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Chirality in nature
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Kitzerow and Bahr (eds.) Chirality in liquid crystals (Springer, 2001)
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Lewis Carroll,
“Through the Looking-Glass and
What Alice Found There”



Macroscopic functions of
a single crystal
generally comes from

v Asymmetry
v'Non-linearity
v Off-equilibrium



Our theory is motivated by
Chiral Magnetic Crystal Cr, ;NbS,




Chiral magnetic crystal Cr, 5NbS,
S
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S occupies general

Cr and Nb occupy point

High-symmetry points . .
Sy e e Chiral symmetry breaking

* Spins see crystal chirality via spin-orbit coupling



Chiral helimagnetic order of Cr’s S=3/2
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v’ Lifshitz invariant
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Coupling of localized and itinerant spins

resistivit

Iltinerant Quantum Spin and Localized Classical Spin

temag)eratu re .
1 200

T(K)

H.~D*J < Jg~D <K JKW

ijLzlfaCIE;ZS gi3c/r2 4d electron of Nb Cr3* \
= |tinerant S=1/2

e, orbitals

v" Only t,, orbitals occupied
=Low orbital symmetry

=Hybridization with Nb’s 4d orbit difficult
= High localizability of Cr’'s mag. mom.

v e, orbitals unoccupied

= excitations from t2g to eg g
=orbital fluctuations active
= DM interaction enhanced
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Cry/3NbS,
* Chiral crystal =DM

* highly localized S=3/2 and itinerant S=1/2 coupled B i !
* conducting
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Ground state under perpendicular mag. field :

Spatial period L
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Chiral soliton lattice (CSL) structure

Competition between DM and Zeeman
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® DM interaction = macroscopic but weaker than J
® Energy scale to control mag. texture is very weak
® Non-linear, asymmetric mag. texture

CSL
=Magnetic
Kink Crystal

Elliptic integrals
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sine-Gordon




Chiral sine-Gordon model

+ effective 1D model—‘soliton’
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|.E. Dzyaloshinskii, Sov. Phys. JETP 19, 960 (1964)
P.G.de Gennes, Solid State Commun. 6, 163 (1968)
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Topology protected by geometric chirality



Energy minimization with respect to elliptic modulusk
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Chiral soliton lattice (CSL) in magnetic fields
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So far, consistency of theories and
experiments were well confirmed.

From now on, theoretical proposals
only (as yet)...



Elementary excitations over the CSL state
Vo Zero Mode + Spin Wave
0p  ——Quasi-Zero Mode + Spin Wave

Helical Axis

Propagating wave (Bloch wave) solution
mmm) Lame equation
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CSL Phonon Wave Functions
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ESR(CSL phonon resonance)

JK and Ovchinnikov, Phys. Rev. B 79, 220405(R) (2009)
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New Soliton Solution
A.B.Borisov, JK, I.G.Bostrem, and A.S.Ovchinnikov, Phys. Rev. B79,134436 (2009)
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l Soliton conjugated to soliton lattice
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Topological excitation over topological vacuum
= Everything protected by geometric chirality

Transformation




So far, | presented all about CSL

Next, let us move on to coupling of
CSL with itinerant quantum spins
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[tinerant electron
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. Non-adiabatic spin torque transfer Magnetic superlattice reflection
Is time-even from itinerant sgins to CSL of itinerant electrons
= magnetic-field-induced metal
to insulator transition
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Magnetic superlattice potential acting on itinerant electrons

JK, Proskurin and Ovchinnikov, Phys. Rev. Lett. 107, 017205 (2011)

)E Controllable magnetic superlattice

Magnetic field is weak (~0.1T)
And electron orbit bending is
ignored for the time being
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Heli-cycloidal spin structure in the insulating state
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Zubarev’s nonequilibrium density operator approach
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Itinerant electrons surfing over magnetic superlattifce

}gﬁ$p = Magnetic field induced metal-to-(band) insulator transition
A = Multiple magneto-resistance peaks
m = Useful as sensor??
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Spin Torque Transfer Mechanisms

JK, Ovchinnikov, and Proskurin, Phys. Rev. B 82, 064407 (2010)
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Fine interplay of quantum phase of Bloch electron and
Semiclassical phase of magnetic kink crystal

JK, Ovchinnikov, and Proskurin, Phys. Rev. B 82, 064407 (2010)



Spin Current Diode Effect

Chiral Band + Chiral Non-linear Texture
= Interplay of electron phase & spin phase
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Summary

* Chiral helimagnet Cr, 5NbS,
— Hexagonal is good (no geometric frustration of crystallographic axes)
— Well localized classical spin S=3/2 and itinerant quantum S=1/2

e Chiral sine-Gordon model

— Chiral Soliton Lattice = asymmetric incommensurate spin phase object
protected by geometric chirality

— Ground state and elementary excitations fully available
= Fairyland of elliptic functions
— New soliton surfing over the magnetic superlattice

 Coupling of localized and itinerant spins

— Ground state as magnetic superlattice
= multiple magneto-resistance peaks

— Excitations as spin torque supplier
= sliding motion of CSL magnetic superlattice
= Magnetic Current Diode effect

Geometric chirality of natural crystal gives us rich physics
connecting classical and quantum degrees of freedom



Resistivity by
CSL
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