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Topologically protected (anti)skyrmions are promising information carriers for next-generation
spintronics. Their fractional counterparts, however, have so far been observed only in bound pairs or
lattice states, leaving a major challenge for the stabilization and electrical manipulation of an isolated
fractional topological spin texture. Here, we report the generation of an isolated meron with half topological
charge (Q ¼ 1=2) and its electric-current-driven linear motion at room temperature in the chiral magnet
Mn1.4PtSn. Both Lorentz transmission electron microscopy and micromagnetic simulations provide
evidence for the emergence of a unique fractional topological state due to the edge-induced topological
transformation, distinct from bulk excitations. Importantly, the sample edge simultaneously acts as a one-
dimensional track that enables robust current-driven linear motion by compensating the transverse Magnus
force, thereby completely suppressing the intrinsic skyrmion Hall effect. These results establish an
experimental pathway for generating and manipulating isolated fractional topological spin textures in real
space, thereby offering a platform to explore fractional topological physics and spintronic functionalities.
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A variety of topologically protected particlelike spin
textures, including (anti)skyrmions [1–4], merons [5–11],
and hopfions [12,13] have been identified in magnetic
materials. Owing to their nanoscale size, topological stabil-
ity, and current-driven mobility at low electric current
densities, these spin textures are regarded as promising
information carriers for high-density, low-power magnetic
memories [14–16], logic devices [17], and neuromorphic
spintronic devices [18,19]. The correlated unique physics
underlying these functionalities originates from their non-
trivial spin topology [20], which can be quantitatively
characterized by the topological charge, Q ¼ ð1=4πÞ∬ n ·
½ð∂n=∂xÞ × ð∂n=∂yÞ� dx dy [20]. Integer-charge objects such
as (anti)skyrmions (Q ¼ 1) have been experimentally con-
firmed to be able to stabilize either in the isolated or lattice
states. Their electric manipulation behavior [14,21–26],
together with the emergent magnetoelectric physics such
as topological Hall effect [27] and skyrmion Hall effect [28],
have laid the foundation for topological spintronics.
The fractional excitations, as exemplified by the fractional

quantum Hall effect, have represented a hallmark emergent
phenomena in condensed-matter physics and their existences
have been confirmed in strong correlation with sample
surfaces, edges, or boundaries [29,30]. Similarly, the geo-
metric confinement and disrupted translational continuity
near the edges of magnetic systems are anticipated to
stabilize distinctive real-space spin textures bearing frac-
tional topological charges [31,32]. However, these fractional
topological spin textures have only been experimentally
discovered in the form of pair states [5,6,8–10,33–36] or in
lattice configurations [7,37–39] with total integer charge and
without successful electric manipulation.
Therefore, the experimental creation and electric control

of an isolated fractional topological spin texture would
represent critical advances for fundamental understanding
of the fractional topological physics and spintronic appli-
cations, yet remain an outstanding challenge. Herein,
we present a comprehensive study on the generation and
current-driven behavior of an isolated meron (Q ¼ 1=2)
in the chiral magnet Mn1.4PtSn via integrating Lorentz
transmission electron microscopy (LTEM) observations
with systematic micromagnetic simulations. We find that
when an external magnetic field drives the topological*Contact author: zhangy@iphy.ac.cn
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transformation of an integer antiskyrmion near the sample
edge, the broken continuity of the spin texture stabilizes
this unique isolated half antiskyrmion state. Notably, the
sample edge also acts as a naturally one-dimensional track
to guide the linear motion of this meron, completely
suppressing the transverse drift induced by intrinsic sky-
rmion Hall effect. The robustness of fractional spin textures
during generation and manipulation over a broad temper-
ature range and without requiring magnetic field reveals
striking parallels to spintronic applications.
The spin configuration of antiskyrmion carrying integer

topological charge Q ¼ 1 [Fig. 1(a)] is determined by the
anisotropic Dzyaloshinskii-Moriya interaction (DMI) due to
the intrinsic symmetry-broken D2d crystal structure of chiral
Mn1.4PtSn [4,25,40,41]. According to theoretical prediction
[32], when an antiskyrmion approaches and interacts with
the sample edge, the reconstruction of interrupted spin field
drives the transformation of an integer topological texture
into exotic topological edge states [Figs. 1(b) and 1(c)]. To
further explore the unique features of this fractional edge

state, we use focused ion beam (FIB) milling to fabricate
Mn1.4PtSn thin plates with the stripe domains oriented
perpendicular or parallel to the sample edge and Pt electro-
des deposited at the microdevice ends (for details, see
Supplemental Material Figs. S1–S3 [42]). Possible Ga
ion-induced damage has been minimized by adopting
PtCx protective layer and low-energy FIB milling proce-
dures during sample preparation, ensuring high-quality
LTEM imaging of the edge state [52].
By systematically analyzing the magnetic domain contrast

at underfocus [Fig. 1(d)] and overfocus [Fig. 1(e)] conditions
(Δz ¼ 250 μm), the in-plane magnetization distribution is
reconstructed using the transport-of-intensity equation (TIE)
method [44] (Supplemental Material Fig. S4 [42]). The
reconstructed spin texture as shown in Fig. 1(f) is identified
as an isolated meron with fractional topological charge of
Q ¼ 1=2, in good agreement with the theoretical meron spin
configuration and simulated LTEM images (Supplemental
Material Fig. S5 [42]). Further off-axis electron holography
reveals the in-plane magnetic induction maps and the
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FIG. 1. Edge-induced topological transition and stabilization of an isolated meron at room temperature in chiral Mn1.4PtSn magnet.
(a) Simulated antiskyrmion with topological charge Q ¼ 1. (b) Simulated isolated edge state with fractional topological charge
Q ¼ 1=2, corresponding to half-antiskyrmion spin winding. (c) Simulated topological transformation from an integer to fractional
antiskyrmion due to the demagnetizing fields and edge-induced spin reconstruction under open boundary conditions. (d),(e) Fresnel
LTEM images showing the domain contrast of an isolated fractional edge state at underfocus and overfocus conditions (Δz ¼ 250 μm),
respectively. (f) Identification of an isolated meron using reconstructed in-plane magnetization distribution. (g)–(i) LTEM images and
corresponding simulations showing the edge-induced transformation from an integer antiskyrmion into an isolated meron while
reducing the magnetic field from 320 mT to zero field. The direction of decreasing magnetic field is marked out. Scale bar, 100 nm.
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reconstructed phase distributions consistent with LTEM
results (Supplemental Material Fig. S6 [42]). The disappear-
ance of the upper Bloch line in antiskyrmions indicates a
hallmark signature of an isolated meron generation at the
edge when the magnetic field decreases to around 120 mT
(Supplemental Material Figs. S6 and S7 [42]). Moreover,
this one-dimensional edge facilitates the self-assembly of
fractional spin textures into ordered meron molecules,
including dimers and higher-order clusters (Supplemental
Material Fig. S8 [42]). Micromagnetic simulations reveal
that the edge-mediated antiskyrmion-to-meron transforma-
tion exhibits remarkable robustness across a thickness range
of about 50–200 nm (Supplemental Material Fig. S9 [42]),
thereby accommodating the inherent thickness variations
associated with FIB fabrication.
The generation and stability of this isolated meron are

governed by the interplay between edge-induced chiral
distortion and demagnetizing fields. At the edge of a
finite-size magnetic sample, the abrupt loss of full atomic
coordination gives rise to uncompensated DMI bonds,
leading to characteristic edge-twisted spin textures [53].
The presence of the sample edge breaks the closed-mapping
condition required for an integer topological charge and
renders the fractional topological states energetically more
favorable than fully integer antiskyrmions under low mag-
netic fields. As the magnetic field decreases, an antiskyrmion
located near the edge becomes unstable and then the spin
texture becomes deformed by edge potential, undergoing
topological transition into an isolated meron, which remains
stable even at zero field [Figs. 1(g)–1(i)]. The topological
transition can be analogous to vortex detachment at super-
fluid boundaries [54] or skyrmion generation from magnetic
stripes [22,55]. In contrast to the randomly fractionalized
parts cut from an entire magnetic texture due to the
geometric termination [14,45,46], the isolated meron qua-
siparticles transformed from an integer antiskyrmion exhibits
well-defined morphology, robust stability, and current-driven
dynamics. This edge-mediated topological transition cannot
occur inside the bulk because a fairly high energy is required
to create an isolated meron from uniform sample. The
stabilized fractional topological states over broad temper-
ature and field range (Supplemental Material Fig. S10 [42])
further highlight their potential spintronic applications as
topological information units.
We next investigate the current-driven dynamics of an

isolated meron under the electric current pulse applied
parallel to the nanodevice. The displacement of the isolated
meron as a function of pulse number and current density is
shown in Fig. 2. Meron motion is initiated along the electron-
flow direction only when the current density exceeds a critical
threshold of jc ¼ 1.2 × 106 Acm−2 [Fig. 2(a)], marking the
onset of depinning. The meron exhibits creeplike motion at
about je ¼ 1.4 × 106 Acm−2, followed by a pronounced
velocity increase at je ¼ 1.9 × 106 Acm−2 [Fig. 2(b)].
Above this threshold, the meron enters a steady-flow

regime in which the velocity increases nearly linearly with
current density [Fig. 2(c) and Supplemental Movie 1 [42] ].
Its trajectory remains strictly one dimensional with no
discernible transverse deflection, demonstrating the com-
plete suppression of the intrinsic skyrmion Hall effect.
From the linear regime of Fig. 3(a), we extract a mobility of
3.6 × 10−11 m3ðA sÞ−1, comparable to the reported values
for skyrmions in chiral magnets [56–58]. When the electric
current density is higher than je ¼ 3.8 × 106 Acm−2, the
isolated meron tends to annihilate at the edge due to the
significant Joule heating effects.
Notably, the linear meron motion is observed only at one

electric current direction. If the direction of electric current is
reversed, the isolated meron would rapidly annihilate at the
sample edge, which will be discussed later. The dependence
of meron velocity on current density follows the standard
depinning relation v ∝

ffiffiffiffiffiffiffiffiffiffiffiffiffi

je − jc
p

as shown in Fig. 3(a),
indicating that the driving force is governed by the cur-
rent-induced spin-transfer-torque (STT) [59]. The pulse
width τ also has a pronounced effect on depinning and the
critical current density jc is lower while increasing the pulse
width [Fig. 3(b)] due to the accumulated thermal effects.
The electric driving threshold for depinning is reduced to
je¼5.1×105 Acm−2 at pulse width τ ¼ 2000 ns. By con-
trast, the shorter pulses allow the higher current density,
thereby enabling faster meron motion. A velocity of
∼1 ms−1 is obtained for τ ¼ 100 ns, whereas a much
higher velocity of ∼17 ms−1 is reached for τ ¼ 6 ns.
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FIG. 2. Electric current-driven linear motion of an isolated
meron at room temperature and zero magnetic field in a
Mn1.4PtSn microdevice. (a)–(c) Sequential LTEM images show-
ing the displacement of an isolated meron under parallel electric
current pulses with pulse width of τ ¼ 100 ns. Columns for the
increase of the pulse numbers and rows for the increase of electric
current densities. The meron remains pinned below the critical
current density jc and then enters a creeplike motion after
depinning, finally following steady linear motion at higher
current densities. Yellow boxes mark the position change of
one isolated meron. Scale bar, 100 nm.
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Micromagnetic simulations indicate that a fieldlike out-of-
plane torque can efficiently drive the linear motion of
isolated meron along the sample edge while preserving its
topological integrity [Fig. 3(c)].
We adopt the collective coordinate approximation for the

rigid topological spin textures and describe the STT-driven
dynamics using the Thiele equation:G × ðvðsÞ − vðdÞÞ þ
DðβvðsÞ − αvðdÞÞ þ FA ¼ 0, where vðdÞ is meron velocity,
vðsÞ ¼ −ðgPμB=2eMsÞj ¼ bj is electron drift velocity
induced by the spin-polarized current. Here, G ¼ 4πQez
is the gyrovector associated with the Magnus force FM. For
skyrmions with an integer topological charge Q ¼ 1, the
gyroscopic term is dominant and gives rise to a pronounced
skyrmion Hall effect [14,28]. For an isolated meron with a
reduced topological charge Q ¼ 1=2, the magnitude of the
gyrovector is reduced by half. Nevertheless, a transverse
deflection is still expected in principle with the approximate
Hall angle θH ≈ arctanfðα − βÞ½η=Q�g (for details, see
Supplemental Material Sec. S1 [42]).
Systematic micromagnetic simulations reveal that the

linear motion of an isolated meron under electric current-
driven dynamics arises from the synergistic interplay
between the STT-induced driving force, the topological

Magnus response, and the edge-induced attractive inter-
action. The edge-induced demagnetizing fields drive the
magnetization near the edge away from the bulk configu-
ration and promote the formation of flux-closure-like
spin arrangements, which favors the attraction of topologi-
cal spin textures toward the sample edge. The straight
trajectory arises from a balance between the edge-induced
attractive force (FA) and the Magnus force (FM) [Fig. 3(c)]
for an isolated meron along the sample edge, which is
different from the repulsive force to balance the intrinsic
Magnus force for integer textures [25,52].
Theoretically, the resulting transverse dynamics sensi-

tively depend on the difference between the Gilbert damp-
ing and nonadiabatic spin-transfer torque parameters
(α − β). Here, α is fixed at a representative value of 0.1,
whereas the parameter β is varied to tune the balance
between competing forces. Micromagnetic simulations
show that the transverse Magnus force is insufficient to
counteract the edge attraction for 0.10 ≤ β ≤ 0.13, causing
the meron to move toward the boundary and undergo
continuous topological annihilation from 1=2 to 0
[Fig. 3(d)]. By contrast, nearly linear motion along the
sample edge emerges for 0.14 ≤ β ≤ 0.16, where the
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FIG. 3. Current-driven dynamics of an isolated meron and the mechanism illustration for linear motion. (a) Averaged velocity of an
isolated meron as a function of current density, following v ∝

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
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p

dependence, consistent with standard depinning theory.
(b) Dependence of the critical current density jc on pulse width. (c) Schematic illustration on the linear motion mechanism of an isolated
meron based on the competition between the Magnus force (FM) and the edge-induced attractive force (FA). The spin-transfer torque
(FST) provides the longitudinal driving force. (d) Micromagnetic simulations showing the current-driven dynamics of an isolated meron
at nanosecond scale with α ¼ 0.1 and β ¼ 0.1, and (e) with α ¼ 0.1 and β ¼ 0.15. The meron position is marked by red boxes, and the
color represents the magnetization directions.
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Magnus force is approximately balanced by the edge-
induced attraction [Fig. 3(e)]. When β > 0.16, the Magnus
force becomes dominant, driving the meron away from the
edge and into the sample interior, accompanied by a
pronounced elongation of the spin texture. Notably, revers-
ing the current direction reverses the Magnus force but
remains the attractive force, directing the meron toward the
edge and triggering rapid annihilation. This asymmetric
response under opposite current directions distinguishes the
present system from conventional geometric-confined sky-
rmion systems [14,21,60]. The combination of reduced
Magnus force due to fractional topology and the attractive
interaction between meron and sample edge establishes
unique electric driven behavior (Supplemental Material
Fig. S11 [42]).
Beyond the case of an isolated meron embedded in

perpendicular stripe domains, we further study the dynam-
ics when confined within parallel stripe domains near the
edge [Fig. 4(a)]. In this case, both the attraction force from
the sample edge and the repulsion force from stripe
confinement contribute to canceling the Magnus force.
Remarkably, as the isolated meron is driven under the
electric current, the trailing (leading) stripe segments
undergo local stretching (contraction) through magnetiza-
tion rotation, while the overall helical background remains
immobile (Supplemental Movie 2 [42]). This distinctive
current response provides strong evidence for the solitonic
nature of the isolated meron and is further confirmed by
micromagnetic simulations (Supplemental Material
Fig. S12 [42]). Moreover, the velocity-current character-
istics of the meron in parallel stripes are comparable to
those observed in perpendicular stripe domains
(Supplemental Material Fig. S13 [42]). However, more
pronounced displacement coupled with the meron motion
is easier to be visualized for the perpendicular stripe
background in contrast with that for the parallel stripe
configuration due to their different magnetization response
relative to the electric current direction. Notably, meron
molecules, including dimers (Q ¼ 1) [Fig. 4(b)] and
higher-order bound states (Q ¼ 3=2) undergo robust col-
lective linear motion under electric currents, while pre-
serving the relative internal configuration of the meron
molecules during movement [Figs. 4(b) and 4(c) and
Supplemental Movie 3 [42] ]. This behavior is sharply
different with the desynchronized dynamics of skyrmion
chains in a ferromagnetic background [60].
In conclusion, we have systematically investigated the

generation and current-driven linear motion of isolated
fractional spin textures by exploiting the unique contribution
of the sample edge. The broken translational continuity and
demagnetization field at the edge plays a crucial role in
stabilizing fractional spin textures, which are fundamentally
distinct from the integer topological objects. The intrinsic
skyrmion Hall effect is completely suppressed by the
counterbalance between the edge-induced attraction force

and transverse Magnus force, enabling the controlled
motion along the edge. The unique dynamics of the isolated
fractional topological excitations at room temperature
without requiring magnetic field establish an experimental
platform for exploring underlying physics and potentials as
information carriers in spintronic devices.
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