Flat bands with non-trivial Hopf index
Ivan Dutta,’?’Kush Saha':2

! National Institute of Science Education and Research, Jatni, Odisha

752050, India
2Homi Bhabha National Institute, Training School Complex, Anushakti

Nagar, Mumbai 400094, India
Emails: ivan.dutta@niser.ac.in, kush.saha@niser.ac.in

We report the presence of exactly and nearly flat bands with non-trivial topol-
ogy in three-dimensional (3D) lattice models. We first show that an exactly
flat band can be realized in a 3D lattice model characterised by a 3D topo-
logical invariant, namely Hopf invariant. In contrast, both nearly and exact
flat bands can be obtained in a 3D lattice, exhibiting both 2D Chern and
3D Hopf invariant. We find that such a Hopf-Chern model can be realized
using a simple two-orbital 2D square lattice with in-plane nearest-neighbor
and next-nearest hopping among different orbitals. Extending specific near-
est and next-nearest hoppings along the third direction, we find both perfect
and nearly perfect flat bands in all three planes at some special parameter val-
ues. While the nearly flat band carries a finite Chern number, the perfect flat
bands have zero Chern number. Interestingly, such a 3D lattice construction
from 2D allows finite Hopf invariant too. Finally, we show that higher Chern
models can also be constructed in the same lattice setup with only nearest and
next-nearest hopping, but the appearance of flat bands along high-symmetric
path in the Brillouin zone requires long-range hopping. We close with a dis-

cussion on possible experimental platforms to realize the models.
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