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To grow a labor market supportive of quantum science and
technology, education initiatives should focus on a broad
pipeline into STEM, introducing learners to QSE and
building quantum proficiency and expertise with a smaller
subsection of the STEM workforce.
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STRATEGY

Engage learners in new exploration of quantum science and engineering

e  Community and K12 outreach
e  Online short courses
e Undergraduate bootcamps
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STRATEGY

Provide coursework, workshops, and formalized learning to enhance knowledge and
credentials of STEM/QSE professionals

e Graduate degree programs and certificates
Undergraduate coursework and QSE minors
* Innovative collaborative course offerings
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STRATEGY

EXPERIENCES

Cultivate experiential learning opportunities with industry and academic partners

e Research Experiences for Undergraduates
e Industry internship opportunities/partnerships with our IAB
e  Young Scholars mentored research
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Winter School
QISE Spe PhD in Quantum GLEAM
MS QISE Internships
Winter School Applied Physics Masters QNumerics
Graduate Certificates
Winter School QSE Minor REU Summer Program

Quantum Bootcamp

SparCQsS
EMPOWER
Winter School
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SparCQsS

SparCQs Events and Learners in 2024-25
Southwest Region (AZ-TX-CO)

\; - | Albuquerque

Eﬂwenlx Scottsdaje
¢

gwvatukee Chandle

SparCQS @ Barrett Jackson
01/20/2024
o
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Target Group
*  Community
*  Community College
® High School
* K12
# Middle School
Primary School

Alex H Amosi E Anthony F Brizia C
Quantum 7th grade 7th grade Computer
i N oo Borman Engineering
= Dillon R Jaime D

Phys
Cele R >
Education Physics Quantum
Spanish Chemistry ‘Physics
Emily W Gabriel M ines M Earl D
Biophysics Quantum Biology
Physics

Psychological
e Jarrell N JessicaH

Physics 7th grade

Seckd Physics Borman

@
o

9
o

Sciences
Nano
Sierra M Roman P Nattasha W

Education
A g Aerospace 7th grade Biology
\\ Engineering Borman
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e January 6th - 10th
e Cultivates graduate student
teaching and curriculum
development skills
— Based on the Science
Literacy Program
established at UOregon
e 7,001 registrations in 2025

**Winter School 2026**
January 5-9

AFTERNOON MORNING

Winter School

Tues. Thurs. Fri.
The Physics o Principles of EXP'O”(gg &t Quantum Network
Behind the Information in Quantum es'?\‘né?v%or;::n u Integrated
Quantum a Photon Networks via Digital Twin Devices &
Internet Simulations Systems

Quantum Channels Quantum for Quantum

Getting Up to Theory of Error Integrated
Speed on Quantum Correction for hotonics Platform

Networks Networks Networks

Molecular Design
ith Relevance to

Quantum
Networks

LEVEL n no experience
LEVEL. some quantum + undergradate math
LEVEL. upper division undergraduate math
LEVEL n graduate quantum
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Community College Webinar

February 24th-28th | 15 participants Objective:

October 13th-18th | 25 participants e Introduce community college students
to quantum science and engineering

majors and career opportunities
e Bring community college students into

Mon  Student

Panel ) % PimaCommunityCoIIege|___'> A

Tue  Advisor .-
" Q&A REU opportunities
Wed  |ndustry .
Storytelling Future Goals:
Thur Career e Develop programming for community

Development colleges across the country

e Incorporate other Center institutions

INSPIRE 162
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CQN Graduate Certificates

[ Quantum \ Quantum

\«,)\erSily Of 4.

X Zo,
Information Photonic B ZAS g
Science Devices Master of Science

N Ly Optical Sciences

Quantun Information Science &
Engineering

Three online, stackable certificates Three certificates contain the
developed for professional coursework for a full Masters in Optical
re-training in response to industry Sciences QISE subplan

mmm) Quantum Optics

mmm) Quantum Information Science
mmmp Quantum Photonic Devices
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Synergistic Graduate Coursework

Two CQN Institutions; Three professors

One course in Error Correction for
Quantum Computing

Students from each institution take T
the same course together

EDUCATE
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NSF Engir g Research

/

QNumerics
Virtual Testbed Coding School

July 14th - 18th | 80 learners (30 UMass, 50 external)

Daily Schedule from 9am to 10:30pm with long breaks between sessions

Tues. Thurs.
) -
b4 introduction state-vector optimal control S.meflfal?:ntllg]/ . discrete-event
3 simulation of quantum imulating farg simulation
o) systems circuits
=
z . .
8 high- simulating simulating
E performance quantum tensor quantum
w programming dynamics: pt | acceleratlon networks networks
<
g simulating hack-a-thon: hack-a-thon: hack-a-thon:
z linear algebra quaptum GPU + Piccolo tensor HPC + quantum
> dynamics: pt Il networks networks
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August 17th - 22nd | 50 participants from across Arizona

Arizona Quantum QU antum Bootca m p

[nitiative

EDUCATE
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EWD Challenges

Q3 Initiative

Tangram

Time —»
Q; {5}

EarTTE
 EaiELE
1. el

Quantum circuit Cluster state Tangram puzzle

5o

Equivalent measurement ~ blocks
are created by appending identity
operations or shape deformation

Final screen — Correct solution that
minimizes filled area ranks higher.

Two i solutions of a q circuit
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Research Experiences for Undergraduates

Q’\I—I—l_-s

IR I W — —

17 participants across 7 academic and industry
sites

Team building kickoff at the University of
Arizona campus before students

Weekly professional development workshops
throughout the summer

Next Steps Week during final week focused on
graduate school opportunities and continuing
undergraduate research

~135 applicants
— New integration with the NSF ETAP system
4 community college transfer students
13 students from low-income backgrounds
2 students returning from prior years
—  Brizia Chavez (UOregon)
— Aaron Bordeaux (Harvard)

EXPERIENCES 168
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Research Experiences for Undergraduates

Leo Herrera
First in his family to attend college

Pell recipient

Community College transfer
(South Mountain CC to Arizona State)

HARVARD

Cultivated interested in graduate L éﬁ/ oy HARVAR
School at REU i REU with Marko Loncar’s group S

transferred to ASU for BS in

Electrical Engineering; interested in oo

graduate school for applied physic: el

EXPERIENCES 169
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Research Experiences for Undergraduates

Nano-electromechanical actuation device made for diamond

defect applications
Leonardo Herrera®, Katie Barajas?, Marko Loncar? Nariooal Arizol
1South Mountain Community College, Phoenix, Arizona Founis

ZHarvard John A. Paulson School of Engineering & Applied Sciences, Cambridge, MA
NSF Engineering Research for Quantum Networks, NSF EEC-1941583

Siv for Quantum Networks

The silicon vacancy center in dismond (SiV") has proven to be an ideal

platform for quantum systems due to long coherence time for spin states, = Why Silicon Vacancy Centers (SiVs)? e . ©
bright emission into the zera-phanon Bine, and stability in nanostructures.
While nanastructures enhance properties of the Siv-, recent work has & 70% emission into 2ero- @®s
demanstrated the ability to tune SiV- properties through engineering shonan fine [1] —_— =
electramechanical devices in diamond. By unrbduung electramechanically oY

°

Bhaton routing and tuning, enabling the progression of quantum node
efficiency and scalability. Inspired by work dene in other material
platforms, we present progress toward a tunable directional coupler
isting of two coupled des whose distance is adjusted by an
external voltage. This d & tailored for SiV- platform applications
including photon routing via directional coupling, tunable gaps for cavity
oupling, and related guantum photonic aperation:

v Py
Micro-electromechanical structure (MEMS) = Motivation: Intraduce s versatile and energy efficient

electramechanically actuated directional coupler to SV platforms to

enable the progression of quantum node efficiency and scalability.(1

andation University

Background

Previous Application of a Directional Coupler

1 Sy Crystal Lattice

CIr) Harvard John A. Paulson
School of Engineering
and Applied Sciences

na State
Center for
Quantum Network

- Previous work done in Gallium Arsenide (2]

4 Previous fabrication of a tunable
directional coupler in diamond

1

Cont Loge

Crab Leg

—Flexible & compliant
mechanical structure
used In MEMS actuators
ta enable
displacement{2]

“3eam dimensions
(LW H) affect the
spring constant which
can be manpulatec for
displacement tuning|3]

Comb Drive

>cen:

f fixed
interdigitated fingers
that generate a later
electrostatic force
when voltage is

applied

The force scales
unearly enabling
precise and repeatable

displacement 3t low
power consumption

“>Demanstrate single-photon routing in SiV center platforms.
SLong Term

= Further enhance directional coupler to enable on-chip photon
and other fully photonic

References

Sources, NSF & CON, for giing me this ance in a STetime exper knce of
d et Al Weark yoi 1 M Yomdil
p fee the summe= Thank you, Katie Baries, Sor ssantoriag

Thank yeu 1o sy fandin
conducting research

d his resesrch

Proup for welcomieg =
e thooughout my Jomrmer, | cauldn’

ave dome = without youl

Contact Information

Phone(602)-626-0785
Email:ldherrel@asu.edu
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Quantum Specialist

8
E Quantum Proficient 13
@
—
@
w
=
@
3
I Quantum Aware 12
STEM Professional 8
Inspire Educate Experience

Engagement

MNote: Color intensity scaled to reduce effect of outliers
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NSF Engineering Research Center

e Years 5-10 Goals (EWD) S

2025 New REU processes (professional development series, asset-based goal coaching, partnership with UA’s New Frontiers of Sound
NSF-STC)

EWD Director led a team to apply for NSF Innovation in Graduate Education (mentoring training and support)
New partnerships with Quantum Que and Quantum Quest camps (expanding high school and community college access)

2026
2027
2028
2029 — @ —

2030 ——
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) oo Networks Years 5-10 Goals (EWD)

NSF Engineering Research Center

2025

2026 Winter School will be used to promote graduate certificates, master’s programs, and PhD programs across the Center
REU Mentors will benefit from new mentor training and support framework
New graduate certificate programs at UA (Quantum Photonic Devices, Quantum Optics, Quantum Information Science)

2027 EWD Challenges provide critical leadership opportunities (outreach demonstration development, REU retention)

2028

2029 —§—

2030 — 1 —
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NSF Engineering Research Center

2025

2026

2027 Graduate certificates enroliments increase from Winter School connection
Quantum Que webinar series expands access to community college students to multiple CQN institutions
Launch MentorLink Resource Hub (online resource first developed in NSF-IGE proposal)

2028

2029 —pF—

2030 — 1 —

174
2024 Center for Quantum Networks



R f— Years 5-10 Goals (EWD) &

NSF Engineering Research Center

2025
2026
2027

2028

2029 CQN PhD graduates from each institution hired into academic/industry quantum specialist roles
Winter School acts as a labor market builder (using sustainable fee-for-service model)

2030 ——
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NSF Engineering Research Center

2025
2026
2027
2028

2029 — @ —

2030 — — Sustainable library of outreach materials (from EWD Challenges) used in community programs across the Center
Converging network of undergraduate coursework, graduate certificates, and terminal degrees across the Center
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