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Model of Curved Wire

Phenomenological model of the ferromagnet

Magnetization equation of motion

om . € om
— =mX — +amX —
ot

m = ]\;I‘/MS — unit magnetization vector, M — saturation magnetization,

a — Gilbert damping, £ = E/K — dimensionless energy,
t = two — dimensionless time, Qo = v0 K/Ms;.
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Energy of the ferromagnet
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Exchange energy Eex Anisotropy E, Magnetostatic energy Fms

A — exchange constant, K — anisotropy constant, Hms — stray field
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Exchange energy Eex Anisotropy E, Magnetostatic energy Fms

A — exchange constant, K — anisotropy constant, Hms — stray field

¢ =+/A/K ~ 10 nm — magnetic length, Ems = ES = —Keff/ (17 - €x)2 dF
v

K‘ffo = 71'MS2 — effective easy axial anisotropy constant

[Slastikov, Sonnenberg, Journal of Applied Mathematics 77, 220, (2012)]
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Model of Curved Wire

Exchange energy in curvilinear wire

Frennet-Serret formulas

5 - .
¥ = 7 (s) — curvilinear wire
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Model of Curved Wire

Exchange energy in curvilinear wire

Frennet-Serret formulas

= ¥ (s) — curvilinear wire

:Y'
& =7'(s), & =7"(s)/17"(s)|
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Model of Curved Wire

Exchange energy in curvilinear wire

Frennet-Serret formulas

= ¥ (s) — curvilinear wire

5
ér = 5"/(5)7 én = 7//(3)/W//(5)‘> € = €r X éy
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Model of Curved Wire

Exchange energy in curvilinear wire

Frennet-Serret formulas

= ¥ (s) — curvilinear wire

5
ér = 5"/(5)7 én = 7//(3)/W//(5)‘> € = €r X éy

0 K 0
é'u =%uwés, Fw=|-k 0o T
0 -7 0

{:u'v V} = {T7N7B}

K — curvature, T — torsion
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Exchange energy in curvilinear basis

bex = (é’,ﬂn“)’ (&my)’
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Model of Curved Wire

Exchange energy in curvilinear wire

Frennet-Serret formulas

= ¥ (s) — curvilinear wire

5
ér = 5"/(5)7 én = 7//(3)/W//(5)‘> € = €r X éy

0 K 0
é'u =%uwés, Fw=|-k 0o T
0 -7 0

{:u'v V} = {T7N7B}

K — curvature, T — torsion

Exchange energy in curvilinear basis

‘D@EX = (gumu)/ (gumV)/ = éaeox + ge?(MI + éaeé(

[Sheka, Kravchuk, Gaididei, J. Phys. A 48, 125202, (2015)]
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Model of Curved Wire

Exchange energy in curvilinear wire

Frennet-Serret formulas

¥ = 7 (s) — curvilinear wire

ér = 5"/(5)7 én = 7//(3)/W//(5)‘> € = €r X éy

0 K 0
é'M:Z“,_},, Fw=|—- 0 T
0 -7 0

{:u'v V} = {T7N7B}

K — curvature, T — torsion

Exchange energy in curvilinear basis

‘D@EX = (gumu)/ (gumV)/ = éaeox + ge?(MI + éaeé(

0 _ |.=2/12 DMI __ g / ’ A _ g .o
bex = 1|7, 6" = T (mHmV - m,umV) s bex = Hpmpmu, Huw = FucFe

Isotropic eschange Effective Dzyaloshinskii-Moria interaction ~ Effective anisotropy

[Sheka, Kravchuk, Gaididei, J. Phys. A 48, 125202, (2015)]
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Curvature effects

Curvature induced motion of the domain wall (Cornu spiral as an example)

Time: 0.00 ns

Domain wall position g (nm)

5 10 400 600 800
Time t (as) Arc length s (am)

S =0
B https://ritm.knu.ua
tangential component

[Yershov, Kravchuk, Sheka, Pylypovskyi, Makarov, Gaididei, PRB 98, 060409(R) (2018)]
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Curvature effects

Curvature induced motion of the domain wall (Cornu spiral as an example)

Energy of the system

E =L — (M- &) + (- &)

€ > 0 — anisotropy ratio.

[Yershov, Kravchuk, Sheka, Pylypovskyi, Makarov, Gaididei, PRB 98, 060409(R) (2018)]
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Curvature effects

Curvature induced motion of the domain wall (Cornu spiral as an example)

Collective variable approach (Slonzewski
g — ® model) = domain wall velocity

' V= —pc=20 2
p = +1 — DW topological charge, C = +1
P 1~ DW topologicalchr
E=1PEey — (M- Er)2 + € (- 85)° x = k/ =const — gradient of the curvature.

€ > 0 — anisotropy ratio.

[Yershov, Kravchuk, Sheka, Pylypovskyi, Makarov, Gaididei, PRB 98, 060409(R) (2018)]
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Curvature effects

Curvature induced motion of the domain wall (Cornu spiral as an example)

Collective variable approach (Slonzewski
g — ® model) = domain wall velocity

A
owo XZQ

V =—pC

p = +1 — DW topological charge, C = +1
DW chirality, Aq - DW width,

E =L — (M- &) + (- &) x = k/ =const — gradient of the curvature.

> 0 — anisotropy ratio. )
€ 2 AG(t = tas) (km/s)
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[Yershov, Kravchuk, Sheka, Pylypovskyi, Makarov, Gaididei, PRB 98, 060409(R) (2018)]
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Curvature effects

Domain wall pinning at a local wire bend [x(£00) = 0]

[Yershov, Kravchuck, Sheka, Gaididei, PRB 92, 104412 (2015)]
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Curvature effects

Domain wall pinning at a local wire bend [x(£00) = 0]

Collective variable approach (Slonzewski
g — ® model) = harmonic oscillations
Q ~ wol?m/|K"(q0)x(qo)| — DW frequency

£2
n = awogM — Effective damping

A

[Yershov, Kravchuck, Sheka, Gaididei, PRB 92, 104412 (2015)]
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Curvature effects

Domain wall pinning at a local wire bend [x(£00) = 0]

Collective variable approach (Slonzewski
g — ® model) = harmonic oscillations
Q ~ wol’m VK" (q0)k(qo)| — DW frequency

( 0)
A

n = awo — Effective damping

k'(qg0) =0, cos®g=—p

Time: 0.000 ns

[Yershov, Kravchuck, Sheka, Gaididei, PRB 92, 104412 (2015)]
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Curvature effects

Domain wall pinning at a local wire bend [x(£00) = 0]

Collective variable approach (Slonzewski
® model) = harmonic oscillations

Q ~ wol’m VK" (q0)k(qo)| — DW frequency
( 0)

n = awo A — Effective damping
'(g0) =0, cos®o=—p 0.1 ] \ —
—— theory (Aq = 2¢) ’Il a
- - - theory (Ao — 0) ) A
0.08 | e simul. (wire) / y
A simul. (chain) M

0
wWo

Time: 0.000 ns
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Kol
[Yershov, Kravchuck, Sheka, Gaididei, PRB 92, 104412 (2015)]
K. Yershov UKRATOP Workshop December 04, 2018 7 /11



var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton4'){ocgs[i].state=false;}}


Torsion effects

Torsion effects in current driven domain wall motion

tangential component

-1

Time:

Head-to-head DW
(p=+1)

Tail-to-tail DW !
(p=-1) == N\
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http://ritm.knu.ua/
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[Yershov, Kravchuk, Sheka, Gaididei, PRB 93, 094418 (2016)]
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Torsion effects

Torsion effects in current driven domain wall motion

Collective variable approach (Slonzewski ¢ — ®
model) = equations of motion

G — apAo® =u — wrsin @,
apd+ Ao® =up (B —B%), B* =prio

[Yershov, Kravchuk, Sheka, Gaididei, PRB 93, 094418

(2016)]
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Torsion effects

Torsion effects in current driven domain wall motion

Collective variable approach (Slonzewski ¢ — ®
model) = equations of motion

G — apAo® =u — wrsin @,
apd+ Aod =up (B —B%), B* =prig
@ Curvature induced Walker limit

uw X voamkl/ (a — B+ ﬁ*) . vo = wol

[Yershov, Kravchuk, Sheka, Gaididei, PRB 93, 094418

(2016)]
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Torsion effects

Torsion effects in current driven domain wall motion

Collective variable approach (Slonzewski ¢ — ®
model) = equations of motion

Types of DW motion
G — apAgd = u — mrsin , @ Traveling wave solution (u < uw)
api+ Do = up (B~ B"), B" =prio v=ol@=5£/e
@ Curvature induced Walker limit
uw & voamkl/ (o — B+ B), wo = wol

@ Torsion induced effective nonadiabaticy
shift

B—B—p" B*=pAoT

[Yershov, Kravchuk, Sheka, Gaididei, PRB 93, 094418
(2016)]
K. Yershov UKRATOP Workshop December 04, 2018 9 /11



Torsion effects

Torsion effects in current driven domain wall motion

Collective variable approach (Sl
del) = equations of motion

G — apAogd = u — mrsin , @ Traveling wave solution (u < uw)
api+ Do = up (B~ B7), B" =prio v=al@g=46/e
@ Curvature induced Walker limit

@ Precession motion (u > uw)
uw X voamkl/ (oz — B+ [3*) ,  wo = wol

Q:p(ﬁfﬁ*fa) UZ,U%/AO
@ Torsion induced effective nonadiabaticy
shift

B—B—p" B*=pAoT

tangential

theory -——-

http://ritm.knu.ua/

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

Torsion effects in current driven domain wall motion

es of motion

G — apAod = u — TR sin @, @ Traveling wave solution (u < uw)

Collective variable approach (Slonzewski ¢
del) = equations of motion

. _ g
apd + Dod = up (B— %), A" =prio VS a@ =@ e
@ Curvature induced Walker limit @ Precession motion (u > )
uw ~ voarkl/ (a — B+ B* vo = wol
( ) Q=p(B—B"—a)Ju2—u2/Ag
@ Torsion induced effective nonadiabaticy
shift o
B—B—pB" B"=pAorT v
’ v |8*| > max{a, 5}
0.3} B = 0, a=0.01
0.2
0.1
0.0 - . ) —v__u/y
0.02 0.04 67 0.08 0.10
-0.1+ v
http://ritm.knu.ua/ _02k pr >0 pr <0
— Vv —A
[Yershov, Kravchuk, Sheka, Gaididei, PRB 93, 094418 -0.3}

(2016)]
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Conclusion

Conclusions

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

o Local wire bend results in a pinning potential for the domain wall
o Curvature results in the Walker limit appearance in uniaxial magnet

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