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EXCITEMENT IN QUANTUM 7

OPPORTUNITIES TECHNOLOGY INVESTMENTS

Fine-grain control of
Hamiltonians

Scaling of devices

Error correction

Emerging ecosystem
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QUANTUM INDUSTRY ECOSYSTEM

The science The organizations How they fit together
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QUANTUM

The science
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What is
QUANTUM?



TODAY

What is

AEROSPACE?
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TODAY

What is

ROBOTICS?

W AU el S Sah )




What is
QUANTUM?
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What is
QUANTUM?



What is .0 A
lh§| Y(t)) = H| (1))

State of a system describe by a wavefunction

Every observable described by an operator
Only possible results are eigenvalues of observable operator

The observable measurement outcome is given by inner products
After a measurement, the observable has the state of the measured eigenstate

Time evolution is described by the time-dependent Schrodinger equation

OOk 0N =

Condensed matter physics A
Low temperature physics w2 N
Particle physics

Nuclear physics

Atomic and molecular physics
Among others...



What is
QUANTUM?



Waves & Particles
simultaneously

~N

Discrete Energies

Tunneling

Entanglement
Probability

QUANTUM MECHANICS is
the behavior of the
SMALL

SMALL



Quantum 1.0




QUANTUM 1.0

GPS $1.4 T lifetime US
economic benefit

Global MRI market size Global telecom market Global semiconductor
$5B size $2.6 T market size $452 B
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QUANTUM TECHNOLOGY:
THE SECOND QUANTUM REVOLUTION.

Jonathan P. Dowling'.
Quantum Computing Technologies Group, Section 367,
Jet Propulsion Laboratory,
Pasadena, California 91109, USA.

Gerard J. Milburn?,

Department of Applied Mathematics and Theoretical Physics,
University of Cambridge, Wilberforce Road, Cambridge, UK.
and
Centre for Quantum Computer Technology.

The University of Queensland
St Lucia, QLD 4072, Australia;

Ref: 2002 arXiv:0206091



QUANTUM 2.0
Technologies
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QUANTUM 2.0
Impacts
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RESEARCH
Breakthroughs
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QUANTUM COMPUTING
Industry

AR S Y S

Why?
Who?
What?
Where?
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WHY?
Applications

COMPUTING SENSING NETWORKING

.. .' o Shor Clocks QKD
Gr()ver Sensors
navel=
",:'.',-'ii- :?QAOA
s}.? NISQ



WHAT?

RESEARCH INDUSTRY

Fundamental Science Product development
Research & Development Applications

Academia & Federal labs Corporations & startups
Grants and federal funding Internal or venture funding

Research groups (Large) cross-functional teams



WHO?

STARTUPS

Inflegtion
Atom Computing
PASQAL
Planqgc
QuEra Computing

lonQ
Alpine Quantum

PsiQuantum

Xanadu Quantum Tech.

Rigetti
(@]
Quantum Circuits Inc.

ENTERPRISE
.. \V ]
4

Strategies

Software
Commercialization
Communication
Access



WHO? N
Quantum Industry

Research Centers End users
FFRDCs Integrators Venture capital
Federal Labs Non-profits Economic development
Universities Government Education
Enabling technologies Conferences

News
Consulting

Enterprises Companies
Startups




WHAT?

Impacts to Academia

LARGE
INVESTMENTS

Caltech
Michigan
Duke
U Chicago

Among others

QUANTUM
ENGINEERING

MIT
Harvard
CO Mines
CO Boulder
Delaware

Among others

QUANTUM
CENTERS

NQI centers
DOE centers
University initiatives

PARTNERSHIPS

AWS + Harvard
AWS + Caltech
Google + UCSB

Among others



QUANTUM TECHNOLOGY

QUANTUM TECHNOLOGY

PHOTONICS
WEST

OPTICA



$18B market
size in 2030

$2.81B 2022
Venture

Capital
$850M market

size in 2033

USG quantum
funding 2022

$918M $279M market

size in 2022
Investments Quantum Computing Quantum Sensing
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QUANTUM INDUSTRY ECOSYSTEM

The science The organizations How they fit together
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Global QUANTUM INITIATIVES ,.'.-
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National Quantum
Initiative Act (2018)

A S Wi e XS ARE

PUBLIC LAW 115-368—DEC. 21, 2018

NATIONAL QUANTUM INITIATIVE ACT

Dec. 21, 2018
[H.R. 6227]

National
Quantum
Initiative Act.
15 USC 8801
note.

Public Law 115-368
115th Congress

An Act

To provide for a coordinated Federal program to accelerate quantum research and
development for the economic and national security of the United States.

Be it enacted by the Senate and House of Representatives of
the United States of America in Congress assembled,

SECTION 1. SHORT TITLE; TABLE OF CONTENTS.

(a) SHORT TITLE.—This Act may be cited as the “National
Quantum Initiative Act”.

(b) TABLE OF CONTENTS.—The table of contents of this Act
is as follows:

Sec. 1. Short title; table of contents.
Sec. 2. Definitions.
Sec. 3. Purposes.

TITLE I—NATIONAL QUANTUM INITIATIVE

Sec. 101. National Quantum Initiative Program.

Sec. 102. National Quantum Coordination Office.

Sec. 103. Subcommittee on Quantum Information Science.
Sec. 104. National Quantum Initiative Advisory Committee.
Sec. 105. Sunset.

NSF Centers

DOE Centers

NDAA Centers
00



Quantum Ecosystem




Quantum ECOSYSTEMS

Government
labs

* Fundamental Research
» User test beds
» National security and prosperity
focus

Education

University
» Foundational Research
» Education/workforce development

Community colleges
» Education & workforce

Research
Infrastructure

» State of the art facilities

Federal funding

» Science and technology
development
» National security and prosperity

Quantum
makerspace

* Remove barriers to product
development

Ecosystem hub

» Connect the quantum ecosystem
 Unify messaging
» Support workforce

State

government

* Funding
* Organization

Quantum
industry

* Product development
« Sales
* IP generation
* Funding

Economic
development

organizations

» Spur growth
» Job creation

accelerator

» Business support
« Startup catalyst




Quantum Industry
LOCATIONS

AR S Y S

...........
ooooooo

e
oooooooooo

.....
o &9 8 o."..o..o.o
ooooo

bt
3
Ref: QED-C quantum membership (Nov ‘22) :};
!



Quantum Industry
GROWTH

AR S Y S

e
3
Ref: Pitchbook quantum startups Jan 2019 — Nov 2022 '..'



Quantum
HUBS

Quantum Proposals

EDA BBBRC proposal

Washington DC ,
Knoxville, TN .
Bozeman, MN

Northwestern Indiana

Denver, CO

Albuquerque, NM

NSF Engines Type-2

College Park, MA (UMD) e _
Upstate NY (SUNY-Oswego) R
Boston, MA (Harvard University) R N N
Norfolk, VA (Forward Edge Al) RRRERR . N

Ohio (Cleveland Clinic)
Chicago (U Chicago)
Southwest USA (Cal State Northridge

Ref: QED-C quantum membership (Nov ‘22) oo o Lol NN . ¢ ¥
AR B o GRS S o 9
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Academia USG Labs and partners Quantum Industry Quantum Industry
» Colorado School of Mines » US Air Force Academy
» Colorado State University  National Institute of Standards and .
« CU Denver Technology (NIST) Computing Photonics ‘
 University of Denver * National Renewable Energy * ATOM Computing * Vescent Photonics ‘
* Front Range Community College Laboratory (NREL) » ColdQuanta » Stable Laser Systems
« CU Boulder & JILA * Quantinuum * KM Labs
* Resilient Entanglement * Octave Photonics
Funding Agencies

Research Centers « NSF End-Users Cryogenics
« DOE QSA (JILA) « DOE » Lockhead Martin » Maybell Quantum Industries
« NSF Q-SEnSE (JILA) * NASA * Northrop Grumman » Formfactor
 NSF STROBE (JILA) « DOD
« NSF Physics Frontier Center Sensors Components

(JILA) * Longpath * Quantum Physics Research
« NSF NRT-QL: A Program for  Xairos Systems Instruments

Training a Quantum Workforce  Vapor Cell Technologies

(Mines)

* NSF Quantum Grid (CU Denver)



SNAPSHOT:
CO Ecosystem

Academia
» Colorado School of Mines

» Colorado State University
» CU Denver

 University of Denver

Computing
Eskandarpour - DU

* Front Range Community College
* CU Boulder & JILA

» » Resilient Entanglement
—Bloom - JILAPRhD, , ATOM Computing

USG Labs and partners
* NIST

Anderson — JIl A fellow,, , Infleqtion
NIST &JILA, . Quantinuum

End-Users
LM Fellow Loftus — JILf\. Lockheed Martin

» Northrop Grumman

Sensors

Rieker — CU ME, , Longpath ($25|\/| raise)
« Xairos Systems
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—lILA spinoit. yescent Photonics

>+ Stable Laser Systems

Cryogenics

JILA » Maybell Quantum Industries

St >+ Formfactor

Enabling Tech.

* Quantum Physics Research
Instruments

Economic Development

Wilson — NIST, QED-C

NIST spinout, Vapor Cell Technologies
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,CO Ecosystem -~
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Where are we going? L e
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NG Tech.hb'l'og'y ...............
Reauthorization Progress

€he New Alork Cimes ‘
Quantum Computing Advance

Begins New Era, IBM Says

A quantum computer came up with better answers to a physics
problem than a conventional supercomputer.



THANK YOU

Philip Makotyn, PhD
PMG Quantum Advisors




