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Delafossite CuFe1−xAlxO2 has been the
subject of intense recent interest, because
of the ferroelectricity accompanied by a
proper helical magnetic ordering[1]. The
local spin-polarization coupling in this sys-
tem cannot be explained by the ‘spin-
current model’ proposed by Katsura et
al.[2], which successfully explains the fer-
roelectricity in cycloidal magnetic order-
ings of certain transition metal oxides such
as TbMnO3. Hence, we performed po-
larized neutron diffraction measurements
on CuFe1−xAlxO2 (x = 0.02) with applied
electric field at the triple-axis neutron spec-
trometer PONTA installed at JRR-3, in or-
der to identify the local spin-polarization
coupling in this system.

A single crystal of CuFe1−xAlxO2 with
x = 0.02 of nominal composition was
prepared by the floating zone technique.
An incident polarized neutron with energy
34.05 meV was obtained by a Heusller (111)
monochromator. The flipping ratio of the
polarized neutron beam was ∼ 19, and the
polarization vector of the incident neutron,
pN, was set to be parallel or antiparallel to
the scattering vector, κ, by a guide-field of a
helmholtz coil and a spin flipper. The colli-
mation was 40′-40′-40′-40′. The sample was
mounted in a pumped 4He cryostat with a
hexagonal (hhl) scattering plane.

Typical diffraction profiles of magnetic
reflections in the ferroelectric phase (T = 2
K) are shown in Figs. 1(c-1)-(d-2), in which
ION and IOFF denote the intensities mea-
sured when pN ‖ −κ and pN ‖ κ, re-
spectively. As shown in Figs.1(c-1) and 1(c-
2), after cooling the sample under a pol-
ing electric field (128 kV/m) perpendicu-
lar to the helical axis, there was no differ-

ence between ION and IOFF for both of +q
and the −q magnetic satellites reflections
(see Fig.1(b)). After cooling the sample un-
der a poling electric field (120 kV/m) paral-
lel to the helical axis, ION was greater than
IOFF for the +q reflection, and this relation-
ship between ION and IOFF was reversed
for the −q reflection, as shown in Figs. 1(d-
1) and 1(d-2). These results clearly demon-
strate that proper helical magnetic ordering
in CuFe1−xAlxO2 generates a spontaneous
electric polarization along the helical axis,
and there is one-to-one correspondence be-
tween the polarity of local polarization vec-
tor and the spin helicity, as illustrated in
Fig. 1(a).
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Fig. 1. (a)The relationship between spin arrange-
ments and polarization vectors. (b)The location of
the magnetic reflections. [(c-1)-(d-2)] The diffraction
profiles at T = 2K.
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