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A multiferroic material Ba2MnGe2O7 ex-
hibits an easy-plane type antiferromagnetic
order below TN = 4 K [1], where the spin di-
rects along crystallographic a axis and the
antiferroelectric state is realized along the
c axis. The electric polarization appears
along c axis when magnetic field is applied
along [110] direction [2]. Its multiferroicity
is explained by the spin dependent d − p
hybridization mechanism. In this mecha-
nism, since the local direction of the mag-
netic moment is related to the electric po-
larization, we can locally control the orien-
tation of the magnetic moment by electric
field. Although the study on the electrical
control of the spin has been reported in an
isostructural compound Ba2CoGe2O7 [3],
the magnetic moment has not been fully
controlled from [100] to [110] directions
because of its large magnetic anisotropy.
In order to demonstrate the electrical con-
trol of the magnetic moment by the elec-
tric field in Ba2MnGe2O7 having smaller
anisotropy than Ba2CoGe2O77, we per-
formed a single crystal neutron diffraction
experiment under the electric field at ZE-
BRA diffractometer.

A single crystal sample was grown by
the floating-zone method. The single
crystal was aligned so that the crystallo-
graphic ab plane was in the horizontal
plane. For the single crystal with a thick-
ness of 0.85mm, aluminum electrodes were
deposited onto the faces of (001) to ap-
ply the electric field. Maximum voltage in
the used equipment was 5.0 kV. We mea-
sured (h, k, 0)-plane and (h, k, 0.5)-plane by
using tilting mode in 1D detector. Ge311
monochromator was chosen to obtain the
neutrons with the wavelength of 1.178A.

Magnetic Bragg peaks are observed be-
low 4 K. From the analysis of the peaks,
it is found that the easy-plane type anti-
ferromagnetic structure having a magnetic

propagation vector kmag = (1, 0, 0.5) is re-
alized, which is consistent with the previ-
ous research [1]. To investigate the electric
field dependence, we performed the omega
scan at (h, k, l)= (-3, -4, 0.5), (5, 0, 0.5) and its
equivalent reflections. Figure 1 show elec-
tric field dependences of the omega scans
at (h, k, l) = (-3, -4, 0.5), (3, -4, 0.5) and (5,
0, 0.5) at 2.9 K. The intensities at (-3, -4, 0.5)
and (-4, -3, 0.5) increase with the increase
of the electric field, whereas ones at (4, -3,
0.5) and (3, -4, 0.5) decrease. On the other
hand, (5, 0, 0.5) and (0, -5, 0.5) are con-
stant. In the analysis of the data, we as-
sume that the magnetic moments continu-
ously rotate from [100] (or [010]) to [110] di-
rections when the antiferroelectric state be-
comes the ferroelectric state retaining an-
tiferromagnetic structure by applying the
electric field along the c axis. Under this
assumption the intensity variation at (-3, -4,
0.5), (5, 0, 0.5) and its equivalent position is
represented by the sinusoidal curve as fol-
lows:

I ∝ 1 + sin 2θ sin 2ω

where I is the intensity of the each mag-
netic reflections, and the ω is a rotation an-
gle of the magnetic moment from [100] or
[010] to [110]. The θ is the angle between
the scattering vector and a axis. The rota-
tion angle of the magnetic moment is eval-
uated from the amplitude of the sinusoidal
curve. From fitting the data, we obtained
the rotation angle of magnetic moment
against the electric field at several tempera-
tures. Compared with the rotation angle at
same temperature of 1.7K in Ba2CoGe2O7,
the one at 1.7 K in Ba2MnGe2O7 is small.
This is may be caused by the smaller elec-
tric polarization on Ba2MnGe2O7 than that
of Ba2CoGe2O7. However, the rotation
angle with temperature evolution is dra-
matically enhanced because the magnetic
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anisotropy is strongly suppressed with the
temperature evolution. The maximum ro-
tation angle of spin direction is 21◦ at 2.9
K and at 5.9 MV/m. On the other hand,
in over high temperature region, the rota-
tion angle is likely saturated. Further anal-
ysis is needed to elucidate this behavior.
In conclusion, the neutron diffraction ex-
periment under electric fields has demon-
strated the control of magnetic moment by
electric field. In addition, the controllabil-
ity is enhanced by the temperature evolu-
tion. In this experiment we achieve the
maximum rotation angle of 21◦ at 2.9 K and
at 5.9 MV/m.
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Fig. 1. The electric field dependences of the intensi-
ties at (-3, -4, 0.5), (3, -4, 0.5) at T =2.9 K.


