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ORNL has a glorious history of implementing experiment
automation capabilities for neutron scattering instruments.
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The first instrument
exclusively for neutron
scatfering had been
capable of automated
data recording, which
took the place of pen and
paper and allowed
researchers to collect
data overnight.

Neutron scattering pioneers, Ernest Wollan (left) and
Clifford Shull* work with the first insfrument exclusively for
neutron scattering, a double-crystal neutron
spectrometer, at the ORNL X-10 Graphite Reactor in 1949.

(*C.G. Shull was a co-winner of the 1994 Nobel Prize for the
development of the neufron scattering technique.)
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There is a global and continuous trend for increasing experiment
automation at neutron, x-ray and nanoscale scientific user facilities
due to the improvement of source, instrumentation and computing.
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source." In Journal of Physics: Conference Series, 746, 1, 012030 (2016)

[2019 BES roundtable report (right)] In the next 10 years, Al/ML
are expected to go beyond traditional data analysis to aid the
design and control of complex facilities, enable real-time
capabilities to acquire and analyze large data volumes,
automatically steer data collection for in-the-loop experiments,
and support experimentalists’ use of exascale computing.
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Producing and Managing Large
Scientific Data with Artificial
Intelligence and Machine Learning
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Accelerating experimental and computational discovery
through artificial intelligence and machine learning




STS needs high-level experiment automation to leverage the
high-performance neutron source for high-impact science.
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STS will enable more high-throughput and more complex experiments, e.g., fime-resolved
studies, extreme sample environments, and mulfi-mode characterization, fo gain an accurate
understanding of high-dimension parameter spaces.
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There is a close loop for scattering experiment automation needs
and the live reduction/analysis is a key requirement.

: computer
Sample control: e.g., robotic e
: vision
arm and auto-alignment

Sample environment control:
Temperature, field, pressure.

| parameter Y Optical control: choppers, slits,
| | polarization

Monitoring instrument health
e.g., choppers, pulse magnet,

Trained Al models - superconducting magnet,
decision

' making — | compression/rejection data
HPC, DFT/MD “ pipeline tools operating at the
»- edge to extract and save

information on the fly.

meta-information: sample and
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Digital instrument twins are valuable for experiment automation.

e Pre-train decision-making
algorithms using synthetic data
from virtual experiments

- A sharable data infrastructure that
provides benchmark datasets for
decision-making algorithms training
is also needed.

prediction,
optimization, and

diagnosis from . . . .
gim8|gﬂon5  Virtual diagnostics that provide

— _ real-fime feedback during
experiments.

data from sensors,
cameras, monitors,
and detectors Jd 1

[2019] BES Roundtable on Producing and
Managing Large Scientific Data with Arfificial
Intelligence and Machine Learning
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CHESS needs an expert system to guide the chopper seftings in
real-time.

« There is a frade-off
between the intfensity
and the resolution
from different
chopper settings.

« Which setting is best
to address the
scientific questions?

CHESS, a direct
geometry neutron
spectrometer.

%OAK RIDGE

National Laboratory




PIONEER needs a rapid experimental plan tool to optimize crystal
orientations and counting times.

* The planning system shall
not only consider the
| coverage but also
resolution polarized single- consider the signal and
crystal neutron background strength
diffractometer. and redunddncy.

full TOF range
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VERDI needs to efficiently map the phase diagram of quantum
marterials.

b * A typical grid scan is slow
;ﬁm""rﬁﬁ;” ~ VERDI: VERsatile in high-dimensional

e o Diffractometer with wide-
’ angle polarization analysis for ph(jse spdadce.
magnetic structure studies in
powders and single crystals

= « Al-assisted experimental
Pl oo Peute ] plan fool can be more
efficient to identify the
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There is an increasing momentum at ORNL for experiment
aufomation.

FY 2022 Director’s Research and Development
Program Call for Proposals  Self-Driven Experiments for
INTERSECT Initiative Science/Interconnected Science

Ec tem g
Ben Mintz, Initiative Co-lead @ )

Elke Arenholz, Initiative Co-lead

Oak Ridge, Tennessee FY 2022 Director’s Research and Development
July 2021 Program Call for Proposals

“Neutron Data Interpretation Platform Ecosysie
Initiative , \ 3

Thomas Proffen / Mark Lumsden (inifiati

Timmy Ramirez-Cuesta / Greg Watson | FY 20022 Director’'s Research and:Development
Program Call for Proposals

Odak Ridge, Tennessee
July 14, 2021

Artificial Intelligence Initiative ’ 2 .

David Womble
Initiative Lead/P!I

Oak Ridge, Tennessee
July 15, 2021
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