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Phenomenological model of the ferromagnet

Magnetization equation of motion

∂ ~m

∂t
= ~m×

δE
δ ~m

+ α ~m×
∂ ~m

∂t

~m = ~M/Ms – unit magnetization vector, Ms – saturation magnetization,
α – Gilbert damping, E = E/K – dimensionless energy,
t = tω0 – dimensionless time, Ω0 = γ0K/Ms.

Energy of the ferromagnet

E = −A
∫
V

(
~m · ∇2 ~m

)
d~r

︸ ︷︷ ︸
Exchange energy Eex

− K

∫
V

(~m · ~ea)2 d~r

︸ ︷︷ ︸
Anisotropy Ea

−
Ms

2

∫
V

(
~m · ~hms

)
d~r

︸ ︷︷ ︸
Magnetostatic energy Ems

A – exchange constant, K – anisotropy constant, ~hms – stray field

` =
√
A/K ∼ 10 nm – magnetic length, Ems ⇒ Eeff

a = −Keff
∫
V

(~m · ~ea)2 d~r

Keff
1d = πM2

s – effective easy axial anisotropy constant
[Slastikov, Sonnenberg, Journal of Applied Mathematics 77, 220, (2012)]
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Exchange energy in curvilinear wire

Frennet-Serret formulas

~γ = ~γ (s) – curvilinear wire

~et = ~γ′(s), ~en = ~γ′′(s)/|~γ′′(s)|, ~eb = ~et × ~en

~e′µ = Fµν~eν , Fµν =

 0 κ 0
−κ 0 τ
0 −τ 0


{µ, ν} = {t,n,b}

κ – curvature, τ – torsion

~γ(s) s

~ex

~ey
~ez

Exchange energy in curvilinear basis

Eex = (~eµmµ)′ (~eνmν)′

= E 0
ex + E dmi

ex + E a
ex

E 0
ex = |~m′|2,︸ ︷︷ ︸

Isotropic eschange

E dmi
ex = Fµν

(
mµm

′
ν −m′

µmν
)
,︸ ︷︷ ︸

Effective Dzyaloshinskii-Moria interaction

E a
ex = Kµνmµmν ,︸ ︷︷ ︸
Effective anisotropy

Kµν = FµζFνζ

[Sheka, Kravchuk, Gaididei, J. Phys. A 48, 125202, (2015)]
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Curvature induced motion of the domain wall (Cornu spiral as an example)

[Yershov, Kravchuk, Sheka, Pylypovskyi, Makarov, Gaididei, PRB 98, 060409(R) (2018)]
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Curvature induced motion of the domain wall (Cornu spiral as an example)

Energy of the system

E = `
2Eex − (~m · ~et)

2
+ ε (~m · ~eb)

2

ε > 0 – anisotropy ratio.

Collective variable approach (Slonzewski
q − Φ model) ⇒ domain wall velocity

V = −pC
∆0ω0

α
χ`2

p = ±1 – DW topological charge, C = ±1
DW chirality, ∆0 – DW width,
χ = κ′ =const – gradient of the curvature.

[Yershov, Kravchuk, Sheka, Pylypovskyi, Makarov, Gaididei, PRB 98, 060409(R) (2018)]
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Domain wall pinning at a local wire bend [κ(±∞) = 0]

κ′(q0) = 0, cos Φ0 = −p

Collective variable approach (Slonzewski
q − Φ model) ⇒ harmonic oscillations

Ω ≈ ω0`
2π
√
|κ′′(q0)κ(q0)| – DW frequency

η ≈ αω0
π

2

`2κ(q0)

∆
– Effective damping

0 0.05 0.1 0.15 0.2
0

0.02

0.04

0.06

0.08

0.1

κ0`

Ω
ω0

theory (∆0 = 2`)

theory (∆0 → 0)

simul. (wire)

simul. (chain)

0 0.1 0.2
0

0.05

0.1

0.15

κ0`

η
αω0

[Yershov, Kravchuck, Sheka, Gaididei, PRB 92, 104412 (2015)]
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Torsion effects in current driven domain wall motion

[Yershov, Kravchuk, Sheka, Gaididei, PRB 93, 094418 (2016)]
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Torsion effects in current driven domain wall motion
Collective variable approach (Slonzewski q − Φ
model) ⇒ equations of motion

q̇ − αp∆0Φ̇ = u− πκ sin Φ,

αpq̇ + ∆0Φ̇ = up
(
β − β?)

, β
?

= pτ∆0

Curvature induced Walker limit

uw ≈ v0απκ`/
(
α− β + β

?)
, v0 = ω0`

Torsion induced effective nonadiabaticy
shift

β → β − β?
, β

?
= p∆0τ

[Yershov, Kravchuk, Sheka, Gaididei, PRB 93, 094418
(2016)]

Types of DW motion

Traveling wave solution (u < uw)

V = u
(
β − β?)

/α

Precession motion (u > uw)

Ω = p
(
β − β? − α

)√
u2 − u2

w/∆0
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Conclusions

Gradient of the curvature results in a driving force for the domain
wall

Local wire bend results in a pinning potential for the domain wall

Curvature results in the Walker limit appearance in uniaxial magnet

Torsion effectively shifts the material parameter of nonadiabaticity
and results in negative domain wall mobility

Thank You For Your Attention!
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