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Oak Ridge National Laboratory evolved from the
Manhattan Project

K25 - Gaseous Diffusion Plant for
U-235 enrichment

X10 - Graphite Reactor; first
production of gram-sized
samples of Plutonium

Y12 - Electromagnetic Isotope
enrichment through
% OAK RIDGE X10 became Oak Ridge National Laboratory (1947) Calutrons
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ORNL delivers translational research tor national priorities
We apply our signature strengths to the most compelling S&T challenges
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Lead the t Q Transform integrated
world in ,'W') @ energy systems
neutron sciences to accelerate
decarbonization
I 101044 @ |
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Deliver exascale 107 Unlock complexity

computing from in biological and

system to ecosystem environmental systems
I I
Discover and design 0 Provide strategic
nexi-gen materials and N—% isotope R&D
chemical processes and production
for clean energy
Accelerate deployment Address pressing
of fusion and advanced national security
fission energy Discovery Develop challenges

science and deploy
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The ORNL Neutron Facilities And Their Role for Physics
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ORNL projects are critical to the nation’s scientific
future, energy independence, and security

. High Flux Isotope Stable Isotope Production
SREEE VELE 2L SIEn G Reactor upgrades and Research Center

Transforming scientific insights Enabling new materials, Securing the isotope supply
isofope production

Material Plasma US ITER Oak Ridge Leadership
Exposure Experiment Computing Facility-é

Understanding Capturing the promise Discovering new frontiers
plasma-surface interactions of fusion energy
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Funding and EM, $26—

human CCIpiTCIl Security SPP, $131.9
DHS, $9.3 _l Other DOE, $37.6
. NNSA, $270.4
Operating cost, FY23 Energy SPP, $15.3 T |
Non-DOE/DHS $241M NE, $70.3 §5S§:3R3
DHS $OM FE, $9.1
Total $2,527M CESER, $15.8 —
OE, $19.7
Human capital, FY23 EERE, $190.5 —
FTE employees 6,467
Joint faculty 101 Science SPP. BES,
Postdoctoral 264 $151.5 $432.1
researchers
Undergraduate/ 366 Other SC, $120.8
graduate students
Facility users 3,672 NP, $22.3
Visiting scientists 1,648 BER. $74.8

P, $112.1
FES, $314.0

o ¥OAKRIDGE  ORNL is the largest Office of Science laboratory
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Fusion and fission energy

Accelerate deployment of fusion
and advanced fission energy

Support
commercial
needs for
fusion test
facilities +
Manage US pilot plant
contributions
to ITER
Develop
advanced
reactors
|
US ITER Project
1 ofdé ?ent’r)rql soler_woig
. Mmoaules pbeing raise
SUSTG'? and prgepored
foday’s for assembly
nuclear
power
plants
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Isotopes

Provide strategic isotope R&D
and production for US and allies

NS

radioactive
isotopes

Medicine,
industry,

research,
security
T
Jilene Sennon-Greene
Radioisotope

Manufacturing Coordinator
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Computing
Deliver Exascale computing
from system to ecosystem

Exascale Provide
Computing support for
Project multiple
| lead agencies
Natfion’s
most
powerful
computer
Advance Advance
quanfum ifici
. ! artificial
information intelligence
science o :
Seliver D|sos’r.er
first exascale mo(;j ne(l; ne
system response
]
Frontier
Supercomputer
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Clean energy

Transform intfegrated energy systems
to accelerate decarbonization

Efficient Reliable,
buildings and resilient
sustainable electricity
transportation grid
Energy

transitions
Advanced
manufacturing

%OAK RIDGE

National Laboratory

GRID-C
Polyphase magnetic coil
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Oak Ridge Physics Division: Home to Two Historic Sites

Holifield Radioactive lon Beam Facility Oak Ridge Electron Linear Accelerator

HRIBF carried out pioneering ORELA’s linear accelerator became the world’s leading
experiments using accelerated facility for producing nuclear data
beams of radioactive nuclei (1969 — 2015)

(1963 — 2012)
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Oak Ridge Physics Division

 Oak Ridge conftributed to
and participated in the
discovery of nine
superheavy elements.

e Element 117 named after
the state.
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Oak Ridge Physics Division
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« Built the lead-
scinftillator shashlik
electromagnetic
calorimeter for
ALICE (LHC)

 Lead lab for the
Majorana
Demonstrator Ovp-
decay experiment
(SURF)

« Hosting only
reactor neutrino
experiment in US
(HFIR)

Discovered
coherent elastic
neutfrino nucleus
scattering (SNS)



Research Program of the Physics Division

LEGEND

Ton-scale Ovpp-
Experiment

Addresses the
nature of the
neutrino, one of the
most compelling
science questions.

Positive result has
tremendous impact
understanding the
physical world.
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Nevutrons

Precision Neutron
Decay

World's most precise
measurement of the
weak decay of the
neutron.

Addressed the
unitarity of the CKM
matrix

EIC

Day-1 Detector for
the Electron lon
Collider

Leading the
collaboration that
will realize the ePIC
detector.

Developing novel
instrumentation for the
EIC.

FRIB

ATLAS

Physics Program
(FDSi, GODDESS,
JENSA, SECAR)

Realizing the day-1
FRIB physics program.

Leading the design
and development of
the FRIB Decay
Station (FDS) a new
detector at FRIB




Research Program of the Physics Division

ALICE

Heavy lon Photon
Physics

Built the
Electromagnetic
Calorimeter for
ALICE at the LHC
and operating it.

Studies of Quark
Gluon Plasma
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Theory

Nuclear Structure,
Fundamental
Symmetries

World-leading ab-
initio Nuclear
Structure
calculations using
LCF

Theory

Supernovae
Neutron stars

Developed one of
the highest fidelity
simulation codes for
SNae explosions and
neutron star mergers

Instrumentation

Design and
construction of
hadron calorimeter
for ePIC

Development of
novel semi-
conductor detectors

Novel cost-effective
bonding and
packaging for
detectors




Physics Division Applied Science Thrusts

‘ y

Smugglln Source NeuroRad DRAG o API CWMD
Modular mobile Source strength Neuromorphic- Detecting Alpha Detector Countering
detector modulation capable Radiation for Associated weapons of
characterization research radiation Algorithms Particle Mass
anomaly Group Imaging destruction
detection
N N N N N e
Dynamics MINOS Neutrons MC&A Coded PROACTIVE
Enable remote | | Multi-Informatics | | Development Material control | | Aperture Priority Research
detection of for Nuclear of single & accounting y-Ray Imaging Objectives for Arms
nuclear Operations volume neutron for salt-fueled for quantitative Control Technology

iferati | holdu Innovation,
proliferation Scenarios scatter camera molten salt P Verification, and

activity reactors. determination Evaluation
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ORNL’'s Quantum Program

Foundational science Regional network 8;?@}‘535@”“““9 ?legr?é%mCemer
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Precise creation,
characterization, and
conftrol of quantum
defects for use as

single photon emitters,

qubits, quantum
tfransducers

Correlated and
topological states
of matter

Quantum

sensing capabilities
in spin-based

and optical
quantum sensors

Atomistic-level
understanding

of structure-property
relationships in
heterogeneous
quantum materials

ORNL has the longest
quantum networking
testbed in national
lab system

First guantum

demo of coexistence
of 2-mode

squeezed states

EPB quantum key
distribution demo

Cloud access
to quantum computing
systems

« Key partnerships
with IBM, Microsoft,
NVIDIA, Quantinuum,
Rigetti, lonQ

e Funded by DOE
to leverage
OLCF expertise

 Pathway to quantum-
HPC integration

Quantum
Information
Science Research
Center researchers

Accelerate secure,
energy-efficient
computing

Predict new physical
and chemical behaviors

Enable exploration of the
previously unmeasurable



Translational

Research Capabillity (TRC)

Bringing together
ORNL’s guantum experts

e Quiet, controlled environment for QSC,

sensing, and networking activities
Current QLAN on the ORNL campus;

* Infernal investments for multi-project a 4th node will be added at TRC
use equipment, TVA fiber lease, Node
EPB network access 4
— 400 Gbps connectivity

across ORNL main campus

Secretary
Granholm
visits TRC site
in Oct. 2022
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A National Quantum Information Science Research Center

The QSC is advancing scientific discovery to enable new
quantum technologies and their applications to radically
accelerate secure, energy-efficient computing and maintain
U.S. leadership in fundamental and applied science.

We are developing quantum devices and systems to discover exotic states of
matter using unique resources that harness topology and entanglement.

« Create and control non-abelian anyons in guantum materials to build
next-generation quantum computers

« Sense and probe new states of matter to better understand the limitations
of current quantum systems

« Simulate and learn correlated systems using quantum computing and
quantum sensing platforms to accelerate scientific computing

OAK RIDGE
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Accelerate secure, energy-
efficient computing

Predict new physical
and chemical behaviors

Enable exploration of the

previously unmeasurable




ORNL has a unigue opportunity to builld an ecosystem of
quantum information science

0 %
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Quantum

networking
GOAL:

A modernized
grid with secure
communications

Quantum

materials

GOAL:

Advanced materials
development

and deployment

Quantum

sensing
GOAL:

New insights
through sensitive
measurements

Quantum
computing
GOAL:

Integration of

HPC and quantum
to accelerate
energy-efficient
scientific discovery
in key applications
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