
||Sebastian Huber Condensed matter theory and quantum optics

 

Nature Materials (2018) 
Nature (2018) 
Nature Physics (2016)

�1

Topological Mechanical Metamaterials 
Sebastian Huber



| !2

A mechanical metamaterial: tailoring the phonons to our liking
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A mechanical metamaterial: tailoring the phonons to our liking
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Flavours of topological mechanics
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Mass-spring models
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Acoustic waves
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Elastic waves
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From electrons to phonons
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A more concrete mapping
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ẍi(t) = �Dij xj(t) + �ij ẋj(t)

A conservative discrete system
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First order time derivative
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D = QTQ
Formally: a BdG-type problem

Kane & Lubensky, Nature Phys (2013) 
Süsstrunk and SDH, PNAS 2016 
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Half the dynamical matrix
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Generic dispersion: flavors of TI’s
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A selection of topological effects
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Multipole expansion
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Dipole based topological systems
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A conventional topological system
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Two copies of a Chern insulator
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Helical edge modes
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Not “just” a whispering gallery mode

!18Süsstrunk & SDH, Science (2015)
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Fig. 2. (A) Relation between the spherical geometry 
of a rotating planet and the unbounded f-plane 
geometry: At a given latitude, the flow is assumed to 
take place in the tangent plane, and the Coriolis 
parameter f is twice the vertical component of the 
Earth’s rotation. (B) Parameter space (kx, ky, f) for 
the eigenmodes on the unbounded f-plane geometry. 
The wave bands Ȧ+, Ȧ–, Ȧ0 are well defined 
everywhere except at the origin which is a band-
crossing point. We show that the set of eigenmodes 
Ȍ± parameterized on any closed surface (here a 
sphere) enclosing this band crossing point possess 
singularities that are quantified by a Chern number. 
This is an integer that can be computed by 
integrating over this surface a local Berry curvature 
that depends on the eigenmodes. The curvature can 
be viewed as generated by a Berry monopole located 
at the band-crossing point.  
 

Fig. 3. Dispersion relation in unbounded f-plane geometry for the two signs 
of f. The color indicates the Berry curvature � �†in p n p nB { � � u < � <  for each 

wave band indexed by n {+ ,0 ,–} א. The Berry curvature of the Poincaré bands 

is � � 3 22 2 2 2 2
x yB fc f c k k

�

r
ª º r � �¬ ¼ . It is concentrated around k = 0, with extremal 

value ±c2/f2, and switches sign as f changes sign. The curvature vanishes for 
the geostrophic band. When integrated over the whole plane (kx, ky), the Berry 
fluxes in the three bands give integers (–1, 0, 1) for f > 0 and (1, 0, –1) for f < 0, 
consistent with the triplet of Chern numbers ^ ` ^ `0, , 2,0, 2� �' ' '  �� � � . This 
shows that the set of delocalized bulk Poincaré modes cannot be continuously 
deformed from one hemisphere to another. 
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A higher-order topological system
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From dipoles to quadrupoles

!22Benalcazar et al. Science (2017)
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Formalizing the quadrupole moment: Wilson loops
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Wilson loops encode the surface physics
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Nested Wilson loops capture the quadrupole
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Quantizing the quadrupole moment: symmetries
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A model

�27Benalcazar et al. Science (2017)
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Design principle: Perturbative metamaterials
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Design and tight-binding approximation
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Assessment of design quality
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Rogue phonons
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“Quantized” quadrupole phase
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Trivial phase 

�33Serra-Garcia et al. Nature (2018) Peterson et al. Nature (2018)
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Potential for wave guiding
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An LC-version
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LC Quadrupole
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Quadrupole phase transition
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Localization length
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Edge physics and Berry phase
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The electrons can do it too!
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