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Overview

What is Quantum Volume?

Quantum volume (QV) is a single-number metric used to measure the power of a
for near-term devices with a modest number of qubits, and measures the largest
and depth that can be reliably run.

Click through these slides for a quick overview on quantum volume.
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Quantum Supremacy
Using a Programmable
Superconducting
Processor

On Oct 23, 2019, Google
announced it performed a

calculation on a quantum
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Topological Quantum
States

We experimentally explore
topologically ordered quantum
states, including simulating the
braiding of elusive anyons and

encoding logical qubit states we

Team
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Achieving Precision in
Quantum Material
Simulations

We outline a blueprint for achieving
record levels of precision for the
task of simulating quantum
materials

Demonstrating the
Fundamentals of
Quantum Error
Correction

We outline in this paper how we
use quantum repetition codes to
demonstrate a new technique for
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Amazon Braket

Beschleunigung der Forschung im Bereich Quantencomputer

Overview

Getting Started ~ Quantum Computers ~ Customers Features Pricing FAQs
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Over the last decade, governments and technology companies have invested heavily in research and developme

the potential to revolutionize science and technology. While there is still a long way ahead, these investments h:

computers: They have evolved from delicate laboratory systems accessible to only a few research institutions to

commercial machines available to researchers, developers, and even quantum enthusiasts worldwide via cloud s .4, is a photonic quantum technology company headquartered in Toronto, Canada. A leader in both ® XANAD U
quantum hardware and software, Xanadu leads the development of PennyLane, an open-source software

While quantum computing continues to be a major area of investment and progress for academic and industry r  library for quantum computing and application development.

component of a broader class of quantum technologies. To unlock the full potential of quantum devices, they ni

quantum network, similar to the way today’s devices are connected via the internet. Despite not receiving the sa *Xanadu is on a mission to bulld quantum computers that are useful and avallable to people everywhere.

t ti t ks h fascinati ibl licati o fth . bli lobal . We believe that photonics offers one of the most viable approaches to universal fault-tolerant quantum
COMPUTErS, quantum networks have fascinating possible applications. Bne o em Is enabling global communic computing. We are proud to provide AWS customers access to Borealis, which our peer reviewed article in
distribution with privacy and security levels not achievable using conventional encryption techniques. Quantum Nature shows to be the first programmable photonic quantum computer that has achieved quantum

and secure cloud quantum servers by connecting together and amplifying the capabilities of individual quantum processors.
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Your quantum
playground

Xanadu Cloud provides you with hardware, software and
applications for quantum computing. Sign up now!
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PsiQuantum Has A Goal
For Its Million Qubit

Photonic Quantum Building the first useful
Computer To Outperform

Every Supercomputer On
The Planet quantum computer

It takes 1,000,000+ qubits.

. . It takes error correction.
Paul Smith-Goodson Contributor akes error correction
Follow It takes fault tolerance.
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Klassische Bits versus Quantenbits (Qubits)
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Photonisches Qubit

Occupation-Number Qubit: 104 ‘O> + ,6 ‘1>

Dual-Rail Qubit: o ‘ 10> + ,8 ‘ 01>

e.g., polarization of a photon...
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Quanteninformation
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Verschrankung: EPR”, Schrodinger und Bell

“When two systems enter into temporary physical
interaction due to known forces between them,
and when after a time of mutual influence the
systems separate again, then they can no longer

be described in the same way as before.
[ would not call that one but rather the
characteristic trait of quantum mechanics, the
one that enforces its entire departure from

classical lines of thought. By the interaction the
two systems have become entangled.”

Schrodinger (1935)



Verschrankung: "EPR”, Schrodinger und Bell

Entanglement

jdx‘x,x—c} w')=(|01)+]10))/yz

Continuous Variables Discrete Variables

Einstein, Podolsky, and Rosen (1935)...

... non-locality, non-realism, or hidden variables... QM incomplete



1k ‘H"—'
Vergchréinkte Photomsssaare
I im Quantenoptik-Labor Y

§

_<\




“SNe

Verschrankte Photonen uber 144 km

Zeilinger (2007)



Quantum Space Satellite (QUESS)
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Nicht-Klonen

Wootters and Zurek, Dieks, 1982
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Nicht-Klonen

U e F T




Quanteninformation

No Communication

Faster Than Light

Heisenberg

« : ”
No-Cloning Uncertainty Relation

Theorem

Entanglement




Quanteninformation & Quantentechnologie

No Communication Heisenberg

Faster Than Light % / Uncertainty Relation

“No-Cloning”
Theorem
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Long-Distance Universal

Quantum Communication Quantum Computer
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Quantenkommunikation

Reliable Transmission

of Quantum Information...
(Quantum Teleportation)

BUT B8~ N A
QUANTUM WORLD
HOW CAN WE BE SURE:

OH AL/ICE.. YOURE
THE ONE FOR ME

Secure Transmission

of Classical Information...
(Quantum Cryptography)

-----
------
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PHYSICAL REVIEW
LETTERS

(top, left) Richard Jozsa, William K. Wootters, Charles H.
Bennett. (bottom, left) Gilles Brassard, Claude Crépeau,
Asher Peres. Photo: André Berthiaume.
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Teleporting an Unknown Quantum State via Dual Classical and
Einstein-Podolsky-Rosen Channels

Charles H. Bennett,(1)) Gilles Brassard,(?) Claude Crépeau,(2)-(3)
Richard Jozsa,(?) Asher Peres,4) and William K. Wootters(®)

(1Y IBM Research Division, T.J. Watson Research Center, Yorktown Heights, New York 10598
{mﬂépartement IRO, Université de Montréal, C.P. 6128, Succursale “A7, Monitréal, Québec, Canada HIC 3J7
(®) Laboratoire d’Informatique de I’Ecole Normale Supérieure, 45 rue d’Ulm, 75230 Paris CEDEX 05, France'®

@) Department of Physics, Technion—Israel Institute of Technology, 32000 Haifa, Israel
(5) Department of Physics, Williams College, Williamstown, Massachusetts 01267
(Received 2 December 1992)

An unknown quantum state |¢) can be disassembled into, then later reconstructed from, purely
classical information and purely nonclassical Einstein-Podolsky-Rosen (EPR) correlations. To do
so the sender, “Alice,” and the receiver, “Bob,” must prearrange the sharing of an EPR-correlated
pair of particles. Alice makes a joint measurement on her EPR particle and the unknown quantum
gystem, and sends Bob the classical result of this measurement. Knowing this, Bob can convert the
state of his EPR particle into an exact replica of the unknown state |¢) which Alice destroyed.

PACS numbers: 03.65.Bz, 42.50.Dv, 89.70.4-c
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Quantenkryptographie, Schluisselverteilung




Quantenkryptographie, Schluisselverteilung
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Quantenkryptographie, Schluisselverteilung
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Global

Quantum Internet



Quantenkommunikation: Grofse Distanzen?

— V) —

|

~ 1000 km

Bob




Klassische Kommunikation mit Licht

Europe-USA
41 Kanale mit 10Gb/s



Optische Fasertechnologie

- single-mode propagation
- 0.2dB/km attenuation

repeater stations for

optical pulse recovery:

- light amplification
- compression of spreading
wave packets

Loss (dB/km)
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Quantenrepeater durch Optische Verstarker
N = exp(— I—/Latt)
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Quantenrepeater durch Optische Verstarker

= exp(— L/Latt)
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Quantenrepeater mittels Verschrankung

—o o —o o —e

v' Entanglement Distribution z"0>‘ 1>+‘1>‘0>
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v’ Entanglement Purification ¢ — ¢ i — ® —
v’ Entanglement Swapping . ——y— o
v Quantum Memories “' Py "/

H.J. Briegel et al., PRL 81, 5932 (1998)



Qubit-Verschrankung mit Ionen
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Ohne Quantenspeicher
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Mit Quantenspeicher
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“Verschrankung-Swapping”

Bell Meas. ||}/ %

U
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“Verschrankung-Swapping”
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Verschrankung: Klassischer Wirfel




Verschrankung: "Quantenwiirfel”
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Quantencomputer

Quantum
Information

There’s Plenty of Room
at the Bottom
Feynman 1959

Quantum

Q. Turing Machine, Computation

Universal Q. Computer
Deutsch 1985 /

Quantum Speedup, Quantum Parallelism,
Quantum Algorithms,
Universal Models, Scalability, Fault Tolerance,

Quantum Error Correction

Q. Algorithms and Codes
Shor 1994, 1995
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Quantentehlerkorrektur: Shor Code

THIRD SERIES, VOLUME 52, NUMBER 4 OCTOBER 1995

RAPID COMMUNICATIONS

The Rapid Communications section is intended for the accelerated publication of important new results. Since manuscripts submitted to this
section are given priority treatment both inthe editorial office and in production, authors should explain in their submittal letter why the
work justifies this special handling. A Rapid Communication should be no langer than 4 printed pages and must be accompanied by an
abstract. Page proofs are sent to authors.

Scheme for reducing decoherence in quantum computer memory

Peter W. Shor*
AT&T Bell I.Aboratories, Room 2D-149, 600 Mountain Avenue, Murray Hill, New Jersey 07974
(Received 17 May 1995)

Recently, it was realized that use of the properties of quantum mechanics might speed up certain computa tions dramatically. Interest has
since been growing in the area of quantum computation. One of the main difficulties of quantum computation is that decoherence
destroys the information in a superposition of states contained in a quantum computer, thus making long computations impossible. It is
shown how to reduce the effects of decoherence for information stored in quantum memory, assuming that the decoherence process acts
independently on each of the bits stored in memory. This involves the use of a quantum analog of error correcting codes.

PACS number(s): 03.65.Bz, 89.70.+c



Shor’s Quantenfehlerkorrektur-Code
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Klassische Fehlerkorrektur
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Quantum Computer:

Software




"Digitaler” Quantencomputer mit Qubits

Circuit model of Quantum Computation:
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" Einwegquantencomputer” mit Qubits

Cluster-state model of QC (""one-way QC""):

+) ff&—fﬁ
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R.Raussendorf, H.]. Briegel, PRL 86, 5188 (2001)



Elementare Gatter-Teleportation




Quantum Computer:

Hardware




Qubits: «Fliegend» vs. «Stationar»

|Onenfa”en Ultraviolet Laser

f-3

Resonator-QED

Halbleiter-
Quantenpunkte
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// Why Photonics

The unique advantages of Photonics

Room temperature Computation

Modular and networkable Fast clock speeds Telecom compatibility




Photonischer Quantencomputer
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Und Licht ist eine wesentliche
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/ Silicon photonic
unserer Q.ANTechnologie, um damit neue Produkte in den Bereichen Sensorik, Imaging und Computing zu realisieren. - _ q U a ntu m CO m p Uti n g

Um die beste Qualitat in unseren Produktentwicklungen zu gewahrleisten, kiimmern wir uns um die gesamte optische Prozesskette. Diese fangt
bei der Umwandlung von Elektronen in Photonen an, gefolgt von der Erzeugung und Ausnutzung von optischen Quanteneffekten und schlieBlich
der Riickwandlung der Quantensignale in elektrische Signale und Daten.

Licht ist weit bekanntlich ein idealer Zugang zu Quantentechnologien. Daher steht Licht und photonische Quantentechnologie im Zentrum
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