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Plan

1. 1D and 2D quantum repeaters for distribution of entangled
states

2. Protocol for the 2D quantum repeater

3. Comparison of quantum networks build with the 1D and 2D
guantum repeaters
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Local quantum operation (Quantum swapping)
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2D repeater network™
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2D repeater network™

¢ Detection of errors +
error correction / filtration
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Our goal

/ \
/ / Develop protocol for 2D quantum repeater
p p using scalable resources and compare it

with the 1D repeater in presence of realistic
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Our goal

‘ / \ Scalable resources:
e Room temperature atomic ensembles
\ \ In glass cells™

o Beamsplitters

I/\ q/\ e Photon detectors
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Swapping operations

Read-out of guantum information:

, D -> BH~
e) —
/ C F / . 10c0.) : | X — 100,
g) o0e ~— s
A‘ g|> )
|11.0.) : . fi § —>  |0clp)
o) oo > S




Swapping operations

Initial state:
104051 0) + [ 14150)

[ 1p1£0x) + 10p0£1 1)

Probabilityé Event State Response

25%  Oclick [ T4lplplE) Q4

.......................................................................................................................................................................................................................................

~25 % 2 click [04050p0E) Q

.......................................................................................................................................................................................................................................

~50 % 1 click 10,051512) + | 1,150,02)




Swapping operations

G
Initial state:
[04 0 1p1g) + 114 15050p)
) H
¢ 100,1 ) + | 151,0,)
B ‘ D

Probabilityé Event State Response

~25 % 0 click G
E

.......................................................................................................................................................................................................................................................

— -25%  2click Q

.......................................................................................................................................................................................................................................................

~50 % 1 click 104151050, + | 1,050:1:14)



Swapping operations

G By n
Initial state:
104 1, 1050,) +1140,0151,)
H
/ D
' Probabilityg Event State Response

Al —

.......................................................................................................................................................................................................................................



Swapping operations

G
Initial state:
10, 1,10:0,) +[1,0,0:151,)
/ \

Probabilityé Event State éResponse

100% 1 olick | 04106) + [ 1,0¢16)

.......................................................................................................................................................................................................................................

.......................................................................................................................................................................................................................................



Swapping operations

Initial state:
[04 0 1plg) + 114 15050g)
I 106050k)

Probabilityé Event State Response

~50 % 0 click G
E

.......................................................................................................................................................................................................................................................

.......................................................................................................................................................................................................................................................



Swapping operations
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Comparison

1D protocol
mperfections:

e Dark counts 10Hz

e Detector efficiency 95%

e Read-out efficiency 95%

e Fiber attenuation length 22km

e Cavity losses 40%
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Comparison

Memory time — ©0

2D protocol

1D protocol
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Results

1. Scalable protocol for 2D repeaters

2. 2D repeater protocol outperforms 1D repeater



