Corner modes of the
breathing kagome lattice: SENTRO DE CIENCIAS
Origin and robustness

PEDRO PASCUAL
M. A. J. Herrera, 2", S. N. Kempkes,?, M. Blanco de Paz,2, A.Garcia-Etxarri,®4, I. Swart,?, C. Morais Smith,?, and D. Bercioux?*,
I Centro de Fisica de Materiales (CEFM-MPC) Centro Mixto CSIC-UPV/EHU,20018 Donostia-San Sebastian, Basque Country, Spain

2 Donostia International Physics Center, 20018 Donostia-San Sebastian, Spain
3 Institute for Theoretical Physics, Utrecht University, Netherlands

+ IKERBASQUE, Basque Foundation for Science, Euskadi Plaza, 5, 48009 Bilbao, Spain Breathing ka,g()me la,ttice

> Debye Institute for Nanomaterials Science, Utrecht University, Netherlands

>k

Kagome lattice with different
intra- and inter-cell hopping
amplitudes.
The breathing process
reduces the symmetry from
~, pbmm to p3ml.
Displays two phases, one with
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Muffin tin method: designing antilattices

Place CO molecules on top of Cu(111),
S ams Solve Schrodinger by plane wave expansion

Pros: corner modes (non-trivial)
1 2 . . - Electronic quantum simulator. and another without them
— — — / ) — . . . B\D/ 71
(2 (k=G) 8”’) -G T ; Va-at-a 01 . Simple mathematical solution. (trivial).

Such corner modes have suggested that non-trivial
Cons: breathing kagome is HOTI, when it is not.

e
Ly . L
N 0.2
. 2F
%
. ®
.

weak hopping strong hopping % et
onene

0.0 4

L e
¢ leieile
. . % "
ol g "
% . \it \.t

= ‘\it‘\‘\it‘ % !

CRE tlii :

C R R
‘\*\l\\*‘&:\t\*‘
shelel el M.R. Slot et al, Physical Review X 9, 011009 (2019)

L - \:§
.o
M.R. Slot et al, Nature Physics 13, 672 (2017)

Energy (eV)
[

rFr

:
L™ L™
I I.lll it\ . e .
'I' ¢ = " L .
% L% L™
. M, - LN L9
(" .
e itm . itx ‘t
< ‘\hn‘\:\ el \:\ -
¢ b % Th %
e Se¥ S oA
_.; 0 N S S ¥
% . \*\ \\*\\\\k
o e

L
\it %
\.\ k\\ | e ™
A
‘@
\\\\.

T
T

- Symmetry of the substrate
may alfect the symmetry of
the lattice. 3 4
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¥ Topological quantum chemistry

=~ Discretization

™ Wilsonloops and Wannier center
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n : Non-trivial
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r L —Ts T Non-topological band representation +

Occupied Wyckoff positions

N-1 Non-topological 9t 9?2
— <Un(k + bl)‘ H P(kj) |un (k)) phases I'we = Vr dj VT a2 Trivial /non-trivial classification: trivial and
izl obstructed atomic limits

Breathing kagome lattice + Muffin tin

p3ml Trivial CO Canonical O p3ml Non-trivial ¢ co
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Experimental realization ™=@ Conclusions -
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N S ‘ - The breathing kagome lattice exhibits two CheCk out thlS W()I'k!

topologically distinct phases.
- However, these two phases are indeed non-
topological. They both correspond to (different)

0

obstructed atomic limits. el
- One of the phases (the non-trivial one) hosts corner r'T—__“ '
modes, as well as edge modes. Thus, the breathing . " T

removed, so they are robust.
- This robustness depends on three factors: the
A symmetry of the lattice, the generalized chiral p
\ symmetry and in the connectivity of the lattice site. oman {a zabal zazu

kagome lattice is not a HOTI by definition.
f\ 3\ - The corner modes can be perturbed but never
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