PRINCIPIUM:

DIVING INTO THE QUANTUM
HARDWARE ECOSYSTEM
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e Founder ofAiQyaM, a Quantum Hardware Community

e Founder of CIRQUIT Quantum Research at RVCE &

Quantum Hardware Learning Circle in QCl

e Quantum Computing Intern at BosonQ Psi Pvt. Ltd.

e Quantum Evangelist at Innogress working on GKQCTP

e Senior Technical Consultant at 09 Solutions,

Bengaluru, Karnataka, India.




MOTIVATION

e There's a lack of knowledge about the guantum hardware

ecosystem and the need for growth in the domain.

e |[nCrease in the need to spread awareness about various

) topics related to quantum computing hardware.

e The immediate need for people to indulge in the
development of quantum hardware to realize effective

gquantum computing solutions in the future

CONF42






THE GLOBAL PICTURE
THE INDIAN LANDSCAPE
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(Well not Actually)

This is a Quantum Computer :-)
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(1]

What' under the hood of a quantum computer?

CONF42


https://pubs.aip.org/physicstoday/online/4795/What-s-under-the-hood-of-a-quantum-computer#third_sec
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https://research.aimultiple.com/quantum-computing-hardware/
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One of two
amplifying
stages is cooled
to atemperature
of 4 Kelvin.

THE MARCH

TO ABSOLUTE ZERO
(or 459.67
de; s Fahrenheit)

QUBIT SIGNAL
AMPLIFIER

Inside Look:
Quantum Computer

Harnessing the power of a quantum processor

requires maintaining constant temperatures near

absolute zero. Here's a look at how a dilution

refrigerator, made from more than 2,000 compo-
nents, exploits the mixing properties of two helium
isotopes to create such an environment.
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SUPERCONDUCTING

In order to mini-
mize energy loss,
the coaxial lines
that direct signals
between the first
and second
amplifying stages
are made out of
superconductors.

Quantum amplifiers inside
of a magnetic shield cap-

ture and amplify processor
readout signals while mini-

mizing noise.

COAXIAL LINES
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Attenuation is applied

at each stage in

the refrigerator in
order to protect
qubits from thermal
noise during the
process of sending
control and readout
signals

to the processor.
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The quantum processor sits
inside a shield that protects it
from electromagnetic radiation
in order to preserve its quality.

100 MILLIKELVINS

The mixing chamber
at the lowest part of
the refrigerator pro-
vides the necessary

cooling power to bring

the processor and
associated compo-
nents down to atem-
perature of 15 mK —
colder than outer
space.

__ MILLIKELVINS

Cryogenic isolators

enable qubit signals to

go forward while
preventing noise
from compromising
qubit quality.
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https://research.aimultiple.com/quantum-computing-hardware/
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Resonator: Apply entanglement to
Qubit couple qubits

IBM Quantum

Resonator
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Superconducting Qubit
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Optics rack Trap rack

Control
electronics

PC & network

Wavemeter &
vibration controller

Trap dc

Laser controller
Fiber distribution &

switching
Stabilization module

Incoherent laser
generation

Trap rf

729 nm splitting
module

AOM amplifiers

729 nm generation Trap module

[1]
Compact lon Trap Quantum Computer demonstrator



https://www.researchgate.net/figure/Simplified-scale-model-of-the-quantum-computing-demonstrator-housed-in-two-19-inch-racks_fig1_352496820

ARCRITECTURE OF AN OPTTCAL QUANTUM COMPUTER.

Photonic Qubit







CURRENT GLOBAL PICTURE

e The global quantum computing market was valued at
approximately $500 million in 2021,

e Expected to reach $1.76 billion by 2026, with a CAGR of
30.2%.

\ e Major investments from tech giants like IBM, Google, and

Microsoft.
e Significant government funding and private sector
investments worldwide.

e Rapidly growing interest from sectors like finance,
healthcare, and logistics.
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E® 102 companies shaping the quantum computing landscape
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GLOBAL MARKET FOR QUANTUM
HARDWARE COMPANIES?

e Quantum hardware
market valued at $300

million in 2021, Global Quantum Computing Market ® Machine Learning
. Size, by Application, 2022-2032 (USD Million) = Eﬁﬁﬁjmeﬂiﬂﬁm
e Projected to grow to $1.3 | s a WoatherForecasting 57958
) oillion by 2027. =
e Dominated Dy | awo
companies like IBM, D- = .. I I I
: : o s = - . l
Wa\/e, R|gett|, aﬂd |OﬂQ 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

The Market will Grow
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LONG TERM BENEFITS?

e Enhanced computational power drives technological

innovation and economic growth.

e Accelerates advancements in Al, cryptography, and

material science.

o Attracts high-tech investments and talent, boosting
GDP.

e Strengthens national security through advanced
encryption and defense capabilities.

e Promotes leadership in the global tech landscape

and international collaborations.




HOW DOES THE FUTURE LOOK?

e Expected market size of $2.5 QUANTUM  mcummcomungtiots ot gron

from USD 1.02 billinn in 2024
COMPUTING 1o USD 6.95 billion by 2032

billion by 2030. MARKET
AR CAGR 27.04%

e Continued exponential growth in = 2024 - 2032
R&D investments. . §  soMeNTATION

e Increased partnerships between | |
academia, industry, B
governments.

e Rapid improvements in qubit

stabil Ity and scalabil |ty DRIVERS RESTRAINT OPPORTUNITY

. Iy"d'-pt' Of Quantur | . Complexities in Implementation ‘ = Growing Application Scope
Compu gl n BFSI Sector And Operation

KEY ‘

including healthcare, finance, and |y

e Broadening application  areas,

climate modeling.




e
L

“THE INDIA

i II.‘--
— 2
= | i —— 1 —
e i % -
— = 0 -
.__-.“:-L
e .
-



CURRENT INDIAN PICTURE

 India emerging as a key player with strategic

investments.

e |nitiatives like the National Mission on Quantum

| Technologies & Applications.

e Growing ecosystem of startups, research institutions,

) and collaborations.

e FoCcus on quantum cryptography, simulations, and Al
applications.

e Government  support driving R&D and  skill

development in quantum technologies.
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NATIONAL QUANTUM MISSION

e [nvest approximately INR 8,000

crores over 5 years.

N/AVTIO N/A'L UANTUM MISSION

e Foster research, development, ana

deployment of guantum
technologies. _
) e Focus on quantum computing, [= e
communication, and sensing |z |
" applications.

e Develop skilled manpower and S
establish guantum labs and testbeds.
e Position India as a global hub for

guantum technology innovation.




FUTURE OF INDIA

e |[ndian government's investment of approximately INR 8,000 crores in the
National Mission on Quantum Technologies & Applications.

e Strategic partnerships with academic institutions and international quantum
research centers.

e Emerging startups focusing on quantum hardware development.

e Expected growth in quantum computing market share in Asia-Pacific region.

e Anticipated contributions to global quantum technology advancements by
2030.

e Focus on applications in sectors like cybersecurity, healthcare, and finance.

e Aim to establish India as a significant player in the global gquantum

computing landscape
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Qubit Quantum Computing Use Cases

Artificial Intelligence and Machine Learning

Cryptography and Data Security |

Drug Discovery and Development

Disease Risk Predictions

Financial Modeling and Portfolio Optimization

Traffic Optimization and Smart Cities

Weather Forecasting and Climate Modeling

Grid Optimization

Material Science and Design

Protein Folding

Quantum Chemistry

Design Optimization

Quantum in Space

Supply Chain and Inventory Optimization




IN IGNOTIS :

AN INTRODUCTION TO QUANTUM COMPUTING & ASTROPHYSICS

Prasen ted By

Archit Srivastava







