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ORNL has a glorious history of implementing experiment 
automation capabilities for neutron scattering instruments.

The first instrument 
exclusively for neutron 
scattering 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 instrument 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 neutron scattering technique.)

https://neutrons.ornl.gov/content/history-neutron-scattering-ornl
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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. 
capabilities. 

[2019 BES roundtable report (right)] In the next 10 years, AI/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. 

Andersen, K. H., and C. J. Carlile. "A proposal for a next generation European neutron 
source." In Journal of Physics: Conference Series, 746, 1, 012030 (2016)



44

STS needs high-level experiment automation to leverage the 
high-performance neutron source for high-impact science. 

l = 5 ÅSTS, 15 Hz

FTS, 60 Hz

• STS provides the 
brightest cold 
neutron source.

• STS instruments will 
have 10–1000 x flux 
on samples and 4 x 
wavelength band, 
compared to similar 
ones at FTS.USA

Asia
Europe

Planned
Existing

STS will enable more high-throughput and more complex experiments,  e.g., time-resolved 
studies, extreme sample environments, and multi-mode characterization, to 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.

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

parameter 
change

data 
collection

decision 
making

Sample environment control: 
Temperature, field, pressure. 

Optical control: choppers, slits, 
polarization

AI

Trained AI models

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

superconducting magnet, 

computer 
vision

HPC, DFT/MD

meta-information: sample and 
sample environment history

compression/rejection data 
pipeline tools operating at the 
edge to extract and save 
information on the fly.

digital 
twin
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Digital instrument twins are valuable for experiment automation. 

• 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.

• Virtual diagnostics that provide 
real-time feedback during 
experiments.

[2019] BES Roundtable on Producing and 
Managing Large Scientific Data with Artificial 
Intelligence and Machine Learning

data from sensors, 
cameras,  monitors,  
and detectors

prediction, 
optimization, and 
diagnosis from 
simulations
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CHESS needs an expert system to guide the chopper settings in 
real-time. 

• There is a trade-off 
between the intensity 
and the resolution 
from different 
chopper settings.

• Which setting is best 
to address the 
scientific questions?

CHESS, a direct 
geometry neutron 
spectrometer.
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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 
consider the signal and 
background strength 
and redundancy.

• Many combinations work. 
Which one is more 
efficient? 

PIONEER, a high Q-
resolution polarized single-
crystal neutron 
diffractometer.
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VERDI needs to efficiently map the phase diagram of quantum 
materials.

X. FABRÈGES et al. PHYSICAL REVIEW B 95, 174434 (2017)

FIG. 4. Magnetic-field-temperature phase diagram of Fe1.1Te
with H ⊥ c. Closed symbols: Critical fields extracted from x-ray
diffraction in field up to 31 T. Open symbols: Critical fields from
magnetization measurements from Ref. [28].

Contrary to a spin-flop transition, where the antiferromagnetic
moments are aligned perpendicular to the easy axis above the
spin-flop field, the moment reorientation observed here corre-
sponds to an alignment of all magnetic moments along their
easy-magnetic axis, which is permitted by the domain selection
[33]. The specificity of Fe1.1Te, in comparison with usual
single-domain antiferromagnets, is that the antiferromagnetic
state is accompanied by a monoclinic distortion characterized
by slightly different values of the lattice parameters a and
b (which are equal in the tetragonal paramagnetic state),
allowing the magnetoelastic coupling to play a central role in
both the domain formation below TN and the domain selection
at the reorientation field HR . In fields smaller than 30 T,
the slope of the linear M versus H curve can be identified
as (i), for rising fields, the susceptibility 〈χ〉 averaged over
the domains, and (ii), for falling fields, the susceptibility χa

of a single domain with H ‖ a. Using the rough, but we
believe reasonable, approximation of a half-half repartition
of domains in the multidomain regime, we approximate by
χb = 2〈χ〉 − χa the single-domain magnetic susceptibility for
H ‖ b, and we estimate the intrinsic in-plane anisotropy of the
magnetic susceptibility χa/χb & 3 of a single domain [see
Fig. 3(f)].

These results are synthesized in Fig. 4, where we report
the different critical magnetic fields in the whole temperature
range. The phase diagram derived from high-field magnetiza-
tion measurements [28] is also displayed. As in the antifer-
romagnets Fe1+yTe1−xSx [16] and EuFe2As2 [14], our data
indicate a partial recovery of the tetragonal symmetry in mag-

netic fields higher than the antiferromagnetic-to-paramagnetic
phase boundary HC . Interestingly, an irreversible magne-
tocrystalline domain selection through the magnetoelastic
coupling occurs at the moment reorientation field HR , carrying
the b axis in the diffraction plane via a spin-flop-like process.
The temperature dependence of HR is directly related to
the mobility of the domain walls. However, an anomalous
low-temperature enhancement of HR is observed (see Fig. 4).
It might be explained by a subtle combination of magnetic
interactions, in which the magnetic moments on excess off-
stoichiometric Fe ions at interstitial sites (which are not
equivalent to the main Fe sites) could play a role [34]. Similarly
to here, an irreversible (or partly reversible, depending on
the temperature) field-induced domain selection was also
detected in the Fe-based antiferromagnets Ba(Fe1−xCox)2As2
[12,13] and EuFe2As2 [15]. In EuFe2As2, where Eu2+ and
Fe2+ ions are both magnetic, a reorientation of the magnetic
moments was observed by magnetization and was identified
as the driving force of the persistent detwinning at low
field. Magnetization measurements would also be needed in
Ba(Fe1−xCox)2As2 to check if a moment reorientation process
occurs concomitantly to the detwinning. Interestingly, a re-
versible domain selection driven by magnetoelastic effects has
been detected in the quasi-two-dimensional antiferromagnet
BaNi2V2O8 under magnetic field [35] as well as in AFe2As2
(A = Ba, Ca) compounds under uniaxial pressure [9,11].

Having shown that field-induced detwinning of the anti-
ferromagnet Fe1.1Te is microscopically associated with a re-
orientation of the antiferromagnet moments, several questions
remain and are beyond the scope of this paper. How does
the modified distribution of magnetic moment directions
affect the breaking of crystal lattice symmetry? Which force
drives the magnetic-field-induced detwinning of nematic
paramagnets? In the future, studies of the magnetoelastic
coupling should be extended to a large class of Fe-based and
cuprate materials close to their superconducting instability
to better understand the respective roles of magnetism and
lattice properties for the development of high-temperature
superconductivity.
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VERDI: VERsatile
DIffractometer with wide-
angle polarization analysis for 
magnetic structure studies in 
powders and single crystals

• A typical grid scan is slow 
in high-dimensional 
phase space.

• AI-assisted experimental 
plan tool can be more 
efficient to identify the 
region of interest, i.e., the 
phase boundary.
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There is an increasing momentum at ORNL for experiment 
automation.

Self-Driven Experiments for 
Science/Interconnected Science 
Ecosystem


