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@ Warming up: Fermionslocalizedby kinks Iin
1+1dim

@ Fermions localized by babySkyrmions
In 2+1 dim

@ Backreaction of the fermions

@ Fermions coupled tochiral planar Skyrmions
with DM interaction term

@ Fermion exchange interaction between magnetic
Skyrmions

® Summary and outlook



Fermions localization on the kink in 1+1 dim

R.Jackiw and C.Rebbi
= = Phys. Rev. D13 3398 (1976)

@ Field equations :

Fixed background (g 1):
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@ Fermionic modes

1,2

1,0

0,8

0,6

0,4

0,2

0,6
0,5
0,4
0,3
0,2
0,1
0,0
-0,1
-0,2
-0,3
-0,4
-0,5
-0,6

A, mode

-6

0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0,0

0,1

0,2

0,3

0,4

0,5

0,6
0,5
04
0,3
02
0,1
0,0

-0,1

0,2

-0,3

0,4

-0,5

-0,6

-6




@ Fermionic modes

1,2

1,0

0,8

0,6

0,4

0,2

0,6
0,5
0,4
0,3
0,2
0,1
0,0
-0,1
-0,2
-0,3
-0,4
-0,5
-0,6

B, mode
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@ N=1 SUSY kink L _

{

F - auxiliary field:

@ SUSY transformations:

Fermionic zero mode of the kink;
Grassmann-valued deformation of the bosonic field




Backreaction of the fermions

Kink + A; mode Kink + B, mode

Scale symmetry of the massless modgk O for any values of the coupling




Baby Skyrme model

(J. Verbaarschot(1986),L.Bogolubskay#& | Bogolubsky(1989)
R.A.Leeseet al (1990)

Derrick's scalingtheorem
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| | @ Symmetric ansatz:

Y




Baby Skyrme model
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Q=1

Baby Skyrme model: solitons
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SN ASTAIINE

« A Heisenberg -type model of interacting spins

« A model of the topological guantum Hall effect

« Elementary excitations in quantum Hall magnets

« Soft matter (Liquid crystals)

* Models of condensed matter systems with
intrinsic and induced chirality

« Chiral magnetic structures with DM Interaction

« Applications in future development of data
storage technologies?




Fermion-Skyrmion system in 2+1 dim

@ Rescaling :

Stationary modes:

@ Fermionic density :

@ Hamiltonian :



@ Field equations :

Scalar current [ # 1
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Spin-Isospin fermions

@ Rotationally invariant configuration :

Q=n: $ %
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@ Generalized angular momentum : [& —
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Ground state: — - ' $
@ Asymptotic expansion : m—> { (
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Asymptotic fermionic field: a pair of orthogonal 2 '-poles,

together with a pair of collinear 2  "*"-poles




Fermions coupedto a baby Skyrmion

Massless localized fermions:
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Fermionic density

A-modes

(

B-modes




Fermionic and topological densities




Fermion-Skyrmion system: vanishing potential




Fermion-Skyrmion system: Filling factor 2



Magnetic Skyrmions
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classical nearest neighbour interaction \
mean field approximation
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@ Zeeman interaction: ! + T
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Chiral magnetic Skyrmions:
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Magnetic Skyrmions

Field equation: & , +
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Bloch-type skyrmions: + N el-type skyrmions:
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Fermion-magnetic Skyrmion system in 2+1 dim
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Stationary configuration:
,
@ Field equations : +
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Spin-Isospin fermions \

& Generalized angular momentum :
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e=0

e=-1

g=0: Landau levels
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Chiral Fermions bounded by aermionic mode



Chiral Fermions bounded by aermionic mode

Q=4

Uiop

Q=3




@ Backreaction of the localized fermions may stronghaffect the
form of the solitons

@ Localization of the fermions produces additional cannels of
Interaction between the solitons

@ Fermionic exchange interaction may bound solitons wit
repulsive scalar interaction, e.g. Skyrmions with
Interaction, or with holomorphic potential

@ Fermion-Skyrmion systemin 3+1 dim?

@ Other topological solitons with localized fermions?

@ Dynamics of the solitons with localized fermionic mods?

@ Unconventional superconductivity in magnetic materls?



Thank you!



