 790 < 7800/ Spectrum | % |
z | 2}
= _ =
< Conventional X S’ =

s - r .

—_— T /x\ ..... b,

-10 0 10
eV /

s(,0) = DI G2l >, o Tulr

) — . .

i Es+Q-E;-iT ' (Bj+w—E;-Q)2+T%,
[I',=21eV o nak: Acada and A Kofs
= ! 5 ) J 0 3 0 ‘

[I'yy=0.7 eV



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
Lu,Fe,,B
2. mixed-valence compound
CeFe,




XAS and XMCD of Lu,Fe,,B
Model

Fe 3d — Lu 5d states :

LCAO by tight-binding
band calculation

K. Asakura, A. Kotani and I. Harada (unpublished)



XAS and XMCD of Lu,Fe,,B
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RXES and excitation
spectrum
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MCD in Ce L, XAS of CeFe,

Peak position and the

width of XAS differ from
those of XMCD.
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Experiment: C. Giorgetti et al.,
Phys. Rev. B 48 (1993) 12732.




Model

Fe 3d — Ce 5d states, :

LCAO for Ce 5 s Fe -\
cluster model

Ce 41 mixed valence
effect:

Single impurity
Anderson model

with 41, 4f1 and 4f>
configurations

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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Where is 412 ?

Reduced I

MCD*100
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K. Asakura, A. Kotani and I. Harada (unpublished)
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Where is 412 ?
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3. Transverse Geometry
Gd L,; XAS and L5;-M s RXES in Gd;;Co

resocnance nor resonance normal
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Experiment and Theory
(EQ excitation in Sm-Co)
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T. Nakamura et al. : Phys. Rev. B 67, 94439 (2003)



Angle Dependence in MCD-RXES by
Quadrupole Excitation
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Theoretical Prediction
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K. Fukui and A Kotani: J.-Phys. Soc. Jpn. 73, 1059 (2004).



Conclusion

® Longitudinal Geometry of MCD/RXES

Excitation spectrum of L;-M. MCD-RXES is

a powerful tool to detect fine structures of
L, MCD-XAS beyond the lifetime
broadening of the L; core hole.

® Transvers Geometry of MCD-RXES

We can measure 100% interference term
in the second order optical process.
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