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We would like to live in pollution-free environment




[ Three-way catalyst J

HC —— H,0+C

} oxidation

NOy —— N,+0O, — reduction
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Feedback-controlled engine management causes
Reductive and Oxidative (Redox) Fluctuations
At 1~4Hz within £4%
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Energy tunability

l

Resonance
Anomalous effect
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Energy selectivity =

(a) Photoelectric absorption
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2nd order;

Use of anomalous dispersion

JQ.0)=(QHf (w)+if"(w)

K-K relation

From Elements of modern x-ray physics by J. Als-Nielsen and D. McMorrow


プレゼンター
プレゼンテーションのノート
As you know, Synchrotron x-rays has a wide band of energies.
Then, we can select an x-ray energy which is suitable for each experiment.
One of the powerful experiment is to use an anomalous dispersion.
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プレゼンター
プレゼンテーションのノート
I would like explain briefly quantitative description of the interaction between electromagnetic wave and electrons based on quantum mechanics. 
 Scattered x-ray intensity can be calculated as the transition probability with Fermi’s golden rule. 
The first term is a non-resonant term with first order perturbation and the second term is a resonant term calculated with second order.
Let’s see these terms in the figure.  


Marriage between XRD and XAFS



プレゼンター
プレゼンテーションのノート
I would like to emphasize an interesting spectroscopic method which combines XAFS together with XRD. 
This called DAFS.
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プレゼンター
プレゼンテーションのノート
I will explain DAFS briefly.
The values of f’ and f’’ are like these if an atom is isolated. 
But, atoms in materials are surrounded by other atoms, and as a result f” shows an oscillation. This is EXAFS.
When you look at the expression of diffracted intensity which includes f’ and f”, you can easily understand that the diffracted intensity also has a similar oscillation, whose origin is the same as that of EXAFS.
But, the advantage of DAFS compared with XAFS, since DAFS uses a diffraction channel, this has an additional information such as site selectivity and spatial selectivity.
I will show the example of DAFS in the next topics.     


Anomalous Diffraction Intensity around Pd k-edge
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Anomalous Diffraction
at (110), (100) of

Reduced sample.

No change is observed !

Pd atom is out of the

Perovskite lattice!?
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Self-regeneration of Catalyst
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Y. Nishihata, J. Mizuki, et al.,Nature 418 ('02) 164


プレゼンター
プレゼンテーションのノート
The conclusion why the new catalyst does not show any deterioration is that the Pd moves into and out of Perovskite lattice, following the change in oxidation and reduction conditions of the exhaust gas.
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But, one referee still has doubts
about the model because
the experiments were done ex-situ

search nature: vol

Cleaning up catalysts

Although the use of catalytic converters to reduce
harmful automotive emissions has greatly improved
the air quality in our cities, the metals required to
achieve this are both expensive and rare. But by
incorporating these metals imto perovskite crystals,
the longevity and metal contemt of these converters
can be drastically reduced.

17 July 2002

Magdalena Helmer

Since its introduction
more than 20 years ago,
the catalytic converter
has sharply reduced
automotive emissions. It
breaks down harmful
carbon monoxide, nitrogen
oxides and hydrocarbons
before the exhaust leaves the car's tailpipe, by using catalysts
containing palladium, platinum and rhodium. But these precious
metals are expensive, and are produced through intensive and

Questions:

How fast does Pd move?

polluting chemical processing of sulphide ores extracted from

What temperature does Pd
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Catalytic converter: Manifold delight

The catalytic converter in modern automaobiles leads a hard — and

hot — life. To counter the resultant loss in efficiency, comparatively large
amounts of precious metals are packed into conventional converter systems to
guarantee adequate performance over the 80,000 km range normally expected.
A re-examination of a palladium-perovskite catalyst first considered as a
catalytic converter in the 1970s reveals previously unrecognized properties that
could significantly reduce wastage of precious metals and extend the life of
converters. In an atmosphere alternating between oxidative and reductive,
typical of the exhaust gas from modern engines, the palladium atom jumps in and
out of the perovskite lattice, preventing the heat-induced growth of metal
particles that can limit catalytic efficacy.

start moving?

In-situ experiment

Y. Nishihata et al., nature 418, (2002) 164



DXAFS (Energy Dispersive XAFS)

Standard XAFS
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Self-regeneration model
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Super-intelligent catalysts !
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Semiconductor nano-structure
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プレゼンター
プレゼンテーションのノート
Key materials for that is semiconductors. 
Semiconductor nanostructures  that allow carrier confinement in low dimensions have attracted much attention because of their prospective application to high performance optoelectronic devices. 
As you know, the recent sophisticated technology can manufacture quantum well and quantum dot with controlling atomic level. 


Semiconductor Laser

InAs / GaAs(001)

p-AlGaAs crude layer

— GaAs active layer

n-GaAs substrate

InAs quantume dot(~20nm)

- 1.3~1.5 u m wavelengths



InAs/GaAs(001) self-assembled
quantum dots

MBE -MOCVD (Stranski-Krastanow growth)

GaAs-InAs 7% mismatch

(a) template
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Problems to be overcome in QDs fabrication

* high uniformity in QDs size & shape

» control of chemical composition « high QDs density

- Understanding the growth mechanism

- Real time monitoring during the growth

—


プレゼンター
プレゼンテーションのノート
There are several problems to be overcome in QDs fabrication. 
One of them is to make high uniformity in QDs…, high QDs density and to control the chemical composition.
For meeting these demands, we have to understand… 


Surface diffractometer + MBE

—study of reaction front—

X #R[EHE

Surface X-ray Diffractometer @ BL11XU, SPring8

(from home page of Kishimoto Lab., Sophia Univ.)

M. Takahasi J. M. et al., Jpn. J. Appl. Phys. 41 ('02) 6247



Experimental configuration
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-ray CCD

AN
220 .
~ ¥ planes [001] [110]
< L\
[001] \/ % sample
0

X-rays a.=0.2°




Interpretation of CCD images

4.9ML InAs
at 480°C

[1(20,0;) < T(a;,2)T(a;,2)S(20)

S(260) : kinematical 6—26 spectrum
==> strain ( reciprocal space)

T(e;;,z): multiple-diffraction effect

== height ( real space)
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What is T(a,z)?

Experiment

Intensity ( arb. units )




Experiment

What is T(a,z)?

Intensity ( arb. units )

Intensity [a.u.]
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Experiment

What is T(a,z)?
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Results(1)

Stage 1: InAs growth

| InAs height
time  thickness Z
0s 0 ML

260 s 1.8 ML
346 s 24 ML 5.1 nm




Results(2)

Stage 2: Annealing

height
time yi
346 s 5.1 nm

404 s 5.5 nm




Results(3)

Stage 3. GaAs encapsulation

| GaAs
time thickness
404 s O nm

452 s 0.4 nm
827 s 3.6 nm




Annealing of 3ML InAs dots
(1) T=470°C
(2) T=446°C



Evolution of 3ML-InAs/GaAs(001) during
growth interruption

T=470°C




Evolution of 3ML-InAs/GaAs(001) during
growth interruption

T=470°C T=446°C
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Discover new scientific phenomena
and invent new materials




Complex interplay between Charge, Spin, Orbital
degrees of freedom
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spectroscopy

Function/property

Theory (electronic states)

How are electrons correlate
in materials ?

Potential acting on electrons
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Dynamics
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Observation space

@space should we measure physical pro@

[ Real time (t)} { Real space (r)]




How do we know the potential for electrons?

Dynamics!

Observation of dynamical

properties of electrons and atoms

((Dﬁ kf) &/\/

(o, k;) N "./ \

Q = ki-k,
AE=0-~w,= &

inelastic scattering!




Elementary Excitations 1n Solids

Plasmon <— Compton scatt.
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[ Inelastic Scattering }

1Q.E)~[V(QF|1-e” [ oIm 4(0.E)
Vol

Interaction of probe Generalized susceptibility

Spin susceptibility

— For neutrons = e
Nuclear susceptibility

For X-rays

}-> Charge susceptibility
For electrons

> X(Q F)=-(Q%412N) 1/e( @), E)

Dynamical dielectric function



lnelastic A= ray.

f|A-pln)---{m|A-pli)|
(El. Em+hw—zF)

2l )+

Fermi' s golden rule 7 oc

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



Set-up of Inelastic Scattering Spectrometer at BL-11XU

diamond mirror
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130 meV ¢mm Resolution
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Picture of the spectrometer
at BL-11 XU, SPring-8
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RIXS of 3d transition elements

K-edge (1s—4p. several keV)

(b) interaction between
1s core—hole and 3d electron

(c) X-ray emission
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Mechanism of High T, superconductor 7
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Energy (eV)

X=0.15 Calculated by K. Tsutsui
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The electron involved in dynamical density response function
can be selected by RIXS !

K. Ishii, J. M. et al.,PRL. 94 (05)207003



Future direction [

Charge dynamics in strongly
Correlated electron systems

o L 0
oif 0 &
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V t
® O

-Excition across Mott/charge

transfer gap U: AE~0.5eV

-Excitation within bands across
the Fermi level

t: AE~0.1eV

-Excitations related to the
O Spin degree of freedom

J: AE~0.05eV



Importance of the collaboration between
Experiment and theory
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What does phonon play a role on
superconducting?



schematic view of BL35XU at SPring-8 Backscattering
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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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Study in Dynamics of Materials to investigate Physical
Properties, Chemical Reactions, Crystal Growth, etc.

[ Real time (t) F { Real space (r) }

Energy space (¢)
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Test line of Linear motor car

Room temperature superconductor



Dynamics in time domain

Tracking the motion of charges in a terahertz
light field by femtosecond X-ray diffraction

Femto-
second

laser Pump

A. Cavalleri et al., Nature 442 (‘06) 664
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Use of coherence for slow dynamics

Time dep. intensity

BL-22XU

detector (AFPD)
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Use of coherence for slow dynamics
. S —

Domain motion of relaxor by coherent X-ray diffraction: (t, Q)
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Future direction for SR performance:

more lower emittance —— better spatial
coherence

more shorter pulse duration—— better time
resolution




Domain Dynamics by Coherent X-ray Diffraction

Time dep. intensity

Intensity fluctuation by time Self-correlation | g®(¢)- j%}
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Domain fluctuation of Relaxor PZT-9%PT
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Coherence: Bose condensation

Photon number in a coherent volume

Longitudinal (temporal) coherence: Ot ~2h/ A w

Transverse (spatial) coherence: ox,y ~ A *L/2 7t Sx.y

Coherent volume: Vc =ox oY+ ot = A 2-L2-2h/(47w2-S2- A w)

Beam Volume:V = AX-AY At

Bose degeneracy: 0 =n+*Vc/V~0.1 for SPring-8

for XFEL(SASE-mode); O ~ 10101

non-linear optical phenomena



Dynamics

[ Real time (t)} [ Real space (r)}

from Observation of |E(t)|* toward E(t)

— Phase information of electron

— Manipulation of electron wavefuction



SR

—

Use of coherence, Bose degeneracy,
under multi-extreme condition
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