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Inelastic X-ray scattering
from a point of view of materials science

1. Why IXS ?

2. Current situations of I XS research focused on
High T superconductors

(a) Resonant IXS : charge excitation
(b) non Resonant IXS (NIXS) : phonon

3. Prospective RIXS , NIXS)

Idea to measure dynamical dielectric function in
the room Temperature energy range.




Complex interplay between Charge, Spin, Orbital
degrees of freedom




Elementary Excitations in Solids
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Theory (electronic states)

spectroscopy

How are electrons correlate
in materials ?

Potential acting on electrons




Linear response theory

-
B= XA

polarization—— Electric field
magnetism <— Magnetic field
strain «—— gsftress

etc. etc.

For dynamics study === Use of fluctuation — dissipation theorem
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How do we know the potential for electrons?

Dynamics!

Observation of dynamical
properties of electrons and atoms

Inelastic scattering!




Observation space

@ space should we measure physical pro@

{ Real time (t)} [ Real space (r)}
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e The first term: non-resonant inelastic scattering
— All electrons (Ze) are contributed = phonon excitation

 The second term: resonant inelastic scattering (RIXS)
— Electrons on the specific atom are contributed.
— Resonance enhancement
— Element specific = electronic excitation



Inelastic Scattering
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Interaction of probe Generalized susceptibility

Spin susceptibility

— For neutrons =—» o
or neutrons Nuclear susceptibility

For X-rays
For electrons
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Dynamical dielectric function

}-> Charge susceptibility




[ Resonant Inelastic X-ray Scattering }

In case of Cu-oxides:
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Dynamical Dielectric Function (DDF) is important as they
Determine the screening of electrostatic forces between
extra charges in the lattice.

Dynamical Dielectric Function is a well-defined physical
property: theoretical framework is well-defined.

(We understand the important physics behind DDF)

|

Direct comparison between experimental data and
theoretical calculation can be done by

Inelastic X-ray Scattering (IXS)



. G. Gurtubay et. al., Phys. Rev. B70 ('04) 201201
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More important energy region

!

E<leV

As an example: High T superconductors




Mechanism ?

Couple to fluctuation of some order parameter

(Two electrons form a Cooper-pair by exchange with a boson.)
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Element selective charge excitation

!

Use of Resonance




energy energy
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Calculated by K. Tsutsui
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— RIXS spectra
------- Dynamical density response function

The electron involved in dynamical density response function
can be selected by RIXS !

K. Ishii, J. M. etal.,P.R.L. 94 ('05)207003
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Relation between Striped-order and Superconductivity!?
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First Observation of charge excitation from charge stripe!?]

LE15‘.r38r1 .|"3N |O4

_ 250
LagSryaNiOy
' 5
% 200 %
2000} S 5
8 )
% % 150 g
= o Al
>1500 S <
£ 100 5§
E ‘:
=
3100{!- 0 I 1 1 L 50
2 - ero) (2 A& .20
= c| = Momentum transfer
A | = =
OO0 L g i ._‘::_‘Em_ £ 250 (b)
- £ 8 b ¢
¥ = 200} T \ 1
! &%% "E = —Q/ \ +/
- F = Al = 0} 2 150 Fy P N P *\.:‘f
D _&tﬁ g E - T d - ; _0.5<E<0-9
I | 1 1 1 L L L L o
2 0 2 4 6 8 2 -1 0 £ 19 I '
Energy loss (eV) enagy loss (eV) 50
2.0
< ()
S
@ 150,%__\ o 3
B e e e
T, ~180 K 8
S S 4ol |
- 1
2
: e 05
~1.5 eV: valence - in-gap band W ) (n0) (2m0) (.7 (0,27)

Momentum transfer

S. Wakimoto, J. M. et al., P. R. L. 102 (‘09)157001

~4.5 eV: across the CT gap



Candidates of the analyzer
crystals an their plains for
transition metals

Intrinsic energy resolutio
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Bottle neck for getting high resolution
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_Qu§§ Future direction

Correlated electron systems

[ Charge dynamics in strongly ]
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-Excition across Mott/charge

transfer gap U: AE~0.5eV

-Excitation within bands across
the Fermi level

t: AE~0.1leV

-Excitations related to the
Spin degree of freedom

J: AE~0.05eV



What does phonon play a role on
superconducting?




Anomalous dispersion of LO Cu-O bond stretching phonon modes

observed by Neutron inelastic scattering
(Pintschovius et al., Physica B 174 (1991) 323)
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Observation of the LO phonon anomaly
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Phonon observed by inelastic x-ray scattering is not only
phonon, but also elementary excitation of electrons
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1. Polarization properties of electrons in a field of
rigid lattice.

(® (&

2. Contribution of oscillating ions. (phonon)

O. V. Dolgov et. al., Rev. Mod. Phys. 53 ('81) 81
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PHYSICAL REVIEW B 67, 174506 (2003)

Vibronic mechanism of high-7 . superconductivity

M. Tachiki et al,
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Spectral intensities of the charge-transfer oscillations
associated with the LO phonon as functions of the normalized w

for several values of 1/ € , (q,w*) 2)
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1. Measure the phonon spectrum and
dispersion by Neutron Inelastic Scattering.

2. Derive the information on the width,
eigenvector and structure factor of phonons,
and calculate the phonon intensity of IXS.
(C-IXS)
3. Subtract the C-1XS from the observed
IXS spectrum.

IXS spectrum



Magnetic excitations observed by RIXS
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