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№™∟◦fi◒꜡♩꜡fi ☿fi♃כ ♃כⱠ▫♦כ◖

 ◦fi◒꜡♩꜡fi ☿fi♃כ ┼™



│∂╘⌐ ⌐≈™≡─

Å X (XAFS)─ ≢╙⁸Athena╩ ™√₈ XAFS(XANES,

NEXAFS)─ ≤ ₉ ┘₈ XAFS(EXAFS)─☻Ɑ◒♩ꜟ╩ Artemis ≢
ⱨ▫♇♥▫fi◓∆╢ ⌐ ℮ ₉─ ╩ ⇔≡™╕∆⁹

Å Bruce Ravel ⌐╟╡ ↕╣⁸Ⱡ♇♩ ≢ⱨꜞכ≢ ↕╣≡™╢ XAFS─
♁ⱨ♩►▼▪─ Demeter (Athena ≤ Artemis ╩ ╗Ɽ♇◔כ☺) ╩ ™≡™╕∆⁹

Å ─ Demeter│ 64bit ─ Ver. 0.9.26 ≢∆⁹⌂⅔⁸Demeter─Ᵽכ☺ꜛfi│⁸
⁸ ↕╣╢ ⅜№╡╕∆⁹

Å Demeter ─▬fi☻♩כꜟ ─ ╛ │⁸ URL─ ╩↔ ↄ∞↕™⁹
https://www .aichisr.jp/content/files/BL 5S1/Demeter_install_data_reading.pdf

Å ─ p.2 ⌂≥─ │⁸ ☻ꜝ▬♪─ ─Ɑכ☺ ╩ ⇔≡™╕∆⁹
╕√⁸p.3 ⌐≈™≡│⁸p.3(D)─╟℮⌐ ⌐ ∆╢ ╩ ⇔≡™╕∆⁹

Å ─EXAFS ─ ╛ ⅎ ⅜⁸ ─XAFS ≤ ⌂╢ │ ™⌐№
╡╕∆─≢⁸ ─ ≤⇔≡ ⅎ≡ↄ∞↕™⁹

Å Athena ≤ Artemis ─ ó ó⌂ ™ ╩ ═≡™╕∆⁹∕╣╠─ ™ ╛XAFS─
⌐≈™≡⁸ ⅜ ∂√≤⅝╛ ⌐ ⇔™ ╩ ╡√™≤⅝│⁸

₈  (p.3)₉─ ╩−└ ⇔≡ↄ∞↕™⁹
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ₒ2023 6 13  ₓ

A) Athena, Artemis ─ ⱴ♬ꜙ▪ꜟ  ( Bruce Ravel )
http://bruceravel.github.io/demeter/documents/Athena/index.html

http://bruceravel.github.io/demeter/documents/Artemis/index.html

B) Athena ─ ⱴ♬ꜙ▪ꜟ─  (  )
https://www.apch.kindai.ac.jp/laboratory/asakura/personal/ja/others/aug/index.html

C) Athena, Artemis ─♅ꜙכ♩ꜞ▪ꜟ (  )
https://www.apch.kindai.ac.jp/laboratory/asakura/personal/ja/others/dtj/

D) Athena ─▬fi☻♩כꜟ ─♃כ♦┘╟⅔ ⅝  (p.2─URL≤ ∂)

( AichiSR BL5S1, BL11S2 )
https://www.aichisr.jp/content/files/BL5S1/Demeter_install_data_reading.pdf

E) Athena ─ ⌂ ™  ( AichiSR BL5S1 )
https://www.aichisr.jp/content/files/BL5S1/Athena_utilities.pdf

F) X  XAFS─ ≤  26 ☼כꜞ◦  

( [ ]⁸ ☿fi♃כ)

G) XAFS─ ≤  ( XAFS [ ]⁸ )
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₈Main window ─ ™ ₉≢ ♃כ♦╢™
Å Cu-foil.dat

Å Cu2O.dat

Å CuO.dat

Å CuO-EXAFS.dat

₈FeOⱭ꜠♇♩─ ⌐⅔↑╢in-situ ♃כ♦─₉
Å athena_FeO-insitu.prj

₈ ⌐ ∆╢ ≤ ─  ♃כ♦─₉

Å athena_Coin.prj

♃כ♦4

β ♦כ♃ │ AichiSR BL5S1≢ ⇔╕⇔√⁹

β dat♦כ♃─ │ 9809ⱨ◊כⱴ♇♩ (p.8) ≢∆⁹AichiSR BL11S2, BL6N1 ╙
♃כ♦ ≢∆⁹

β ⁸│♃כ♦ ─URL─₈ zip) ♃כ♦ )₉⌐№╡╕∆⁹
 http://titan.nusr.nagoya -u.ac.jp/Tabuchi/BL5S1/doku.php?id=tsukada:text-tsukada



Athena ▪♥♫

Artemis ▪ꜟ♥Ⱶ☻

Hephaestus ⱫⱤ▬☻♩☻

Å ─ ╛ X ─ ◄Ⱡꜟ◑כ─
Å ─ ╛ X ─◄Ⱡꜟ◑כ⌐ ∆╢ ─ ⁸

Å XAFS (XANES, NEXAFS) ☻Ɑ◒♩ꜟ─
Å Artemis≢EXAFS☻Ɑ◒♩ꜟ╩ ∆╢√╘─ ╘
Ᵽ♇◒◓ꜝ►fi♪ ⁸EXAFS ─ ⁸

Demeter≤│ê
XAFS ♁ⱨ♩►▼▪ Ifeffit ╩ ≢╙ ™╛∆™╟℮⌐⁸
Bruce Ravel ⅜ GUI ─♁ⱨ♩►▼▪≤⇔≡ ⇔√╙─

Å ATOMS ╩ ™√ FEFFⱨ□▬ꜟ─
Å FEFF ⌐ ≠ↄXAFS─ ♪כ◖ ╩

™√ EXAFS☻Ɑ◒♩ꜟ─ⱨ▫♇♥▫fi◓
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ₒ ─ ⌐ №╡ₓ

Demeter ≤│



ה ≢│⁸ ─ PC ≤ Demeter ╩ ™≡™╢⁹
PC :  Windows10 64bit

Demeter :  0.9.26

│ Demeterה ─ URL ⅛╠ⱨꜞכ≢♄►fi꜡⁹╢⅝≢♪כ
https://bruceravel.github.io/demeter/

ה ↑ ≤⇔≡⁸Demeter ╩ 0.9.25 ─Ᵽכ☺ꜛfi⌐
∆╢↓≤⁹

CPU ⌐ ⇔√ │ ─ ╡≢№╢(2023 6 13 )⁹
32bit 0.9.25  (β)

64bit 0.9.26

(β) 0.9.25 32bit │⁸  URL ─WebⱭכ☺
─ ⌐№╢₈Earlier packages₉⅛╠
♄►fi꜡⁹╢⅝≢♪כ p.3(D)

6Demeter ─♄►fi꜡כ♪ 

↑



ⱪꜝ◓▬fi(PFBL12C)─

ᵑ [Main window] ╩ ◒ꜞ♇◒⇔≡ [Plugin registry] ╩ ∆╢
ᵒ [PFBL12C :  Photon Factory, SPring-8, SAGA, and Aichi XAS Beamlines] ⌐ἧ╩ ╣╢
ᵓ ─ [Return to main window] ╩ ◒ꜞ♇◒⁸╙⇔ↄ│⁸ ─ [Plugin registry] 

╩ [Main window]  ⌐ ⇔≡⁸ⱷ▬fi►▫fi♪►⌐ ╢

ᵑ

ᵒ

ᵓ

ᵓ
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ⱪꜝ◓▬fi╩ ⌐⇔≡⁸Athena≢♦כ♃╩ ╖ ╘╢╟℮⌐∆╢⁹



Ⱬ♇♄

♃כ♦

 ʃ ─

Ὁ
ρςσωψȢυς

ςὨɇÓÉÎ—

E : X ─◄Ⱡꜟ◑כ [eV]

d : ─  [Å]

ʃ: ⌐ ∆╢ ─ ─ [deg]

d [Å] ≤ʃ[deg] ⅛╠ X ─◄Ⱡꜟ◑כ E [eV] ╩ ∆╢⁹ₒⱪꜝ◓▬fi─ἧ⅜ ₓ

ה ─
ה  d

♃כ♦8 AichiSR 5S1 / 11S2 / 6N1

9809

ⱨ◊כⱴ♇♩



[Energy] 

energy_attained⌐ ⅜ ™≡™╢↓≤╩ ∆╢⁹
[Numerator] ( )

[Denominator] ( )

ἧ─ │BL ≢ ⌂╢
√╘⁸ ⇔√BL≢
∆╢⁹

ה   ἧ╩ ╣╢
ה ,   ἧ╩ ∆

⅜ ∫≡™╢⅛╩ ∆╢⁹(i0≤i1─ ─ │

ꜝfi♄ⱶ⌐ ↕╣╢√╘⁸ (kjdqz.)≤ ⌂∫≡™≡╙ ⌂™⁹)

Athena≢─♦כ♃ 5S1 / 11S2 / 6N1

[Data  type]

Ȋ(E)   EXAFS╙
xanes XANES (NEXAFS)

─╖─

≢ ∆╢ ⁸
I0 X ─
I X ─
ʈ
t ─ ↕
≤∆╢≤⁸

≤ ∑╢√╘⁸ [Natural  

log] ⌐ἧ╩ ╣╢⁹

≤ ─
│ p.11 

‘ὸ ÌÎ
Ὅπ
Ὅ
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X ─
◄Ⱡꜟ◑כ

─

AichiSR─ BL1N2 ≤ BL7U │ ≢ ⇔≡™╢ⱦכⱶꜝ▬fi≢№╡⁸
 ≢│⌂ↄ X ─◄Ⱡꜟ◑כ [eV] ♃כ♦⅜ ≤⇔≡ ↕╣≡™╢⁹

 Athena ─ⱪꜝ◓▬fi(PFBL12C) ⌐≈™≡⁸
ה ─≥∟╠─ ─♃כ♦╙≢ ╖ ╖⅜ ⁹

10ₒ ₓ♦כ♃ AichiSR1N2 / 7U



[Energy] 

1 ⌐  ⅜ ™≡™╢↓≤╩ ∆╢⁹

ἧ╩ ∆

⅜ ∫≡™╢⅛╩ ∆╢⁹( ─ ─ │
ꜝfi♄ⱶ⌐ ↕╣╢√╘⁸ (yezhj.)≤ ⌂∫≡™≡╙ ⌂™⁹)

[Numerator]  ( ) 

[Denominator] ( )

ἧ─ │BL ≢ ⌂╢
√╘⁸ ⇔√BL≢
∆╢⁹

ₒ ₓAthena≢─♦כ♃ 1N2 / 7U

 ≤ │⁸

I0 X ─
I ─
Ȋ

t ─ ↕

≤⇔√ ⁸≥∟╠─
╙

         (╒╓ )

≤ ∑╢√╘ [Natural  

log] ─ἧ╩ ∆⁹
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Ὅ
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◓ꜝⱨ─ ┘ ╛ ─

Å XAFS☻Ɑ◒♩ꜟ
Å XANES☻Ɑ◒♩ꜟ, NEXAFS☻Ɑ◒♩ꜟ

( ∆╢◄Ⱡꜟ◑כ ⅜ ™≤⅝)

Å EXAFS

Å EXAFS☻Ɑ◒♩ꜟ

Å  (XAFS ─ ┘ )

Å  ( ⌂ ┘ )
Å ─ 1~2 Å ⌐ ╩⅛↑≡

ⱨכꜞ◄ ⇔≡ ╠╣√EXAFS
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Main window ─ ™
~ XANES(NEXAFS)─♦כ♃ ~



ᵒ

ᵓ

ᵔ

ᵕ

ᵑ

Main window  ⌐≈™≡ (1) 14

ᵑ ─♃כ♦ ⁸
◄Ⱡꜟ◑כ◦ⱨ♩─

 (◄Ⱡꜟ◑כ ─
√╘⌐ ) 

ᵒ XANES (NEXAFS) ─

 E≢
(EXAFS ≢╙ )

ᵓ EXAFS─Ᵽ♇◒◓ꜝ►
fi♪─ ⅝
 E ⅔╟┘ k ≢

ᵔ EXAFS─ⱨכꜞ◄
─ ≤
 k ⅔╟┘ R≢

ᵕ EXAFS─ ⱨכꜞ◄
─ ≤
 R⅔╟┘ q ≢



Main window  ⌐≈™≡ (2)

ᵖ ♩☻ꜞ─♃כ♦√™

ᵗ ᵖ≢ כ♦√⇔
♃─╖╩◓ꜝⱨ⌐
   ◄Ⱡꜟ◑כ

 EXAFS

ⱨכꜞ◄
ⱨכꜞ◄

 k≤q╩ ⌐

ᵘ ᵖ≢ἧ╩ ♃כ♦√╣
╩◓ꜝⱨ⌐  (

─ │ ≤ ∂)

ᵙ ⱨכꜞ◄ ∆╢ ─
EXAFS ─ ╖ ↑

knȑ(k)─ n

ᵚ  ─
ᵛ ᵘ─

ᵜ ◓ꜝⱨ─

 
ᵘ

ᵙ

ᵚ

ᵖ

ᵛ

ᵜ
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 Cu-foil.dat ─♦כ♃

Å ⌐ⱪ(╙⇔ↄ│⁸C♪ꜝ▬Ⱪ)♇♩◒☻♦╩♃כ♦ ∆╢
2Ᵽ▬♩ ╩ ∫√ⱨ◊ꜟ♄ ⌐ ⅜♃כ♦≥╢∆ ↑╕∑╪

Å File  Import data  Cu-foil.dat  ↄ
Å♦כ♃╩ Athena ─  (p.15 p ) ⌐♪ꜝ♇◓∆╢

Å ─╟℮⌐ ⇔√ ⁸ ─ [OK] ╩ ∆

⅜ ∫≡™╢⅛╩ ∆╢⁹

[Energy] energy_attained

       ⌐ ╩ ╣╢
[Numerator] i0 ⌐ἧ╩ ╣╢
[Denominator] i1 ⌐ἧ╩ ╣╢

[Natural log] ἧ╩ ╣╢

[Data type] Ȋ(E)⌐∆╢ 

(xanes╩ ┬≤EXAFS ⅜ ⅎ╕∑╪ )

⇔√ ─dat♦כ♃─ ╙ ≢№╢

16



Data type ─

Å ♃כ♦ ─ ≢ ◒ꜞ♇◒

Å [Change data type] ╩ ◒ꜞ♇◒

Å ₒAthena: Change datatypeₓ≢⁸
₈ ₉(Change datatype forê)♃כ♦™√⇔
≤₈♃▬ⱪ(Change datatype toê)₉╩

Å [OK]╩ ∆

17

╩♃כ♦ ↄ≤ ↕╣╢

♃כ♦ ─ ⁸Data type─



XANES(NEXAFS)☻Ɑ◒♩ꜟ─ ≤│

XANES(NEXAFS)☻Ɑ◒♩ꜟ─ Ⱨכ◒─ ╩ ∆╢√╘⌐⁸
Pre-edge line (ⱪꜞ◄♇☺ꜝ▬fi) ≤ Post-edge line (ⱳ☻♩◄♇☺ꜝ▬fi)─
₈ ₉≢№╢₈Edge-jump (◄♇☺☺ꜗfiⱪ) β₉╩ ⌐ ∆╢⁹

 β Athena ≢│ Edge-jump ╩ Edge step ≤ ⇔≡™╢ (p.19 ) 

18

Pre-edge line

(ⱪꜞ◄♇☺ꜝ▬fi)

Post-edge line

(ⱳ☻♩◄♇☺ꜝ▬fi)

Edge-jump

(◄♇☺☺ꜗfiⱪ)

E0

( )



XANES(NEXAFS)─ ╩

XANES(NEXAFS)☻Ɑ◒♩ꜟ─◄♇☺☺ꜗfiⱪ╩ ⌐ ∆╢⁹

Å ╩ ◒ꜞ♇◒⇔≡XAFS☻Ɑ◒♩ꜟ╩◓ꜝⱨ⌐ ↕∑╢

Å E0  (p.18 ) ─◄Ⱡꜟ◑כ─ ─ ╩ ∆ 8978 eV)
(Athena≢│ 1 ⇔√Ⱨכ◒♩♇ⱪ╩E0⌐ ∆╢⁹ ⁸E0⅛╠─ ≢

∆╢ ⅜ ™√╘⁸ ╩ ∫≡⅔ↄ≤◐ꜞ⅜ ↄ≡ ⅛╡╛∆™⁹)

Å ─ ─
Back ground ἧ╩ ∆
pre-edge line ἧ╩ ╣╢
post-edge line   ἧ╩ ╣╢

Å Normalization order   3 2  (1│0 ⁸2│1 )

Å Pre-edge range   -250 ~ -50 E0⅛╠─
Å Normalization range 50 ~ 1100 E0⅛╠─

Å ╩ ⇔√ ⌐◓ꜝⱨ ╩ ◒ꜞ♇◒∆╢≤⁸∕─ ─ ⅜ ⌐⌂╢
☻Ɑ◒♩ꜟ─ ╩ ↕∑≡ √™ │⁸ Ɑכ☺─ ╩

19

Edge step (p.18)

Edge-jump ≤



Å ─ ─ ─  Normalized  ⌐ ἧ ╩ ╣╢
Å ╩ ↄ∆╢√╘⌐⁸Emin -50⁸Emax100 ⌐

∆╢ E0⅛╠─

Å Athena ─ⱪ꜡☺▼◒♩ⱨ□▬ꜟ╩ ∆╢
File  Save project asê  ╩ ↑╢(1Ᵽ▬♩ )  

20◓ꜝⱨ⌐ ⁸prjⱨ□▬ꜟ─

☻Ɑ◒♩ꜟ─ ╩ ↕∑√™ │⁸◓ꜝⱨ ─ ╩ ∆⁸
╙⇔ↄ│⁸◓ꜝⱨ╩ ◒ꜞ♇◒⇔√ A ─♪כⱲכ◐⌐ ╩ ∆

◄♇☺☺ꜗfiⱪ
(Edge-jump)



Å ╢∆כⱧ◖╩♃כ♦
╩♃כ♦ ↕∑√ ⁸ ≢ ◒ꜞ♇◒ 

 [Copy current group] ╩ ◒ꜞ♇◒ ╙⇔ↄ│⁸ ⌐ Shift + Ctrl + y 

Å ♃כ♦ ╩ ∆╢ ♃כ♦ ╩♄Ⱪꜟ◒ꜞ♇◒∆╢ .dat ╩ ⇔≡╖╢

Å ─♃כ♦ ┘ ╩ ≈  ⌐∆╢ Alt + k

Å ─♃כ♦ ┘ ╩ ≈  ⌐∆╢ Alt + j

Å ╩ἧ⌐♃כ♦─≡ ╣╢    ╩ ◒ꜞ♇◒

Å ╩ἧ╠⅛♃כ♦─≡ ∆    ╩ ◒ꜞ♇◒

Å ╩ἧ─♃כ♦√⇔ ↕∑╢    ╩ ◒ꜞ♇◒

Å ╩♃כ♦─≈ ∆╢
╩♃כ♦   ↕∑√ ⁸ ≢ ◒ꜞ♇◒
 [Remove current group]  ╩ ◒ꜞ♇◒

Å ╩♃כ♦─ ∆╢
╩ἧ⌐♃כ♦ ╣√ ♃כ♦⁸ ─ ≢

  ◒ꜞ♇◒
 [Remove marked groups] ╩ ◒ꜞ♇◒

─  (1) 21



Å Cu2O.dat⁸CuO.dat ─ ╩♃כ♦ ╖ ╗ ♃כ♦ ─ .dat ╩ ∆╢

Å Cu-foil  ─ E0, Pre-edge range, Normalization range ─ Ɽꜝⱷכ♃╩
╢∆כⱧ◖⌐♃כ♦─ ↓╣⌐╟╡⁸ ⅜ ↄ⌂╢

 

üⱤꜝⱷכ♃╩◖Ⱨכ⇔√™ ╩ἧ ⌐♃כ♦─≡ ╣╢
ü◖Ⱨכ─ )♃כ♦╢⌂⌐ │ Cu-foil ≤∆╢) ╩ ◒ꜞ♇◒⇔≡

↕∑╢
ü Athena ─ E0⌐ⱴ►☻╩ ╦∑≡ ◒ꜞ♇◒∆╢ 

ü [Set marked this value of E0] ╩ ◒ꜞ♇◒∆╢
ü Pre-edge range⁸Normalization  range ╙ ─ ╩ ℮

─♃כ♦ ⁸Ɽꜝⱷכ♃─◖Ⱨכ 22



⌐ⱨꜝ◓╩♃כ♦

Å ─♃כ♦™√∑↕ ≡⌐ἧ╩ ╣╢

Å ─Ⱨfi◒ ─ ─ Normalized ⌐ ╩ ╣╢

Å  ╩ ◒ꜞ♇◒∆╢

23



Å ─♃Ⱪ≢⁸
[Plot in energy]  [Stack plots] ⌐∆╢

Å Increment ⌐ -0.5 (ⱴ▬♫☻ 0.5) ≤ ∆╢
0.5 ⌐∆╢≤⁸◓ꜝⱨ≢─ ┘ ⅜
⌐⌂╢

Å [Apply to marked] ╩ ◒ꜞ♇◒∆╢

Å ╩ ◒ꜞ♇◒∆╢

╩♃כ♦ ╖ →≡◓ꜝⱨ⌐ 24

-0.5∏≈
⅜ ╦╢



≡⇔≥♃כ♦♩☻◐♥⌐

Å♥◐☻♩♦כ♃≤⇔≡ ╩ἧ⌐♃כ♦™√⇔ ╣╢

Å File  Save marked groups as  ⇔√™ ╩
Ȋ(E)        ♦כ♃
norm(E)  ⇔√ ♃כ♦─

Å♦כ♃ ╩ ∆╢ (1Ᵽ▬♩ ) 

 

◓ꜝⱨ⌐ ╖ →≡ ™√⇔⌐♃כ♦♩☻◐♥╕╕─♃כ♦√∑↕

Å ╖ ⌐ⱨꜝ◓╩♃כ♦√→ ↕∑╢ (p.24)

Å ─♃Ⱪ≢ [Title, legend, single file] ╩
∆╢

Å [Save next plot  to a file] ╩ ◒ꜞ♇◒∆╢
Å ⇔√™ E, k, R, q ─

 Ⱨfi◒ ─Ⱳ♃fi╩ ◒ꜞ♇◒∆╢

Å ♃כ♦ ╩ ∆╢ (1Ᵽ▬♩ )  

25



─ (2)

◓ꜝⱨ─₈♃▬♩ꜟ₉╩ ⇔√™

ü ─♃Ⱪ≢ [ Title, legend, single file ] ╩ ∆╢

üTitle for marked group plot ─ ⌐♃▬♩ꜟ╩ ∆╢

◓ꜝⱨ─₈ ─ ₉╩ ⇔√™

ü ─♃Ⱪ≢⁸[ Title, legend, single file ] ╩ ∆╢

üLegend location ≢⁸ ⇔√™ ─ ╩ ┬ ( top right)

ü ╩◓ꜝⱨ─ ⌐ ↕∑√™ │⁸Out side ⌐ ἧ╩ ╣╢

26

╩
◒ꜞ♇◒



Main window ─ ™
EXAFS ─√╘─



Athena/Artemis⌐╟╢EXAFS ─ ╣

Å EXAFS ─ ─√╘⌐⁸₈ ⌐⅔↑╢◄♇☺☺ꜗfiⱪ ɛ0(E0)₉
≤₈Ᵽ♇◒◓ꜝ►fi♪ (☻ⱪꜝ▬fi )₉╩ ∆╢

Å ⱨכꜞ◄  ( k  R ) ─√╘⌐⁸₈k─ ⌂≥─ ₉╩ ∆╢
Å ⱨכꜞ◄  ( R q ) ─√╘⌐⁸₈R─ ⌂≥─ ₉╩ ∆╢

Å Athena ≢ ⇔√ₒ ₓ─♦כ♃╩ ╖ ╗
Å Scattering Path( )╩ ╘≡ EXAFS☻Ɑ◒♩ꜟ─ⱨ▫♇♥▫fi◓
╩ ℮√╘⌐⁸ ─™∏╣⅛─ ╩ ™╢

  ᵑ ≢ Ɽꜝⱷכ♃╩ ∆╢
  ᵒ QFS (Quick First Shell fit) ╩ ™╢
  ᵓ CIFⱨ□▬ꜟ (Crystallographic Information File) ╩ ™╢

Å ⱨ▫♇♥▫fi◓─ ( S0
2 / E0 / R / ů2 )≤ ◓ꜝⱨ ─ ╩ ∆╢

Artemis

Athena

Å ₒ ₓ─♦כ♃⌐ ⇔≡⁸₈ ≢ ╘√ S0
2₉╩ ⇔⌂

⅜╠⁸ ─ ᵑ ᵓ ─™∏╣⅛─ ≢ⱨ▫♇♥▫fi◓╩ ℮

Å ⱨ▫♇♥▫fi◓─ ( N / E0 / R / ů2 ) ≤ ◓ꜝⱨ ─ ╩ ∆╢

28



Athena≢─EXAFS ─ⱨ꜡כ 29

₈k─ ⌂≥─ ₉╩ ∆╢

EXAFS ─  ( )

₈ ⌐⅔↑╢◄♇☺☺ꜗfiⱪ ɛ0(E0)₉≤
₈Ᵽ♇◒◓ꜝ►fi♪ (☻ⱪꜝ▬fi )₉╩ ∆╢

₈R─ ⌂≥─ ₉╩ ∆╢

q ─ EXAFS ⌐ ⇔≡ⱨ▫♇♥▫fi◓╩ ℮

ⱨכꜞ◄     ( )

Athena

Artemis

ⱨכꜞ◄    ( )



Athena≢─EXAFS ─ⱨ꜡כ 30

₈k─ ⌂≥─ ₉╩ ∆╢

EXAFS ─  ( )

₈ ⌐⅔↑╢◄♇☺☺ꜗfiⱪ ɛ0(E0)₉≤
₈Ᵽ♇◒◓ꜝ►fi♪ (☻ⱪꜝ▬fi )₉╩ ∆╢

₈R─ ⌂≥─ ₉╩ ∆╢

q ─ EXAFS ⌐ ⇔≡ⱨ▫♇♥▫fi◓╩ ℮

ⱨכꜞ◄     ( )

Artemis

ⱨכꜞ◄    ( )

Athena



 CuO-EXAFS.dat ─♦כ♃

Å CuO-EXAFS.dat ╩♦☻◒♩♇ⱪ(╙⇔ↄ│⁸C♪ꜝ▬Ⱪ)⌐ ∆╢
2Ᵽ▬♩ ╩ ∫√ⱨ◊ꜟ♄ ⌐ ⅜♃כ♦≥╢∆ ↑╕∑╪

Å File  Import data  CuO-EXAFS.dat  ↄ
Å♦כ♃╩ Athena ─  (p.15 p ) ⌐♪ꜝ♇◓∆╢

Å ─╟℮⌐ ⇔√ ⁸ ─ [OK] ╩ ∆

⅜ ∫≡™╢⅛╩ ∆╢⁹

[Energy] energy_attained

       ⌐ ╩ ╣╢
[Numerator] i0 ⌐ἧ╩ ╣╢
[Denominator] i1 ⌐ἧ╩ ╣╢

[Natural log] ἧ╩ ╣╢

[Data type] Ȋ(E)⌐∆╢ 

(xanes╩ ┬≤EXAFS ⅜ ⅎ╕∑╪ )

31



Athena≢│ EXAFS  ╩ ∆╢ ⅜ ─╟℮⌐ ↕╣╢√╘⁸
╩ ∆╢ ⅜№╢⁹(p.3(C))

Å E0( )─◄Ⱡꜟ◑כ─ ─ ╩ ∆ (EXAFS ≢ ⌐

╠╣╢E0─ ⅜⁸↓─ ─ ≢ ↕╣╢√╘⁸○☻☻ⱷ⁹

Å ─ ─
Background ἧ╩ ∆
pre-edge line ἧ╩ ╣╢
post-edge line   ἧ╩ ╣╢

…Ὧ
‘Ὁ ‘πὉ

‘πὉπ

‘πὉ

‘πὉπ

⌂ ─X ☻Ɑ◒♩ꜟ

⌐⅔↑╢◄♇☺☺ꜗfiⱪ

‘Ὁ ☻Ɑ◒♩ꜟ

ʔὯ EXAFS

≢─◄♇☺☺ꜗfiⱪ ɛ0(E0) ─  (1)

‘πὉπ

32

‘πὉπ

Pre-edge line

Post-edge line



Å Normalization  order 3 2 (1│0 ⁸2│1 )

Å Pre-edge range    -250 ~ -50 E0⅛╠─
Å Normalization range 50 ~ 1100 E0⅛╠─

Å ╩ ⇔≡◓ꜝⱨ ╩◒ꜞ♇◒∆╢≤⁸∕─ ⅜ ⌐⌂╢
⅜ ™ │⁸◓ꜝⱨ ─ ╩ ∆≤ ⅜ ↕╣╢

Å☻Ɑ◒♩ꜟ─ ─Ɽꜝⱷכ♃⅜
⌂™↓≤╩ ∆╢√╘⌐⁸
─ ─ ─

Normalized ╩ ◒ꜞ♇◒
⇔≡ἧ╩ ╣⁸
XAFS☻Ɑ◒♩ꜟ╩

∆╢

≢─◄♇☺☺ꜗfiⱪ ɛ0(E0) ─  (2) 33



™≡⁸EXAFS ╩ ∆╢√╘⌐⁸Ᵽ♇◒◓ꜝ►fi♪╩ ∆╢⁹

Å CuO-EXAFS.dat ╩ ◒ꜞ♇◒⇔≡ ↕∑╢

Å  ╩ ◒ꜞ♇◒∆╢

Å ─ ─  

    Background ἧ╩ ╣╢

    pre-edge line ἧ╩ ∆

    post-edge line   ἧ╩ ∆
Normalized   ἧ╩ ∆

Å ─ │☻ⱪꜝ▬fi ≢№╢⁹
≢─☻ⱪꜝ▬fi │⁸

EXAFS ─ ─√╘⌐ ♃כ♦
⅛╠ ⇔ ↄⱣ♇◒◓ꜝ►fi♪ ( ⌂

─X ☻Ɑ◒♩ꜟ─ ) 

─↓≤╩ ∆⁹

Ᵽ♇◒◓ꜝ►fi♪─  (☻ⱪꜝ▬fi ≤│) 34



☻ⱪꜝ▬fi Ᵽ♇◒◓ꜝ►fi♪ ╠⅛♃כ♦╩ ⇔ ↄ√╘─
Spline range ╩ ∆╢ │ ─ ╡≢№╢⁹

(1) Plotting k-weights ⱨכꜞ◄ ─ ╖ ↑ (knȑ(k)─ n) ╩ 3 ⌐∆╢
│ 3∞⅜⁸ ⌐⁸ ⅜ ⌂╠┌ 2⁸ ⌂╠┌ 3 ⅜ ⁹(β)

(2)       ╩ ⇔√ ⁸k ─ ╩ kmin 0⁸kmax 18 ⌐∆╢

(3) EXAFS ⌐ ─ⱡ▬☼⅜≥↓⅛╠ ╕╣╢⅛ ─ ╩ ↑╢ (p.36)

(4) EXAFS ⌐ ─ⱡ▬☼⅜№╢ │ Spline range  ╩ ╘╢ (p.37) 

─
ⱡ▬☼

35Ᵽ♇◒◓ꜝ►fi♪─  (Spline range ─ )

(β) ⇔⁸p.3(F)≢│₈ ⅜ ≤ ⅛╠⌂╢ ⁸ ≢⁸
─ Ⱨכ◒╩ ⌐ ⇔√™ │ n=1⁸ ⌐ ╩ ⇔√™ │ n=3 

≤⇔≡⁸ ─ ╩ ⌐ ⅝ↄ∆╢↓≤╙№╢₉≤™℮ ⅜ ⅛╣≡™╢⁹ 



Å CuO-EXAFS.dat ─ ─ⱡ▬☼⅜ ∫≡ↄ╢ k ─ ─ ╩
↑╢√╘⌐⁸Forward  Fourier  transform  parameters  ≢

arbitrary k-weight 6

Plotting  k-weights kw

⌐⇔√ ⁸   ╩ ◒ꜞ♇◒∆╢

Å ⇔≡™ↄ (k=13)⅛╠⅜⁸ ─ⱡ▬☼
≢№╢≤ ↕╣╢ ( ⇔⁸ ─ ≢│ ⇔⌐ↄ™↓≤⅜№╢⁹) 

Å p.39 ─ⱨכꜞ◄ ⌐⁸k=3~13 ╩ ─Γ Δ≤ ⅎ╢≤ ™

Cu-foil.dat╩ ≢ ↕∑√≤⅝

36Ᵽ♇◒◓ꜝ►fi♪─  ((3) ─ⱡ▬☼ )

ⱦכⱶ ⇔√
≢
⅜ ∞≤⁸
≢

∆╢
13



Å Plotting  k-weights ╩ 3 ⌐ ⇔≡⁸ ≢◓ꜝⱨ╩ ↕∑╢

Å CuO-EXAFS.dat │ k=14.7 ╡⌐ ─ⱡ▬☼⅜№╢√╘⁸
Spline range in k ╩ 0 to 14.6 ⌐∆╢

β ─ⱡ▬☼ Ɽꜟ☻ⱡ▬☼⁸ ⅜ ╠╣⌂↑╣┌⁸
⌐ ⅜ ⌂™ ╡⁸Spline range │ ⇔⌂ↄ≡ ™

0~14.6

37Ᵽ♇◒◓ꜝ►fi♪─  ((4) ─ⱡ▬☼ )

─ⱡ▬☼
Ɽꜟ☻ⱡ▬☼



q ─ EXAFS ⌐ ⇔≡ⱨ▫♇♥▫fi◓╩ ℮

Artemis

Athena≢─EXAFS ─ⱨ꜡כ 38

₈k─ ⌂≥─ ₉╩ ∆╢

EXAFS ─  ( )

₈ ⌐⅔↑╢◄♇☺☺ꜗfiⱪ ɛ0(E0)₉≤
₈Ᵽ♇◒◓ꜝ►fi♪ (☻ⱪꜝ▬fi )₉╩ ∆╢

₈R─ ⌂≥─ ₉╩ ∆╢

ⱨכꜞ◄     ( )

Athena

ⱨכꜞ◄    ( )



Forward  Fourier  transform  parameters ─Ɽꜝⱷכ♃╩ ∆╢⁹

Å window │ Hanning─╕╕ (window ≤│ ─↓≤≢№╢)

Å dk │ 1 ─╕╕ ( ⌐╟∫≡│ 0 ╛ 0.5 ⌐∆╢ ╙№╢)

Å k-range ( ≢│ ╕≢ ) ╩ ⅎ√ ⁸  ╩ ◒ꜞ♇◒

ⱨכꜞ◄ ─  ( k ─ ─ )

k=3~10 k=3~11 k=3~12

k=3~13 k=3~14 k=3~14.5

39

ⱡ▬☼
≤

ⱡ▬☼⅜
≢

Ⱨכ◒
ⱡ▬☼⅜
⌐

Ⱨכ◒
⅜

≢
Ⱨכ◒



k =  3~13 ≢ⱨכꜞ◄ ⇔≡ ╠╣√  (p.12 ) ⌐ ⇔⁸
 ─ EXAFS  (q ) ╩ ∆╢ ╩ ⌐ ∆⁹

Å ─ ─ ─ Window ⌐ἧ╩ ╣⁸ ╩◓ꜝⱨ⌐ ↕∑╢

Å Backward  Fourier transform parameters ─ R-range ╩ 1 to 2  ⌐∆╢
( ─ ─ ⁹ ─ ≢│ ─ ╕≢ ∆╢)

Å window │ Hanning─╕╕ window ≤│ ─↓≤≢№╢

Å dR│ 0 ─╕╕ ⌐╟∫≡│ 0.1 ⌐∆╢ ╙№╢

Å   ╩ ⇔≡⁸ ⱨכꜞ◄ ─ ╩ ∆╢

Å   ╩ ⇔√ ⁸q─ ╩ qmin 0⁸qmax 18 ⌐⇔≡⁸
⌐ ∆╢ EXAFS ╩ ∆╢ ( ╩ ∆≤ k ≤ q ⅜ ⌐ ↕╣╢)

[prjⱨ□▬ꜟ─ ]   File  Saveproject asê  ╩ (1Ᵽ▬♩ !) 

40ⱨכꜞ◄ ─ ⁸prjⱨ□▬ꜟ─



Å CuO.dat ≤ CuO-EXAFS.dat ╩ Athena ≢ ╖ ╗

Å ─ E0 ─♃כ♦ ─ ╩ ∆
(↓─ ─ (╢№≢ E0│⁸CuO.dat 8989 eV,  CuO-EXAFS.dat8983 eV─♃כ♦

Å CuO.dat ≤ CuO-EXAFS.dat ⌐ἧ╩ ╣⁸   ╩ ◒ꜞ♇◒∆╢

Å k ─ ╩ kmin 0⁸kmax 18 ⌐∆╢ ( ⁹ ⌂╢☻Ɑ◒♩ꜟ⌐╙ ⅎ╢)

Å CuO-EXAFS.dat ─ E0 ─ ╩ CuO.dat ⌐◖Ⱨכ∆╢ ( ⁹ ⅜ ℮)

E0 ╩
◖Ⱨכ

41ₒ ₓEXAFS ≢ E0 ╩ ⅎ╢

∟⌂╖⌐ê

CuO.dat ≤ CuO-EXAFS.dat ─☻Ɑ◒♩ꜟ⌐│⁸Ɑ꜠♇♩ ─ ⇔ ⇔⅜ ╠╣╢
  CuO-EXAFS.dat ─ ⅜ ⅜ ↕™⁸ⱡ▬☼⅜ ⅝™⁸

   ⌂☻Ɑ◒♩ꜟ╩ ╢√╘⌐│⁸ ≢│ ⌐⁸ ⅜



FeOⱭ꜠♇♩─
⌐⅔↑╢in-situ

 ⱨ▫♇♥▫fi◓(LCF)─  



43

●☻IN

OUT

Å ≢─ ⌐ ⌂ ⌐ ⇔√FeOⱭ꜠♇♩ (FeO ╩
ⱱ►  BN ≢ ) ╩◘fiⱪꜟⱱꜟ♄⌐ ⇔√⁹

Å FeOⱭ꜠♇♩ ╡─◘fiⱪꜟⱱꜟ♄╩in-situ☿ꜟ┼ ⇔√⁹

Å in-situ☿ꜟ ⌐⁸ (O2 20 mL/min)  + (N 2 80 mL/min) ─
●☻╩ⱨ꜡⁹√⇔כ

Å (27ϴ) 900ϴ ╕≢⁸ 10ϴ/min ≢ ⇔√⁹( │ ≢ )

FeO

Ɑ꜠♇♩



27oC.0000≤│ê

ה   (6813 eV

≢ ⅜ 27ϴ ∞∫√
☻Ɑ◒♩ꜟ

ה  ╡ ⇔ ≢ √
 ☻Ɑ◒♩ꜟ─℮∟⁸

─╙─
(≈╕╡ .0005 │ )

Quick XAFS ─ 44

∆╢◄Ⱡꜟ◑כ Fe K 6813 eV  8213 eV

◄Ⱡꜟ◑כ☻♥♇ⱪ 0.3 eV/step

─☻Ɑ◒♩ꜟ╩ ╢√╘⌐ ∆╢ 60 

Fe K XAFS

☻Ɑ◒♩ꜟ


