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Motivation

The National Quantum Initiative Act

Public Law 115-368
115th Congress
An Act

To provide for a coordinated Federal program to accelerate quantum research and

Dec. 21, 2018
development for the economic and national security of the United States.

[H.R. 6227]

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

g:f;:gl‘g Act. SECTION 1. SHORT TITLE; TABLE OF CONTENTS.
})itgsc 8801 (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. 3. PURPOSES.

The purpose of this Act is to ensure the continued leadership
of the United States in quantum information science and its tech-
nology applications by—

(1) supporting research, development, demonstration, and

ap
(A) to expand the number of researchers, educators,
and students with training in quantum information science

and technology to develop a workforce pipeline;
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Higher-education institutions
have a key role

Our first question is:

What is quantum information
science and technology in this
context?

Hence, what is the
“quantum industry”?
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What is the Quantum Industry?

1. Quantum information science:
“the use of the laws of quantum physics for
the storage, transmission, manipulation,

)

computing, or measurement of information.’
(National Quantum Initiative Act)

2. The quantum industry:

All companies engaged in activities that Five types of activities
Quantum sensors

Quantum networking & comms
Quantum computing hardware
Quantum algorithms & applications
Facilitating technologies

either apply quantum information science for
their product to function or provide

R owh =

technology that enables such a product.
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Methodology

Interview study of 21 companies
from across the different activities
of the Quantum Industry.

Recruited through the Quantum
Economic Development
Consortium (QED-C) mailing list
and snowball sampling.

B QED-C Companies [l Companies interviewed

—
)
~—

Number of companies

Sensors  Networking and Computing Algorithms and Facilitating
Communications Hardware  Applications Technology

Company activities

Find out more about the QED-C: www.quantumconsortium.org QED-C
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What are the career opportunities?

(a) Job type

Percent of the 21
companies
employing at least 1
person in these roles

5 key technical jobs

19%

10% 10%
Engineer  Experi  Theorist Technican Appli Sales  Business Technical
-mental -cation develop. support

scientist researcher

(b) Engineer job type

Electrical ~ Software Mech. Optical Systems  Research/  Systems
engineer engineer engineer engineer  engineer senior operator
engineer
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What are the skills valued by the quantum industry?

Coding 90%

Statistical methods for =
data analysis 90%

Laboratory experience 81%

Electronics 76%

Troubleshooting and
problem solving 7%

Materials 67%

Skills and knowledge

Quantum algorithms 62%

0% 25% 50% 75%

Percentage of companies valuing that skill
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What are the skills associated with each job?

An example:

design and manufacture of microwave circuits that are used to ma-
nipulate qubits in superconducting hardware or radio frequency cir-
cuits to probe atomic transitions (38%). Electrical engineers play a
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Linking skills to future training

We have produced skills tables with the
following course titles:

Traditional quantum theory
: : Troubleshooting hroighand auantum cades you ' do tht because you'd have 1o measure and fhen
Q U a ntU m I nfO rm atl O n th eO ry (CsLiodiRg} you mgeasure]qyou just thrf)w ;our info.rm.ation.“ ) ¢
Real-world quantum information theory
Hardware for quantum information
Electronics
Mechanical engineering
Optics and opto-mechanics

NOoOORE®DND -~
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What are the routes into specific jobs?

Ph.D. Physics
Bachelor's Engineering
Ph.D. Engineering
Bachelor's Physics
Master's Physics
Master's Engineering
Ph.D. Comp. Sci.
Bachelor's Comp. Sci.
Associate Engineering
Postdoc Physics

Ph.D. Chemistry
Master's Comp. Sci.
Ph.D. Math

Degree level and subject

0% 25% 50% 75% 100%
Percentage of companies reporting
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What are the routes into specific jobs?

Associate Bachelor Master Ph.D. Postdoc
Jobs
B Technician
N Engineer
Physics B Experimental
scientist
Theorist
ko] Application
9 researcher
i)
S
w
o
g Engineering
(=]
[
(a)

= |
[ L
Math| | L L

Associate Bachelor Master Ph.D. Postdoc
Degree level

Chemistry ‘ ” H
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What new training is needed?

Generally:
- Satisfied with skills and knowledge of physics Ph.D. graduates.
- High value associated with hands-on experience.

For undergraduate engineers - a basic course in quantum information:
1. Software track: in software and algorithms

- for CS and Software Engineers
2. Hardware track: in device physics, qubits, and control electronics

- for Electrical, Mechanical, and Optical Engineers
For physics students - value associated with:

1. working collaboratively on software (e.g. Git) and
2. engineering and system design skills
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e. What are the hiring challenges?
5. Discussion and Conclusions
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What are the hiring challenges?

1. 33% of companies reported finding quantum information theorists a
challenge (though not all!):

“a lot of the theory positions have been the hardest... it’s very specialized
as far as the number of groups in the world that focus on things like
quantum computing algorithms or quantum error correction”

2. 29% of companies reported:
“‘what’s challenging is finding people with relevant electronics expertise,

and by relevant | mean sort of a good blend of analog and digital.”
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Discussion

What is a guantum engineer?

e APh.D. physicist gone into industry?
e Abachelor’s electronic engineer working on quantum hardware?
e A software engineer, with some QIS knowledge, writing quantum algorithms?

These are all qguantum engineers!
It depends on who you ask.
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Conclusions

Today, we have answered the following questions:

What are the career opportunities?

What skills are valued?

What are the routes into the quantum industry?
What new training is needed?

What are the hiring needs?

[=]
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And we provide resources
to help identify the relationship between these skills
and courses that are currently being taught or are planned for the future.

Preparing for the quantum revolution - what is the role of higher education? Michael Fox - Photonics for Quantum 2 Workshop - RIT 2020


https://arxiv.org/abs/2006.16444

Acknowledgements

We thank the QED-C for their help in recruiting
interview participants.

For work on inter-rater reliability:
Jessica Hoehn
Mike Verostek

M.F.J.F. and H.J.L. were supported by the
University of Colorado Boulder

and by NSF PHY-1734006.

B.M.Z was supported by

Rochester Institute of Technology

and by NSF MPS-1937076.

Preparing for the quantum revolution - what is the role of higher education?

https://arxiv.org/abs/2006.16444

Find out more about the QED-C:
www.quantumconsortium.org

| @
Michael Fox - Photonics for Quantum 2 Workshop -

IT 2020


https://arxiv.org/abs/2006.16444

