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Figure 1 Left figure schematically shows a magnetic moment (an
arrow) at a site displaced from the inversion center (a cross).
Right shows toroidal (a circle with an arrow) and a magnetic
moment at the center. The both become identical in the
small-displacement limit.
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Figure 2 Suppose that an x ray is propagated perpendicular both to
the spontaneous magnetization and to the spontaneous
polarization in a polar magnet. The triple product k * P x
M will be invariant under any space or time operations.
The cases of the positive and negative triple product can
be distinguished from each other. The x-ray absorption is
dependent on the propagation direction. (Excerpt from Ref.
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Figure 3 Crystal structure of GaFeO,. Small solid circles: oxygen.
Large circles: iron and gallium. The Ga sites are partially
occupied by Fe, and vice versa. Spin moments on Fel and
Fe2 sites are antiferromagnetically aligned below 7c~205 K.
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Figure 4 Block diagram of the measurement system of x-ray
non-reciprocal directional dichroism.

Synchrotron
X-ray

KXo THMELE Lz, £z, XEAm_EOME LW
> THEIGHEXBROET Az din Eicd 5 2 & IKIZIFER
A[RETY, L7z ->T, BFMLDBFAMOKIRICTE S
WINZALZRIET 5 T &IE D £9, GaFeO, lZ/V5REE S
KXo TERWMENET 5T ENTERWVEBKRTTD
T, BFEHEDORKERICHES MINELZRIE UE Uiz, JIE
FREMEE TS0, EDX 51 L THHEMLD KR
ZITHIDEVIEHTY, I RARAIC K > THEEZ N
T 252U THE Uiz, AARAZ AW TERD ¢ il
JTIICHESE 2 N U T XERE SR Z2E L, ZDBAKAN,
A%z KL THEEBRZAET S WO EZ#R DR L
F L7z, mhbE2 L, COHERZEBICKEDOE LT,
FRAHEA DEFRT DD BREENE T ET, XHRHREDRE
WEBLTLES KIS TY, ELINE, ML T
FH\ 7z ionization chamber *° FE i FB LA #1gR O ¥ 1 s fifi IE
M E WD TV XRRE D2 = X —ifE
THIELENGZWEEDTRERELH D 9, FAzBiE, &
MO TR RRBHAOZ AW HIEAREZEH L X
Utz flEROT Oy 7 K% Fig. 4 1SR UET, W5EH
g% 728k S0mT, Ji# 4 10Hz DA E A1 72 H1E
LE Lize ZORSEHIC, mEgic~ Y > s ULEERRZ
#%iE LE 9, Bending Magnet N S E N7z XFRiZ> Y o
> (111) D 2 fEE A HEamc K> THEfEkE N TVET, C
D XHp% ¥ — LRE T = % —H D%\ ionization chamber,
HHEE, EWVWiEiE X ERHIE F O ionization chamber D JIE
ICBEBBETEE T, %D ionization chamber D55 7 B
BEAMLI-ODL, HRRSZT Y2V A—RIC
XoT, ML TEREI NI ZR Yy 74T 2V TIT &
STHRIFICAELE T, COMERICEKD, HE1 LD
720 150 Bh 5 600 TR DREEIC X O E TR D 10°
DN TR T 2T 52 LM TEE LT [34]

BE, mAKMITIFZ WV XNDD AR 7 VB E Y
MREDZEE A ZDE DT L, WA DK iz
WKL TENRITENT 20 TT, Eid X E 1 H
ALY % & &, Wl w OWLRERIC K %221k

Al
Apt=——
M

LRtRTEE T,
ETAT, WIERLIEAR TR —RAIC B IO T A

20

FEEMIC R > TV BIET T, XRRINDESEE XHRD
RYEDE RIS AT RED TEVWDRH D £9, XNDD
AR MIVICEEAMNRENE TL X 5, Lieh> T,
GaFe T& XARDNEH b B EITR5E & ¢ W75
BAEDTEOICDWTHIERTT S BRENH D 9, L
T, RCREZZEZ 2 0iRB X UTZIICIiT 50
DEEEZEZZHDELLMPRETT, BHTHFICELS
FEHEATENX XD TIT A, BL-1A DIFEIEHTT
MO —LHERADPKENTZDRXAYEY RBHFICES
RIS FLWEFRATLR, ZT T, Huber B
FHCiEA LT RRE LT, F Nz ) ElihE v ic 9o (|
XY TMEZITOE L, §5NIEFHMUD XERE
(WA Ry L= ICE BB D
T/ XNDD TH 5 T LiF, RFEMIGITH T 2B R
JEZAL D S T OIE, 155 OIREKFME & Wbl
FERAEED LS, 35 K C1ES ORI Ak 7 ORE
LI K> THEEICHENOE LK (4.

4. XNDD A7 kL EZ DR Ciik [4D

WAMHEEREO I EEDS0K THlE L -
GaFeO, D X FRMGIN A X7 + )L & XNDD AX7% kL% Fig.
SICRLUET, Tx)VF - Fe O K Wi 6% T
Fo XHRWINZARY RV D 7.12 keV & D @& T2V F—
WKHENDZKERNE EADIEFe D 1s h 5 4p NDER
ICEBEDTY, T4 % main edge EFFATNET, ZD
DU 2V F—M (7.113 keV H30) 1I/NE HREED R
ENET, THIE 1s D 3d \NDOBEBIC X B XERIY T,
pre-edge EMHENFE T, XNDD A7 MUITIFRD K S 7%
MEMARENET,

1)  Pre-edge fE1 & main edge fHIK % [t X3 &, HiH

DIV F—TREHFA_EOMEERT,

2)  Pre-edge fEINODJ7 M —(lEld 3eV 1F E @ Tz E
KIEADY—2%HT %,

3)  HIEHPA T XNDD A7 MVERD TS &, K
FMTE I,

4)  XEROMEIEIT & > TXNDD AX7 FIVDEIRD

2%, KR, pre-edge I T ENIKELT %,
NS DRI ZERT 2DTL & DM 1) & 3d %
Wl < A VHEMBEANEETH S L ZERL TV
B5TL& 9o 2)1d 3d BEN DRI FIH N H L ORRE RE
LEY, 3 RIREFREOHE T ZRE L, 4) I3 T
IC X B EREEDFRAINEE L T 51E9 T,

XNDD HE U 22 E 2 &b, XDK S &R
RO DEEZ TWVWE T, GaFeO, D Fe l3EICEATZ
JNEAEY A b2 HEDTVEDS, 5, —DD FeO, /\H A%
EZZFEL X5, RAERD a b, c W > TRATNRER
PERE X,y z 2 2B &, 3d WIEIE BN T K 0 SRR,
IXNVF—DERV A, . d,, d. () EZFVF—DE,,
d()ICHHLET, TTT, xyzillth@EH O/ \ ikl
DG EIEEES  LICHEREMRETY, COEBERTIE



0.0004

0.0002 |

. .RV? “; -

-0.0002

R111
i

-
L]

s, L £
709 7.4 7.11 712 7.13 7.14 7.15 7.16
Energy (keV)
GaFeO
0.0004 ;é ~3eV i ]
J / s
fl [ ]
0.0002 I | - |
i te | 44
= ’ ] E
GM W
i{Fad 13
P |
ull |

-0.0002

7.00 7.1 7.1 7.12 7.13 7.14 7.15 1.16
Energy (keV)

Figure 5 Spectra of x-ray absorption and x-ray non-reciprocal
directional dichroism in GaFeO,. (Excerpt from Ref. [4])
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Figure 6 Energy diagram of x-ray non-reciprocal directional dichroism
in GaFeO,. (Excerpt from Ref. [4])
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