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Domain Walls pinning in notched ferromagnetic nanowires
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In the context of data storage applications (see [4]), we study a one-dimensional model
of ferromagnetic notched nanowire justified by asymptotic process in [1]. The wire is
represented by the interval I ⊂ R. The magnetisation is modelled by a unit vector field
called magnetic moment: m : (t, x) ∈ R+

t × Ix 7→ m(t, x) ∈ S2 ⊂ R3. The variations of m
are described by the Landau-Lifschitz equation:

∂m

∂t
= −m× h(m)−m× (m× h(m)) on R+ × I,

h(m) = ∂xxm +
a′

a
∂xm−

1

2
(m2e2 + m3e3) + hae1

(1)

where × is the cross product in R3, (e1, e2, e3) is the canonical basis in R3, (m1,m2,m3) are
the coordinates of m, and hae1 is the applied magnetic field. We denote by a : I −→ R∗+
the area of the wire cross section.

In the case of one symmetric notch in an infinite wire, that is with I = R and with a
even, constant outside [−l0, l0], and increasing in [0, l0], we prove that for small applied
field ha, there exists a static solution mha describing a magnetization switching, i.e. such
that m0(x) tends to +e1 (resp. −e1) when x tends to +∞ (resp. −∞). In addition,
this solution is asymptotically stable modulo rotations at the Liapunov sense: if m is a
solution of (1), if ‖m−mha‖H1(R) is small enough, then m remains close to mha and tends
to Rσ∞mha for the norm H1(R) when t tends to +∞, where Rϕ is the rotation of angle
ϕ around the axis e1. We prove the same kind of result in the case of a finite-length wire
with several notches, if the distance between two consecutive notches is large enough.
These results illustrate that DWs are pinned in the notches for small applied fields. while
a small applied field induces a translation of the DWs in a non-notched wire (see [2] and
[3]).
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