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Quantum Technology: Threat or Opportunity?

* How can we understand
Quantum Technology?

* What is Quantum Teleportation?

* How to teleport images?
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Information Theory

Sender Receiver
Message Probability How much information does A contain?
A P1

The smaller the probability, the more information!

B P2
C P3 The Information content does not depend on the meaning of the message
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Ground Station

Information Theory

Satellite in space
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How Can Next-Gen Computer Chips Reduce
Our Carbon Footprint?




Information Theory

sical carrier
What about tion carriers?
Quantum system I | . Quantum system
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If this would work withot o lheory would not exist!!!



How do we understand quantum information

A photon is an
elementary excitation
of a light wave




How do we understand quantum information

Can send V (“0”) or H (“17), or “superposition’2obMdtén )iaae H (“17).
elementary excitation
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How do we understand quantum information

Cansend V (“0”) or H (“17), or “superposition”of V (“0”) and H (“1”).
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Can detect only |0) or |1), not |0) + |1)



Ho do we understand quantum information

0) + [1)
Entanglement |0> |1> —+ |1> |0>



Quantum Information Theory

* Quantum Information = state of quantum system, superposition allows to
store and process “0” and “1” simultaneously, measurement results shows
real randomness!

Quantum computing, simulation of complex systems,
random number generation

* Quantum information in single quantum system cannot be detected nor
copied

* Quantum Cryptography

°* Quantum correlations “Entanglement”

Quantum teleportation, quantum key distribution, quantum
Imaging, quantum metrology super dense coding,




Classical Teleportation

not possible!
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Quantum Teleportation

works!




Published: May 2007

Twisted photons

Gabriel Molina-Terriza, Juan P. Torres = & Lluis Torner

Nature Physics 3, 305-310 (2007) | Cite this article

8722 Accesses | 1053 Citations | 9 Altmetric | Metrics

Abstract

The orbital angular momentum of light represents a fundamentally new optical

degree of freedom. Unlike linear momentum, or spin angular momentum,

Andrew Forbes

apply position-
dependent phase shi

plane wave front OAM wave front



Quantum Non-linear Optics




Quantum Teleportation with
non-linear optics
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Teleportation with a non-linear optical detector

Slide: curtesy A. Frobes



Teleportation in any dimension and any spatial basis

without ancillary photons
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Petals = 6




Pixel Modes
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Teleportation Scheme

NLC

where a = ay;
Winit)aBc = |®)ap ® |&) ¢
-Generalised Bell measurement

W(B)) ac = \/i% > De(@ls)als)e

\tanh(r)(& — ﬁ))B

-Unitary transformation

D(B)
Bob's ou‘t[ou.‘t state

tanh(r)a + (1 — tanh(r))3) B



Fidelity for single pixel teleportation
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Future of Quantum Sensing

Realization of a real-time single
international time scale (world clock)
with unprecedented stability and
accuracy.

Kémar, P., et al., A quantum network
of clocks. Nature Physics, 2014.
10(8): p. 582-587.



What can we do with QT in Durban ?

Find usecases for Quantum:-Computing '»é) app, BOB
* Optimis %3 INDEPENDEN'T ’i s, finance)

Scientists teleport images in ‘Star Trek’
discovery

Quantum breakthrough uses lasers to teleport information, however it could be used to create clones I )

® » Wednesday 20 Decernber 2023 15:22 GMT  » + W =

Commercial Quantum Communication

* Resell qguantum key distribution (QKD) systems
* Assemble QKD devices

* Design and develop QKD devices

* Design Post-Quantum Solutions for Industry
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Established by UKZN Quantum Science &

Council on the 23rd
June 2025
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Thank you!
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Squeezing kernel:

Squeezed state
factorise

hki, kg) = £(2m)?6(ky + ko)
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CV Teleportation of coherent
states

Coherent States

ala) = ala) | A coherent state

(a]a’ = o™ (o]
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