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Analysis of Extended X-ray Absorption Fine Structure data
using Deep Neural Networks

F.Iesari', H. Setoyama?®, T. Okajima'
'Aichi Synchrotron Radiation Center
2Kyushu Synchrotron Light Research Center
fabio.iesari@aichisr.jp

Over the last decade, the use of neural networks (NNs) for scientific applications has been
steadily increasing. Consisting of numerous “neurons” stacked into layers, they are able to
distinguish patterns or understand relationships between different quantities after appropriate
training. Extended X-ray Absorption Fine Structure (EXAFS) data contain structural information
in terms of the n-body distribution functions [1]:

() = [ dr 4mrpg, (YK +
0
[ dridr, dd8m?riresin(d)p?gs (ry, 12, &)YP (ry, 12, &, k) + 0(g,).

The inversion of this equation is an ill-posed problem and among the various strategies to
obtain a solution, recently NNs have been used [2]. We wanted to investigate whether the same
methodology could be applied to disordered phases and whether it would be possible to obtain
information beyond the pair distribution function.

The critical point of any NN is the dataset used for the training process, that should be
sufficiently large and heterogeneous. For this purpose, we used MD simulations of mono-atomic
nickel in different structural configurations and at various temperature. The temperature was
increased past the melting point to also include liquid configurations. From each configuration, we
calculated the radial distribution function, bond-angle distribution of the nearest neighbors and the
EXAFS signal, using GNXAS suite of programs. The created dataset was then used to optimize
and train a set of deep NN to estimate radial and bond-angle distribution functions from a given
EXAFS signal.

We used the NNs to analyze data of nickel at different temperatures. Obtained results show
that the NNs are able to distinguish between ordered and disordered configurations and are also
able to detect small changes in the local ordering of liquid structure, comparable with previously
published results [3].

This work was supported by JST CREST JPMJCR1861.

[1T A. Filipponi and A. Di Cicco, Phys. Rev. B 52, 15135 (1995)
[2] J. Timoshenko, A. Anspoks, et al., Phys. Rev. Lett. 120, 225502 (2018)
[3] A. Di Cicco, F. lesari, et al., Phys. Rev. B 89, 060102 (2014)
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NN-EXAFS

lesari F. (AichiSR)

Introduction: X-ray absorption spectroscopy

16 - Absorbance: «(E) = In(lo/h)
EXAFS structural signal:
(6 = 200 = 00— ()
12 ag(k)
H where k = \/2m(E — E.)/h
%’ ! n-body distribution expansion:
2 08 oo
(x(K) = / dr 47 p ga(r) vP(r, k) +
06 Edge °
~ /drldrquﬁ 8r2rird sin(d)p’es(n, 2y &)
04
x ¥, r, 6. k) +Oles)
82 83 84 85 86 87 88
Energy [keV] [A. Filipponi, A. Di Cicco, C.R. Natoli, Phys. Rev. B 52, 15122 (1995)]

n-body distribution represents the probability of finding n atoms in a given configuration.
The more known equation of EXAFS:

Ni  ori/ai(k . . —2024k2
X(K) =3 e Gk )] sin(2KR; + 261(K) + ¢i(K))e > dr.
J J

is a single scattering approximation where the shell is approximated by a Gaussian distribution. This is adequate
for some cases, but can lead to ambiguous results and mistakes in presence of distortions or for amorphous
systems.

lesari F. (AichiS| NN-EXAFS

Inversion of the EXAFS equation is known to be an ill-posed problem. Recently, Neural Networks (NNs) have
been used to solve this issue for crystals.

cl!u;pm g f-'SU

g (e

!

4

*.'.
e edisl b 52 B
-0 40 4 woan s

e S |
WO (AT R{A) glR}(A
[J. Timoshenko et al., Phys. Rev. Lett. 120, 225502 (2018)]

@ Can we use it also for disordered configurations?

@ Is it possible to obtain more than pair distribution function?

What is a Neural Network?

Nonlinear models for supervised learning, extension of linear and logistic regression.
Basic unit is a “neuron” which takes a vector Neural Netwo‘rk (NN) consists in many neulions stacked
into layers, with the output of one layer acting as the

X = (x1,%, - xq) and output a scalar a;(X).
s " . input for the next.
a; consists in a linear transformation ;
20 = W .z 4 b and an activation function I:"f::'

(non-linear) o;(z).

" linear  nonlinearity
T
2 Wy S
inout & ——— Wkl — inpuL
%

(this is feed-forward network, but many other
architectures are possible)
Universal approximation theorem: a neural network

with a single hidden layer can approximate any
continuous, multi-input/multi-output function with

arbitrary accuracy.

[P. Mehta et al., Physics Reports 810, 1-124 (2019)]
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During training the weights and bias of the neurons are
adjusted, using backpropagation algorithm.
NN Flowchart:

@ Load and process the data

@ Activation at input layer

@ Feedforward
@ Error at top layer @ Define the model and its architecture
© “Backpropagate” the error @ Choose the optimizer and the cost function
. Train the model
© Calculate gradient of the error respect to the o
parameters @ Evaluate the model performance on unseen test

data

@ Modify the hyperparameters and architecture to

Additional practices are commonly used to avoid typical N
optimize performance for the specific problem

pitfalls in using NNs (early stopping, dropout, batch
normalization).

Constructing the dataset for training

We use Molecular Dynamics (MD) simulations through LAMMPS for creating various structures at different
temperatures using Modified Embedded-Atom Method potential. For each configuration we calculate radial
distribution function (RDF), bond angle distribution of nearest neighbors and EXAFS signal.

Created configurations (fcc, hep, bec,
diamond and liquids) using NVT ensemble
of Ni mono-atomic system.

Atoms: ~1000 (for crystals),

4000 (for liquids)
Temperature: 60 - 1500 K
1500 - 2000 K (AT = 20K)
Volume variation: Aa = 0.02 A (410 times)

Facial Dstria. thr Furctan

n(r) = (1 617 — | — ) = 4nr’pg(r)
i

MD configurations are only used to establish the relationship between structure and EXAFS signal, so it's not

required that they represent real configurations.

lesari F. (AichiSR) NN-EXAFS
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EXAFS calculation

NN Architecture

EXAFS signal is calculated averaged over all atoms in the configuration (ensemble average) considering 2-body
and 3-body terms using GNXAS.

(x(k)) = <Z 7(2)(0. i)+ Z 7(3)(0, i,j)> over all atoms

()

* _. i g.w.l ‘.\1.'-. Ex.:J Cu NPT 300 K 0 GPa, compared with experimental foil data
; " G 5 L —
L L » l" ; N ;
0 2l & e e 2
wi % . .
due to mean free path effects, only paths up = 0 E
to a given cut-off are considered. ’éi—l E
The energy difference parameter AE =2
(difference between theoretical and -3
experimental energy scale) is chosen -t
randomly between -5 eV to +10 eV for B S S R T VR TR T T 810

-
every configuration. kAT

This way NN becomes independent of this parameter.

Python3.6 (TensorFlow, Keras)
Optimized by grid search
4 dense layers (1000 neurons, Activation: ReLU) and 2 output layers (RDF and N(6) )

» dense: Tleras

Tputlayer

-| denae_|:Dense | w dense_2: Denss | —| demac_1: Tieria

Optimizer = Adam (stochastic gradient descent, learning rate = 1.0E-4)
Cost function = Mean Squared Error of RDF and N(0)

e : —
|

20% of the dataset (chosen randomly) was — s
used as test set, the rest was divided into 5

equal parts: 1 part was used as validation

set to implement early stopping and the

other 4 as training set. The part used as E
validation set was rotated and each time a

new NN was trained, for a total of 5.

Predictions are then averaged and the

standard deviation used as error.

(AichiSR)
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Test Dataset

100 120 61
MSE @] © ED) )
ER 1,
’M\ 40
redd 0 . . 0
60 120 180 60/ 120 180 /]
20
A ‘ 0

2 3 [l 5 2
- 140
D7 120
11! v 100
40
WL 0, L 0 SO
60\ 120 180 20f 60 120 180 60 [ 60
20 I 0
NN — 2
Model — 0 /\’\
0 L L 0 L L L ol
2 3 1 5 6 2 3 4 5 6 2
r[A]

Performance of the trained NN on the test dataset. On the top left, the Mean Square Error (MSE) of the worst
200 cases are shown in descending order. Predicted RDF and BAD (insets) from selected configurations are
shown in blue and the shadowed area represent standard deviation of the predictions. Orange lines are the same
quantities calculated from the models, which are: (a) dia, (b) hep, (c) fec, (d) liquid and (e) bec.
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Neighboring elements

Due to the fact that scattering properties are similar for neighboring atoms in the periodic table, NN can be
used also used to analyze spectra of surrounding elements.

26 |27 | Ma | 20 30
“Fe | Co Cu | Zn

(AichiSR)
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Experimental Ni at RT

120 F — Mp
— N
100 7 Rhe et 1
Ni foil @ RT measured at BL11 of Saga Light Source = 80
Comparison MD simulations of Ni NVT 300 K V: 60 F
6 - - - T 10
"L A
0 Ve Jil
3. 4

N’
Nl Tntegral v«
7y 5 10 12 T
kA =
(A z
2F ¥ i
[1] H. M. Otte, J. Appl. Phys. 32, 1536-1546 (1961)
[2] J. Timoshenko et al., Phys. Rev. Lett. 120, 225502 (2018) 1k §
6
0 L . RIS
20 60 S0 100 120 140 160 180

NN-EXAFS

x(k) = A(K) sin (k)
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Cu at low temperatures

Liquid and Undercooled Ni

SR
5 7 100K —
150 K ——
200K ——
6 250 K
T A ) | i A A S%OC% —
; py
P VR T A B
s
] v E H
= -5 3
- 1058 2 &
10 %38 % 1 B i
- 250 K i
300 K ok — o en il
4 G 8 ) 10 12 14 40 80 l[)l; 120 140 160 180
k(A
6! K — ooR———————————
16000 & M
1o [L0K —— B ;
200K i
Lo 1230 K [
120 [300 KK =
—
S o
a0an= 'g/
s e
T MR
r (4] [E. Sevillano, H. Meuth, J. Rehr, Phys. Rev. B 20, 4908-4911 (1979)]
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Radial distribution function

Comparison of NNs prediction and RMC analysis on the same data and MD simulations

40 NN ~ 20

N . wNi —

b u-Ni (1493 K) N
a0 | M : g

20 E

10

B 40 ! ! ! ! ! ! ! L
a

1 1 1 1
55 6 222242628 3

NN-EXAFS 21823 15/17

Conclusions

@ Can we use it also for disordered systems?

We could obtain RDF and BDA for liquid structures
NNs have been able to distinguish small differences between liquid and undercooled phase

@ Is it possible to obtain more than pair distribution function?

Correctly obtained bond angle distributions of various structure at different temperatures

Reconstruction may be challenging when 3-body EXAFS signal becomes small
Acknowledgements
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After melting, small metal particles can remain in the liquid phase for temperature below the melting point.

|K-Edge @ T=1493 k . _
o Undercooled  Liguid ] o %‘%})‘iiNﬁ —
wNi (1493 K) RMC thodel —
4 001 ‘ Restdual —
4 003
da =
4 0.02 =
4 o0
Solid
7,7 °
. . .

| . |
1200 1300 1400 1500 1600 1700 1800
T (K)

[A. Di Cicco et al., Phys. Rev. B 89, 060102 (2014)]
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Bond-angle distribution

Amplitude of EXAFS signal as a function of

wNL(493 K)o the bond-angle
RMC --
- [ !
El |\ I
e L |
S 1-Ni (1733 K) |
Al /
ey N 0.001 | N E
40 60 80 100 120 140 160 18040 60 80 100 120 140 160 180 ) ) ) ) )
v G0 80 140 160 180

[F. lesari et al., Symmetry 13, 1070 (2021)]
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[1] A. Yoneyama, Vacuum and Surface Science 62 (2), 92-96 (2019).
[2] A. Yoneyama, et al., J. of Instrumentation 15 (12), P12029-P12029 (2020).
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BLO7([CHWTRBIZE D« IS5 —h S S NIeiEi =2 FIAL T,

SAGA Light SourcelC$1F3 1. ZMSEE2SOOSORAIOCT (SOEREE)
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BELT14-/0OCT ~ADER

°XKll BB, AKX EF' KH BE-’ KR —' KE EEK’
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LHZETOFEMFEHRAEMCTO BN, RETEXLT —F - IVT T A7 A (SAKAS, H— R)
DEFELEDTND, KUAT LTIE, ZHE CEHAMIE Y 7 M P Y 7 R CREBNZ IR
FELTWEtE, 7% 2 MERX (vindows @ ini 77 A /L LR UHERK) T1ED TAG 7 7
ANELTEHRT LD, EOXIBRWENRED LD REMTITONTENES iR T 5
ZENHEKD, BUE, PIROLERE (M 1) Z#&x, s L7zl OVLEE v 7 ko il
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Temp : string ¢ at HaodlE
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1.12. [BL_Cond|
iU S, SP 2212
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Date : string © 3
Time ! string ©
SR_Facility ¢ string ©
BL :string : Jf ML f21
Enemy : floar: X ¥

B L R

Ampere : float : &8 v

Mono ! : stiing ¢ (B L B

TC* W, TC" H: floar: TC =4 » b 1-3 01
1.13. lTmager]

it 2 2l atiEeE RS

Name : sming s 7 4
Pixel Size : floar &
Mag : float :
Exp_T : float : §
Exp_BKT : float : 7%
BINX: ineger © B
BINY : integer ¢ 5§ /1[4 BINNING

Camera_Width ¢ integer © 1 4 % i Bl f 2
Camera_Height : integer * 4 4 3 OHERKE

7% B

Image Width : ineger : Ui}

Image Height: integer : ML 22005
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SIS A==k
;AT S

EFB, FHAICHITEHREZIS I E

Sample
BL_Cond
Imager
Method#

&£93. BRI
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Method : string : LUBOKRE (ERIRE. BRERALE)
File_Name : string : £R&N/=I 71L& (TILICAEET)
Width : integer : F5ET —4 OIEEIZRE

Height : integer : 37 —4 DM EIZREL

Offset_X : integer : BT —9 & D UIZIBEDEA Ty ~

Offset_Y : integer : Ei&> —5 &0 H UIZBEOMA Ty ~
Format : integer : EBBF—FDIA—TW ~

0: byte (8 bit FFSH&L )
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5. TagZ 71 JLOIEE—&

[Section param ] Fornat |

[Sccrion [ pran ——rormatJ Ecrion | paran ot

[Secron [param ] Fornat |

Method string BK2_File_Name string
Name string Name string
Pro_Number Integer BK_Image_Nu  Float
Part string Mag Float 5 I T Proc_1  mer
Method ro_angle nteger
Sample  Status string Exp_T Float Off_Image_Nu  Float
Step_Mode Integer mer
Tem| strin: Camera_Width  Integer
P Y - Y FS_Numer Integer istivee!
Memo strin, Camera_Height Integer i i
g Imager 9 g File_Name g File_Name string
Date strin: Image_Width Integer i i
g ge_ g Width integer Width integer
Time strin Image_Height  Integer i i
‘ &l et il ‘ Height Teaen Proc_2  Height integer
1 SR_Facility strin, Image_Offset_X Integer 1 P
1 Y g d g 1 Proc 1 | Image_Number integer Image_Number integer
| Enert Float Image_Offset_Y Integer | i
||r | BL_Cond ay g g ||r | Eamat integer Format integer
! Mono Float !
I|I | III | BK_Interval Float BK_Interval Float
1l TC1W Float 1l )
I I BK1_File_Name float
u] TC1H float u]
1 1
| |
I I
| |
i i
\ \
6. TagZ 71 )LD 7. SAGA LSICEIFBSAKASDEA
SAGA LST(E. ¥-r70OC TEHRAIICSAKASZEA T D/, RIUE(C
[sample] [Tmager] BVWTUTOYI MO 7EZEAFELIZ, TNICKD. 1 0EZBXD
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Part=Whole Mag=5 feo 2B, AVINIIT7EEIHP TAMIZFETCHD.
Status= Exp_T=2000
Temp=RT Camera_Width=2048 @
Memo= Camera_Height=2048 CTEHAI
Image_Width=2048
[BL_Cond] Image_Height=2048 CTRL7
Date=2021/07/15 Image_Offset_X=0 -
Start_Time=16:14:41 Image_Offset_Y=0
SR_Facility=Lab. q
BLZ v [Method] © 4 : Sinogram
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16 End_Time=16:36:19
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8. F&oH
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Step_Mode=0 I
Rotdata_File_Name= f, !
FS_Number=0
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SHE
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FEWNICZEAAET 5 — 5 T, i omas i S0 272 5 BL THlIE L72ERIC [ — 2 D A
k) 20X DR T L0, BB/ 0D, TOXOIREREREZ, Yt
X —Tl%, SCHARPE - et st AR R GEH7 7y b7+ — AR 7 =
TTR) ODHE—LT Ty b T —LEEO—BE L THEMSN T D EH PR iR
WAl X #f XAFS 7 7 > Rm 2 (RR) HZBRICSE L, MIET —Z OFELICBE LRV A T&
72.  AFEFE TIX. XAFS HIE A ATREZ: BL (BLO7, BL11, BL15) & . H#HY @y = 3L F —fEkg
TXFRPULA 2 RV ORTEDS FTRE 72 [E N DO o> 3 figk O X #f XAFS I EH B — LT 1 |
i TR L X — NIRRT JCHE A - W RS R AR SERT - 7+ b7 7 7 U — (PF BL-94A, 12,
PF-AR NW10A), HWH I 7 @ hm bt Z— (AichiSR BL5S1, BL11S2), @l LR
WF%et o % — (SPring-8 BL14B2) & MEL Y M- DWW TG+ 5, Fd e szl 2s ik & 7
ST, FEUREEBZHNT RR EBRCORELET 52 & T, &gk « BL OfEF 2 Mg -
METd 2 Z LR ATRE & 72 V| BLAE O IEFLCRE T — ¥ OFE. XAFS A7 b L D itk
[ O HHME DT F 3 D BTz, 2 b IFRIT2 —F —OFIEMER BIZ572R03 5 &3z,
figk A% v 712k 5 Th BL OEEICH IR & e o2, 2D X 5 728 X #j XAFS-RR O
B A%, XAFS HIEEZ &35 BL IAMC IR D A8 TEH Y | HFREAIT L VIR
HLOWZRDLE0EHEFEEIND,
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BEXHRXAFSZ 7> PR E R

BRLEZ, RAKE FALER HESH
Ao bovaREE 42—
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KE—LT5y h 75— LA
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]
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HISTHHEE & ARIL — — 8 Ay b 7 — 2 ficrea
ERA L, EFBOERICEDHEEO CHBE Paind
SY—BHELL>TERY FT—2
20164 & (PAL28EE) ~20204 o e
z —
-1 AP anRIL-T—
SERSEE - ERTREEHAIREEED Sumiiaer s P
SHEQRLHEL LT, 2IEOKE—LT It NS S
Ty b7 LEEERBLCEL, \ Cans - o

P A S LE]
BB AT DY
SRMIT LT
AT =i

SAGA Light Saus BitinnE IWAREAMA DRI Slar

=i

HX-XAFS RREEEZEM DO E = : FEEH

FEXHSXAFS & BIE I AE AT E — LT 4 v 1E, ERICER(ZH)FE
EHOKEE - BLOBRUTEY A 0 i
- #BLTOT— X OWWAELE - BET 2 2 L HEE
THEF — & OE#IE] [Ax7 FLOESEE] [F—27 7 A LOEHE, TRE |

l.a—H¥—lt&->THER
2.MEARZ Y 7ICE > TDAR
3T AR, T2 OERRFAEN., ~DHE

#XAFSH X A ¥ THWISICRE) HRE P,
Flha—F—RROBICLEE

59 v FREVEROEM
[R5 eiesk (BLIDY M/ (2. [FHBiEEERR] %
[EiER(E—LT74Y)] TAELARY bALEEET S
- B3R - BLEORINH R ISHORHES

B

FEXHRXAFS
EEOENBGEMEE - € —L 74 (BL) TEHEAAE,
At oL PIRECRATESEZ TRERNICHANS 2 £ HATRE,
TBEDE WA FiE,

MR MEN E 4 2BLTHE O NS AERKRD
[F—4OEEE] 80k 5 ICBRT 2D,

VDR EEN
E ST B ERTEXIRXAFS 7 7 > R o £ > (RR)EERICSHE],
CIHRZEE - TR ERARREEED
HE—LTTy b7 +—LEEO—EE L TEW)

ARFEXR TR, Zt >y 2 —DREBL(BLO7, BL11,BL15) &, EANOLD3EERDEEX
RXAFSBIERE—L T4 » & TEEL/-RREROEY A DWTHRET 2,

HX-XAFS Round robinZEEE DS N%E - B%RFE wwsrn)

> SAGA-LS (Qull¥ >4 o b iiget > &2 —)
ML BARE, HIARES. BSHE o adisn | HRBESEAR

» KEK-IMSS-PF
BRBR— KNI, FEC, CHEA. RHHRB. AHRE, N8R

> AichiSR (RI#BITAME) « AEERP* AT7Y YT TA bH—E 2+
LR, BHEMT o asmis « BBHR oane | MEIER
TEEE™. RIS MERAR. BEFHAY
TR, EOskk, BRHR*

» SPring-8 / JASRI
DR, RILEE msmr . BR—EB aisaeats) o ANRIRRE.
KHBE, EHREE

» MEEAFSRE & —
RHEEH, BHEER. ~LERE

MZ DAIZ £ SAGA-LS BL16 (ERWEWTIHR) . SPring-8 BL16B2 (> E— L) A&,
ZLOALICIHBHENTEY £9,

HX-XAFS RRDE D 5 - P& & B A T-E5E

2 RBRDEH RETS RIEBL
Phase 1 SURITERA R ERE R - B PF BL-12C,
HEsRRI DB - ERRDIRIRIEIE Ti, TiO2, Cu, CuO, PF-AR NW10A

HOBEN/HEEREEMEOERE | Pt PbO, Zr, ZrO,
< BIERAND HILOBRME | BE
* 28 v I ORI

SPring-8 BL14B2
Aichi-SR BLES1. BL11S2
SAGA-LSBL11. BLO7

Phase 2 BT TILORIE EREEE PF BL-12C. PF-AR

0 e - (iR (RS F3, BBL - 1838 | CuO 1~1000 pom NW10A
BREOERDOEH DOAFTAERBBNTHBM, % | Cu,0 1~1000 ppm SPring-8 BL14B2
FHHOTVREANT. 20
U ZHEICT D

Aichi-SR BL5S1. BL11S2
SAGA-LSBL11. BLO7

HIRFR SIRAE PF BL-12C

SPring-8 BL14B2
Aichi-SR BL5S1. BL11S2
SAGA-LSBL11. BLO7

Phase 3 KHBORIE
EHBRDT—SEE é—ﬁx”ﬂﬁaﬂﬁﬁﬁ. Esrrslol]

s 1Y —0BLEREXEY 2RE(T — %) DRt ‘

Phase 4 [HX-XAFSORIFED T Phéaseﬂ TORPEDIC, | PFBL-27B

“XAF: BLJ TORRSEBRDENE (BBLICIE UEERE SPring-8 BL16B2
;SE%O?HJX,X AFSS% IRREN | RYSIEFD) | SAGA-LSBL1S. BL16
ENTRES AR
BAIBL




BHeaX

DALZFRHAIHX-XAFSD £ —

LA > DR

£¥x17

Eari ot

SAGA-LS BL11 Si(111), DCM

EHERIG 25—

Lmm{H) > Smm(W)

1.4 GeV (\
300 mA
= NI
PF BL-12C .
258 si(111), DCM

(23 keV cut off)

Dauble Au mirror

AichiSR BL5S1

1.2 GeV
300 mA

9
e}
=

Rh mirror 2.89 mrad

Rh focusing mirmor

or 4 mrad

Exp. Hatch

Bear Size

* Imm(W)

Gap-angle fixed

Exp. Hatch

Ticokedge) |

SR
==
Rh collmating mirro

bR
s -
SPring-8 BL14B2

[l
o

Boam Size
0.5mm(H) > 0.5mm(W)

Exp. Hatch

8GeV
100 mA Dﬂwvmm
SR

o BT R D—

[l
o

L (H) > Srmm (W)

%
i

MROFMISES

Ic-
W77

VIF3vi—%-
SNNRD TR

(Bfici. 74 vTq47)

ATHENA % & O° ARTEMIS (IFEFFIT)% f U CRRATH
FittingIc X EAER T, €7 /Ligs% TICFEFF6%

AUWTEE L.

FEIRME 74vT4vT
fitting: RZ%2M4, R: 1-1.85, k: 3 - 14

EF I Inorg. Mater,, 1983,19, 215,
(NIMS Atom Work cif: 4295520081-1-2)

memo:

SPring-8 BL14B2

AichiSR BL5S1

¥ OIFRLF—DREE, TIEOAERRS FLETTIC

17757, {E(DEeV)N RAEDDIF, FHHETIRILF —

BRIEQHEHD R BT HTH B,
3 SPring-8 BL14B2®Quick:8)E T DXAFSHR

MRy

FLOS/NABLD AU BN LICEBHDEEZD

Np, BIANLF—Y YT THBSPring-81%.
FDfluxiEEL(PF BL-12CD#91/100), Fluxdi&

Ti Kigft
Wik

2LDTHD1, StepBlE(WTNOIEE S Integ. Time

=1s/step)d &SI,
ERBREDRRY bLAELOND,

+oh v P HNIEkER

AichiSR BL11852

SAGA-LS BL11

PF BL-12C

Step
Quick (Tms)
Quick (36ms)
Step

Quick (15ms)

Quick (150ms)

Step

Quick (10ms)
Quick (19ms)
Step

Quick (11ms)
Quick (19ms)
Step

Quick (11ms)
Quick (21ms)
Quick (43ms)

0815
0848
0842
0826
0.840
0.829
0821
0833
0817
0828
0818
0.851
0.827
0.829
0.822
0826

0.0080
0.0084
0.0083
0.0052
0.0051
0.0058
0.0043
0.0044
0.0039
0.0045
0.0059
0.0064
00056
0.0055
0.0065
0.0059

% B. Ravel and M. Newville, ATHENA, ARTEMIS, HEPHAESTUS: data analysis for X-ray absorption spectroscopy using IFEFFIT,
Journal of Synchrotron Radiation 12, 537-541 (2005) doi:10.1107/50909049505012719

SRR D—

==
B

(B1FT 74 vT47)

ATHENA % & U° ARTEMIS (IFEFFIT) % 3
WTTERTH , Fittinglc b EREHIE. T
NAEIE R STICFEFF6 % AL CTRHE L 7=,

SEIE T4 vTALY

fitting: RZ2f, R: 1.0-3.0 A, k: 315 A1
ETIVIEIE: U Mater. Sci, 1988, 23, 757.

memo:

Culd BB CELIARFOERERLMRL.
BRAIE12TH B, ROG2UE, THITHIL
TEFNMEN AT > THHLAETH D, 1
DEDDEFNE L BREBWEE— F(Step
or Quick)®HEisE -+ E—L 7 A YRETHELWA
ERERIBOND LHETE S,

PF BL-12C

PFARI0A

SPring-8 BL14B2 Si(111)

SPring-8 BL14B2 Si(311)

AichiSR BL5S1

AichiSR BL11S2

SAGA-LS BL11

SAGA-LS BLO7

Step
Quick (39ms)
Step
Quick (36ms)
Step
Quick (36ms)
Step
Quick (50ms)
Step
Quick (36ms)
Step
Quick (36ms)
Step
Quick (37ms)
Step
Quick (40ms)

0.889 0.00286
0.887 0.00274
0.892 0.00296
0.897 0.00301
0.906 0.00297
0.902 0.00291
0.897 0.00349
0911 0.00314
0881 0.00366
0.891 0.00302
0.896 0.00293
0.901 0.00290
0.898 0.00318
0.901 0.00315
0.879 0.00257
0.889 0.00348

3 B. Ravel and M. Newville, ATHENA, ARTEMIS, HEPHAESTUS: data analysis for X-ray absorption spectroscopy using IFEFFIT,
Journal of Synchrotron Radiation 12, 537-541 (2005) doi:10.1107/50909049505012719
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ST —Z 00— :

TiO2 (anatase)

BBk CRIEAED—F
14> F v
PAFYF e

BL11BL14B2 Si(111))
140mm(SE), 1000V, N, 70%/He 30%
280mm(L#E), 1000V, N,100%

« DRI Ti K
*+ Sample:
TiO2(anatase) BIUZILEHROBNAL Y

XAFSZAND )l (XANESTaS) EXAF

; " k:3-15 A
- &b - BLORNY MILHE : 2Ty TRF 4>
s ARG P AOFETIEED S
PFBLI2C . SPring-8 BL14B2, %W HSRBLSS1, #HL HSRBL11S2, SAGA-LS BL11
XAFSZAZ 1)L (XANESHRIED) EXAFSIRH BESTEREN

- &
¢ AT VOBV EHSIRIC,

k:3-15 AL

*BLOZ AT b LB

U4y I AT N Y

PFBL12C, SPring-8 BL14B2, #W5LSRBL5S1, %L 6SRBL11S2, SAGA-LS BL11

Eg 57— 4% O—1F : Cufoil

s 2RGSO EA S

. 2 —= .y g,{g i CRIESRMEO—{) : SP8 BL14B2 Si(111))
SERESCL ) Emd) =SBk SFwvsi—: 140mm(SE), 1000V, N,100%
S AFUF =1 280mm(LAD, 1000V, N, 70%/Ar30%
XAFSZAZ U (XANESTI) EXAFSHE® DRI

- B - BLORNY ML ATy TAF v

PFBL12C, PF-ARNWI0A, %L‘BSRBLSSI $HULHSRBL11S2, SPring-8 BL14B2 Si(111) - Si(311), SAGA-LS BL11, BLO7

Quick ;.

XAFSZAD 1)L (XANESHEIR) EXAFSIFED BELT

scan i' - ;. =
— i i s— |
] = T ke b b EREETC T L i
- BHER - BLORNY R o4y S RF 0 k:3-15 A1

s ARG PO TN Eh SRS

PFBL12C. PF-ARNWIOA, #\ 5SRBL5S1, %L 65SRBL11S2, SPring-8 BL14B2 Si(111) - Si(311), SAGA-LS BL11, BLO7

g T — X2 DO—4) : zr foil

« Sample: Zr foll (20um) =5 3%tm lﬁ)@ ik (E‘h{%ﬁ#ﬂ) 14 : SAGA-LS BLO7 Si(220))

140mm(SE), 1000V, Ar 50%/N, 50%
280mm(LEL), 1000V, Ar 75%/Kv 25%

MEHHEE

XAFSZND FIL (XANESTRIE)

Step - =
scan ; E
== y Yoottt . T 5L0:
B - BLOZN Y PLE I 2Ty T RF 0y
© AN PO ES SIEIC
PF BL12C, PF-ARNWI0A, #WHSR BL5S1, BL11S2, SPring-8 BL14B2, SAGA-LS BLO7
XAFSANZD =)L (XANESHRIE) EXAFSIREN EEDHRM

Quick ..
scan i+

+ &ffEa  BLOZAY FILHEL: 2Ty T R% v
© ARS POV ED BRI,
PF-ARNWI0A, #UL\5SR BL5S1, BL11S2, SPring-8 BL14B2, SAGA-LS

BLO7



o @mERO—8 (B 74 v T4 >7)

ATHENA £ 5 F ARTEMIS (FEFFT& 3L C IR I N T
FRITX . Fittingl LELERIL. ET M PF BL-12C Step 0.887 00212
EETTICFEFF6E AL CETE L 72,

PF-AR NW10A Step 0932 00108
FEIRM T4vTFavY Quick (63ms) 0.927 0.0108
fitting: 7R, R: 1.5-3.5, k: 3 — 14.5 B i N

E 7 )UHiiS: ). Appl. Phys., 1956, 27,1040 Quick 020 2L
(NIMS Atom Work cif: 4295521200-1-2) AichiSR BLSS1 Step 0911 00114
Quick (38ms) 0.908 00120

AchiSRBL11S2  Step 0917 00108

Quick (11ms) 0.909 00115

SAGA-LS BLOT Step 0.968 0.0093

Quick (62ms) 0.968 0.0087

memo:
ZrDXAFS® 3 5. XANESTEEUC KT P S AR OEVICEHET 2 THRLF —SREOEN R TMAL 1
55 —HLEARY ML ER>TWD, ZIOERICE T2 RERENHRBEFEME (HCP) TH Y|
HF12TH S, LROSZIXZNISHTNT, P63/mmeiiiz ETIVICRITLARRTH 2,
i DOFFNE | IRk - E— LT A PR S AIEE— F(Step or Quick) TR % BIERR A
‘/ONDBZEETL TV D,

3% B. Ravel and M. Newville, ATHENA, ARTEMIS, HEPHAESTUS: data analysis for X-ray absorption spectroscopy using IFEFFIT,
Journal of Synchrotron Radiation 12, 537-541 (2005) doir10.1107/50909049505012719

ER s}

RIET — 2 E1ERL & B FBDVDIERL

E—LTFIIA—A REnR
XAFS & HAXPES ZRJFILT—48E CRRCEUEL 17— 4

s 1, PHOTON BEAM - &R DXAFSARZ b LITH LT
- MBS EAT LR
¢ PLATFORM

Ti. TiO2, Cu. CuO. Pb. PbO. Pt. Zr, ZrO2
WEET—5

SPring-8 BL14B2 XAFSIRARLLE
SPring-8 BLAEXU HAXPESHRAE -
XAFSTHUFOEVRIET —4
HAXPESSFOEVHIEF—5

ARE TN LIHER

Phase 1 (FiBEEI DIZLERITE) DXAFSZ R 7 b L
T —2%E L TNk, DVD& L CHAHR,

© EIALE WA H RS
ARHHFI R S RSB RS 5

A AT 7 R R0 (KT SRALIDTIRBSU TR

OEXIRT VY FOEYERRICIMYBT I &Ick Y,
BLIEE D EBLPRE T — 2 DEM. XAFSZA RS b L OHEERHE O B #flf o 5% %
EHD T EHFHE, INSIEA—Y —DRIEMREICOHRA S EHIT,
MR AL Y 7ICE > THLERBERTHY . BLOBEMRIERIDLDTHS,

R - BF1——~0, BUREICET 51EHRARE/ A L7,

[F—2DEK]
1. fDBL~DEAY
- SPring-8 BL16B2 T DRREMRA EHEFH 2. — DVDE 2 KRICUR$%,
- KEK PF-AR NW10A, BL27B TEHEH %,
- SAGA-LSTH. BL15(EICXRDMBL), BL16(FABLAEREIRK) T202141A ICElE

2. XAFST =42 R—Z~DHFH

£18%  HX-XAFSRREER D Emacsk (2016~2020F F)

CEIBELEE N,

https://photonbeam.

5

wnomps EHPhase MEB
o s s et [ —— P
e e . et > HBRERNERULLNE Ti Ti02
s saaats P Prase1 T ammongmn Cu, Cuo,
2017/01/2825 Aichi SR Bu1S2. Phase 1 HES - EROEE - #HF Pt

o Aion west a1 v OMERRS b LOERIETE P60,

0w sacats oo P 1 v ThALEBLERRZ YT O 21, 210,
- sgs w2 e

oz g w2 Pz

2024 saanis i ez Phase? BRMOER

o s s et

s o wsst ez > BAMOEROZHE (ERERT
oo g s e Cu0 1~1000ppm

Cu;0 1~1000ppm

s Aisn wiis sz

o " wa e

e g s ez

20300 e s e is06e0

e saonis wor e Phase3 AEH Ol

o " s e o

2nsorcn g s e y o EMHOT- SRl TS SRME
o Asn wsst e

2nsprzs Aetisn wiis e

oy e niion e 165600

s =0 = = Phase 4 #AIHX-XAFS BLUUAA A DEH

o g w2 e

w0 [ e Prased > RRAREPhase 1£[%F

s saoais wis e

wa sanis s Pases

W saais oy et

AFRIG, UTFOREICTEBLE LT,
[P EREARERLR - 779 b7+ —LEREENEC—LT Ty b 75— 4]

- BLRIA#E, BUELE, T/ - HIL24y 7 BEHREES 2 < 0BREMOTHAIIC
Lo THYIL->THYET, LEYRCBHHEL LFET,

- RREBRESE, BHOERE MR T, BEHAAEMoOm £, RIERFEZICEN 20
EB-THEVET,

SHEBLER~OZB A%, BELCBEVWELETS,



D4 FE—LZFESEXBCTAA—SVTDTFEVARAMNL—YV3 Y

AHUEEREE, KL
UM 7 e ha ety 2 —

X A A= v TN A IAEER L TE Y SAGA-LS ® BLO7 T X CT A A — 7 ER
PITHOITnD, BLOTIEEZRAF— - BEE T, XHFECTA A=Y 7L Tnbd, L
L. E—AREIE 20 mm TREH A IRROND, —F, BE - =% LF—3ARF]725, BLO9
DA — AL 130 mm &RV, A Al BLOO DV A RE—ALZFH L, K& WA Xk
DXBCTA A=V I DTELVA ML —Va rE{To7,

BLO9 DU A RE—L%ffioT, YT7AF v 7 BT L— 7 XL(EAE 35 mm OAFR)D X
MCTA A=V VT EREIToTZ, TRALX—15keV T, k% 0.5°%H CHERSE 72, KB
Wig % 7 7 v o3OS (ZOET 50 x 50 mm2, {35 0.05 mm) TULEE L., 1557 mifg 2%t
L Filtered Back Projection (FBP)i% CRABKALEE 21T > 7=, X 112 3 R Tk L 7= Wi % 77,
@~EIE T D E~HEENEHOWmEELLEZIE 2 T D, 72E 2 E, B0 F—F > ko
FUE. (@), (0) T3mm B, (¢), (d), () TIX45mm ETH o7, ()L ETITRBIEN - T
WA ZENDMND, TNEIMENDHERIT S Z L iFEE LV, BLO9 DU A RE—AZ 2 IER
EVREBOXBCTA A=V TIIHEITHDHESZ D,

M1 XBCTA A=V
BEICLLI2BERBEORT
L—/ X)L? 3D BriE{&.,

(@~e)x Thid EIZ#EEHT

<— Nozzle CLIEL T




F15E HRMBRESR (2021)

D4 FE—LZ{FE -7

XECTA A= VT DTEVARML— 3

SAGA-LSDBLO7 TXIRCTA A —S U I RBATHN TV S[1], BLO7TIEE
IRLF—  BBREOE—LSA VT, XBCTA A= JIZHBLTLVS,
LA L. E—AIMEIX20 mmTREY A XDBR5NSE, —H. BLOID E—
Lig1%130 mm&EELY, £ 2T, BLOIDIEE E—LZE > TXMRCTA A —
CSUTDTEVRA ML= avETO,

B ER%. EROBEBELE, 2000RE B BB E2EAR(EMN)MD
M1&(ZFiltered Back Projection (FBP)i%[2] CEE M.
EER B BRER%. 28NS DRSC REGEIIAMIHEE,

mHEE: TSRFYIERTL—/ L
(1)

B E—LA:6x 130 mm2HA X, 15 keVE
b

WRHE: TS5y MR E Y —(FP:
C9728DK-10), SIS0 x50 mm?, Bk
0.05 mm

B EHAOSET DRI EE., BRED
E—LZREBTRE, ERT0Y
SAEYZEANT, 2BBMFET360E  E1 HB(TSAFvIBR
B85 & & 1= (R3), FL—7 X))

Frat Panel Senanr image Operation

2 P Ty’ bodue s G shpuniL ol
ki O ity A T ek

F Tiho choe R Famin a1 Bty 360 comniond St B Stop.
i, are il ey, i praes Csure Remen e gi g s
T Tetmd i Syl i b

| LAr ¢ jisg ||w |

e bebem
ooz Ll I

R e
i v o

H2 x4 A—SUTERTIRTS L, QBETOTS L, (WPERTOST S L,

Es5 XCTA A—T VT REIC
K ZBEMREDORTL—/ X))

Sample D 3DKTE{R.
‘ i @)~(e)FTh 5 LICIEENIT S8
.
Beam

St

R Ge | meremsnT. sEmBoREREOEIESI NS,

REOAS5Z b B SREBOAFIC F—F YVIRORAFANTLS A, (a), (b)TIE3 mmE,

FP sensor Rotation stage (c), (d), (&) T4 mmIF Lo T=,

B ROAESOEILFMEN D EDDSE XRCTA A—S VT hE
MEEZD.
FEH

BLOOD T A FE—LZEFEOTXCTA A—S VT DTFEVA ML=V 3 0% T2t

B REGHHTEIAS FE—LZEAE, fBREHCLED. AEBEOHIKREZIERIETIEZ 52 EMNTTEE,

W BN TA KE—LDEHHMEEN LI=-AZLHBDOXCTA A=V THE, LV5 & TBLOIOERETYRITTE S,

B HEHEDINS D ZANEL . HIETERARE, SIEMERICE D E—LMIBHLRORFANBLE,

[B% XK

[1] XKILBAE, “SAGA Light Sourcel 28 1+ 2 MG # ALV 2 kifi4 A — 57, E1SEIME R RRES (2021). 2] EBEE th, BAZEBRSHRKETREE, 67 (2020) 20.



SeIRINFE SR D 2020 4EEE DRI

TLH R, AIRRER, @Rk —, &2k
SAGA-LS JnEgs 7/ v —=7

SAGA-LS OMEEHE, o7 v br U HRE R HJER 5. 6mOEBEFEHRKY v 7 L 2l
HA%A%Té):Tyﬁﬂgﬁﬁéhfwéoﬁi%»#~l%ﬁﬁ%&ﬁbf%@\):
7 w7 CE & 0.257GeV ICMHMZERMY » Z7ICAR L, EMY v /N THUEEZ R EF
L AGeV (T 2, PR & LI mmia &AM EA ST b, fiAKIRONGRIE
APPLE-TI LT > ¥ 2 L—2 LS3U (IR, 7T F—HT7 Vo b—X LSAUEE K) . ~A 7
Uy RIS WHBIRE T ¢ 7T —LS2WUEE L) . LSSW(EKET) THh b, 2—HF —#EixicBiT 5
LAEBHAGTE I 300mA T — A FF M X BIE (i ) 1% 1500mAh FRE TH 5, 1 M D HAE
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