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Tecnologias Quanticas

-  Computacao Quantica — Utilizacao de fenbmenos
SUPERCONDUTORES guanticos para acelerar tarefas de computacao;

 Comunicacao Quantica - Utilizacao de fendmenos
qguanticos para tornar a comunicacao a prova de
Invasao;

e Sensores Quanticos - Utilizacao de fenomenos
guanticos em metrologia.

Simulacdes Quanticas — Utilizacdo de recursos computacionais CLASSICOS

para simular (calcular) a evolucao de sistemas quanticos. Nao existe fenobmeno
guantico em um simulador classico. Ha uma grande demanda por simuladores
poderosos, mas eles NAO fazem computacio quantica.



World companies investing in Quantum: computing,
communication, sensing, services and software in 2022

https://thequantuminsider.com/2022/09/05/quantum-computing-companies-ultimate-list-for-2022/
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Quantum effort worldwide

Netherlands Denmark Sweden Finland Germany Austria Russia ‘
765m € =$904m DKK230 = $34m SEK1.6b = $160m 24m € =527m 2.6b€ =833.1b 107m € = $127m P50b = 5643m

China

United Kingdom
"1 $15b

Canada - : o
CAS$137b = $11b ‘ _— R
P

France

South Korea
W44 5b = $40m

Japan

Global 1.8b € = $2.2b B " ¥80b = $700m
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Singapore
S$150m = $109m
US National Quantum Hurlgti_ry
Initiative $1.2b HUF3.5b = $11m | \ Aastrolia
srae
AUS130m = $98.5
o 1.2b = $380m el s

European New Zealand

Quantum Flagship India
e b € = $1.1b 373b = $1b 336,-75‘__
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Overview of public funding in quantum technologies.
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Os Militares estao
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Defense Primer: Quantum Technology

Quantum techno slates the rumup‘u.vr q
| applicatio
technology has not \.( reach -d mai

physics into techng

congressional oversight, authorizations, and appropriations

Key Concepts in Quantum Technology
Quantum applications rely on a number of key concepts,
including superposition, quantum bits (qubits), and
cntanglement. Superpasition refers to the ability of quantum
systems to cxist in two or more states simultancously. A

a computing unit that leverages the panciple of

1 code information. (A classical computer
encodes information in bits that can reprosent binary states

ther Oor | 4 noodes
Y present 0, 1 ora
ombin: .u.mvu and | at the same time. T
UANTUM COMPULET INCTEAsEs SXPOr th the

addition of cach qubit.)

the power of

Entanglement s defined by the National Academy of
Sciences (NAS) as a proper!
quantum objects in a system can be intninsically linked such
that measurement of one dictates the possible measurement
outcomes for another, r

) “two or more

dicss of how far apart the t
s a numbcer of potential
echnology. Both
are, however, difficult to

objects are.”
military applicat
superposition and ¢
sustam duc to the f of quantum states, which can be
disrupted by minut vements, changes in temperature, of
other environmental factors

Military Applications of
Quantum Technology
The Defense Science Board (DSB). an independent
Department of Defense (DOD) board of scicatific advisors
has concluded that three applications of quantum
technology hold the most promise for DOD: quantum
ing. quantum computers, and qu.

communications. The DSB concluded that quan dar,
hypothesized 10 I\: ;.\p able of Wentifyi

f uhh\(\

Quantum Sensing
Quantum sensing uses the principles of quantum physics
within a scasor. According to the DSB, this is the most
mature military application of quantum technol s and 15
currently "poised for mission use.” Quantum sc!
prov 4\}\ a number of enhanced military capab
t could provide alternative posits
on, and tming options that could in theory allow

arics 10 continue to operate at full performance in GPS
d or GPS-denied environments

In addition, quantum sensors could potentially be used i an
intelligs
Successful development and deployment ¢
could lead to significant improvements in su
detection and, in tum, compromise the sun
lear deterrents. Quantum scasors could also
hitary personnel to detect und und structures
t 10 their expected “extreme
o environmental disturbances.™ The sensitivity
1 sensors could similarly potenually enable

bility of sca-

ussions, thus
ics and potentially
2 in Jocating concealed adversary forces.

Quantum Computers

According to NAS, “quantum computers are the only
known model for computing that could offer expone:
speedup over today's computers.” While quantum
compaters arc in a relatively carly stage of deve
advances—many of which are dnven by the commercial
sector—could hold implications for ure of artificial
intelligence (Al), encryption, and other disciplines.

For cxample, some analysts have suggested that quantum
computers could enabl n machine
subficld of AL Such a { spur 1y pattern
recognition and mac target identification. This
could i turn enable the development of more accumnte

M1 SYSICMS, OF Weapon pable of

d cngaging s without the need § anual

man coatrol or remote operation. Al-cnabled quantum
ally could be paired with quantum scnsors

mulitary ISR applications.

computers pot
to further enh

In ade n, quantum ¢ uters could potentally decrypt
cd or controlled unclassified information stored on
pred n».du allowing 1J CISANCS 10 Zain acoess ¢

quantum computir
current encryplic
ntum computer with around 20 milhon qubits would be
red to break current encryption methods: however, the
advanced quantum computers today gencrally have no
more than 256 qubits.

The practical applications of quantum computers will likely
be realized only afier improvement in error rates and
development of new gquantum algorithms, software tools,
and hardware. While, as NAS notes, “there is no guarantec
that [these technical lenges] will be ome,”
analysts belicve that an nitial quantum ¢ !u [0 \|\

capable of breaking current encryption ds could be
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Quantum technologies in defence &
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Given the potential implications of novel quantum technologies for defence and
security, NATO has identified quantum as one of its key emerging and disruptive
technologies. This article seeks to unpack some of the fascinating future applications
of quantum technologies and their implications for defence and security.
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Quantum Dots

N atU ra | a n d a rtlfl Cla | q U b |tS Promising scalablej"technology
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Nuclear spins Trapped ions
Small scale benchmark experiments Promising scalable technology

Superconducting qubits
Most sucessful technology so far

Fotons
Excellent for quantum communication
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hat is a Quantum Chip?

A device containing a certain number of qubits connected to one another
which allows the external control of qguantum states and the implementation of a
a set of universal quantum gates, in order computation can be implemented.

A Quantum Nightmare...
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Low connectivity
Error correction
Control of noise

Adjustable coupler




NATURE | VOL 431 |9 SEPTEMBER 2004 | www.nature.com/nature

he State of Art:

What is inside it? to a superconducting qubit using
circuit quantum electrodynamics

Nao existe produto de
inovacao com alto valor agregado
sem 0 conhecimento dos fendomenos
basicos fundamentais!!

Cavity quantum electrodynamics for superconducting electrical circuits:
433 q'b|t5 An architecture for quantum computation

Strong coupling of a single photon
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t 06520, USA

INNOVATION PRODUCT ()  BASIC SCIENCE!



Vol 449|27 September 2007 | doi:10.1038/nature06184

Coupling superconducting qubits via a cavity bus

J. Majer'*, J. M. Chow'*, J. M. Gambetta', Jens Koch', B. R. Johnson?, J. A. Schreier’, L. Frunzio®, D. I. Schuster’,
A. A. Houck', A. Wallraff't, A. Blais'f, M. H. Devoret', S. M. Girvin' & R. J. Schoelkopf’

7 qubits 433 qubits
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Using quantum annealing on Amazon Braket for price optimizatio



How to fabricate this stuff and how much it costs

Fabrication of qubits (after design and

numerical simulations: ~ US 1.5 mi Electronics for control Dilution refrigerator

and data acquisition: To cool the chip down to
~US 1.2 mi 10 mK: ~ US 1 mi
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