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@ Physical Context

Gilles Carbou, UPPA (UPPA, LMA) Walls Dy ics in Fer i 2/27




Ferromagnetic nanowires

Industrial Applications
@ Mobile phones
@ Modern Recording Devices

“Reading
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Ferromagnetic nanowires

10 5, 4.2610" Alm?

10 ns, - 42610 Almé
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Ferromagnetic nanowires

Al Sayed, Carbou, Jizzini, Labbé, Privat, Takasao, Trélat
@ 1d Models
@ Description of walls dynamics
@ Stability results
@ Controllability results
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Alternative : nanotubes

M. Yan, C. Andreas, A. Kakay, F. Garcia-Sanchez and R. Hertel, Fast domain wall dynamics in
magnetic nanotubes : Suppression of Walker breakdown and Cherenkov-like spin wave emission,
Appl. Phys. Lett. 99 (2011)

@ nanotubes instead of nanowires or nano stripes
@ avoid boundary destabilizing effects
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Alternative : nanotubes

M. Yan, C. Andreas, A. Kakay, F. Garcia-Sanchez and R. Hertel, Fast domain wall dynamics in
magnetic nanotubes : Suppression of Walker breakdown and Cherenkov-like spin wave emission,
Appl. Phys. Lett. 99 (2011)

@ nanotubes instead of nanowires or nano stripes
@ avoid boundary destabilizing effects

Goal : Modeling of nanotubes, description of walls dynamics
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Model for Ferromagnetic Nanotubes
Plan

e Model for Ferromagnetic Nanotubes
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Model for Ferromagnetic Nanotubes

3d model

Magnetic Moment

@ Magnetic material : Q C R3

@ Magnetization described by the magnetic moment m : R x Qx — R3

[m(t, x)[ =1p.p.
@ Constitutive Relation: B=H + m

Landau-Lifschitz
om

E—_mXHeff_mX(mXHeff)

Hetr = AAm + Hy(m) + Ha

Ferromagnetism Energy

A 1
E(m) = E/Q\Vm|2dx+E/RS\Hd(m)Fdx—/QHa.m

in Fer

Gilles Carbou, UPPA (UPPA, LMA) Walls Dy

7127



Model for Ferromagnetic Nanotubes

3d model

Magnetic Moment

@ Magnetic material : Q C R3

@ Magnetization described by the magnetic moment m : R x Qx — R3

Im(t, x)| = 1p.p.
@ Constitutive Relation: B=H + m
Landau-Lifschitz Exchange field
‘?TT = —m X Hyp — m x (M x Hggr) @ Nonlinear parabolic behaviour
@ Homogeneous Neumann boundary
Heir = AAM + Hy(m) + Ha condition

Ferromagnetism Energy

A 1
E(m) = E/Q\Vm|2dx+E/RS\Hd(m)Fdx—/QHa.m

in Fer
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3d model

Magnetic Moment
@ Magnetic material : Q C R3
@ Magnetization described by the magnetic moment m : IR%,+ x Qx — R3
Im(t,x)| =1p.p.

@ Constitutive Relation: B=H + m

Landau-Lifschitz Demagnetizing field

oam o field generated by the
T —m X Hggr — m x (M X Heg) magnetization
@ curl Hy(m)=10

Herr = AAM + Hy(m) + Ha @ div (Hy(m)+m) =0

Ferromagnetism Energy

A 1
E(m) = E/Q\Vm|2dx+ E/RS\Hd(m)\zdx—/QHa.m
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Model for Ferromagnetic Nanotubes

3d model

Magnetic Moment

@ Magnetic material : Q C R3

@ Magnetization described by the magnetic moment m : R x Qx — R3

[m(t, x)[ =1p.p.
@ Constitutive Relation: B=H + m

Landau-Lifschitz

om

Zeeman term
EZ_mXHeff_mX(mXHeff)

Ha : applied magnetic field

Het = AAmM + Hy(m) + Ha

Ferromagnetism Energy

A 1
E(m) = E/Q\Vm|2dx+E/Rs\Hd(m)Fdx—/QHa.m

in Fer
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Model of nanotube

Characteristics : Length >> diameter >> thickness
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Model of nanotube

Characteristics : Length >> diameter >> thickness

Length = oo, thickness = 0
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Model of nanotube

Characteristics : Length >> diameter >> thickness

Length = oo, thickness = 0

Asymptotic model of ferromagnetic thin film (Carbou, Gioia-James)
o Nanotube assimilated to R x pS!
e Demagnetizing field equivalent to a planar anisotropy
@ Hy(m)=—(m-v)v
@ curl Hy(m) =0 — @ v :unitary normal

@ div (Hgy(m)+m) =0 @ Ey(m) = / |m - v|?
Rx pS?
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Model of nanotube

3d-model

Orm = —m X Hegr (M) — m x (M x Hegr(m)),

Her(m) = AAmM + Hy(m) 4+ Happ
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Model of nanotube

3d-model

Otm = —m X Her(mM) — m x (M X Hegr(m)),

Her(m) = AAmM + Hy(m) 4+ Happ

Thin film model for the nanotube

m: (t,x,y) — S?, 2x-periodic in y

otm = —m x h(m) — m x (m x h(m)),
2 —
) = AT 2+ SO (m- oy )n) + Hie v = (

0
cosy
siny

)
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Model of nanotube

Thin film model for the nanotube

m: (t,x,y) — S?, 2x-periodic in y

Om = —m x h(m) — m x (m x h(m)),
2m A &m
h(m) = Aﬁ + 2 (m-v(y))v(y) + Hae

At x At x At x
m(t,x, y) = mi(—5, —,y)er +ma(—5, =y (y) + ma(—5, —, YY),
rp PP P p
0 0
v(y)=|cosy |, vi(y)=| siny |.
siny —cosy
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Model for Ferromagnetic Nanotubes

Model of nanotube

Thin film model for the nanotube

m: (t,x,y) — S?, 2x-periodic in y

Om = —m x h(m) — m x (m x h(m)),
2m A &m
h(m=A—+ 55— —(m- H
(m) Ix2 + p2 ayz (m V(y))l/(.y) + FHa&q

At x At x At x
m(t,x,y) =mi(=5, =, y)er + ma( =5, =, y)vt(y) + ma( =5, =, y)v(y),
P2 p P2 p pp

2d Model of nanotube

m: (t,x,y) — S?, 2z-periodic in y

om = —m x h(m) —m x (m x h(m))

2
h(m) = Oxxm + Oyym + 2e1 X dym +mye; — ymges + haey, v = %
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Model of Nanotube

2d Model of nanotube

m: (t,x,y) — S?, 2z-periodic in y

om = —m x h(m) —m x (m x h(m))

h(m) = Oxxm + 9yym + 2e; X dym + mye; — ymgez + haey

@ demagnetizing field = planar anisotropy
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Model of Nanotube

2d Model of nanotube

m: (t,x,y) — S?, 2z-periodic in y

om = —m x h(m) —m x (m x h(m))

h(m) = Oxxm + 9yym + 2e; X dym + mye; — ymgez + haey

@ demagnetizing field = planar anisotropy
@ Curvature —> uniaxial anisotropy
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Plan

© Walls in Nanotubes
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One-Wall profiles

2d-model of nanotube

m: (t,x,y) — S?, 2z-periodic in y

om = —m x h(m) —m x (m x h(m))

h(m) = Oxxm + 9yym + 2e; X dym + mye; — ymgez + haey
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One-Wall profiles

2d-model of nanotube

m: (t,x,y) — S?, 2z-periodic in y

ofm = —m x h(m) —m x (m x h(m))

h(m) = dxxm + yym + 2e; X ByM + mye; — YMzes

ha = 0 : static case

tanh x

Mo(x) = cosh x
0
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One-Wall profiles

2d-model of nanotube

m: (t,x,y) — S?, 2z-periodic in y

om = —m x h(m) —m x (m x h(m))

h(m) = Oxxm + 9yym + 2e; x dym + mye; — ymgez + haey

ha # 0 : moving wall

X —ct
1)

1 0 0 tan1hx
Rg=(0 cosfd —sinfd|, My(x)=

0 sind cosé co%h X

M"(t, x, y) = Ro(Mo(

)

c 1
ha=sinfcosf, - =—-2hs, — =1+sin?0
a 5 a 52 +
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Stability Result

M"a(t, x, y) = Rg(Mo(*5<
2d-model of nanotube ( ) o (Mo ° )

tanh x
otm = —m x h(m) — m x (m x h(m)) Mo(x) = 1
h
h(m) = Am+2e; x 9ym+mye; —ymzes+ hae; co% X

Theorem

If |ha| < hmax, M is stable and asymptotically stable modulo translations, i.e. If m(0, x, y) is close
to M"a(0, x, y), then

@ |m(t,-) — MPa(t,-)|| 2 remains small
@ there exists o, such that :

Im(t, x,y) = M7a(t, x — 000, ¥)|le — O when t— +oo.
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Comparison with other results

2d-model of nanotube

M"a(t, x, y) = Ro(Mo(*5))
ofm = —m x h(m) —m x (m x h(m)) tanh x
1

cosh x
0

h(m) = Am-2e; x 9ym+my e —ymges+haey Mo(x) =

Results about 1d models for nanowires

Carbou, Labbé, Jizzini, Privat, Trélat

Round-section nanowires M(t, x) = Rp(Mo(x + hat))
’ a
&m = —m x h(m) —m x (m x h(m)) Asymptotic stability modulo translation and
rotation
h(m) = 9xxm + mye; + haey Instability threshold : |ha| < 1

Controlability
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Walls in Nanotubes

Comparison with other results

2d-model of nanotube

M"a(t, x, y) = Ro(Mo(*5%))

otm = —m x h(m) — m x (m x h(m)) tanh x
1

cosh x
0

h(m) = Am-+2e; x 9ym+mye; —ymges+haey Mo (x) =

Results about 1d models for nanowires
. ) ) K. Takasao
Elliptical-section wires

om = —m x h(m) — m x (m x h(m)) M(t, x) = Rg(Mo( )
Asymptotic stability modulo translation
ha small enough

X —ct

h(m) = Oxxm + mye; — mze; + haeq
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Comparison with other results

2d-Model
M"a(t, x,y) = Rg(Mo(*5%))
otm = —m x h(m) — m x (m x h(m)) tanh x
1
h(m) = Am+2e; x 9ym+mye; —ymzes+ haeq Mo(x) = coshx
0
Result in 3d
Asymptotic Stability
ez easy-axis
3d-model : Q = R3 Simplified model : hy(m) ~ —my ey
om = —m x h(m) —m x (m x h(m))

h(m) = Am — mye; + mzez + haeq
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Comparison with other results

2d-Model
MMa(t, x, y) = Rg(Mp(*5¢
otm = —m x h(m) — m x (m x h(m)) tanh x
1
h(m) = Am+2e; x 9ym+mye; —ymzes+ haeq Mo(x) = coshx
0
Result in 3d
Asymptotic Stability
ez easy-axis
3d-model : Q = R3 Simplified model : hy(m) ~ —my ey
dtm = —m x h(m) — m x (m x h(m)) ha = 0 (Only static walls)
h(m) = Am — mqe; + mzeythger (1)
M(t, x,y,z) =
( y:2) cosh x
—tanhx
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Plan

© stability Proof
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Difficulties

@ Saturation constraint [m| = 1
@ Invariances = 0 is an eigenvalue of the linearized equation
@ Sign of the other eigenvalues ? Coercivity ?

@ Quasilinear equation - Variational estmates
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Stability Proof

2d-Model
M7 (t, x,y) = Rg(Mo(*5%))
dim = —m x h(m) — m x (m x h(m)) tanh x
h(m) = Am+-2¢, X Oym+mq ey —ymgzez+haeq MO(X) = 1
cosh x
0
m(t,x,y) = Ryv(t, X_Td,y), ha = sinfcos 6, g = —2h,, 61—2 =1+4sin?9
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Stability Proof

2d-Model
M7 (t, x,y) = Rg(Mo(*5%))
dim = —m x h(m) — m x (m x h(m)) tanh x
h(m) = Am+-2¢, X Oym+mq ey —ymgzez+haeq MO(X) = 1
cosh x
0
m(t,x,y) = Ryv(t, X_Td,y), ha = sinfcos 6, g = —2h,, 61—2 =1+4sin?9
Model for v
vl =1

OtV + 2ha0xv = —v X H(V) — v X (v x H(V))

1 . .
H(v) = 6—28XXV + OyyV + 2e1 X OyV + Viey — y(Sin Ova + cos Ovg)(sin fep + cos fes) + haey.

M"= stable <= M, stable the new problem
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Saturation constraint |m| = 1 for the perturbations

v-Model : Stability for My ?
v =1

OtV + 2ha0xv = —v x H(V) — v x (Vv x H(V))

1 ) .
H(v) = 6—28,(Xv + OyyV + 21 x dyV + vier — y(sin Ovy + cos Ovz)(sin fes + cos Hes) + haey.

Mobile Frame

tanh x 1 0

) _
Mo(x) = , Myx)=| goshx | m— |0
o(X) Co%hx 1(x) tarz)hx > 1

V(t,X,y) = MO(X) + f1(f, XY, Z)M1 (X) + fg(t., X, Y, Z)MZ + /L(f)Mo(X)

pr)y =1 = Ir2 =1
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Saturation constraint |m| = 1 for the perturbations

v-Model : Stability for M, ?
OtV + 2ha0xv = —v X H(V) — v X (Vv x H(V))

1
H(v) = 6—2(9XXV + OyyV + 21 X OyV + Viey — y(sin Ova + cos Ovz)(sin fep + cos fes) + hae;.

V(t,X,y) = MO(X) +r (t’ X, Y, Z)M1 (X) + fg(t,X,y, Z)M2 + ll’(r)MO(X)
Equivalent model : Orr = N(r) + 2haL(r) + F,

FL— 0y 2thx 9y

-1 -1
A(r) = ( ] 71) M(r), M=
—2thxdy &L — 9y +ycos20

r— (¢ thx (=08c+thx, L= —0u+(2tanh?—1)
0 Ox

r takes its values in R? ; Stability of the 0-solution ?
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Stability Proof

Invariance by translation = 0 is an eigenvalue of the linearized
equation

v-model
OtV + 2ha0xv = —v X H(V) — v X (v x H(V))
1

H(v) = 52

OxxV + OyyV + 281 X OyV + V1e1 — y(sin Ova + cos vz )(sin fep + cos Oes) + haey.

One-parameter family of solutions for

Invariance by translation for the r-equation

Landau-Lifschitz

Foro € R, (t,x,y) — My(x — o) isalso | Mo(x — o) - My(x)
a solution for LL A(s)(x) = ( Mo(x — o) - My )

1
0 is in the spectrum of A(r) + 2haL(r) associated to the eigenvector 9, R(0) = <Cf6x>
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Stability Proof

Invariance by translation = 0 is an eigenvalue of the linearized
equation

r-Modele

.
LL—9 2thx 9
_ _ 52 Yy y
8tr:(11 _}) r+2ha(§ tgx>r+F
—2thxdy  J5L— dyy +~cos20 X

c=(% MX)  y_ b tthx, L= —0e+(2tanh?—1)
0 o

- 1 1
d-R(0) = (ch) , U=—)=L=)=0

chx chx
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Invariance by translation = 0 is an eigenvalue of the linearized

equation
r-Modele
-1 -1 k= oy
r = ( 1 71)
—2th x 9y

&L — 9y +~cos26

2th x 9y

r 4 2ha (é tg:>r+F

L:(Z thx), (=085 +thx, L=—08x+ (2tanh?—1)

0 Ox

r(t,x,y) = R(a(t)) + w(t, x, ),

with

W1(t1X7y)

dxdy = 0.
Rx[0,2r] Chx

(cf. D. Henry (1d) and T. Kapitula (multi-d) for Cahn-Hilliard equation)

Equation for (o, w)

oW = Aw + 2ha L (w) + F

do
E = g(W)

Gilles Carbou, UPPA (UPPA, LMA) Walls Dy
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e w—0inH?

@ 0 >0

ics in Fer
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Coercivity for w

]
4w = Aw + 2h Lt F —)t
W W+ 2ha L~ (W) + F, wy E(chx)
PR FL— 0y 2th x 9y
/\W:( >M(W), M=

1
—2thxdy 5L — 8y +vc0s20

Fundamental Lemma

If (wy \—d‘”) =0,
(Mwl|w) > ccos20||w|3;.
D

2

]
(Mw|w) = ?(LW1 [wi) + [0y wrIT

g + (Lwe|we) + ||ayw2||f% + ycos 20||w2||i% +TC
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Coercivity for w

4 FL—0y 2thx 3y
Aw = (1 71>M(W), M=
—2thxdy 5L —dy +~cos20

Fundamental Lemma

If {ws \$> =0,
(Mw|w) > ccos 20| w|;.
o

1
(Mwlw) = = (Lwy|wr) + [|ywy IIfg + (Lwz|wz) + llaywzllfg + 7y cos 29||W2||f% +7C

TC:2/thx8yW2-w1 72/thx8yw1 - Wo
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Coercivity for w

Fundamental Lemma

If (wy \ﬁ) =0,
(Mwl|w) > ccos 20| w|;.
o

]
(Mwlw) = < (Lws|wr) + |9y wy ”iﬁ + (Lwo|wp) + ||<9yW2||izj + v cos 20||w2||i% +7C

TC =2(ac + 1 70{)/thX6yW2'W1 —2(ac+1 fa)/thxaym )
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Coercivity for w

Fundamental Lemma

It (Wil g) =0,
(Mwl|w) > ccos 20| w|;.
o

1
(Mwlw) = =5 (Lwy|wr) + [0y ws IIfg + (Lwz|wz) + ||3yW2||f§ +ycos 2i”llwzllfg +7C

TC=2(a+ 1 7&)/thX0yW2'W1 —2(a+1 fa)/thXByW1 - Wo
TC = —4a/thx8yw1 - wo +2(1 —a)/ByW2-£W1 —2(1 —a)/ayw1 - lwo

¢ =0x+thx, /BXW18yW2—/8yW18y8XW2:O
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Coercivity for w

Fundamental Lemma

If (wq \—d‘”) =0,
(Mwl|w) > ccos20||w|;.
D

2

]
(Mwiw) = = (Lwi|wr) + |8y wrlL

o + (Lwg|wz) + ||<9yW2||f§ +~cos 29||W2||ﬁg +7C

TC = —4a/thx6yw1 s wo +2(1 —a)/ayw2-€W1 —2(1 —a)/ayw1 a7

ITCI < 4aldywilugWellug +2(1 — @)lloy wel g llews g +2(1 — @)l ay wa l g 1ewell g

L=tot, (Lww) = [lew],
P
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Coercivity for w

Fundamental Lemma

" k) =0
(Mw|w) > ccos 20||wl[Z, .
D

]

Mwlw) = =5 (Lwr|wr) + |9y ws 12, + (Lwa|wo) + [0y wa||Z, + ~ cos 26| wel|Z, + TC
b b b

ITCl < 4alldywilizlIvellz +2(1 = a)l|dywallzllews llz +2(1 — a)lIdywrllyz [lEwell 2

L=1tot, (Lww) = [[tw]?,
P

~cos 20
o=
16
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Coercivity for w

Fundamental Lemma

It (Wil gs) =0,
(Mwl|w) > ccos 20| w|;.
o

1
(Mwlw) = =5 (Lwi|wr) + [| 0y ws IIfg + (Lwz|wz) + ||<9yW2||fg +ycos 29||W2||i§ +7C

~ cos 20

>
(Mwlw) > 122

2 2 2 2 2
(nem 125 -+ 10y w1, + llwalZy + 110, wel + HWQHL;)

In (ﬁ){ L >1so |[tw HLg and ||0y wy |||_% control ||wy HH;
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Variational Estimates

Ow = (*11 j) M(W) + 2ha L (w) + F

Inner product with M(w) :

1d

5 gp MwIw) + HMWIIfg < 2|hal (L (W) M(W)) + [(FIM(W))|
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Variational Estimates

Ow = (*11 j) M(W) + 2ha L (w) + F

Inner product with M(w) :

1d

5 gp MwIw) + HMWIIfg < 2|hal (L (W) M(W)) + [(FIM(W))|

¢ thx
£=(5 ) 1ewly < clwlly, < KMl

[Fllg = K(lol + lIwlleee) Wil
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Variational Estimates

Ow = (*11 j) M(W) + 2ha L (w) + F

Inner product with M(w) :

1d

5 gp MwIw) + HMWIIfg < 2|hal (L (W) M(W)) + [(FIM(W))|

¢ thx
£=(5 ) 1ewly < clwlly, < KMl

[Fllg = K(lol + lIwlleee) Wil

1d
5 g Mwiw) + HMWIIfg < CIIWHﬁg ([hal + lo| + [Iw][ L)
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Variational Estimates

ow = (*11 j) M(W) + 2ha L (w) + F

Inner product with M(w) :

1d
3 g MwIw) + IIMWIIfg (1 —c(hal + |o| + [[w]|L)) <O
While |ha|, |o| and ||w/|| cc remain small, ||w||H27 is exponentially decreasing

@ |ha| small : we assume that!
@ |o| small : we will see that with the equation for o
@ ||w|| o small : H?-estimate obtained by taking the inner product with AM2w

d > >
— < 0.
dtHWHHf, + kHWIIHg (1 c (\hal + o] + IIWIIHg)) <0
Assumption : |ha| < . While |o| < ;- and HWHH% < 4,

d 2 k 2 2 . 2
Wl + S 1wl <0 = Wi () < o ¥ [w(O)I%

Gilles Carbou, UPPA (UPPA, LMA) Walls Dynamics in Ferromagnetic Nanotubes

24/27



Control of &

1

We assume that |ha| < . if ||w(0)HH§ is small enough, while [o| < L,

_ Kt
Wl (1) < o ¥ [w(0)I%,

Equation for o
do

E = g(O', W)

IG(o, W)l < KWl
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Control of &

1

We assume that |ha| < . if ||w(0)HH% is small enough, while [o| < L,

_ Kt
Wl (1) < o ¥ [w(0)I%,

Equation for o
do

E = g(av W)

IG(o, W)l < KWl

do
S| <101 < Kiwlug, 10001 < lo(0) + KIw(O)lg

If |o(0)| and ||w(0)||Hg are small enough, |o| < 4%' and the previous estimates remains valid for all
times.
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Stability Proof

Control of o
We assume that |ha| < . if ||w(0)HH% is small enough, while [o| < L,
2 < o4 2
HWHH%(f) <e 4 ||W(0)||H,2)
Equation for o
o —G(ow)
IG(o, W)l < KWl
do
R 19 < Klwllyz,  lo(0)] < [o(0)] + Kllw(0)lln

If |o(0)| and ||w(0)||Hg are small enough, |o| < 4%' and the previous estimates remains valid for all
times.

do .
F(: integrable — o — 0o When t — 4o0.
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e Conclusion
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Conclusion
@ First stability result for non static walls in multi-d

@ The 2d-model is a bit more realistic that the 3d-model used for the stability of static walls in 3d
@ multi-d model without boundary
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Conclusion

@ First stability result for non static walls in multi-d
@ The 2d-model is a bit more realistic that the 3d-model used for the stability of static walls in 3d

@ multi-d model without boundary
@ Large applied field ?

Stability threshold for |ha| < § ?

Behavior for hy > 1 ? Precessional Regime ?

2

André Thiaville and Yoshinobu Nakatani
Domain-Wall Dynamics in Nanowires
and Nanostrips, Spin Dynamics in
Confined Magnetic Structures lll, Topics
in Applied Physics 101 (2006), 161-205

@ Nanowire with elliptical section

@ Precessional regime for large
applied field

@ W © ® 10
e n g g 5
H % H 2
Td £ 2 o#
£ — N R
Y B z s

CREE] K]
109
© [ —wH=5mT [C 2 N
— a0m
THT — .
H 7 ?m
// o
I
° © mt(m):u “© = B, H, (mT)

Fig. 11. Transverse-wall dynamics in a rectangular nanowire (edge sizes 10 nm and.
5nm, mesh size 5nm). The field Ha applied along the wire axis is (a) 10 Oc (uolls =
1mT) and (b) 500e (soH. = 5mT), the damping constant is a = 0.01. The DW
position is plotted as well as the integrated transverse magnetization components.
The DW velocity is high at the low field (a), with no steady DW magnetization
procession. At the higher ficld (b) this precession appears and the DW velocity
drops and displays oscillations. The angle & of the DW magnetization orientation
is displayed in (c) and the DW velocity in (d), versus applied ficld H,, with the
damping coefficient @ as a_parameter. The analytical results (full thin lines and
small dots) are drawn in (c) and (d), using the parameters of Table 1
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R
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M. Yan, C. Andreas, A. Kakay, F. Garcia-Sanchezand R. | &
Hertel, Fast domain wall dynamics in magnetic 3 4O —— Walker regime |
nanotubes : Suppression of Walker breakdown and & I, T Megnonicregime
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(C;l;qinkov—hke spin wave emission, Appl. Phys. Lett. 99 ®) H[mT]

@ Precessienal-Regime

@ Magnonic Regime
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@' 1200 g
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. . , Z 800 ]
M. Yan, C. Andreas, A. Kakay, F. Garcia-Sanchezand R. | &
Hertel, Fast domain wall dynamics in magnetic 3 4O —— Walker regime |
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. . .. 0 2 4 6 8 10
glé?ﬁnkov—hke spin wave emission, Appl. Phys. Lett. 99 ®) H[mT]
—— A ettt

@ Precessienal-Regime
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Better approximation for the demagnetizing field ?
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