






stripe-like MDs in a single-crystal domain (shown in
the upper panel in Fig. 5b) parallel/antiparallel to the
applied field direction was observed, while the MD
walls remained completely in the (−1, 1, 0) single do-

main normal to the applied magnetic field. At the
same time, the magnetic components at around a
TB (shown in the lower panel in Fig. 5b) were ar-
ranged along the TB. A variant of the MD structure

Fig. 4. (a) MD configurations in the (110) plate with twins of (110) and (−1, 1, 0). White arrows indicate TBs. Line contrast shows MD walls. (b)
High-resolution image around the TB shown by a white dashed line. (c) Changes in MD structures in twins of the (110) and the (−1, 1, 0) at
around Tc.

Fig. 5. MD wall images (upper panels) and magnetization distribution maps (lower panels) in a twin of (110) and (−1, 1, 0) under various
external magnetic fields of 0 Oe (a), 100 Oe (b) and 150 Oe (c). Colour wheel represents the magnetic components in addition to white
short arrows. The longer arrow and arrowheads indicate the direction of the applied magnetic field and the tadpole domains, respectively.
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under a weak external magnetic field reveals a pin-
ning effect of the crystallographic TB on MD walls
in such a twin. Interestingly, as we increased the field
to 150 Oe, as shown in the upper panel of Fig. 5c, the
formation of a single MD along the applied magnetic
field direction was observed in the (110) single-
crystal domain. At the same time, the tree-like
tadpole-shaped closure domains (shown by the
white arrowheads) were observed in the (−1, 1, 0)
single domain normal to the applied field direction.
Such tadpole-shaped closure domains as the vortex-
like domains were successfully identified by the
corresponding magnetization distribution map
(shown in the lower panel in Fig. 5c). The isolated
single closure MDs of nanometre-scale (shown by
the white arrowheads) were clearly seen around a
TB. Analogous to the nucleation of domains around
grain boundaries in the vertical external field [21],
such closure domains arising from the internal
transverse domains will resist the 180° MD wall mo-
tion and may contribute to the magnetoresistance.
Correspondingly, magnetic components are likely
to interact with crystal imperfections, such as TBs.

Concluding remarks
In summary, systematic TEM study of the MD and
crystal structures clarified the relationship between
the MD configuration and the crystalline orientation
in La0.69Ca0.31MnO3. Changes in the magnetic and
crystal structures with varying temperatures provide
abundant evidence in support of the competition of
electronic states between FM and CO/OO in a nar-
row temperature range around Tc. The diversifica-
tion of the MD structure with the application of
magnetic field indicates that the crystallographic
TBs prefer to pin magnetic components, resulting
in the formation of tadpole-shaped closure domains
and the enhancement of the magnetic anisotropy in
La0.69Ca0.31MnO3. Like the electronic state competi-
tion and the anisotropic magnetic structure, the
vortex-like tadpole closure MDs, emerging around
TBs under a vertical external magnetic field, may
also contribute to the AMR effect.
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