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Temas izveles pamatojums

Kvantu metrologija un sensoru tikli:
viens no galvenajiem kvantu interneta pielietojumiem Telpiska kognicija:

Nakotnes vizija:

Kvantu komunikacija starp kvantu iericem,
kas savieno jebkurus Z%punktus u_z?LZemes

Zinasanas un izpratne par telpiskam
videm, kas iegutas vai tiek
pielietotas kognitives procesos un
ricibas, un ietver reprezentaciju,
komunikaciju un atminu.

Esosa situdcija:
Tikai eksperimentali projekti, daudz Skérslu praktiska realizacija

Attéls: Quantum Internet Alliance; Atsauces: Quantum Internet Blueprint (USA), Quantum Flagship:
Strategic Research Agenda (Europe)



Darba merkis un petijuma jautajumi

« Noskaidrot kvantu tiklu telpiskos ierobezojumus un izstradat kvantu
sensoru tiklu komunikacijas protokolus

Kvantu sensoru tikls: Telpiski izkliedeta sensoru grupa, kuru savstarpeji savieno kvantu un klasiskie komunikacijas kanali

Teoretiska dala

« Kvantu informacijas telpiskums: dazadas koncepcijas

« Meroga ierobezojumi kvantu komunikacija

* Kvantu sensoru pielietojums telpas petijumos

Praktiska dala

* Kvantu sensoru tiklu komunikacijas protokoli kvantu tiklu simulatoros



“Spatial affordances in quantum sensing networks”

satura struktura

Spatial problem solving
Strong spatial cognition
Spatial affordances

(Quantum sensing networks
Quantum communication in quantum sensing & metrology
Quantum network simulators

Affordances according to modes of spatiality
Entanglement as a quantum resource (QIT)

Physical layer of quantum networking (Engineering)

Spatial representation in cognitive systems (Simulation & Control)
Geographic observation (Imaging & Detection)

Teleportation
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Micius satelits, kvantu informacijas parraide
1200 km attaluma, Kina (Yin et al, 2017)

Cf. “Some thoughts on the tower of Babel” by J. Borregaard,
QuTech



Telpisku problému risinasana

Telpiskas problemas (Freksa et al, 2019): “Otra kvantu revoliicija” (Dowling&Milburn, 2003)

. Jautajums par kadu telpisku vientbu ~ * Speja manipulet kvantu objektus
konfiguraciju, uz kuru jaatrod atbilde  * Kvantu tehnologijas informacijas apstrade

a)

Il.  Uzdevums izveidot kadu konkretu GPS un laika
telpisku konfiguraciju ar noteiktam f,',:‘h'}ﬁ‘;“t'gfpcgav

telpiskam Tpasibam
Komaretal. 2014 v

« Telpiska konfiguracija - izvietojums fizikala telpa




Speciga telpiska kognicija

Teoretiskais ietvars: Christian Freksa et al.,
Bremen Spatial Cognition Centre

* Telpiskais “substrats” un temporalas strukturas
« Zinasanu reprezentacija hibridu kognitivu sistému darbiba

Risinajumi: paralelims un “mild” abstrakcija 4/ ; 3

) e

“Adopting Feynman’s dictum: “What | cannot create | do not understand”
reveals that there is still a way to go until we will have obtained enough
understanding to create artificial cognitive agents that have comparable

spatial cognitive abilities, thus sharing our cognitive space as equals”
Ragni et al. 2016. Attels: The soft touch of robots, Nature Materials Review, 2018



Telpiskas atlaujas (spatial affordances)

Definicija (péc Gibson 1979) Pilna kognitiva sistema
« Vlides Tpasihas attieciba pret agentu » Kognitivs agents: arT simulators
darbibas iespejam, ka arl * lerobezojumu nozime
ierobezojumiem (ricibas lauks) e -
= knowledge < &
= reasoning Sy=el _cognitive
agent embodied
* affordances, e.g. + perception Ceogniten | M1
= action
system
“what the robot can do at a place « physical capabilities
or inVOI'Ving d Spatial entitY” = affordances in the environment

Pronobis et al. 2017 Freksa 2014



Kvantu sensori

|. Kvantu objektu ar diskrétiem energijas limeniem izmantosana fizikala lieluma
merisanal.

Elektronisko, magnétisko vai vibrgjosie stavokli supravaditaju vai spinu kubitos, neitralajos atomos, satvertajos jonos
II. Kvantu koherences pielietosana fizikala lieluma mérisanai.

Vilnveidigi vai temporali superpozicijas stavokli

lll. Kvantu sapisanas izmantoSana, lai uzlabotu mértjumu precizitati un jutibu aiz
klasiskam iespejam.

Vairaku kubitu stavokli a P .
(Degen et al, 2017) S—{o—D|! e sy oD P
(Guo et al, 2019) N & o

Londes saspiestaja gaismas stavokli



Kvantu sensoru 4 obligatas 1pasibas

. Kvantu sistemas ar diskrétiem energijas imeniem.
Pienemts: divu [imenu sistemas ar parejas energiju E.
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V.

ll. ~ Koherenta manipulacija

IV.  Mijiedarbiba ar fizikalo paramteru

Attels: Degen et al, 2017
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Kvantu sensoru piemeri

Meramais lielums

M -magnétiskais lauks
P -paatringjums

L -laiks, frekvence

S -spiediens

E -elektriskais lauks

T -temperatira

F -speks

R -rotacija

G -gravitacija

https://qzabre.com/background/

https://www.gpsworld.com/quantum- 2
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Kvantu sensoru tiklu pielietojums

« Laika precizitate ka resurss (atomaro
pulkstenu tikls)

» Uztveres jutigums, precizitate
(zemestricu noteiksana, autonomas
navigacijas sistémas)

* Astronomisku objektu noverojumi
(teleskopu bazes linijas)

FIG. 1. Basic set-up of a direct detection interferometer. In
the arrangement pictured, light travels an additional distance

GOttesman et al.. 2012 bsin @ to reach telescope L rather than telescope R. For light

. . with wavelength A, the extra distance imposes a phase shift
Khablhouulne et al 2019 ¢ = (bsin#) /A at telescope L relative to telescope R.



Entanglement (sapisanas

Nozimigakais kvantu komunikacijas resurss

Korelacija starp kvantu stavokliem “neatkarigi” no
attaluma

« Einstein-Podolsky-Rozenstein paradokss (1935)

« John Bell teoréma, “inequality”, “nonlocality” (1964)

« No-cloning teorema (Wooters et al, 1982)

« Kvantu informacijas teleportacija (Bennett et al, 1993)

Attels:

Loophole-free Bell inequalitﬁviolation using electron spins separated by 1.3
kilometres (Hansen et al, 2005)




Kvantu internets

Kvantu interneta attistibas stadijas

Kvantu interneta infrastruktura
(Wehner et al. 2018)

(Wehner et al. 2019)
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Figure 1: Quantum networks will be embedded within clas-
sical networks and use existing infrastructure to send and
receive control messages. This can be achieved by adding
a quantum data plane to existing networks. Note that the
quantum and classical links do not have to coincide.



Kvantu tiklu simulatori

Atskiriga kvantu interneta slanu reprezentacija  Kops 2019. gada izstradati

* NetSquid
Application ° QUNetSim
Transport Qubit transmission
Network Long distance entanglement  QuISP
Link Robust entanglement generation . SQU ANCH

l__ Ph_y_sical I Attem_pt entan_g_lement _g__eneration

e SimulaQron

* |zpétit un izmeginat procesus, ko nav iespgjams vai nav izdevigi 1stenot “realitate”
« Izstradat komunikacijas un kontroles strategijas



NetSquid

Pirma publiska versija 2020. gada
vasara

Notikumu, procesu seciba laika
Realistisks fiziska slana attainojums

|zstradats saiknu slana protokols, tikla
un transporta slani top

Quantum Channel
Quantum Channel

23>

;7 NetSquid

4

from netsquid.examples.teleportation import example_network_setup

The Network Simulator for Quantum
Information using Discrete events

ns.sim reset()

ns.set_gstate formalism{ns.QFormalism.DM)
ns.set_random_state(seed=42)

network = example network_setup()

alice = network.get node("Alice")

bob = network.get node("Bob")

random_state protocol = InitStateProtocol(alice)
bell measure protocel = BellMeasurementProtocol(alice, random_state protocol)
correction_protocol = CorrectionProtocol{bob)
bell measure_protocol.start()
correction_protocol.start()

stats = ns.sim_run{108)

18.8: Alice received entangled qubit, measured qubits & sending corrections
3@.8: Bob received entangled gubit and corrections! Fidelity = 8.870



Fiziskais tikla slanis

Atminas un komunikacijas kubitu praktiska
realizacija, kvantu atkartotji (repeaters) Ground-based un satellite-hased links
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NetSquid: Tikla pamatkomponentes
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NetSquid: Vienkarsotas protokolu shemas

Legend
OO
& S o> > QO ...
-
End node  Quantum Cuantum Repeater Classical Quantum Qsantum Repetitive  Magic link
sfate to source, connection, connection, detector, seqguence
teleport location channel channel position
direction direction

-
Repeater :mi
]

Teleportation

Repealer /> o { @ > A — — M
chain .
1 ] - = o. 1 I
TEEALY I R >N o e | SIS » _ s »

Entangle >
MNodes

Simple - >,

link — A w—

Purify

Magic
simple
link




Kvantu sensoru tiklu komunikacijas
protokoli

Galvenie punkti

FIG. 1. A network of quantum sensors. The k'™ node rep-
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FIGURE 7.14 A completely connected star graph of sensor nodes. We hide the
quantum internet, and we highlight the entanglement of each sensor with all
other sensors. Stevie (S) at the source teleports out to the nodes a seven-qubit
entangled state. The qubits in that state sense the seven phases ¢. The entangled
qubsits, thus modified, are teleported back to Stevie for further processing.””
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FIGURE 7.13 A star network of quantum sensors. Each sensor at the outer
nodes measures its own signal, perhaps by using internal entanglement to get
a better signal to noise. We encode the phases into qubits whose state we teleport
to the central processing station C, where we combine them coherently.



Kvantu informacijas telpiskums

Dazadas telpas koncepcijas:

« Kvantu stavokli, registri un kanali Hilberta telpa

» Kvantu aprékinu telpa un algoritmu sarezgitiba

« Fizikala telpa un kvantu tehnologijas

» Telpiska kognicija un reprezentacija

« Tikli geografiska telpa un telpisku paradibu noverojumi
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Kvantu tiklu telpiskie ierobezojumi

Mérogs - attaluma ierobezojumi
« Kvantu kanalu kapacitate
« Fotonu zudums parraide

 Kvantu atminas 1sais laiks

Repeater chain with different total lengths

oo F—— — 10km

. 30 km
—— 50 km

0.8 -

0.7

061 %/\ ‘/’+—+——4/\1,,4/

fidelity

) /‘/#/‘—#/4
0.4 4
4 6

8 10 12 14 16 18
number of nodes

fidelity

Troksnis
» Kludu korekcija
 Jekoherence

Fidelity of the teleported quantum state

1.0 1 &

0.9 1

0.7 1

0.5

b
+¥+

}
+++”+*++

0.00 0.25 0.50 0.75 1.00 1.25 1.50 175
depolar_rate

Fidelity: parvietota
kvantu stavokla

uzticamibas kriterijs
Qutech 2020



Nakamie soli un gaidamie rezultati

« Teorgtiska raksta sagatavosana

» Saiknu un tikla slanu protokolu izstrade
NetSquid dazadiem kvantu sensoru
tipiem

Fig. 6.1 Nonlocal correlation experiment between the villages of Bernex and Bellevue, some
10 km apart as the crow flies. When we carried out this experiment, it was the first time anyone
had played Bell's game outside the laboratory. The optical fibres used to propagate the entangled
state were those of the commercial telecommunications network Swisscom

« Pirmais nelokalo korelaciju eksperiments
arpus laboratorijas 1997, Gisin et al.



Paldies par uzmanibut

kripete@students.lu.lv

Priecasos par Jiisu jautajumiem un ieteikumiem



