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Quantum Technologies – What is this about?



• The First Quantum Revolution started at the beginning of the 20th 
century

• Primary goal: understand nature at the atomic scale
- Experiments on blackbody radiation
- Periodic table of elements
- Photo-electric effect
- Wave-particle duality

• First Generation “Quantum Devices“
- Transistor (1958)
- Lasers (1960)

The First Quantum Revolution – 
First Generation Quantum 
Technologies

Particles

Waves

No fringes

Fringes!

https://www.joerg-enderlein.de/wave-or-particle

Quantum 
particles

Fringes!

“The main ingredient 
of the first quantum 

Revolution, wave-
particle duality, has 

led to inventions such 
as the transistor and 
the laser that are at 

the root of the 
information Society.”

Alain 
Aspect, 
Physics 
Nobel 2023

https://www.nokia.com/blog/the-transistor-75-years-since-the-famed-nokia-bell-labs-invention-changed-the-
world/

First transistor at Bell 
Labs, 1958

Ted Maimam and the 
first laser, 1960



The First Quantum Revolution – 
First Generation Quantum 
Technologies

The Importance of Physics to the 
Economies of Europe. European Physical 
Society (2019). 

• 4.4 trillion EUR/year
• Gross-value added 1.4 

trillion EUR
• Manufacturing, 

Information, 
Communication

• 17 million people 
employed in 2014



The Second Quantum Revolution – 
Second Generation Quantum 
Technologies

• The Second Quantum Revolution started in the 1980s 

• Primary goal: actively employ quantum mechanics and utilize quantum 
effects on the single particle / single photon level 

- Uncertainty principle: the uncertain quantum state of system is 
revealed upon a measurements  Basis for secure quantum 
communication

- Quantum Superposition: if an event can be realized in two or 
more indistinguishable ways, the state of the system is a 
superposition of each way simultaneously  Basis for quantum 
computers

- Entanglement: the superposition principle applied to certain 
nonlocal correlations  Basis for information exchange in the 
quantum internet and enhanced sensors

Fraunhofer’s Quantum imaging project (QUILT)

photonics.ixblue.com

IBM.com

https://www.fraunhofer.de/de/forschung/fraunhofer-initiativen/fraunhofer-leitprojekte/abgeschlossene-leitprojekte/quilt.html


Second Generation Quantum 
Technologies - Milestones

Proposal/protocol: C. H. Bennett and G. Brassard, Proc. IEEE 175, 8 (1984); Experiment: C. H. Bennett, F. et al, J. Crypt. 5, 3 (1992)
  Wootters, W. K. and Zurek, W. H, Nature 299 (1982), 802.

In case of eavesdropping attack by Eve: -    1    -      1     0    1     -     -       1    1     1      0      25% error rate 

C. H. Bennett

G. Brassard
BB84 Quantum Key Distribution

“…a 
communication 
channel on which it 
is impossible in 
principle to 
eavesdrop without 
a high probability 
of disturbing the 
transmission in 
such a way as to be 
detected.” 



Second Generation Quantum 
Technologies - Milestones

BB84 Quantum Key Distribution

C. H. Bennett

G. Brassard

An integrated 
space-to-ground 
quantum 
communication 
network over 
4,600 
quilometres. 
Nature 589, 214–
219 (2021).

J. W. Pan

Experiment: C. H. Bennett, F. Bessette, G. Brassard, L. Salvail & J. Smolin, J. Crypt. 5, 3 (1992)



Second Generation Quantum 
Technologies - Milestones

Shor’s Algorithm to achieve exponential speed up in 
computational power for prime factorization

Shor PW, in 35th Annual Symposium on Foundations of Computer Science: Proceedings, ed. S. Goldwasser, IEEE Computer Society Press (1994)

Your laptop
(<1 ms)

15
(3 bits) =3*5

Your laptop
(~100 s)

128555043540719
222043356967387
293008201776239
502623426824112

27

(203 bits)

=745830247874
94263193679*1
7236501725024
5309770330521
539672434613

Thousands 
of bits Answer 

in a two 
weeks!

Your million qubit quantum computer

Age of 
universe

1 year
1 day



Second Generation Quantum 
Technologies - Milestones

F. Arute et al., Nature 574, 505–510 
(2019)

Google‘s 53 qubit 
Sycamore processor

Reaching Quantum Supremacy (superconducting 
qubits)
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Increasing quantum circuit depth

Classical 
(sampling and 
verification) 

time vs 
quantum (200 

s)

106 yr



Second Generation Quantum 
Technologies - Milestones

Caution note: IBM is still 
at 156 qubits in 2025.

IBM 2022 roadmap

Quantum grain of salt
• Quantum computers are 

babies
• Increase in qubit number 

and circuit depth
• Noise may cause 

quantum computing to 
fail*

• Quantum hype may 
hinder development

*https://gilkalai.wordpress.com/
quantum/roadmap-for-the-debate-

on-quantum-computing/
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Second Generation Quantum 
Technologies - Milestones

Quantum sensing (life sciences)
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Casacio, C.A. et al. Nature 594, 
201–206 (2021).

Boto, E.. et al. Nature 555, 657–661 
(2018).
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Defienne, et al. Nat. Photon. 18, 1024–1036 (2024). 
Aslam N, et al. Nat Rev Phys. 2023




The Pillars of the Second-Generation 
Quantum Technology

[1] UK Government Office for Science
https://nqit.ox.ac.uk/content/quantum-age-technological-

opportunities.html

“global markets for various quantum 
technologies are above USD 1 trillion 
led by photonics, semiconductors and 

cyber security” [1]



Global  Public Funding in Quantum Technologies

BR:60 
m$

DEU :3.3 b$



Cutia: Dasyprocta 
punctata

Initial budget: 
30 MUSD (5 Years)

Workforce 
development

National and International 
Collaboration networks

Strategic 
Partnerships

Research 
Infrastructure

Innovation and 
Startups

Diffusion of Knowledge 
& Ethics



Young Researchers Award – Awardees – 1MUSD startup packages

Amilson 
Fritsch 

IFSC
Hans Florez 

UFABC

Rafael Barros 
IFUSP

Saimon 
Silva

 IFGW

Rodrigo 
Benevides 

IFUSP

Ions Traps Atomic vapor 
magnetometers

Quantum 
states with 

spatial modes
Single-photon 

sources

Optomechanical 
Optics/RF 

transducers

JQI-Maryland U. Nottingham Tampere Uni. ETH Zurich JKU- Linz



9:15 – 9:30: Patricia Marques Castilho, São Carlos Physics Institute, University of São Paulo (USP) 

9:30 – 9:45: Jens Eisert, Dahlem Center for Complex Quantum Systems, Freie Universität Berlin

9:45 – 10:00: Felipe Fanchini, School of Sciences, São Paulo State University (UNESP), Bauru

10:00 – 10:15: Christian Schneider, TUM School of Computation, Information and Technology, 
Munich

10:15 – 10:30: Roberto Alves Gallo Filho -  Kryptus Segurança da Informação S.A

10:30 – 10:50: Q&A/Discussion

Agenda





Second Generation Quantum 
Technologies - Milestones

First Commercial Quantum Computer

IBM Q System One 2019: 20-qubit computer (based 
on superconducting qubits)

20 mK dilution 
regriferator

Example 7-qubits chip
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Second-Generation Quantum Technology 
- Timeline

https://www.tno.nl/media/7638/quantum_manifesto.pdf

2016 Quantum Manifesto: “This manifesto is a 
call to launch an ambitious European initiative in 
quantum technologies, needed to ensure 
Europe’s leading role in a technological 
revolution now under way”



Second Generation Quantum 
Technologies - Milestones

D. Bouwmeester, J. W. Pan, K. Mattle, M. Eibl, H. Weinfurter & A. Zeilinger, Nature 390, 575–579 (1997).

J. W. Pan

H. 
Weinfurter

A. Zeilinger
 Quantum Teleportation
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