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2D ELECTRON GAS

ELECTRON-ELECTRON INTERACTIONS?
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2D ELECTRON GAS

ELECTRON-ELECTRON INTERACTIONS?
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2DEG OF DIRAC FERMIONS

ELECTRON-ELECTRON INTERACTIONS?
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Qdot Hamiltonian

Introduce small total perturbation V VHH ⋅+= δ0

Calculate perturbatively wavefunctions and energy levels of H
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Calculate perturbatively wavefunctions and energy levels of H
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induced charge density is proportional to applied total but weak potential  

Induced charge density produces induced potential dV

Total potential V is a sum of external potential and induced potential
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induced charge density is proportional to applied total weak potential  
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GOAL FOR GRAPHENE QUANTUM DOTS
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OF LAYERS ENGINEERING OF GRAPHENE

I.Ozfidan,D.Guclu,P.Potasz,M.Korkusinski,…PH

GRAPHENE QUANTUM CIRCUIT

INTEGRATE THESE FUNCTIONALITIES AT THE NANOSCALE
GRAPHENE INTEGRATED QUANTUM CIRCUIT
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OPTICAL PROPERTIES OF GRAPHENE QUANTUM DOTS

C132

Number of C atoms – 168
Edges – mixed zigzag-armchair
Edges – H passivation

C168 C132
Broken symmetry

COLLOIDAL GRAPHENE QUANTUM DOTS



OPTICAL PROPERTIES OF GRAPHENE QUANTUM DOTS

Methodology: Tb+HF+CI
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Methodology: Tb+HF+CI
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GROUND STATE OF C168
AS A FUNCTION OF STRENGTH OF 

ELECTRON-ELECTRON INTERACTIONS



GROUND STATE OF GRAPHENE QUANTUM DOTS
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OPTICAL PROPERTIES  OF C168
IN

SEMIMETALLIC REGIME
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DEGENERACY, DIPOLE ELEMENTS
AND OPTICAL SELECTION RULES

DEGENERACY : VALLEY DEGENERACY / C3 SYMMETRY
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OPTICAL PROPERTIES  OF C168
IN
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S/T splitting
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κ=5,t=-4.2eV

ABSORPTION – THEORY VS EXPERIMENT
Singlet-triplet splitting too small?
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J.McGuire et al

TRANSIENT ABSORPTION



TRANSIENT ABSORPTION-DETECTION OF
EXCITED X* AND XX IN GRAPHENE QUANTUM DOTS
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XX STATES

J.McGuire et al

NanoLetters 2015



BIEXCITON-EXCITON CASCADE IN 
GRAPHENE QUANTUM DOTS

XX – X CASCADE FOR ENTANGLED 
PHOTON PAIR GENERATION



BIEXCITON-EXCITON CASCADE IN 
GRAPHENE QUANTUM DOTS

NO SIGN OF EXCITON  CONDENSATION
BUT
STRONG X_X INTERACTION
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INTRODUCTION

SCREENING IN QUANTUM DOTS (cRPA)

GRAPHENE QDOTS:

BANGAP, EXCITONS AND BIEXCITONS

SUBLATTICE ENGINEERING-MAGNETIC 
MOMENT AND E-E CORRELATIONS

GRAPHENE AND SEMICONDUCTOR QDOTS



CARBONONICS IN GRAPHENE

SPINTRONICS=SUBLATTICE 
ENGINEERING

SPINTRONICS RESTS ON LIEB’S THEOREM

GROUND STATE SPIN OF A HUBBARD MODEL 
ON BIPARTITE LATTICE 

S=Na-Nb

A B

SPINTRONICS = SUBLATTICE ENGINEERING



SPIN IN GRAPHENE, NANORIBBON AND TRIANGLE

Gap but AF
Coupling
No net spin

BROKEN 
SUBLATTICE
SYMMETRY
Ferromagnetic coupling
Coupling Max spin

Edge spin
Polarization
No gap



GRAPHENE QUANTUM DOTS
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GRAPHENE QUANTUM DOTS

GRAPHENE QDOTS

TURNING OFF MAGNETISM
WITH GATE(VOLTAGE)



CARBONONICS IN GRAPHENE

SPINTRONICS

VOLTAGE CONTROL OF
CHARGE DENSITY AND 
MAGNETIC MOMENT
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FILLING UP ZERO-ENERGY HF SHELL

TOTAL SPIN OF ELECTRONS ON A DEGENERATE SHELL

HALF FILLED SHELL
SPIN POLARISED
AS IN DFT/MEAN-FIELD
Ezawa;
Fernandez-Rossier&Palacios;
Kaxiras et al
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A d d e d  e le c tro n s

FILLING UP ZERO-ENERGY HF SHELL

ADDING A SINGLE ELECTRON
DEPOLARISES HALF FILLED 
SPIN POLARISED SHELL!

Guclu,…PH PRL2009
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GRAPHENE QUANTUM DOTS

PHOTONICS AND  SPINTRONICS

GRAPHENE QDOTS

TURNING OFF MAGNETISM
WITH GATE AND LIGHT

OPTICAL SPIN BLOCKADE
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photon

e-e and e-h 
interactions

Magnetic moment 
M

Erase M

Restore M

OPTICAL MANIPULATION OF SPIN AND OPTICAL SPIN 
BLOCKADE  IN GRAPHENE QUANTUM DOTS

e-e 
interactions
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Emission
from S=3

Absorption
in S=0

Spin blockade

OPTICAL CONTROL OF MAGNETIC MOMENT IN GTQD
OPTICAL SPIN BLOCKADE

D.GUCLU

OPTICAL SPIN BLOCKADE



SUMMARY

SCREENING IN SEMICONDUCTOR QUANTUM 
DOTS (cRPA)

GRAPHENE QDOTS:

BANGAP, EXCITONS AND BIEXCITONS

SUBLATTICE ENGINEERING - MAGNETIC 
MOMENT, ZERO ENERGY SHELL AND E-E 
CORRELATIONS, e-e AND VPEG IN WS2

GRAPHENE AND SEMICONDUCTOR QDOTS
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SCREENING AND POLARIZABILITY 
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