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Introduction

Barrier 

material 

(AlGaAs) 

QD 

material

(GaAs) 

• Quantum confinement 

modifies the electronic DOS

QD=Nano-crystal



Introduction

• QDs have atomic-like DOS, 
but with nearly 105 -106 unit cells in the crystalline clusters

and embedded in semiconductor environment (devices)



Traditional devices



Quantum devices

Quantum bits

Quantum gates

Quantum memories

Flying Qubits

Quantum emitters 

Quantum repeaters

Quantum computation

Quantum communication



Already a reality
but

still a lot of new physics

QD quantum communication



Quantum cryptography

Key point:

Quantum non 

cloning theorem

Need for a single photon source

Quantum

emitter



QDs is a QUbit?

Neutral exciton

Charged exciton

(trion)

Biexciton 



Problem of Line attribution:

QDs is a multi-QUbit

Neutral exciton

Charged exciton

(trion)

Biexciton 

(multi body

System)



QDs is a quantum emitter

QD is a multicolor single photon emitter



QDs and entangled photon pairs

X and XX can 

be entangled



Quantum Comm.: what next?

•Increase the repetition rate

•Increse the emission efficiency

•Electrical injection

•Indistinguishable single photons 

(Hong-Mandel interference)



Increase the radiative efficiency 
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Suppression of the emission

Acceleration of the emission

See talk Intonti on PhC-MCs



High repetition rate

Suppression of the emission

Acceleration of the emission
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effect

100 MHz→10 GHz



A long (never-ending ?) route
but

with a lot of new physics

QD quantum computation



Quantum computer

Di Vincenzo’s criteria

Too short

May be with spin

Fast manipulation

Cavity effect
5. Long dephasing time

4. Readout

3. Manipulation

2. Faithful initialization 

1. Scalability

Electronic couplingOptical

Very fastOptical, electric

OK

Self Assemb. 

Low Control of size

Semic. Tech.  
Electrical control

BadGood



Decoherence

Homogeneous broadening: phonon interaction

Non Lorentzian 

homogeneous broadening



Decoherence

Inhomogeneous broadening

QCSE

ENERGY



Decoherence

Inhomogeneous broadening

At 10 K almost at the 
radiative limit

≈ 1 ns
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Molecular Magnets

• Slow relaxation of the magnetization → Hysteresis of dynamic origin

• Macroscopic quantum tunneling of the magnetization

Coexistence of quantum and classical phenomena

� Molecular clusters containing exchange-coupled transition metal ions

� Behave like small magnets (nanoparticles) under suitable conditions (low T, for example)

� Monodispersed (no size distribution)



Magnetic field  → up to 10 T

Temperature → 1.5 K to RT

Wavelength → 400 nm - 950 nm

Magneto Optical  set-up

Configurations: MCD, Faraday & Kerr

Co-irradiation experiments

Co0.2-Ni0.8



New magneto-optical  effects
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•Papers

•Citations

•Fundings

Group assessment 



http://apps.isiknowledge.com/
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Fundings

Lack of funds for new investement

Fundings in each years



2
0
0
3

2
0
0
4

2
0
0
5

2
0
0
6

2
0
0
7

2
0
0
8

2
0
0
9

2
0
1
0

0

10

20

30

40

50

60

70

80

90

100

 

F
u

n
d

in
g

s
 (

K
E

u
ro

)

Years

Comparison 
Fundings in each years

n
e
w



η1 = 0.23 papers/Keuro

η2 = 1 citations/Keuro

Efficiency

Comparison 
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Conclusions 

η1 = 0.23 papers/Keuro

η2 = 1 citations/Keuro

Efficiency


