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NSF Pl, TEAM, CENTER: SIZE [ .;]

Individual PI: single investigator
2 —5years
$100k — S500k

Team: 3-5 investigators
3 —-5years
$300k — S3M

Center: 10-25 investigators
5-10 years
S5M — S50M




Convergent and Transformative: SCOPE

Convergent research...

solves vexing research
problems

is driven by a
compelling problem

focuses on societal p
needs | involves deep integration

across disciplines

Convergent and Transformative: [#0]:3

TI’GT) fmatlve fESEGI'Ch... . Cha”enges current
' g ’ understanding

 provides pathways to new
frontiers

« radically changes
understanding of an
important existing concept
in science, engineering or
education

» |eads to the creation of a
new paradigm or field




Center Productivity and Impact: SCALE

Typical
Constant growth

Investment — Risk — Payoff

The U.S. has
made the investments
needed to fuel an
innovation economy
and remain preeminent
in science and
engineering.
U.S. scientists
and engineers
are modeling
scientific values
that are practiced
The US. throughout
=200 the world.
magnet for the
world's best
talent.

Partnerships

U.S. government, industry, and
academic partners are working
in coordination...

Center productivity trajectories

IMPACT

The U.S. has
increased STEM
skills in its workforce,
creating more
opportunities for
all Americans.

The US. has
created an accessible,
attractive S&E
enterprise that more
closely reflects the
nation’s demographic
and geographic
diversity.

U.S. government,
industry, and academic
partners are working
in coordination to
realize national R&D
priorities and accelerate
the discovery-to-
innovation cycle.

NSF continues to
drive U.S innovation
through fundamental
research and lead the

evolution of the global
practice of science
and engineering.
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“CENTER-NESS”: SYNERGY E ~]

CENTER: more than sum of its parts

- Driven by interactions between center participants
- Leverage provided by scale ; s

- Collaboration mechanisms
- Continuous assessment

- Strong institutional support
- Visibility drives “flagship” status
- Can afford to adapt X
- Multi-disciplinarity, convergence @
Broad local and national impact

Societal Impacts

228

> Societal well-being

Improving the well-being of individuals in
society.




NSF Programs That Support Centers Include...

* Engineering Research Centers (ERCs)

» Science and Technology Centers (STCs)

Multidisciplinary Centers for Quantum Research and Education
Eddie Bernice Johnson INCLUDES Alliances

Historically Black Colleges and Universities Undergraduate
Program (HBCU-UP)

Convergence

ommuni

...and many more

QUANTUM LEAP: Leading the Next Quantum Revolution
The first “virtual center” -~




Engineering Research

FOUR "FOUNDATIONAL COMPONENTS"

ERCs support the engineering community, the scientific/engineering
research enterprise, and society as a whole.

Convergent
Convergent Research that has the strong potential to lead to transformative
solutions or new fields of study.
Transformative
Engineering Workforce Development
that strengthens a robust spectrum of engineering education and pathways
occurring at all levels of the Center and that provides opportunities for engagement
P t by all ERC members including students, faculty, and external partners.
artners

Diversity and Culture of Inclusion within an ERC and its various teams that reflects
an environment in which all members, including those from groups traditionally
underrepresented in engineering, feel valued and welcomed.

Societal Impact

An Innovation Ecosystem that involves trusted partners who work together to
create and enhance the capacity for innovation by finding new ways to deliver value
with positive societal impact. This includes implementing effective translational
efforts from ideation to implementation, workforce development in support of the
enterprise, and deliberate efforts to attract funding and resources.

Science and Technology Centers (STCs)

NSF STCs:

« Conduct world-class research through partnerships among academic
institutions, national laboratories, industrial organizations and other entities, both
domestically and internationally.

Undertake significant investigations at the interfaces of disciplines
and/or using fresh approaches within disciplines in any areas of science and
engineering that NSF supports.




NSF and the NQI

National Quantum Initiative Act; December 2018

Legislated Responsibilities for NSF:

Sec. 301: The Director of the National Science Foundation shall carry out a basic research and education
program on quantum information science and engineering, including the competitive award of grants to
institutions of higher education or eligible nonprofit organizations (or consortia thereof).

Sec. 302: The Director of the National Science Foundation, in consultation with other Federal departments
and agencies, as appropriate, shall award grants to institutions of higher education or eligible nonprofit
organizations (or consortia thereof) to establish at least 2, but not more than 5, Multidisciplinary Centers for
Quantum Research and Education (referred to in this section as “Centers”’).
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QuantumManifesto
31 “quantum” N
Nobels supported
by NSF (since ‘64)

Quantum
t) leaps
(U

B QIsE: g&?

Why do we care? ,,(3/ ‘

* Advances in science are enabling new opportunities for rapid
innovation with revolutionary technology.

* International competition is extremely high. Success has
implications for U.S. economic competitiveness and security.

* Strong industrial and government interest globally.
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Quantum CENTERS needed: complexity of materials + algorithms + devices

5. Readout
]L[ 4. Fuse
COMPUTER SCIENCE q‘.
readout, software * - _1."——:3’
ENGINEERING
J 3. Braid device, control
> N LA
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MATHEMATICS " LS RESE
braiding, algorithms  Goal: Topological Quantum Computing MATERIALS RESEARCH

materials platform
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* Enabling Quantum Leap: Convergent Accelerated Discovery Foundries for Quantum Materials Science,
Engineering, and Information (Q-AMASE-i) — NSF 18-578
» Two awards ($46M over 6 years)

MONTANA

STATE UNIVERSITY
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Condensed Matter Physics
DMR-1906325

2021

Quantum Foundry IMPACT: A national resource for quantum materials

iy Quantum Foundry e stumy of now ouantum material. th_
development and collaborative study of new quantum materials. The

center provided materials to 43 external partners during the 2020-
2021 reporting period. This number continues to grow as the Foundry
becomes fully operational. These partners are located throughout the
United States, where the Quantum Foundry serves as a nexus in the
development of the next generation of materials for quantum
information.

An important enabling tool developed by the Quantum Foundry is a
suite of vacuum suitcases. These suitcases house materials grown
within the Foundry and keep them pristine while transferred for study
within the Foundry or when shipped to external partners.

Suitcases have been made for shipping outside of the Foundry and
the inaugural test run was successful when shipping the suitcase to
the Advanced Light Source via a commercial carrier. A glovebox
integrated suitcase has also been developed which allows for new
interfaces between pristine molecular beam epitaxy-grown films and
exfoliated two dimensional compounds. Partners have been identified
at national labs, universities, and federal labs for collaborative study in
the coming year.

DIVISION OF
MATERIALS RESEARCH

DIRECTORATE FOR MATHEMATICAL AND PHYSICAL SCIENCES

Materials developed within the Foundry are investigated by a broad community of
domestic and international researchers.
!

goe valves

Inert a5 DAr. ) vacu

The Quantum Foundry has developed a series of vacuum suitcases to enable
sample sharing and collaborative materials development. These suitcases connect
tools within the Foundry and can be shipped to external Foundry partners.
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DMR-1906383
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Stage 3
Cryogenic Quantum
Characterization

SOUTH DAKOTA

Development of 2D quantum materials pipelines (2D-QMaPs)
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Investigations of 2D magnetic phenomena
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SCHOOL OF MINES
& TECHNOLOGY
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The National Quantum Initiative Act of 2018
establishes specific roles of agencies such as
NSF, DOE and NIST, in implementing the all-of-
government approach to ensure the continued
leadership of the United States in QISE.

Broadening participation, lowering barriers for
access, and expanding the diverse pool of
education opportunities are the activities
central to NQI Act.

ExpandQISE program aims to increase Expand QISE solicitation NSF 22-561 enables
research capacity and broaden participation in colleges and universities which have a strong
Quantum Information Science and Engineering interest in developing vibrant QISE efforts in
(QISE) and related disciplines. research and education, leading to increased
participation, capacity building and increasing
Check out: NSF 23-551 critical mass of research and education.
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Bridging the racial equity ‘

gap in post-secondary NSF’s

STEM ; . .
Eddie Bernice

The STEM PUSH Network, an NSF INCLUDES Alliance, is

working to lever: the power of pre-coll STEM ! o

pmgramso(ch:sS;iobmpa(:iei :a:celp(;:;\g :f Black, ; y - - JOhnson lNCLUDES

Latina/o/e, and Indigenous students in STEM, and, 3 _

ith its ners, cr mi nge in o s e

i ‘ Initiative
PUSH g = | .

N _ } -

STEM Opportunities In Prison Settings (STEM-OPS) is an NSF Eddie Bernice Johnson INCLUDES

Alliance working to improve STEM learning opportunities in prisons and supporting access to
STEM for those who are directly impacted by the carceral system.

Authentic Voices

Stanley Andrisse, PhD, MBA
Upon his release from prison
Stan wrote a captivating story,
“From Prison Cells to PhD,"
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INCLUDES National Data Science Alliance (NDSA)

Clark Atlanta University (CAU) has received a $10 million award from the
National Science Foundation (NSF) INCLUDES program to establish an

initiative aimed at increasing the number of Black people in data science
and advance social justice in the field.

The National Data Science Alliance

BEH CLARK ATLANTA B

(NDSA) aims to increase the number of B ONvERSITY
Black people earning data science bt e
credentials by at least 20,000 by 2027 and
expand data science research advocating
for social justice.

Historically Black Colleges and
Universities - Undergraduate Program
(HBCU-UP)

@CASL

CASL | Center for the Advancement of STEM
Leadership (advancingstemleadership.net

Bitps://stemuscenter.orq

22



CENTER building blocks:

@E%}gg NSF MANAGEMENT

Annual Reports
Annual Site Visits
| e A.;' { Site Visit Reports
e % Site Visit Questions
' Management Meetings
. Supplements

—
—
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CENTER-NESS -

CENTER OPERATION

Internal Center Management ‘
Advisory Board(s) '
Research Thrusts
Infrastructure

Industrial Partners
Networking

Education

Broadening Participation
Diversity and Inclusion
Outreach

Knowledge Transfer
Assessment

Carleitta Paige-Anderson
HBCU-UP Program Lead
cpaigean@nsf.gov

Jeremy Guinn
jguinn@nsf.gov

LeRoy Jones I
ljiones@nsf.gov

Questions?

*Tomasz Durakiewicz*
tdurakie@nsf.gov

Toni Edquist
tedquist@nsf.gov

Alfred Hall
alfhall@nsf.gov

Tori Rhoulac Smith
tosmith@nsf.gov
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