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ABSTRACT: 
AN EXCITONIC INSULATOR (EI) PHASE CAN BE
STABILIZED IN NARROW-GAP
SEMICONDUCTORS/SEMIMETALS WHEN
SPONTANEOUSLY FORMED EXCITONS, BOUND
BOSONIC PAIRS OF ELECTRONS AND HOLES,
CONDENSE AT LOW TEMPERATURES. THE
SEARCH FOR EXCITONIC BOSE-EINSTEIN
CONDENSATE (BEC) IN INTRINSIC
SEMICONDUCTORS HAS RECEIVED TREMENDOUS
ATTENTION IN THE PAST DECADE, BUT SO FAR
CONVINCING EVIDENCE REMAINS LACKING.
SEVERAL MATERIAL CANDIDATES HAVE BEEN
RECENTLY PROPOSED COMPUTATIONALLY, BUT
THESE STUDIES ARE LIMITED TO SINGLE
EXCITON CALCULATIONS AND THE EFFECTS OF
INTERACTIONS, IF INCLUDED, ARE
APPROXIMATED USING MEAN-FIELD APPROACH.
IN THIS TALK, I WILL DISCUSS OUR RECENT
WORK INVESTIGATING THE ROLE OF
TOPOLOGICAL FLAT BANDS (FBS) IN PROMOTING
EXCITONIC BEC. FIRST, I WILL SHOW THAT FLAT
VALENCE AND CONDUCTION BANDS (SO-CALLED
YIN-YANG FBS) OF QUANTUM SEMICONDUCTORS
[1], SUCH AS THE ONE HAVING A DIATOMIC
KAGOME LATTICE AS EXEMPLIFIED IN A
SUPERATOMIC GRAPHENE, CONSPIRE TO
INDICATE A TRIPLET EI STATE, BASED ON DFT-
GW AND BSE CALCULATIONS FOR A SINGLE
EXCITON FORMATION. NEXT, USING EXACT
DIAGONALIZATION METHOD TO SOLVE AN
EXTENDED HUBBARD LATTICE MODEL OF YIN-
YANG FBS, I WILL SHOW DIRECTLY
SPONTANEOUS BEC OF TRIPLET EXCITONS,
BASED ON ANALYSES OF MULTI-EXCITON
FORMATION ENERGIES AND WAVE FUNCTIONS
[2]. I WILL DEMONSTRATE THE CRITICAL ROLE
OF FBS IN PROMOTING QUANTUM COHERENCE,
AS EVIDENCED BY OFF-DIAGONAL LONG-RANGE
ORDER IN MANY-EXCITON STATES. THESE
WORKS SIGNIFICANTLY ENRICHES FB AND
EXCITONIC PHYSICS WHILE PROVIDING A
UNIQUE PLATFORM FOR MATERIAL
REALIZATION OF SPINOR BEC AND SPIN
SUPERFLUIDITY.


