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Fig. 1 Schematics of inter-band (a) and core-level (b) transitions.
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Fig. 2 Absorption and XMCD spectra at Fe Ly; edge of Fe,;N films
on LaAlO; and MgO substrates observed at 300 K. The ex-
ternal magnetic field (H= +3 T) was perpendicular to the
sample surface [Reproduced from Ref.5].
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Fig. 4 (a)—(d) Relative ps,, p;;—d transition probabilities when
excited with circularly polarized light (4m= +1).

Table 1 Gaunt coefficients (Taken from Ref. 7).
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Table 2 Spin and orbital magnetic moments of Fe,N and Fe
deduced by experimental and theoretical analyses. (Taken

from Ref. 5)
Magnetic moments
Samples [up per Fe atom ] Method|Reference
Morp Mspin Miotal
Fe,N/LAO|(0.10+0.01|2.34+0.11|2.44+0.12| XMCD| Ref. 5
Fe,N/MgO|(0.124+0.01|2.35+£0.12|2.47+0.13| XMCD| Ref. 5
Fe,N 0.068 2.52 2.59 Theory| Ref. 12
Fe,N 0.040 1.97 2.01 Theory | Ref. 13
Fe 0.086 1.98 2.07 XMCD| Ref. 14
Fe 0.046 2.16 2.21 Theory| Ref. 13
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Fig. 6 Schematics of quantum Hall effect (left) and anomalous
quantum Hall effect (right).
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Fig. 7 Magnetization curves of Cry s (Sb;—,Bi,).4sTe; with (a) y=
0.1 and (b) y=0.3 measured at 5 K. The magnetic fields are
applied perpendicular (H//c) and parallel (H//ab) to the
surface. Insets, magnified view in the vicinity of zero field for
H//c, showing a clear hysteresis loop [ Taken from Ref. 22].
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Fig. 8 (a) Normalized XAS spectra of Crgs(SbooBig1).0sTe; at
the Cr L,; edges in a magnetic field of 0.1 T measured by cir-
cularly polarized soft X-ray at the S K. (b) XMCD spectra
of Cry(SbyoBig ), yTes (x=0.05 and 0.15) at the Cr L,
edges, obtained by taking the difference of the normalized
XAS spectra. (c¢) Perpendicular magnetic anisotropy of
Cro.0s (SbooBig.1)1.0sTe; revealed by angle-dependent M-H
measurement [ Reproduced from Ref. 22].
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Fig. 9 (a) Core absorption spectra of Crg;5(SbgoBig.;) 1 g5Tes at the Sb Mys edges in a magnetic field of 0.1 T measured at
5K; (b) XMCD spectra of Cr 5 (SbyoBig1)155Te; at Sb Mys edges, which is obtained by taking the difference of
XAS spectra, compared with Crgo(Sby;Big3)19sTe; and a Cr—free sample (SbysBigs),Te;. The amplitude of
XMCD intensity for Crgos(Sby;Big3).9sTe; is normalized to that of Cry,5(SbooBig;);ssTe; at Sb Ms edge for
qualitative comparison; (¢) M—H curves taken at Cr L; edge (squares, left axis) and Sb M5 edge (circles, right
axis) of Crgs(SbyBig3)19sTe; at 5K, respectively [Reproduced from Ref. 22].
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Fig. 1 Electron occupation in 5p state (left) and corresponding
XMCD spectrum (right) in case when (a) Te or Sb 5p spin
magnetic moments is aligned (a) parallel and (b) an-
tiparallel to that of Cr 3d state.
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X-ray magnetic circular dichroism of
non-magnetic elements and its application to
dilute magnetic topological insulators

Akio KIMURA Graduate School of Science, Hiroshima University, 1-3-1 Kagamiyama,

Higashi-hiroshima 739-8526, Japan

Abstract

Recently a quantum anomalous Hall effect has been discovered in dilute magnetic topological
insulators. It is, in other words, a quantized Hall effect without external magnetic field but it still
requires an extremely low temperature. If the Curie temperature sufficiently exceeds room tem-
perature, the same effect would happen at room temperature. In order to see this event at room
temperature, we need a guiding principle for its ferromagnetism. However, things would not be so
simple because the average distance between spins in magnetic ions are too large to make a direct
exchange interaction for its long-range magnetic order. Therefore, something unknown to medi-
ate these spins of the separated magnetic ions is necessary. ‘’Non-magnetic’’ elements in mother
crystals might be good candidate for this. Here, X-ray magnetic circular dichroism (XMCD) tech-
nique has been applied to see tiny magnetic moments of each non-magnetic element in dilute
magnetic topological insulators. This article starts with an extended explanation of the principle
for the XMCD. In the latter half, our recent works on dilute magnetic topological insulators are
shown.
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