DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof. Reference herein to any social initiative (including but not
limited to Diversity, Equity, and Inclusion (DEI); Community Benefits
Plans (CBP); Justice 40; etc.) is made by the Author independent of
any current requirement by the United States Government and does
not constitute or imply endorsement, recommendation, or support by
the United States Government or any agency thereof.



Final Technical Report

OSTI: 2537889 DE-SC0022106 Magnetism in Moiré Materials

PERFORMANCE PERIOD: 09/01/2021-07/31/2023
AWARDEE NAME: UNIVERSITY OF TEXAS AT AUSTIN
PRINCIPLE INVESTIGATOR: ALLAN H. MACDONALD



Final Technical Report for Award #: DE-SC0022106
Magnetism in Moiré Materials

This grant supported theoretical condensed matter physics research related mainly to
magnetism in moiré materials. The moiré materials platform idea was developed mainly by
this Pl and mainly with DOE-BES support. Because it can create artificial crystals with
lattice constants on the 10 nm scale, it is a flexible platform for strong correlations.
Because of band crossings in the host materials and a tunable interplay between interlayer
tunneling and potential differences between layers it is a flexible platform for tunable
topological matter. This award supported early research on magnetism in moiré materials,
which is unusual because magnetism often occurs directly in orbital degrees of freedom -
instead of being created in spin and induced in orbital degrees of freedom by spin-orbit
coupling. Orbital magnetism results in integer and fractional quantum anomalous Hall
effects and electrically tunable magnetization reversal - among other phenomena.

A complete list of publications that were supported by this grant, listed in reverse
chronological order, is appended below. All publications related to work supported by this
grant have now been published - except for preprint 12 which we may leave as a preprint
and follow up later in a different form.

Publications 1,3, and 17 are related to orbital magnetism and integer and fractional
quantum anomalous Hall effects in moiré materials. This is one of the most unique
aspects of the interaction physics that has been discovered in moiré materials. | view
publication 1 as an important contribution that identifies the physical mechanism for the
fractional quantum anomalous Hall State discovered in twisted MoTe.. | hope that
publication 3 will stand the test of time as a valuable review of the quantum anomalous
Hall effect and orbital magnetism.

Publications 2, 7, and 11 relate to generalized magnetic fluctuations in moiré materials as a
mechanism for superconductivity. Superconductivity has shown itself to be common in
the phase diagrams of most moiré materials. The ability to tune the number of electrons
per effective atom electrically is an important advantage of moiré materials. The
consistent proximity of magnetic and superconducting states in phase diagrams make it
clear that magnetic fluctuations mechanisms are active. | expect that the moiré material
platform will prove very valuable in advancing understanding of superconductivity in
atomic scale materials like cuprates.

Publications 4, and 14 related to density-wave states, for example Wigner crystals, in moiré
materials. Density-wave insulators are also common in the phase diagrams of moiré
materials, and compete with fractional Chern insulators. Advancing understanding of the
competition between these two different types of insulators has been a major theme of
research undertaking under this grant.



Some other topics that arose during this research resulted in publications — including
interfaces between two-dimensional magnetic insulators and graphene (Publications 5
and 6), weak localization (Publication 9) as a probe of intervalley order, itinerant electron
magnetism (Publication 8), and phonon Hall effects (Publication 12).

Workforce Training:

This grant financially supported the education and career development of graduate
students Igor Blinov and Naichao Hu and postdoctoral researcher Wei Qin. Hu and Blinov
completed their Ph.D s. during the summer 2023 semester. Hu is now a postdoctoral
researcher at the University of Leuven in Belgium and Blinov is a postdoctoral researcher in
Russia. Qinis afaculty member at the University of Science and Technology of China.
Some other students (Nicolas Morales-Duran, Jingtian Shi, Nemin Wei, Yong Zeng) were
indirectly supported by this project, while receiving primary financial support from teaching
assistantships or other related grants. Morales-Duran is a postdoc at the Flatiron Institute
in New York, Jingtian Shi at Argonne National Lab, Yong Zeng at Columbia University, and
Nemin Wei at Yale University.
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