KEKIEEIGE FREBHERICES TG EFRITMES LUPsE— LT D HER
20125 10A3H (/K)~4H (°K)
KEKWFRAEE/MEFR—IL

[ F [ HT~ D HATF

Expectation for positron diffractions
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outline

1. Surface X-ray diffraction

2. Difficult cases for SXD

— large unit cell
— deeply reconstructed structures
— substrate with complicated structures

3. Experimental geometry
4. Analysis

— holography

— an example of SXD



Grazing incidence in-plane X-ray diffraction
GIXD
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X-ray CTR scattering

CTR (Crystal Truncation Rod) scattering
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Surface Sensitivity in SXD

*Integral order rods

—rod scan (CTR scattering, reflectivity)
— In plane (GIXD)

100 A to micron meter

- Fractional order rods:
— rod scan
— In plane (GIXD)
all reconstructed layers



Si(111)-vV21xV21-(Ag+Au)

Au/Si(111)-V3xV3-Ag GIXD

$ A model proposed
by Nogamni et al.

A model proposed
by Ichimiya et al.
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A model proposed
by Tong et al. H.Tajiri et.al., Surf.Sci. 493(2001) 214

««0 Siatoms O Agatoms @ Au(or Ag) adatoms



Patterson map

Ichimiya model
Tong model
peak A: cannot explain by Au-Au

Nogami model
peak A[XEREATES N EHALY
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-Ag, Au: mixing (alloy)

\3xV3-Ag (Si) layer(s):
\21xV21-periodicity

Si
Ag

H.Tajiri et.al., Surf.Sci. 493(2001) 214 Ag/Si(111)-5x2-Au Y. Fukaya et. al., 606 919(2012)



Normal incidence geometry

- LEPD(LEED) * transmission X-ray

. Iffraction
» Reflection geometry diffractio

« TDS as a background
— thin crystals

symmetry:
plane group

Si(111) observed calculated

phonon dispersion
M. Holt et al., Phys. Rev. Lett. 16 (1999) 3317.



Holographic Methods

. b) Photoelectron Holography (PH),
Photoelectron holography (b) X-ray Florecanc Holography (XFH)

- X-ray fluorescence holography

C.S.Fadely et. al., PSS 54, 341(1997)

-LEED/LEPD holography
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- CTR scattering holography S.Y. Tong et. al., PRL 69, 3654(1991)



CTR scattering holography

CTR (Crystal truncation rod) { [=| Fy+ Fs?=| R+ O |
scattering

hologram
Object wave
! (Fs) I'g : scatering amplitude by bulk
Surface ~_ ' nerierence I's - SCatering amplitude by surface
layer =~ = = = el e e -
' F, =known(reference)
;4 Reference wave .
~ — (Fg) F, =unknown(object)
Bulk : :
: ; Fg = s F exp(i2pnl)
4 : F
: 1 —exp(—12pl)
k=ha"+kb +Ic"

iﬁ’%)ﬁ/ﬁfﬁﬁ E'|E'E| scattering vector

T. Takahashi, K. Sumitani, S. Kusano; Surf. Sci. 493, 36 (2001)




CTR Holographic Method

Hologram function in SXD
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Fs : electron density

I =|F, +F,| :observed

I, =|F,[ : calculated

Reconstruction of atoms

Ulr) = fh  ofk) exp(-i 2pk) ok

0=F,

O :atomimage
electron density p(r)

0" :twinatom

Re (U(r) - r(r)

T. Takahashi, K. Sumitani, S. Kusano; Surf. Sci. 493, 36 (2001)



MHEFH

Bi(OQl)-Wetting layer gy = 3.23 A
Wetting layer-substrate Inter bilayerfEgE 2.38 A
— Bi(001)fE(Xfree standing
Bi ‘ — QWSDRE &R % ERBH
11-bilayer

dWL-Adatp, =27A
HEHEFEM=259A

Dalton Trans. 2832 (2008)

_dBi-WL
_V_+_ ) ' dWL-Si = 412 A
X 0% o o Po ¢
Awi-ad il Van der Waals2 & = 4.17 A
R N\ (J. Phys. Chem. A , 5806 (2009))
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*Jour. Appl. Phys. 99, 014904 (2006).

side view

Bi(OO ]_) /Si( ]_]_]_)-7)(7 T.Shirasawa et. al, PRB 84. 0754111(2100)
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Holography + iterative phase retrieval method
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blue: observed

red: calculated T.Shirasawa et. al, PRB 84. 0754111(2100)



Summary

Expectation for positron diffractions

1) Surface sensitivity
determination of topmost layer(s)
-Large unit cell
-deeply distorted structures
-substrate with complicated structure
2) Normal incidence condition
symmetry of surface structures
3) Development of analyses
depending on the degree of multiple scattering
- holographic method
- Patterson map
-iterative phase retrieval method(?)



Thank you!



