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National Quantum Initiative

* National Quantum Initiative Act (2018)
o Established the National Quantum Initiative (NQlI)

o NQIl is a whole-of-government quantum thrust
o Authorizes research at NIST, NSF, DOE

 Created interagency coordinating bodies:

> National Science and Technology Council Subcommittee
on QIS

> National Science and Technology Council Subcommittee
on Economic/Security Implications of QIS

o National Quantum Coordination Office
o NQI Advisory Committee

« NQI encompasses 23 agencies, $2.6B in
investments, 14 major research centers, >150
companies

« HEP QIS program collaborates with NQI activities
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Quantum Information Science

Quantum information science (QIS):
technologies for computation,
information processing, and
detection that elude classical
limitations through the use of
quantum effects. (2023 P5 Report)

Fermilab SQMS
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QIS Means Many Approaches
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QIS is Relevant Across P5 Themes and Frontiers
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Building a HEP QIS Vision: Three Specific Goals

Challenge: from the broad interest in QIS expressed in P5 recommendations to “[low-mass dark matter] detection

specific program goals. techniques are inherently quantum
in nature” (p50)

“A coordlnated effort that [ .] leverages > : : . : : “explore the potential of quantum
Particle phvsics particle physics- simul~ -+ " o 'y and

natior " " ~ntum ]

info. Seize the \[o] il " Unite the QIS-HEP < will previc Open New lems”

aspec 2 ° | °
— Opportunity o 9 Cutting Edges @ Horizons

llUﬂiClL-\, . < pnySics SC .- . - alL “direci-uciecuun Leunnuivgies,
and quantum science positions the field quantl'Jm” particularly in quantum sensing
as a vital contributor to the National “We recommend computing [have] enabled discernment of the
Quantum Initiative” (p99) mechanisms to support (p105) most minute signals” (p50)
’ P PO P interactions outside the “particle physics
resources for national initiatives in particle physics has long used “yse the “Quantum sensors
Al/ML, guantum computing, and I ttine-ed :
: : program...allow cutting-edge profound are being deployed
microelectronics should be — . : :
: ’ scientists and engineers quantum connections in all areas of
leveraged and incorporated” (p95) working with quantum sensing between P
sensors, whatever their technigues...an guantum physics...continue
specific field, to tackle ideal testing information strong support for a
the most interesting ground for these theory and broad range of
” and challenging technologies” quantum quantum sensors”
problems” (p82-83) (p99) gravity” (p99) (p82)

“pursue synergies with other disciplines
outside of particle physics, as well as close
collaborations with industry. Recent
examples of this [include] quantum sensors

(p82)
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QIS Organlzatlon at OHEP

Fermilab’s Superconducting Quantum
Materials and Systems (SQMS) center
is our coupling to the NQI, pursuing
foundational quantum information
science and technology development
in global partnerships with academia,
industry, and government.

UW-Madison

Our Quantum Information Science Enabled Discovery (QuantISED) program
has funded dozens of research groups at universities and laboratories across
the country since 2018 to advance theory and experiment of QIS in pursuit
of HEP science goals.

Fermilab

Together, these programs define a robust portfolio with deep roots in both QIS and
HEP communities enabling next-generation discoveries
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DOE NQISRCs
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~SQMS--
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SQMS brings together hundreds of experts from more than 30 DOE national labs, academia, industry and
other federal and international entities to bring transformational advances in QIS
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SQMS Successes

« Scientific successes ﬁﬁ Il/l\ |
o Understanding and mitigating decoherence in 000030 - |
superconducting qubits- reaching ~1ms ooocs |
| |fet| mes ! 20.00026: - ) Reconstructed Wigner Function
o Creation of first-of-a-kind SRF cavity systems for gooa] =

itu

quantum information storage and processing -
high-fidelity preparation of high-n Fock states

0.00022 4

. 110)

Magn

0.00020 4

o New experiments using SRF cavities to look for .1 T " : e
dark photon dark matter ] 1° S
* NeW faC|||t|eS and Ca pacrty 0.000 0.001 0.002 0.003 0.004 2]
1 17} . . . . Time (msec
o “Quantum garage” has five dedicated dilution mese
refrigerators ) e e e
o At Fermilab and elsewhere, built out equipment . w 10!
for fabrication, characterization, and materials o
analysis L
g1
* Ecosystem (People and Workforce) 100
o Supported >200 students and postdocs guo”
> Hosted 2023 QIS Summer School with 150 2! [ Unpolarized DPDM
RIamCI ants, taught by 40 experts from the 5 o pom = 045 GeV em ™3
QISRCs 107 T TS .
Dark photon mass [eV]

ENEﬁGY | Office of Science Energy.gov/science




All images from SQMS

SQMS Successes

e Scientific successes

o Understanding and mitigating decoherence in
ls_chQ[_ercorlwductmg qubits™~ reaching ~1ms
ifetimes!

o Creation of first-of-a-kind SRF cavity systems for
quantum information storage and processing- * =
high-fidelity preparation of high-n Fock states =

> New experiments using SRF cavities to look for
dark photon dark matter

* New facilities and capacity

o “Quantum garage” has five dedicated dilution &
refrigerators =

o At Fermilab and elsewhere, built out equipment |
for fabrication, characterization, and materials
analysis

* Ecosystem (People and Workforce)

o Supported >200 students and postdocs

o Hosted 2023 QIS Summer School with 150

Rlartici ants, taught by 40 experts from the 5
QISRCs
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SQMS Successes

e Scientific successes

o Understanding and mitigating decoherence in
ls_chQc_ercorlwductlng qubits™~ reaching ~1ms
ifetimes!

o Creation of first-of-a-kind SRF cavity systems for
quantum information storage and processing -
high-fidelity preparation of high-n Fock states

> New experiments using SRF cavities to look for
dark photon dark matter
The Quantum Garage =

* New facilities and capacity
at the SQMS Center

o "Quantum garage” has five dedicated dilution ¢ . e
refﬂgerato rs e ——

o At Fermilab and elsewhere, built out equipment
for fabrication, characterization, and materials
analysis

* Ecosystem (People and Workforce)

o Supported >200 students and postdocs

o Hosted 2023 QIS Summer School with 150
RI%SEISCI Cants., taught by 40 experts from the 5
S

U.S. Department of

ENERGY | Office of Science Energy.gov/science



RESEARCH
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Hosted by DOE’s Fermi National Accelerator Laboratory, SQMS’s mission is to
develop beyond-the-state-of-the-art quantum computers and sensors applying
technologies developed for the world’s most advanced particle accelerators.
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QuantISED

* Quantum Information Science
(QIS) Enabled Discovery is our
grants program for lab and
university projects

* QuantlSED 1.0 projects ran in
2018 and 2019, with awards | = Jd
renewed in 2021and 2022 —f=— wiimedi

e QuantlISED is focused on:

o QIS for HEP - using quantum
information science to accomplish
HEP goals

o HEP for QIS - using HEP techniques
and knowledge to advance QIS for . : |
societal benefit stac
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QuantISED 1.0 Success Stories ——
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QuantISED 2.0

* QuantISED 2.0 launched May
2024

 Differentiator from QuantISED
1.0 - push beyond
demonstration into real
discovery science

 Received a very high volume of
interest - community (both HEP
and QIS) is very interested in
pursuing these projects

* Award announcements coming
soon!

Fermilab
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QuantlISED 2.0 Topics

Theory - theoretical Sensing - creating, Pathfinders - new
research that leverages manipulating, measuring  experimental concepts
new methods from QIS to Precise quantum states  ith potential of opening

: - or metrological -
shed light on HEP topics. 4 =~ =~ e: bringing new vistas onto

Quantum gravity, QIS/AMO)/condensed fundamental science
scrambling, holography,  matter techniques into
simulation, algorithms. HEP space = 3
JZ ransm Dark Matter
A | 'S S S
(b) Qubit Excited State Probability
1.0
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0.5 A _;. 2x o\:_
0.0 *NW V .w
4.746 4.748 4.750

Frequency (GHz)

Phys. Rev. A 101, 042305 (2020) New Journal of Physics. 25. 10.1088/1367-2630/acdb90. Dixit et al., PRL 126 (2021)
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Looking Ahead: Realizing Our QIS Vision

Integrate the potential renewal of NQI into our programs
(SQMS and other) and maximize mutual relevance to HEP.

Seize the NQI

Opportunity
Use SQMS and other national lab facilities as a base of QIS

excellence and a nexus for interdisciplinary collaboration.

Unite the QIS-HEP
Cutting Edges _
Build a robust HEP-QIS community by providing
opportunities for researchers to collaborate and cross over.

Open New

Horizons )
Launch QuantISED 2.0 proposals —and plan for what’s

next, through workshops and future funding.
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2025:

Thank you!

INTERNATIONAL YEAR OF

Quantum Science
and Technology
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