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ZEEELEES Multiple Scattering theory

Enable us to simulate the behavior of photoelectrons

It appropriate for considering the
unoccupied states = continuum state
= the behavior of photoelectron
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TRETXHER XANES, EXAFS, XMCD...



Enable us to simulate the behavior of photoelectrons
Multiple Scattering theory Is appropriate for considering the unoccupied states=continuum state= the behavior
of photoelectron

Partition the real space into atomic scattering regions

V() = va (7~ Ral

Apply Lipmann-Schwinger Eqg. for final state
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Scattering amplitude
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propagation / scattering

Initial state WF

- Atomic WF Potential
* Molecular Orbital ( Gaussian )

oA
1,12

Atomic scattering

- Radial integral

A
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X-ray

Scatterer A
(absorber)

Photoelectron

optical transition in atom A

* Phase shift

MS theory

Photoemission amplitude




Our lab... Electronic state
Adsorbing effects

Full potential Pentacene

ARPES
Surface structure Fe,0, surface :
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Today’s Topic

1. Expressions for plasmon loss intensity
which is called Quantum Landau formula.

2. Extension to other systems
... graphene sheet and nano particles.
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XPS spectrum for Li

S. P. Kowalczyk et al., Phys. Rev. B 8, 3583 (1973).
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Plasmon is collective electron oscillation excited by Ap.
Plasmon loss peaks in XPS are observed due to excite the plasmon by photoelectron.



XPS spectrum for Li

Hundreds of counts
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S. P. Kowalczyk et al., Phys. Rev. B 8, 3583 (1973).
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Plasmon is collective electron oscillation excited by Ap.
Plasmon loss peaks in XPS are observed due to excite the plasmon by photoelectron.



Plasmon Losses in XPS

X-ray (shake ulo)/1Photoelectron X-ray Ph/ptoelectron

damping

Photoelectron induce

dampin i 1
ping Plasmon excitation

damping

Photoelectron emission Photoelectron emission

In solid . .
Plasmon excitation
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Extrinsic plasmon loss with the elastic scattering
T. Fujikawa, M. Kazama, H. Shinotsuka, e-J. Surf. Sci. Nanotech. 6 (2008) 263.

X-ray }Fhotoelectron

Plasmon excitation
(inelastic scattering)

Take account into the elastic scattering
during propagation for extrinsic term
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I(p;w)' =

Quantum Landau formula For lower calculation cost
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Quantum Landau formula with full multiple scattering
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Purpose

We calculate single-plasmon loss features associated with Li 1s photoemission
using the QLF that includes full multiple scatterings.
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Calculated single-plasmon loss intensities excited from Li 1s

| |
- Depth profile of plasmon loss

— (a)Without multipl scatterings
- = = (b)With multiple scatterings
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polarization
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Bcc o
atom diameter 1.52 A

Distance between the surface to emitter

3rd and 5th layer are also
Photo electron emitted parallel to polarization emphasized due to the defocusing effect.

from Li 1s is effected by defocusing effect.
Info from only calculation!!

Li is light atom,
However we can’t neglect the effect of elastic scattering.




Expansion to other systems... {ERITTEFH
For metamaterials and photoelectronics devices
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Control of the IT plasmon in a single layer graphene by charge doping ® ® ®)e
S. Y. Shin et al., APPLIED PHYSICS LETTERS 99, 082110 (2011). Graphene

6H-SiC(0001)

On a single layer graphene (SLGQG)

" They report a I plasmon excitation
n=1.2X108 cm? (naturally doped from the substrate).

" E,S14.24eV
AB=4°

P

(o)
SN
TR

" They find a low-energy I plasmon excitation arising from
g doped electron density 1.2 X 1013 cm?
corresponding to 0.44 eV above the Dirac point ED

(additional charge
transfer from K to an SLG epitaxially grown on SiC).

Intensity (a. u.)
Intensity (a. u.)

 This low-energy plasmon arises from the collective excitation o
electrons within the partially occupied n* conduction band.

Loss E. (eV)




Core-level spectra from graphene Theory of core-level spectra in x-ray photoemission of pristine and doped graphene
Bo E. Sernelius PRB (91)r 4, 045402 (2015) V. Despoja'>*" and M Sunji¢'

Experimental (u-XPS) C 1s core-level spectrum They calculate singularity indices in pristine and doped graphene
of a suspended single graphene sheet on a gold sheet using dynamically screened Coulomb interaction

using the photon energy 480 eV.

in doped graphene.
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calculation
We can not see sharp a plasmon loss peak due to singularity We can see sharp plasmon loss peaks with doping.

even if increasing doping.

PRB, 88, 245416 (2013).

We want to extract a information about from singularity.
extent to electron-hole pair, excitation near fermi level..... Collaborate with Rennes uni. based on JASSO.
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