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—topological mechanics




topological mechanics

C.L. Kane & T.C. Lubensky, Nat. Phys. 10, 39 (2014)

example #1: “tloppy modes” in isostatic lattices
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topological mechanics

example #2: topological insulator from classical pendula

R. Susstrunk and S. D. Huber, Science 349, 47 (2015)
S. D. Huber, Nature Phys. 12, 621 (2016)
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correspondence principles

topological mechanics

electronic (matrix) mechanical
correspondence
system system
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supersymmetric lattice models
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supersymmetry (SUSY)
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SUSY graph construction

adjacency matrix

1 w,; connected to v

0 otherwise.

@ 1 2 3 4
1, /0 1 0 0
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e Q 41 \0 1 0 0

© Simon Trebst



http://www.thp.uni-koeln.de/trebst/

SUSY graph construction
adjacency matrix _
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0 otherwise.
/L ° 7 A
bipartite lattice
A O—i—t — O + $
A — ( I—II)
AII_I . . . .
bipartite sublattice A sublattice B

lattice “squaring” A ~_ (A)2

Aj
A? =
(M )

© Simon Trebst



http://www.thp.uni-koeln.de/trebst/

SUSY graph construction
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SUSY graph construction

1852 4 graph correspondence
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energy
N = o — N

SUSY graph construction

AN A\

\ e g 05 _‘\\\/ , ‘\v COmp .leX isospectral Comp leX
\ ) 1SN\ fermion : -~ boson
e =
A NE N : ;
3 O\ O\ sublattice A sublattice B
T T
diamond diamond-X pyrochlore C; RRT Cj bi RT ij
Z . - SUSY charge
N 2 : bipartite
L et oL +
r X K X' r r X K X' r r X K X' r C,l: ij

momentum momentum momentum


http://www.thp.uni-koeln.de/trebst/

energy

_ O =N

K

1 1
r X K X' r

diamond

momentum

S

SUSY & topology

)
{

)
) A’ o
¢ AN

 \A\N
A", \\//.\\vy
/N \ .\

‘ it \\__) = ® N
\ A NN APY P A -\".IA

{

o’

diamond-X pyrochlore
8 -
_>—( 6
o
SOE
| g 5 -
L= ..
r )I( II( )g’ I r )I( ]I( XI" r
momentum momentum

nexus point

of Nexus points

for varying Witten index

BDI

~ W N = | T



http://www.thp.uni-koeln.de/trebst/

frustrated magnets

ground-state manifolds

Phys. Rev. B 96, 085145 (2017)


https://journals.aps.org/prb/abstract/10.1103/PhysRevB.96.085145

spin spirals

elementary ingredient for
* multiferroics
* spin textures & multi-g states

e spiral spin liquids

description in terms of a single_

© Simon Trebst

Olelelln= e sell sl sty pically arise as ground state(s) of Heisenberg antiferromagnets.

_of eisenberg

AFM on triangular lattice
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spin spiral liquids / materials

—rustrated diamond lattice antiferromagnets
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Nature Phys. 3, 487 (2007)
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spin spiral manifolds

Spiral manifolds are extremely reminiscent of Fermi surfaces

triangular lattice FCC lattice diamond lattice

Dirac points nodal lines Fermi surface

Note, however:

Spiral manitfolds — ground-state property of classical spin system
Fermi surfaces — mid-spectrum feature of an electronic system.
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spin spiral manifolds

Spiral manifolds — ground-state property of classical spin system
-ermi surfaces — mid-spectrum feature of an electronic system.

Luttinger-Tisza approach chiral fermion lattice model
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energy

spin spiral manifolds

Spiral manifolds — ground-state property of classical spin system
Fermi surfaces — mid-spectrum feature of an electronic system.
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spin spiral manifolds

Spiral manifolds — ground-state property of classical spin system
Fermi surfaces — mid-spectrum feature of an electronic system.
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frustrated magnets

spin liquids & parton dispersions



guantum spin liquids

3D Kitaev materials
(akin to B,y-Lilr203)
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Majorana Fermi surface
/> gauge theory U(1) gauge theory
M. Hermanns, ST, PRB 89, 235102 (2014) M. Lawler et al, PRL 101, 197202 (2008)


http://www.thp.uni-koeln.de/trebst/

~~.topological mechanics

mechanical analogues of Kitaev spin liquids

Phys. Rev. Res. 1, 032047(R) (2019)
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SUSY & topological mechanics

topological mechanics — phase space coordinates (p, q)

as bosonic degrees of freedom \

real fermions < real bosons |G, Pj] = 10;
= Majorana fermions natural SUSY partners

time-reversal symmetric dynamics

symmetry class
BDI

oA B _voa —A 74
HF — —5’)/7; Az-jvj + h.c. = 5 (7 ’VB) (AT ) (,YB)

bipartite lattice block off-diagonal
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Majorana
fermions 2

bipartite lattice
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SUSY & topological mechanics
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Majorana
fermions

SUSY & topological mechanics

real
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topological invariants

Phys. Rev. Res. 1, 032047(R) (2019)
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SUSY topological invariants for bosons

Phys. Rev. Res. 1, 032047(R) (2019)

Our SUSY construction allows to explore
topological properties of bosonic systems
by connecting the symplectic bosonic eigenfunctions

with a fermionic Berry phase of its SUSY partner.
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SUSY topological invariants for bosons

Phys. Rev. Res. 1, 032047(R) (2019)

Our SUSY construction allows to explore
topological properties of bosonic systems
by connecting the symplectic bosonic eigenfunctions
with a fermionic Berry phase of its SUSY partner.

fermionic Berry curvature A = (U (k)|iV|u, (k))

fermionic eigenstates
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additional covariant derivative
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summary




summary
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Take-away messages

bosons & fermions l K; SUSY

(complex or real) SUSY graph correspondence classification of nexus points
graph squares & sguare roots

-_for frustrated magnets & topological mechanics

ground-state manifolds
magnon / parton spectra
Maxwell counting

Maxwell counting
mechanical spin liquids

Phys. Rev. B 96, 085145 (2017) Phys. Rev. Res. 1, 032047(R) (2019)
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