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Abstract
X-ray magnetic circular dichroism (XMCD) has been widely applied to studies of magnetism and magnetic materials.
We review recent developments not only in the experiment using helicity-controlled XMCD technique but also in under-
standing of magnetic states in the following practical materials: permanent magnet, magneto-optical device, and magnetic
recording media. It is noted that the XMCD is suitable for studying the magnetic properties originated in the spin-orbit in-
teraction. Feasibility for fundamental research and technological application is presented.
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Figure 1. Setup for XMCD experiment on BL39XU at SPring-8.
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Figure 2. Fe K-edge XMCD spectrum in R,Fe;,B system (R=Y,

La, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu)®.
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Figure 3. Temperature variation of Dy L;-edge XMCD in Dy;Fes
0, at below and above the compensation temperature (226 K). The
lower panel shows the XANES spectrum.
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Figure 4. Superconducting magnet capable of supplying 10 T in
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direction of field, and two refrigerators attached for He-gas recon-
densation.

—#— 90T up
—8— 40T up
—— 10T
—O— 80T dewn

[ at T-180K

XMCD % 10% (arb. units)

015

5 0 5 10
Relative Energy (E-EpleV
Figure 5. Magnetic field variation of Mn K-edge XMCD in the
metamagnetic state at 160 K in Mn;GaC perovskite!D).
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Figure 6. Pressure variation of Fe K-edge XMCD in Fe,;N. When
the pressure is released from 27 GPa, the XMCD spectrum recovers
intensity without any hysteresis!).
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Figure 7. Cross section of diamond-anvil-cell installed in a
cryostat. Diffraction from NaCl loaded together with sample is ap-
plicable to monitor of the generated pressure.
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Figure 8. Element-selective hysteresis loop for XMCD intensity at

(a) Gd Ls-edge and (b) Fe K-edge in Gd/Fe multi-layered film.
Solid line in the upper panel displays magnetization hysteresis
loop!®.
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Hp =0.7T at 22 ns T

Figure 9. Time-resolved XMCD spectrum recorded at Gd L;-edge
in GdCo; amorphous thin-film!7.
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Figure 10. Experimental geometry of XMCD in fluorescence mode
for perpendicular magnetization thin-films.
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Figure 11. XMCD spectra at Pt L;- and L,-edges in CoPt ordered
alloy thin-films. Comparison between bulk sample and the thin-
films, sputtered on the MgO (111) or (100) substrate, is
displayed2!).

LT, w=45", ¢o~100"OkliE (Fig. 10 - 27z %) TH
W K- T, 7OV 7N B Tfibhn/z2l, L-TK
U ORGSR IEAEAAN 2 FIC, s & o JLECIRPE s
EOBGER Y L,y & AV VB (S #RD, ThbHD
Elf Lo/LS) WEFHETE 5, ZORBE, @Ko (L)
S WAV 7 L kEWT &, L1I-ARARES 080
i) OFB LT (EAR) EhbkEWT &850
7oo MEMRIE M & BIKORS FNEE & OB RAHER
SN Do AR A HEICHILT 5 A, BRI IH
(T,) OO DBRIE L 7%, Co/Pt ZBIEORHTD
Pt OG5 RURRED, FLIBRER X MH RO FERIC K - T
HINTWA2, XMCD I k5 TM #IER % @I i)
LRSI APFFECld, Stohr I k- TEr N/
R NBEHE I 52,

3.4 WKL

BRI AR RSB E L 22 A VR, AV -G R 7x
CHEIENCE S EHCTh S, L7ch - TR T RIIEEE ELAL
B Y ORFTRESBEEICHR S BEY 5, A% XMCD
IR EBUR G N O T, RIFMRSE SO mT T
RN, BRI -0 8 0 O R 75 5 M 1 O T 5 AT RE



318

TH b, £hid, EXAFS IR THEH < h % XMCD Oz
B (WK EXAFS iIns) #HWICHITH 5, K
S EXAFS OIEEII#E (<1074 /-8, HETIES/
N om b BEMOBESPRN]R TH S, Ha EXAFS
DA D LB T Schitz 2012 & % fli Fe & Gd-1G O Fe
K- OB TH - 7o HEILEW T, 5 —XA
#H DyFe, 7 = U Witk A OB R EXAFS 78 Nakamura 21
Yo THIEE N T\ 52, Fe K- EXAFS & 2 DR
KJEXAFS O 77—V THAMICHENZED NS, I,
EANT YT 4 TO#% EXAFS O =207 — 1) TZH D[]
DEFTAT > ANV hDE, REERTO Fe b5
R F O Dy TRAEHRELD, MEICLHARIRD BN
Bo THUTT o VM DOREEI TG S RTE— AV
FOKESOFECE ML TWS EERIN TS, £E
BEELHERIC 35D < #A J. Rehr, C. Brouder, T. Fujikawa
LDFK2DT =TI ko> THEDLN TS,

4. &HYIC

KFGTRA L oA I, BREIINTE &SR
BRICHEHLAZ, ZOMFH L& SOLICHEL TW5AHET,
XMCD IZ L A8F5ENR# L T\5b, FiZ, SOl TIE AV
EFER S DT (K EBRHEAE T H, L7chi->T
[HEE Lt | OMBNCH ¢ AHEARLETH D, ES
o B o EHRKIR O ERR T & R L BIE B0 K TH
Bo FIZANY FIVIGIR EEFRRESC/S Y PG & OO
IR IB ORI EARNLRETH 5, £ DORRILPFIRIC &k B8
SURREDFRF AT, B ORI L HEHIE T AN
Bons, JemOBHEE, FHEREOMBESEADT 4 —
FRyZ7IZhbHERS, A/ PR 7 ARt — o
7 ZDOBIR L BB D703 H L HEE D L,

HEE

AWFL L K DT« D) LB ERTThh E L7,
JASRI D AEER, MANBECRK, KARAERK, HF/
SPring-8 © A JII1 3 W K, JE #F / SPring-8 © F ¥ # I,
KEK-PF OWHFERK, SEAEWK, EILKFOLSELE
B, A KETIOBEMEIEK, Zaragoza k2£® J. Chaboy
I, CNRS-Grenoble @ D. Fruchart K12 &#E L £,

SEHR

1) BARMEKES - ThetE ] RSEAE, 19694).

2) K. Hirano et al.: Jpn. J. Appl. Phys. 31, L1209 (1992).

3) M. Suzuki et al.: Jpn. J. Appl. Phys. 37, L1488 (1998).

4) J.Igarashiand K. Hirai: Phys. Rev. B50, 17820 (1994); Phys.
Rev. B53, 6442 (1996).

5) B. T. Thole, P. Carra, F. Sette and G.van der Lann: Phys.
Rev. Lett. 61,1943 (1992); P. Carra, B. T. Thole, M. Alterel-
li and X. Wang: Phys. Rev. Lett. 70, 694 (1993).

6) J.M.D. Coey: “Rare-Earth Ion Permanent Magnets” (Oxford

WA 165555 (2003)

Science Pub. 1996).
7)) ERE, HR, KA, P TR AREEAR (B AREEF
4=, 19984F).
8) J. Chaboy et al.: Phys. Rev. B54, R15637 (1996).
9) WM — v T HES R HEATEOR (ZZE R A
10)  PekEFAE @ e ek GIAHIE, 19884F).
11) S. Uemoto et al.: . Synchrotron Radiation 8, 449 (2001).
12) F. Baudelet ef al.: . Synchrotron Radiation 5, 992 (1998).
13) S. Odin et al.: J. Appl. Phys. 83 (1998) 7291.
14) N. Ishimatsu et al.: Nuclear Inst. and Methods in Physics
Research A467-8, 1061 (2001).
15) N. Ishimatsu et al.: J. Phys. Soc. Jpn. 72 (2003) in press.
16) A. Koizumi ef al.: Phys. Rev. B61, R14909 (2000).
17) M. Bonfim et al.: J. Synchrotron Radiation 5, 750 (1998).
18) S. Pizzini et al.: “Spin Dynamics in Confined Magnetic Struc-
tures II” (eds. Hillebrands & Ounadjela, Springer, 2003)
ppl55.
19)  $9RZEHE - ERBEE 37(4), 59 (2002).
20) C.J.Sunetal:]. Appl. Phys. 91, 7182 (2002).
21) FARFE, BEILUHM : F150 0 AR FESTEE
(20024F) p113.
22) J. Geissler et al.: Phys. Rev. B65, 020405 (2001).
23) J. Stohr: J. Magn. Magn. Mater. 200, 470 (1999).
24) G. Schiitz et al.: Phys. Rev. Lett. 62, 2620 (1989).
25) T. Nakamura et al.: J. Phys. Soc. Jpn. 67, 3964 (1998).

Bl %%

I B R FARFBEREF O IR

E-mail: maruyama@sci.hiroshima-u.ac.jp
H - X R R S

W R

19524 A E N

19804F il (LK = K 5 e BE =7 BF 52 Bk

BrHRREET

19814E~834 75/ A CNRS &R & B pse 8
19854F [ LK BT B F

19864  PEEAd+ (REAF)

19934F R IR 2B B #f%

20014F R B RHFRFEEP B SR 0%

ARER

B BGR AR F B PR IEFS
E-mail: naoki@sci.hiroshima-u.ac.jp
H - X BRSO, mEE

W R

19714 #fREEN

T ©O19994F R TR G B T2 0F
JERHE ARG T

19994  HARRFPtsearBIva pHE L8 B

20014 KB KRS BEH A seRE B



