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Non-reciprocal Directional Dichroism as an Extension of the Magneto-electric Effect
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Magnetic materials without space inversion sym-
metry show novel magneto-optic effects called non-
reciprocal magneto-optic or magneto-chiral effects, as
well as the well-known magneto-electric effects. Re-
cently, a magneto-optic effect was successfully ob-
served in a polar ferrimagnet, GaFeQs.
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Fig. 1 Suppose an electromagnetic wave is
propagated parallel to the spontaneous polari-
zation P, in a ferroelectric material. While an
operation of inversion, rotation, or reflection will
not change the relation between the propagation
vector k and P, (left), the wave will propagate
anti-parallel with P, after a time reversal
operation (right). This indicates that the optical
constant should not depend on the propagation
direction of an electromagnetic wave.
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Fig. 2 Suppose an electromagnetic wave is
propagated perpendicular both to the spon-
taneous magnetization M, and to the spontaneous
polarization Py in a polar magnet. The vector
triple product k-(PyXMoy) will be invariant under
any space or time operations. The cases of the
positive and negative triple product can be dis-
tinguished from each other. The optical constant
is dependent on the propagation direction of an
electromagnetic wave.
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Fig. 3 The ab-plane projection of the crystal
structure of GaFeQOs. Large solid circles, oxygen;
Small circles, iron and gallium. The Ga sites are
partially occupied by Fe, and vice versa.
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4. X-ray Non-reciprocal Directional Dichroism
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Fig. 4 Block diagram of the measurement of
X-ray non-reciprocal directional dichrosm.
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Fig. 5 Spectra of X-ray absorption (solid line)
and X-ray non-reciprocal directional dichroism
(solid circles) with the X-ray polarization parallel
to the ¢ axis.
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Fig. 6 Magnitude of the X-ray non-reciprocal
directional dichroism as a function of temperature
(solid circles). Magnetization in a field of 50 mT
after zero-field cooling is represented by the solid
line.

Fig. 7 Schematic drawing of the final states of
X-ray absorption near the Fe K edge with k/x and
E”[lz. The final state of electric dipole transition
is originally Fe p, (left). In GaFeOs, 3d,. should be
hybridized with p, (middle) and become dipole-
allowed, because of thesymmetry breaking of the
mirror operation normal to the y axis. The final
state of electric quadrupole transition is Fe 3d.
(right). The spin-orbitinteraction should mix the
two 3d states when the spin moment is fixed
parallel to the c¢(z) axis.
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