Computacion e
Informacion Cudntica
con Fotones

Lorena Rebdn

Grupo de Teoria de la Informacién Cudntica
Universidad Nacional de La Plata - IFLLP - CONICET

Laboratorio de Procesado de Imagenes
Departamento de Fisica - Universidad de Buenos Aires



O

Q

O

O

Ejemplo: dos niveles de voltaje
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Ejemplo: espin electrdnico
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Codificando informacion
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Polarizacion
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Algunas aplicaciones
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* Al medir perturba el estado

* No puede copiar los estados
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Protocolo BBS§4

Alice envia fotones (qubits) a Bob aleatoriamente
polarlzados en alguno de Ios 4 estados
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Bob mide aleatoriamente en la base vertical o diagonal

3
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Bob mantiene en secreto los resultados de la medida
Bob anuncia publicamente sus bases de medida (no los
resultados) y Alice le comunica si es la base correcta.

v v v v v
Alice y Bob mantienen los resultados de en las bases comunes
= F l

1 1 0 0 1
Alice y Bob comparten una clave aleatoria: 11001 ...



Comunicacion
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Superdense coding

1. Alice y Bob comparten un par de qubits estrelazados

2. Bob realiza una operacion cuantica sobre su qubit
dependiendo del bit que quiere comunicar

3. Bob envia su qubit a Alice
4. Alice mide el par entrelazado.
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La fisica del “Beamsplitter”
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La fisica del “Beamsplitter”
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Medida de Bell
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Fuentes de fotones
individuales
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Determinista (a demanda)
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Velocidad de repeticion

Real

1: Excitacion

Control
Externo
+
Wave- Wave-
Prob. length length Output
or Temp. range tunability Inherent Emission  spatial
Source type Deter. (K) general specific bandwidth  efficiency mode gB(0) Refs.
Faint laser P 300 vis-IR nm GHz 1 Single 1
Two photon (heralded)
Atomic cascade P Atomic line MHz 10 MHz 0.0001 Multi 122
PDC
Bulk P 300 vis-IR nm nm 0.6 Multi 0.0014 123-125
Periodically poled P 300400 vis-IR nm nm 0.85 Muli* 126
Waveguide (periodically poled) P 300400 vis-IR nm nm 0.07 Single 0.0007 127
Gated D 300 vis-IR nm nm 0.27 Single 0.02 128,129,368
Multiplexed D 300 vis-IR nm nm 0.1 Single 0.08 130
FWM
DSF P 4-300 IR nm nm 0.02 Single . 131
BSMF P 300 vis-IR nm nm 0.26 Single 0.022 132
PCF P 300 vis-IR 10 nm nm 0.18 Single 0.01 133
S0I waveguide P 300 IR 10 nm nm 0.17 Single e 134
Laser-PDC hybrid P 300 vis-IR nm nm Single 0.37 120
Isolated system
Single molecule D 300 500-750 nm 30 nm 30 nm 0.04 Multi 0.09 135-137
Color center (NV) D 300 640-800 nm nm nm 0.022 Multi 0.07 138
QD (GaN) D 200 340-370 nm nm nm Multi 0.4 106
QD (CdSe/ZnS) D 300 500-900 nm nm 15 nm 0.05 Multi 0.003 139
QD (InAs) in cavity D 5 920-950 nm 10 GHz 1 GHz 0.1 Single 0.02 140
Single ion in cavity D ~=0 Atomic line MHz 5 MHz 0.08 Single 0.015 141
Single atom in cavity D =0 Atomic line MHz 10 MHz 0.05 Single 0.06 142,143
Ensemble
Rb. Cs D 104 Atomic line MHz 10 MHz 0.2 Single 0.25 144,145




“Speudo” fuente
de fotones individuales

@) -“2/2§ i)
a)=-e n
N1/2
£ (n!)
2 aZTl
P =e @ () =|al?
Para (n) = 0.1
. f"w
~ P(0) =0.9048
-9 P(1) = 0.0905
P(>1) =0.0047
Diodo laser Atenuacion

. BS

Potencialmente
inseguro

Y
4




Conversion Paramétrica Espontdnea
Descendente — SPDC

Proceso
no lineal
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SPDC en cristales birrefringentes
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SPDC - Phase Matching Tipo 1




SPDC - Phase Matching Tipo [

L. Rebdn, E. Martinez
Laboratorio de Procesado de Imagenes, 2010
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SPDC - Phase Matching Tipo I




Phase Matching Tipo 11
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Phase Matching Tipo 11
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Phase Matching Tipo 11
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Entrelazamiento en polarizacion
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Kwiat Quantum Information
Group - web page
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Imagen en el visible

R. Cortifas, Tesis de Licenciatura
Laboratorio de Procesado de Imdagenes, 2015
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Detectores
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Fuente de fotones entrelazados
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Superdense coding
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FIG. 4: The conditional probabilities p(y|x) of receiv- S U p Qrd ense cC Od j Vs g

ing state y given the sent state r using our apparatus
gives the highest channel capacity to date, 1.6650.018,
utilizing a single-qubit and linear optics.
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BP Williams, RJ Sadlier, TS Humble -
Phys. Rev. Lett, 118, 050501 2017

FIG. 5: (Left): The original 4-color 100x136 pixel
3.4kB image. (Right): The image received using su-
perdense coding. The calculated fidelity was 87%.
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