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ELECTRON-ELECTRON INTERACTIONS
2DEG OF SCHRODINGER FERMIONS-PERTURBATION THEORY
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Qdot Hamiltonian Hy=} ¢/, +2 1,65
1 L]

may include Pz (relevant) and Sigma (irrelevant) orbitals
Qdot energy spectrum and wavefunctions  H,p® = £°¢’

Introduce small total perturbation V H=H,+35V

Calculate perturbatively wavefunctions and energy levels of H

Hp =¢ ¢,

1 -ﬁ
gpi:gpf+é‘gpi +... gl.:gf+é‘5i1+... ?
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Calculate perturbatively wavefunctions and energy levels of H

0, ()= (r)+D 49°(r)

J#I

<]|V|l> 0

0, () =g0(r)+ YL

]il l ]

9,(r)

Calculate charge density induced by perturbation V
(there are N electrons or N occupied states)

P() =0 ()0, ()
- ,
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Calculate charge density induced by perturbation V

() =ﬁ¢: (N, ()

p()= 200+ X L )0 0) + XL 620
Induced charge density is given by
(r)= Y [f @)= /1e) <i|V|k>¢£(r')*co?(r')j
i kiizk &~ &
polarizability
()= SIS <i V7 |k p2()*02()

u Ottawa
i,kii#k ;

Canada’s university



weak potent|a|

Induced charge density is proportional to applied total but

()= Y02 <i|V k>0 ()* 02 ("))

iki+k

Induced charge density produces induced potential dV

Total potential V is a sum of external potential and induced potential

V(r)=V(r)+0V(r)

V(r) =V (r)+ [ dr' VO (r,r ) on(r')

VO may include image charges — orawa
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Induced charge density is proportional to applied total weak potential
Vuy_awm+jWVf0my%u)

()= (IS <i |V |k > @ () *02(r))

iki+k

Take matrix elements of total potential, we end up with integral equation
<PV |j>=<i|lV|j>+> <ik|V° |l >, <k|V|I>
k.l

V=V +y°n’y

Ovy107, _ 1rext
V=rry=v Screened RPA interaction

Vext Vext
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DEMONSTRATE CARBONONICS:

ELECTRONICS, PHOTONICS AND SPINTRONICS
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BAND GAP AS A FUNCTION OF SIZE
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BANDGAP DEPENDS ON SIZE, EDGE AND SHAPE
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BANDGAP DEPENDS ON SIZE, EDGE AND SHAPE
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COLLOIDAL GRAPHENE QUANTUM DOTS

C132
Broken symmetry

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




Methodology: T
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GROUND STATE OF C168
AS A FUNCTION OF STRENGTH OF
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DEGENERACY : VALLEY DEGENERACY / C3 SYMMETRY
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OPTICAL PROPERTIES OF C168
IN
SEMIMETALLIC REGIME
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BUT
STRONG X X INTERACTION

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
Canada’s university




OUTLINE

INTRODUCTION

SCREENING IN QUANTUM DOTS (cRPA)
GRAPHENE QDOTS:

BANGAP, EXCITONS AND BIEXCITONS

SUBLATTICE ENGINEERING-MAGNETIC

MOMENT AND E-E CORRELATIONS

u Ottawa

Canada’s university



SPINTRONICS=SUBLATTICE
ENGINEERING

SPINTRONICS RESTS ON LIEB’S THEOREM

GROUND STATE SPIN OF A HUBBARD MODEL
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GRAPHENE QDOTS

TURNING OFF MAGNETISM
WITH GATE(VOLTAGE)
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VOLTAGE CONTROL OF
CHARGE DENSITY AND
MAGNETIC MOMENT

SPINTRONICS
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TOTAL SPIN OF ELECTRONS ON A DEGENERATE SHEL
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HALF FILLED SHELL
SPIN POLARISED
AS IN DFT/MEAN-FIELD
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ADDING A SINGLE ELECTRON —

DEPOLARISES HALF FILLED
SPIN POLARISED SHELL! l | l | l | l *
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PHOTONICS AND SPINTRONICS

GRAPHENE QDOTS

TURNING OFF MAGNETISM
WITH GATE AND LIGHT

OPTICAL SPIN BLOCKADE
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e-e and e-h
Interactions
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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

u Ottawa ‘
SUniversite anadicnno

Canada’s universi




ELECTRON-ELECTRON INTERACTIONS

SCREENING AND POLARIZABILITY
IN SEMICONDUCTOR AND
GRAPHENE QDOTS
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