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Agenda

* Qubit Physik
* Quantum Gate Operatoren
* Guided Workshop




Bits versus Qubits

Bit 2 Zustande 0 oder 1 Qubit beliebige Zustande zwischen 0 und 1, zur selben Zeit
Multi-bit Effekte: keine (= Superpostion) reprasentiert als Punkt auf der Bloch-Kugel

Multi-qubit Effekte: Entanglement

Silicon Atorm (PLT::S y
Struktur ome
< 20 Elektronen
nm
Photone
Quantum
R Computer
0 ﬂ e ﬁ 15 mK N s

Klassisch Quantum



Anatomie eines supraleitenden Quantumprozessors

Supraleitendes Qubit:

"  Josephson Junction als eine nicht lineare Spule
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Supraleitender

Mikrowellenschwingkreis:

"  Auslesen der Qubits

" Verbindung von Qubits
" Rauschfilter

Quelle: IBM



Topologie von IBM Quantumprozessoren
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Aufbau eines IBM Quantum
Computing Systems

Mikrowellenelektronik
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Quelle: IBM

Kryograph um die
Qubits auf 10 - 15
mK mit den
Isotophen von 3He
und “He

. . . Prozessor mit
Leiterplatine mit dem Superconducting

Qubitprozessor bei 15 mK )

geschiitzt von der Qubits und Resonators
AulRenwelt mit mehreren

Abschirmungen



Quantum Logik ... wie man Quantencomputer programmiert

Bit Qubit
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1-qubit Gate .

— Rotation of Bloch-Sphere
— Adding to length and
latitudee
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2-qubit Gate: CNOT

— Controlled NOT |07 )
— Exchange of [10) and [11)
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Hamiltonoperator

O
Horp = E(wi bf by + bbb bp) + z/ij(b;fbj +b;b})

i L,J
»[...] I think I can safely say that nobody understands quantum mechanics. «

Richard P. Feynman

The Character of Physical Law (1964)



Lineare Superposition fur ein Qubit

Bloch Kugeldarstellung

ein klassisches Bit ein Qubit

0,1 10}, [1)
ein Qubit: in Superposition
0 i o [0
[1h) = 0|0} + &y [1) = cos (3) [0) + e sin (5) |1)
mit

lao|? + || =1

entsprechend hier angezeigt
|Y) = 0.95/0) + (0.18 + 0.25i)|1)

90.25% der Messungen ergeben |0) und 9.75 % sind |1)




%g Unitare Quantengatter

bit-flip:
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Binare Quantengatter

SWAP gate controlled NOT gate (CNOT)
1 0 0 O — 1 0 0 O
{0 0 1 0 10 1 0 0 !
SWEP = 01 0 0 CNOT = 0 0 0 1 I
0 0 0 1 N 0 01 0 H
[00) — |00) |00) — |00)
[01) = |10) [01) — |01)
[10) — |01) [10) — |11)
[11) - |11) [11) — |10)

Vorbereiten des Bell States

1
100) - —2 (100} +[10)) »—=(100) + [11)) = |¥ga)

V2
Hadamard CNOT
auf dem ersten qubit 1auf2

Gegeben zwei qubits |1/1) = a|0) + a1]|1) und |1/5) = B|0) + B1]1) ein Bell Status kann nicht als Produkt dargestellt werden
[1)1) - [12) = agBol00) + apB1|01) + a1 fol10) + a1 f1|11) # | pen)



Qiskit Softwarestack

Framework und Bibliotheken von
Quantenalgorithmen, die es Benutzern
ermoglichen, Quantencomputing effizient

ZU nutzen

D

Werkzeuge zur
Aqua

Charakterisierung

und Fehlerminimierung
@ Grundlegende Tools zum
Erstellen, Ausflihren und

@ gnis Kompilieren von
Qiskit

Spezialsimulatoren fir die
Algorithmenentwicklung und
Quantenforschung
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Quantenschaltungen
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Hands On

https://quantum-computing.ibm.com/

IBM Quantum

Real quantum computers.
Right at your fingertips.

IBM offers cloud access to the most advanced quantum computers available.
Learn, develop, and run programs with our quantum applications and systems.

Learn quantum computing

Learn quantum programming and how to use
our tools with step-by-step tutorials and
guides.

Explore the docs

Sign in to IBM Quantum

New to 1M Quantum?




IBM Quantum Experience

IBM Quantum

Welcome, Ingolf Wittmann

Graphically build circuits with
IBM Quantum Composer

ch Composer

Develop quantum experiments in

IBM Quantum Lab

nch Lab

Run on quantum systems & simulators:
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Jump back in: API token @
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View all “<: Recent jobs

IBM Quantum services

2 5 28

Your Your
systems simulators services
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You have no recent jobs.

Create one by running a circuit or notebook
on one of your IBM Quantum Systems.

Total quantum

View account details

View all

Recent notifications
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View all

Service Alert

ibmg_jakarta now available for Advanced
and Premium users!

10 days ago | Learn more

Service Alert

ibmg_manila now available for all users!
16 days age | Learn more

Quantum News

The IBM Quantum Challenge starts this
Thursday!

19 days ago | Learn more

Service Alert

System Retirement: Paris, Rome, and
Athens

25 days ago | Learn more

Product Update

IBM Quantum delivers 120x speedup of
quantum workloads with Qiskit Runtime
amonth ago | Learn more

Quantum News

A<IBM Quantum is turning 5! To
celebrate, we invite you to solve five
exercises in a week starting May 20th!
amonthago | Learn more



IBM Quantum Experience & Jupyter Notebook

IBM Quantum

Welcome, Ingolf Wittmann

Te-

Graphically build circuits with
IBM Quantum Compo
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Quantum News

The IBM Quantum Challenge starts this
Thursday!

19 days ago | Learn more

Service Alert

System Retirement: Paris, Rome, and
Athens

25 days ago | Learn more

Product Update

IBM Quantum delivers 120x speedup of
quantum workloads with Qiskit Runtime
amonth ago | Learn more

Quantum News

&:1BM Quantum is turning 5! To
celebrate, we invite you to solve five
exercises in a week starting May 20th!
amonthago | Learn more
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IBM Q Account und API| Token erstellen

Neuer Tab x | = HomePage-Selectorcre x | & Untitled2-Jupyter Note: x [ IBMQuantum x4 o - O X
C {} & httpsy/quantum-computing.ibm.com Q@ ENN @ :

#: Apps @8 Admin B Business @ Internet B Fahrrad B8 Wein 8 Linux @ Android @8 Onlinetvrecor. B 3D M Holzwerken @8 IBM B SmartHome » Leseliste

IBM Quantum

% | T HomePage-Selectorcre X | & Untitled2-JupyterNotel X« Loginto1BM x 4+ © - o x
x-197768karget=http: login.ibm.com%2Foid: o n €MD
Business M Internet B Fahrrad @8 Wein M8 Linux B Android Ba Onlinetvrecor... B8 30 B8 Holzwerken B8 1BM B8 SmartHome » | @ Leseliste
IBM offers cloud access to the most advanced quantum computers available.
Learn, develop, and run programs with our quantum applications and systems. X .
Sign in to IBM Quantum
Log in to IBM
18Mid Forgot 1BMid?

ingolf@ijwittmann.de|

[ Remember Me ®

New to IBM Quantum?

Do not have an account? Create an IBMid

"8 a : Graphically build quantum circuits

- Start building quantum circuits right away with
I 1BM Quantum Composer. No sign in required.

Explore Quantum Composer




Qiskit APl Token

Neuer Tab % | = HomePage-Selectorcre X | & Untitled2-Jupyter Notet. x [ IBM Quantum X

& > C { & hitpsy/quantum-computing.ibm.com

1BM Quantum

Welcome, Ingolf Wittmann

THe-

Graphically build circuits with

Run on quantum systems & simulators:

IBM Quantum services

8 5 26

Your Your Total quantum
systems  simulators  services

{5 Reservations

0

Your
reservations

Apps B Admin BB Business Bm Internet BN Fahrrad @@ Wein @8 Linux B8 Android B8 Onlinetvrecor.

Develop quantum experiments

IBM Quantum Composer  IBM Quantum Lab

Get started locally ®

Your API token

[— 9 5

View account details

View all

Recent jobs:

You have no recent jobs

Create one by running a circuit or notebook
on one of your IBM Quantum Systems.

View all

B 30 B Holzwerken @8 IBM @8 SmartHome @8 Langlauf »
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Service Alert

System Retirement: Paris, Rome, and
Athens

2 days ago | Learn more

Product Update

IBM Quantum delivers 120x speedup of
quantum workloads with Qiskit Runtime
3daysago | Learn more

Quantum News

A<IBM Quantum is turning 5! To
celebrate, we invite you to solve five
exercises in a week starting May 20th!
10 days ago | Learn more

Quantum News

Five years ago today, we put the first
quantum computer on the cloud. Here’s
how we did it.

10 days ago | Learn more

Quantum News

Keynote speaker lineup announcement!
QCA40: Physics of Computation Conference
16 days ago | Learn more

Quantum News.

amonth ago | Learn more
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