
12:15PM S14.00006: Upper bounds on the superconducting critical temperature: Applications to Twisted-Bilayer
Graphene   NISHCHHAL VERMA (Presenter), TAMAGHNA HAZRA, MOHIT RANDERIA, Ohio State University — Understanding
the material parameters that control the superconducting (SC) transition temperature Tc is a problem of fundamental
importance. In many novel superconductors of interest, fluctuations of the phase of the SC order parameter determines
Tc, rather than the BCS collapse of the amplitude due to pair breaking. We derive rigorous upper bounds on the superfluid
density or phase stiffness Ds valid in any dimension, essentially controlled by the non-interacting band structure. This in
turn leads to rigorous upper bounds on Tc in 2D, which holds irrespective of the form or strength of the pairing
interactions, mechanism or order-parameter symmetry. Although these bounds are of completely general validity, they
are most illuminating for narrow-band, strongly interacting systems. Our results lead to strong restrictions for magic-angle
twisted bilayer graphene (MA-TBG), where we show that the maximum possible Tc is quite close to the experimental
observations. This shows that MA-TBG must be a strongly interacting system where phase stiffness rather than pair
breaking is responsible for Tc. We also discuss the question of deriving rigorous upper bounds on Tc in 3D.

12:27PM S14.00007: Strong coupling phases of partially filled twisted bilayer graphene narrow bands*   OSKAR
VAFEK (Presenter), JIAN KANG, Florida State University — We identify the many-body insulating states favored by the Coulomb
interactions projected onto the microscopically constructed Wannier basis of the four narrow bands of the twisted bilayer
graphene near the ``magic angle''. The non-local interaction terms are novel and their form can be traced to the
topologically non-trivial nature of the narrow bands. In the strong coupling limit and at the filling of two elecrons/holes per
moire unit cell, the ground state can be found exactly; it is SU(4) ferromagnetic with exactly one electron/hole on each
honeycomb lattice site. The kinetic terms break the SU(4) symmetry and select the ground state in which the two valleys
with opposite spins are equally mixed. Although such an insulating state is not quite a spin singlet, the magnetic moment
per particle vanishes in the thermodynamic limit and therefore its Zeeman coupling to an external magnetic field also
vanishes at linear order. We also find gapped extended excited states with a gap that decreases in an external magnetic
field. Finally, we propose that an insulating stripe ferromagnetic phase could be the ground state for the filling of one
electron/hole per unit cell, with a gap that does not decrease in an external magnetic field.
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12:39PM S14.00008: Gate-Tunable Mott Insulator in Trilayer Graphene-Boron Nitride Moiré Superlattice   GUORUI
CHEN (Presenter), LILI JIANG, Physics, UC Berkeley, SHUANG WU, Electrical Engineering and Computer Sciences, UC Berkeley, BOSAI
LV, HONGYUAN LI, Physics, Shanghai Jiaotong University, KENJI WATANABE, TAKASHI TANIGUCHI, National Institute for Materials
Science, ZHIWEN SHI, Physics, Shanghai Jiaotong University, YUANBO ZHANG, Fudan University, FENG WANG, Physics, UC Berkeley
— Mott insulator plays a central role in strongly correlated physics, where the repulsive Coulomb interaction dominates
over the electron kinetic energy and leads to insulating states with one electron occupying each unit cell. A tunable Mott
insulator, where the competition between the Coulomb interaction and the kinetic energy can be varied in situ, can
provide an invaluable model system for the study of Mott physics. Here we report the realization of such a tunable Mott
insulator in the ABC trilayer graphene (TLG) and hexagonal boron nitride (hBN) heterostructure with a Moiré superlattice.
The Moiré superlattice in TLG/hBN heterostructures leads to narrow electronic minibands that are gate-tunable. The Mott
insulator states emerge at 1/4 and 1/2 fillings, corresponding to one electron and two electrons per site, respectively.
Moreover, the Mott states in the ABC TLG/hBN heterostructure exhibit unprecedented tunability: the Mott gap can be
modulated in situ by a vertical electrical field, and at the meantime the electron doping can be gate-tuned to fill the band
from one Mott insulating state to another. Our observation opens up tremendous opportunities to explore novel strongly
correlated phenomena in two-dimensional Moiré superlattice heterostructures.

12:51PM S14.00009: Kohn-Luttinger Superconductivity in Twisted Bilayer Graphene   JOSE GONZALEZ (Presenter),
Instituto de Estructura de la Materia, CSIC, Spain, STAUBER TOBIAS, Instituto de Ciencia de Materiales de Madrid, CSIC, Spain — We
propose that the superconductivity observed in twisted bilayer graphene can be explained as the consequence of a Kohn-
Luttinger instability, which leads to an effective attraction between electrons with originally repulsive interaction. As the
first magic angle is approached, we find two consecutive transitions between different topologies in the highest valence
band of the twisted bilayers, driven by the doubling and subsequent strong coupling of van Hove singularities in the
electronic spectrum. This leads to extended saddle points and energy contours with almost perfect nesting between states
belonging to different K valleys. The highly anisotropic screening of the Coulomb interaction induces an effective attraction
in a channel with odd parity under the exchange of the two mirror patches of the Fermi line, which develop a universal
shape close to the magic angle. We also consider the competition with charge and spin-density-wave instabilities, adjacent
to the superconducting phase, and whose onset typically takes place for a Hubbard repulsion below the bandwidth of the
highest valence band, thus reinforcing our microscopic approach to the superconductivity of twisted bilayer graphene.
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