\y

LC

» » I

ERSREUERICEIT S X BHRIABRAEFEKXLOMRR

S ZREZ

T RIERETHIENIEHENE BRI e 7 —  T679-5148 SLRILURELG: AT HEA 1-1-1
MR

BRI BRI A%y 7 —  T679-5148 SLHIULUERCE NI 1-1-1
IR BL Rt 2

SO RoF A BRI T678-1297 LR AT ERENT Y4 3-2-1

it b 22 vk

BT RS EATIT PR BRI ATt v 2 —  T679-5148 SR AR ARG 1-1-1

MEOHIIKEICE > T, TRNEMEFRTIAORERENEL T DHEREBUBIAFZIREC S BIEXRIC
S DUINAFMREHA L HEFEORRICIE X RHIA—EYE (XMCD) (ZRFEhD L 5 (CBHT30EL EDE
HHHDH, ARBTEH20ITECHHTRASNFHL VL XBHIALFRRTH D X ERSKARELEL (XMCPE:
X-Ray Magnetic Circularly Polarized Emission) | (CDWT#HT 2, TTHLOHIC, AEMESBEHKICHLTITH
NIcEREBHFL, RICENEZBMLICEROMRLZMBRT 2, ERERLERBINOBREZELT, eRBMLESE

BEE & B (TS % d BFOREN XMCPE ZRY M LICHEECRREND ZENEALME D,

1. [FU®IC

WFENLBZEFNFETFES IO, ML EFTIE, £
DR FRITRE S N/ZETF 0 EO TRV F — DR T g
HEWTIIVF—DRFIENER T HERIC, BEDOTX
WFE—DOXBEBHT 5, O X, TRIVF—RBZ
DILEFRICE - TRZY, BEXHEFEINS, FEF2RE
ERERRL CTWBHEEE 25 &, RICEWET#LER
TERF EBE/BEEEELZD, SV FEBRT 57
O, —ICRFEE &I EEN/CRREE T 5D, TR
D 1s W< 2p Pali7e & OPIRLEIZKAR & L TRFHL
EERRCEFICRELLZEFRELEL TL VL, ZO7k
O, BTV F — ORI X I £ 5 PR % H v
FHHL T, IR FO%E EMRFE L T xorF—ED
FEXBIAENSh S, ARTROES TXEEKHR
F#& K (XMCPE: X-Ray Magnetic Circularly Polarized
Emission) | {3, —§ TV xld, KDL DI T &
TE D, [HRMMERZ R L S0 R %48 5 IR 75 6
O X FITHEREBRL Th5 1, HEEO— ANORERIL,
201741 SPring-8 IZ 5\ C, mREME S IE gk A 42 D
Ka %% (2p — 1sE®) T XMCPE ##8HIL 7212, &~
DR/ HBED, ThH XMCPE O#) b T OEBRAELH
THhb, BEEBOBE X LT 2L, CuKafi (8.048

VAR - Rt 1
2 BT R ER DT JEBH RS - bR

keV) £ Mo Kaff (17.5keV) 7z &2 X FREIPTFEH T &

CAWHLNTOWTERELATH S, THICb20b6T,
RIS W TENDAFURR L T AFERFLE TE
R CHER SN TV 5 1cDIZEN R 2 & Th 5,

Fig. 11CER &R O Ko KT B 5 XMCPE Ot %
BAANCR T, LDICAFLAAXBEXTICE-T, N
B ls RIS AR — a4l Tk < (Fig.14£), i\,
20 T M EICTIR T BN L 72 - TR —)VIREE%
Db, COR, FHEXBEIBEINEDITTHSHHH,
NAARHRL TWAZ L HBHEd 2D TH5 (Fig.14),
CCTAHRBERNRC EiE, MRk 2p AL (A VBB A(E
FAIZ k5T, 201 BRU 203 ICHHL TW5S) A, 5%
PEARFICHIERIL TV 5 3dBTFDOAY V53R A T [H
7 —a/MEER CHEMEEER) 280 TEE W5 Z
L ThHDH, DD, 2pHERIT, b LAY VELEHEE
TFRATHHEL TW5 ET, SHICHRMWICOEL TWb,
Wi 2p EECL ARG R L T\ A C 2, Bl ziE, 2p dEfL
OXBET 5N (XPS) I\ THAMN —tat: (MCD) %
ot (MLD) BEllanTwAZ &b SN
539, L L, 2p BLARIIICH R L TWinid i, A
it 2p LD XPS C MCD % MLD Al NS Z & %3
WIS 5DFHETD S S, BMEHEERTO 2p EMOWK S
& WO EELEE 2L, KaZ0 XMCPE 4% 4 7
NEEHEBPRELZRR TR RV EEDbNS 20 LNk
Vo LL, T TICBN/AL DI, BHOMFERH LR T
FLOTHER S N/IDERETH - 7, Eiz, REILFET

WG July 2022 Vol.35 No.4 0 229

(C) 2022 The Japanese Society for Synchrotron Radiation Research



o Free electron °

f 3d °
Outgoing p}j'é\_‘
2D =====
2pin
Incident photon
—O0e— ls —e—

Fig. 1 (Color online) Schematic representation of XMCPE for K «
emission in 3d transition—metal ferromagnets. In the fer-
romagnetic state, broad 3d bands are polarized in spin. Free
photo—excited states are denoted by p. Circularly polarized
photons are emitted in the final state. Electron excitations on
the 3d bands are possible in the final state. Reproduced from
Ref. 7) with the permission of APS.
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Fig. 2 (Color online) Top view of the experimental layout. Inci-
dent x-rays are focused onto the sample by a pair of mirrors
(not shown). Slit 3 restricts the source size. Slit 1 is a colli-
mator. QWP is a diamond phase retarder that acts as a
quarter-wave plate, converting circularly polarized x-rays
into linearly polarized x-rays and vice versa. Analyzer is a Ge
(400) single crystal that functions both as an energy analyzer
and a linear polarization analyzer. Reproduced from Ref. 6)
with the permission of AIP Publishing.
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Fig. 3 (Color online) (a) and (b) show the Fe-Ka x-ray emission
spectra, where the magnetization directions are opposite bet-
ween (a) and (b). The two peaks correspond to the Ko, and
Ko, emissions. (¢) XMCPE difference spectra for the two
opposite magnetization directions. Reproduced from Ref.
6) with the permission of AIP Publishing.
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Fig. 4

(Color online) (a) Band structure of iron in the non-mag-
netic state. Full and dashed curves are the results of band cal-
culation and wannier fitting, respectively. (b) Density of
states (DOS) in the ferromagnetic ground state. Upper/
Lower half gives majority/minority spin DOS. In the both
panels, the line at Er=0 indicates the Fermi level.
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circularly polarized emission spectra. Lower panel: XMCPE
difference spectrum. Dots and curves represent the ex-
perimental and calculated results, respectively. The calculat-
ed spectra do not include the contribution from conduction
electron excitations. Reproduced from Ref. 7) with the per-
mission of APS.
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(Color online) Upper panel: Right(R)/Left(L)-handed
circularly polarized emission spectra. Lower panel: XMCPE
difference spectrum. Dots and curves represent the ex-
perimental and calculated results, respectively. The calculat-
ed spectra include the contribution from conduction electron
excitations. Reproduced from Ref. 7) with the permission of
APS.
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Fig. 7 (Color online) Calculated emission—angle dependence of
XMCPE difference spectrum. Here the emission angle is that
between the directions of magnetization and emitted x-rays.
The curves represent the angle dependence of XMCPE differ-
ence intensity at each of the stars. Reproduced from Ref. 7)
with the permission of APS.
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Fig. 8 (Color online) (a) X-ray emission spectra (XES) for Ni.
Points and curve represent experimental and theoretical
data, respectively. The experimental data are read from Ref.
10). (b) XMCPE difference spectrum calculated for Ni. (c)
Ni—d partial density of states in the ferromagnetic ground
state.
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Toshiya INAMI

Abstract Magneto—optical phenomena are those where the polarization state of light is affected through the
interaction with magnetic materials. Study of magnetic materials utilizing magneto—optical effects
based on synchrotron radiation has already a more than thirty years history. In the long history, for
example, X-ray magnetic circular dichroism (XMCD) has been one of major magneto—optical
techniques. In the present article, we report another novel magneto—optical phenomenon, X-ray
magnetic circularly polarized emission (XMCPE), which was discovered recently in 2017. We ex-
plain the first observation of XMCPE for ferromagnetic iron, and subsequently present a theoreti-
cal analysis. Combinatorial investigation by experiment and theory shows clearly that the XMCPE
spectra remarkably reflect the effect of conduction electron excitations in the magnetic Fe—d
bands.
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