Scattering of spin waves by 1D solitons
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Statement of t

» Magnet occupying a domain 2 C R°

Dyna
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(0 =D (&
p=(n 0?) = (8)

= Magnetization: m : Q x R — R?, |m| = 1.

s Soliton at equilibrium: m = mg

D1, Dy are Schrodinger operators:

» Perturbation (spin wave):

= (1 - 5% — 55)1/27”0 + §1e1 + 262 Spin wéve Di=-A+vi+h, 1=12

Laliena, Campo, Adv. Electr. Mat. 8 (2022) V; € S(R), h; € R, ho > hy >0

Properties of T
Call xp = (x,y), kr = (ksz, ky) Lemma
Fourier transform &(xr, 2) to g(kT, 2) 0p(D1D2) = 0,(D2D1), 0.(D1D2) = 0.(D2D1) = [ro(kr),00), rolkr) > 0.

- Lemma \ € 0,(D) iff A2 € 6,(D1D5) and ) € 0.(D) iff \2 € 6.(D;D

N o For A € o.(D1D;) the ODE (151152 — A)u = 0 has two bounded Li. solutions,
Lemma (D1D3)* = D2D4 X (2, A\, kr), 7 =1,2. From them, spectral resolution for D, Ds (Kemp 1960).

Spectral resolution for

Theorem Assume that, for fixed kr, 0,(D1D3) is finite and o,(D1D3) No.(D1Ds) = 0. Let £ € S(R3) x S(R3). There
are rapidly decreasing continuous functions b;s(k7) and c;s(A, k1) such that
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where, for fixed kr, ]E)w)(z, kr) is built from the eigenfunctions of Dy Ds.

Solution of the spin wa

~ ~ ~ ~ ~

Corollary Assume that, for fixed k7, 0,(D1D3) is finite and o,(D1D3) N o (D1Ds) = 0. Let n € S(R3) x S(R3). Then

. - . i s B B . 1 dk
§(xr, 2,t) :/ T T | N e VAT, (k) o7 (2, kr) + E / e IsVAU=t) o (N kr) €99 (2, A, k) dX 2T
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where \;(kr), i = 1,...,n are the eigenvalues of D;Ds, is a solution of 9,& = D¢ with &(zp, 2, to) = n(zr, 2).

Application: scattering

Scattering properties can be obtained from D D5

If v;(2) are even functions (solitons), (60-+-61)
1{00 1

then for z — 4+

o = cos(dy — d1) e (Transmission amplitude)

X1(2, A, kr) = cos(kz =+ 0¢) + o(1) p = sin(dp — 01) ei(00+01+7/2) (Reflection amplitude)
X2(2; A, kr) = sin(kz & 01) + o(1) R = sin®(8y — 1) (Reflection coefficient)
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