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Fermions localization on the kink in 1+1 dimFermions localization on the kink in 1+1 dim

�� ��
��
��

�� �� �� �� �� �� �� �� ���� �� �� �� �� �� �� �� �� ���� �� ��
��
��

��
�� �� �� ��

�� ��

Fixed background (g � 1):

R.Jackiw and C.Rebbi
Phys. Rev. D13 3398 (1976)
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FermionicFermionic modesmodes
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A0 mode



FermionicFermionic modesmodes
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Fermionic zero mode of the kink: 
Grassmann-valued deformation of the bosonic field
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BackreactionBackreaction of the fermionsof the fermions

Kink + A1 mode Kink + B1 mode

Scale symmetry of the massless model: � 0 = 0 for any values of  the couplinggg
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Baby Baby SkyrmeSkyrme modelmodel

SymmetricSymmetric ansatzansatz ::
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Baby Baby SkyrmeSkyrme model: model: solitonssolitons

Q=2Q=1

Q=3
Q=4
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Baby Baby SkyrmeSkyrme model: Applications

A HeisenbergA Heisenberg --type model of interacting spinstype model of interacting spins

A model of the topological quantum Hall effectA model of the topological quantum Hall effect

Elementary excitations in  quantum Hall magnetsElementary excitations in  quantum Hall magnets

Soft matter (Liquid crystals)Soft matter (Liquid crystals)

Models of condensed matter systems with  Models of condensed matter systems with  

intrinsic and  induced intrinsic and  induced chiralitychirality

ChiralChiral magnetic structures with DM interactionmagnetic structures with DM interaction

Applications in future development of data Applications in future development of data 

storage technologies?storage technologies?



FermionFermion--SkyrmionSkyrmion system in 2+1 dimsystem in 2+1 dim
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RescalingRescaling ::
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HamiltonianHamiltonian ::
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FieldField equationsequations :: �� �� �� ���� ��
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Scalar current                      

Q=n:             
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Spin-Isospin fermions
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GeneralizedGeneralized angularangular momentummomentum ::
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Ground state:Ground state:
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Asymptotic Asymptotic fermionicfermionic field: a pair of orthogonal 2field: a pair of orthogonal 2 ll--poles, poles, 
together with a pair of collinear 2together with a pair of collinear 2 l+nl+n--polespoles
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Fermions Fermions coupedcoupedto a baby to a baby SkyrmionSkyrmion

Massless localized fermions: 

� � � � %� � � � � %� � � � �

���������	
����	���
�������	��	��
	��������	
�
�����

��
�����	
���	��	��	���

�
��	����	��
	���
�						
��
��
�

��
�
	��
	���	���
�	�
	��
	���
��	��
	���������	
��
	�������
���
�	��	��
	����
�	�
	���
�	



A-modes B-modes

FermionicFermionic densitydensity
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FermionicFermionic and topological densitiesand topological densities

A0

A1



FermionFermion--SkyrmionSkyrmion system: vanishing potentialsystem: vanishing potential
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FermionFermion--SkyrmionSkyrmion system: Filling factor 2system: Filling factor 2



Magnetic Magnetic SkyrmionsSkyrmions

Heisenberg model:Heisenberg model:

classical nearest neighbour interaction
mean field approximation

ZeemanZeeman interaction:interaction: !! �� �� �� �� ��++ �� ����

DzyaloshinskiiDzyaloshinskii --Moriya Moriya 
interaction:interaction:
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Chiral magnetic Skyrmions:



Magnetic Magnetic SkyrmionsSkyrmions
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FermionFermion--magnetic magnetic SkyrmionSkyrmion system in 2+1 dimsystem in 2+1 dim
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FieldField equationsequations ::
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GeneralizedGeneralized angularangular momentummomentum ::
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g=0: Landau levels

e=0 e=-1



ChiralChiral Fermions bounded by a Fermions bounded by a fermionicfermionic modemode



ChiralChiral Fermions bounded by a Fermions bounded by a fermionicfermionic modemode

Q=3Q=4
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Backreaction of the localized fermions may strongly affect the  
form of the solitons
Localization of the fermions produces additional channels of 
interaction between the solitons
Fermionic exchange interaction may bound solitons with  
repulsive scalar interaction, e.g.  Skyrmions with DM 
interaction, or with holomorphic potential  
Fermion-Skyrmion systemin 3+1 dim?
Other topological solitons with localized fermions? 
Dynamics of the solitons with localized fermionic modes? 
Unconventional superconductivity in magnetic materials?   
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