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2RIKEN (The Institute of Physical and Chemical Research)

The history and topics on the development of Magnetic EXAFS (MEXAFS) is reviewed. MEXAFS is
MCD (Magnetic Circular Dichroism) in the extended X-ray absorption fine structure (EXAFS) energy
range. And it gives the information on the pair distribution of magnetic scattering sites around an absorp-
tion atom. The characteristics and analyses of the spectra of MEXAFS are described for 3d metals at K-
edges and rare earths at L-edges. The problems and unknown factors are pointed out for the analyses. It is
also shown that an analysis is available for the correlation of the orientation of spin moments between the

relevant atoms.

It is concluded that MEXAFS will be a more common and powerful method for the study of magnetism
in the near future with the further development of experimental technique and theory.
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Figure 2. The y, (dots) and x,, (solid) spectra at the K-edges of
Fe, Co and Ni. The arrows indicate the existence of multi-electron
excitations.
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Figure 3. The Fourier-transformed spectra FT (x,(k)) (dots) and
FT (% (k)) (solid) of Fe, Co and Ni.
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Figure 4. The Fourier-transformed spectra FT(x,(k)) (a) and
FT(x.,(k)) (b) of an iron thin film at the Fe K-edge. Solid lines and
broken lines indicates the imaginary and the absolute spectra, respec-
tively.

Table 1. Positions of positive peaks in the normal EXAFS and
magnetic EXAFS of an iron thin film at the Fe K-edge

Distance (A) Peak positions (A)

X-ray powder)

diffraction EXAFS  MEXAFS
2.48 ; 2.04 2,03
2.87 2.41 2.44
4.05 "3.61 3.63

475 4.32 a3
497 472 476
5.73 5.48 5.47
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Figure 5. The spin-averaged (fop) and spin dependent (bottom)

absorption of Gd at the L-edges. The spectra are normalized to the
edge jumps of 2 (L), 1 (L,) and 0.5 (L,).
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Figure 6. The Fourier-transformed spectra FT(x,(k)) (dots) and
FT (%, (k)) (solid) of Gd.
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Figure 7. Fourier transform of the spin-averaged EXAFS (dots)
and magnetic EXAFS (solid) at the Eu Ly-edge® in Eu;Fe;Os,.
Some notations in the figure have been added by the present
authors.
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lines in (a) and (c) indicate the simulated profiles using FEFF6.

EFVCLERBRLT, R Fe RTFOMEBETOY—7
BN, 528D Dy FFALE TOBEIC < HUGEIT/N
Lz TnB, TO LS, Fig. 9(), (b) TiE, AL
VHBKRTE—AV FORKREIICOWTORRITTE BB,
Fe BF & Dy [RF D AL VK TE— AV FIBEWIZ R
TE/EL TSR LWSBRIIELN TV, T, tn
) #EHEV—VIFBTIOTERL, OORDODEDK
x+ (B & xR W OWTERNC Y — Y TEREBL, ©
DEHE ST 7 7 4 W EENCZE LBIWTB) R TERS
NAESTOT7 7AW a() BFELTARS,

o= FT{E . (R)} | — [FT{k%- (B)}| (6)

37

722l x+(R) & x—(R) i us(E) & p(E) ICHIET 5
EXAFS A7 PV TH 5,

Figure 9(Q) ITEBR TR Lz o() 707 5 £ ITEW
Tik, Fe RFMEBETAHS, Dy EFMNETEHRS L&
D, Fe Dy DR VE—AY FREWICT o U B
ELTWATZ R, BRICRBIN TV, Fiz, figkis
& © Magnetic EXAFS it 2W T olr) EHE L/ & T
A, £TOV—7 BPEFE LD, MEEISBEEETH S
CEPRBEINTNS,

Figure 9(c) © # # 2 EXAFS: B 7 0 7/ 5 A
FEFF61 % By a I V—V g VORRER L TWh,
Figure 9(c) I B\, o(r) LHBOFET T » 4 VT
BoNERTECORBATR KT %,

DRI, MR EXAFSIZ ko C, RINETF & #HEL
FRFDOAL E—A Y bOFMAEBICE T A EHREE S
LLHRETH 5,

5. RS EXAFS OIGAICEHIT 553E
SEVIFSE, RS EXAFS 238 4 2B O R AR 1 G
AINTWL CLEEEWTWEELDNLH, InHhE
WICERAINS AEA L E AT, BET—AV FOBER
SRR EE T 5D OEEN L MATE AL T A LEND
%o TORDICEFINIFRITKRD 2 RICKON %,
1) MEXAFS #7:13 %07 — U THEBROBEIZ DV
T, WETAEFORTE—A V F E—BERY7- B3RS
TRBWILT AT &,

2) BTNy 7 TSV PR EDINSTA—XD
EPEETEDL L,

DX MEXAFS 6 RDIBRE—AV/ POKRES L
BA DT RICE RS AR/ B/ DI TEET
Bbo LLAENDE, BEET—A V& MEXAFS O
ELIRIE & OBIRIZ, 19954F1C M. Kniille 5 A %RKD X 5
TIREBRBIARE LB THHY,

1 FT()
{oz> FT(x0)

=+2.4% My [z (M

2T, FT(xo) & FT(xw 1%, T Zh, EXAFS &
MEXAFS #7—VIFB®R L7/ BT 7 A IV EIKBENDE
— 7 OBEICHYT 5, F/, (o FBEXEFOAY
VRERETH 5, BEWE o OEELTE, EBE
B K-edge o LT, <{opr~10-2 (Fe-3.0%,Co4.0%,
Ni-5.0%), & LE DLy sedgetitxt LT, {oprs=
+0.25,{o2=—0.5,{o2p1=— 0158 RD LN T\ 5,

MEXAFS |2 3\ T b Bl a B F— EEELAE & /R E
5 7% BIE(T) KT Mypin 3 FT(x¢) [FT (o) & HBIBISR
CHAZ LIFEEMICELYWEEbNS, LrL, FT
(xm) 1TI, 55 4 85D Fe OHITHENI2 L DI, #BEO EX-
AFS OBE L0 MO TRERSERALERICL ATV



38

INVAA Y FRBEIS NS I ERBDH LN TWE, TD%
BEHELOFE IS EXAFS 10 < &8+ 572012, 6
(DRBEBEMICIELLTHIN TRV, EBICER
TELBRRERDDL L REBTH D,

2) DBEHIZEI L CHBRIIES Tl ey, MHERTFO
PEE, BEOEXAFS TH 7 U5 4 WIVERETH 5
7, WK EXAFS KB\, EWANIC ue (E), u—(E)
I UCRABRTFOENARL S & & BRI N Tl D 1819,
S HICHEEOEANBRE N,

Thb 1), 2) OB T 0IiE, Hik & EROKE
BB X LUMNCERENTHEA D, BED LA,
BELIRIE, AT SBERERRIC L TNV R A Y
FOEEMNEFHEICIE, FEHELETIVIC X AHESRD
B TH D, LEHAERICLDEET, BIEHOKFHE
BT TICERCTEARERN LT /O —FTh B
DEBEEASBERFHERAOAV, RITTIE, XAFS O
B/ 25 A Th b FEFF Ty 5 EXAFS O3 E
TEBLIIT-7:29,

SEBEHIRICE D FHER, WL OhDOWEIIN—T
ko TR 2235 L, EHE T, SPring-81Z
BWC, FREOERICTAYEY FEABTFEZFHAT A
SV BREDT A %B AT ERERRICE Y DD
o INDOFEBHRIINSARELBWEREDN S,

Figure 10i3, DyFe, &4 KD Dy Ly-edge I 517 %
MCD (un (k) CThH b, TOANZ PV, BRI HiE
RPREELTL BNy 7757w FOME EAIRE LT
b TNy 7757/ Fid Magnetic Atomic XAFS &
iEh, EFRERAREE I WAERRS OSSR TV
Ve WilEoTHL, BOORDOH IKEFENTWS, C
NiE MEXAFS IZ & - TREEETH 52, BREKESR
BHBHRESATWDRTH S, 2P0, LERBEERICE
SLEBEEDBENEHDTHS D,

WE % BT (MMEE) & MEXAFSIZ & - CitJE
NETH Do

02

g 0.1

)

: A\
=,
0.0 Do
V LALARY AW Wy
2 4 6 8 10 12

k(A"

Figure 10. 4, (E) spectrum of DyFe, at the Dy Lj-edge at 20 K.
The portion of the spectrum between the two arrows is strongly
affected by MMEE.
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