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Topological textures:

® Nuclear physics
o QCD

® Statistical Physics

® Domain walls
® Vortices

® Skyrmions

o ® String theory

® Condensed matter

® Vortex lattice in a superconductor
® Skyrmion crystal in a magnet

® Memory devices using Skyrmions and domain walls



Qutline:

Neel antiferromagnet

A texture

Effective electron Hamiltonian

A texture in the form of a Skyrmion
Skyrmion-electron bound states

Broader implications



Neel antiferromagnet :

spin—up sublattice M (I' -+ a) = -—-M (I‘)

™ T
spin—down sublattice{l Q —\ =

M(r) couples to conduction electron spin o :

J(M(r) - 0) ~J (Mg - 0)e'¥" = (A - 0)e’dT

... that is, couples any momentum p to p+ Q.



Bispinor ¥ = (¢, ,9%510)

The Hamiltonian : # = | “(p)

The spectrum £, = .(p) = /|A2 +2(p)

1 + .w+

where e+(p) = 5 [e(p) (P + Q)] . 7
&(p)

b) E.

Generalisation for a non-uniform A, = a, A?



Hamiltonian for a non-uniform A, =n.A?

Effective-mass theory near band extrema:

g(p), g(p + Q) — €py (—ZhV) ) 8P0—|-Q(_Z.hv)

Off diagonal — uniform A: #* = (A-o)

On the diagonal — a Peierls substitution:

Di — D; + (AZ ' U) with (AZ - 0) — A? * = —ihUj@iUr



Now, the effective Hamiltonian :

Stay close to the band edge (E;A < 1)

and go from “Dirac” to 2 x 2 “Schrodinger”

Where are our band extrema ?

What is the <,,(p)?

D2
Epo(P) =V - P - 27;. and ...




...and Hs = (P + Afos) | (AD | U(AH .0)

Qmi | 2mz J

Skyrmion :

static input to the electron problem.



Now, on to our Skyrmion :

The ‘Neel’ profile :

A

i, = (sin 6, cos ¢, sin b, sin @, cosb,.), r = /a2 + y2, ¢ = arctan J
x

Toy problem :isotropic antiferromagnet
Energy density : J(Vi,)

... the Belavin-Polyakov Skyrmion (1975)



The Belavin-Polyakov Skyrmion:

Topological sectors, labelled by ¢ =0, +1, +2...

Energy E = 4nJ|Q|

: : . 2z r
A single length, radius R: sinf =15, 2= 4

A Q\U(r): m-c
m(r)
n(r

Pick a gauge : U, = (m, - o)

... and back to the Hamiltonian, term by term :



2
Hy = (ﬁi‘l‘AfUZ)Q | (Ay) | U(AQ-U)

om*  2m,

1

—hy hx

-~ ,where 4; = 5 4y =

A? produces geometric flux +277 .

2
Y- (Ay) R 1] 1 repulsive
" 2m;  2R? [m,  my| (1+22)?  potential.

3: U(AQ'U) _ o = Sk-induced SOC!
- Attraction!



Large Skyrmion ( B> ¢ = %)

X

. § o
—A
Attraction T

dominates :
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— For R > ¢, the bound state remains shallow.

— R ~ ¢: low-energy approximation breakdown.



Toy problem, full picture :
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Summary :
(arXiv:2203.03569 )

— the Skyrmion-electron bound states
— do not rely on the Belavin-Polyakov profile
— but do rely on real-space Sk-induced SOC v (Ag',' - 0)

— and do hinge on lower symmetry of . points.

— The Skyrmion becomes charged r,

—and can be manipulated by electric field.

Thank you !



