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We investigate new concepts for enhancing the data acquisition efficiency of scanning type instruments ex-
ploring a multidimensional feature space. We test machine-learning algorithms and probabilistic methods in
order to minimize the number of experimental data points, which are required to determine models and model
parameters down to precisions defined by the scientists. Data acquisition, interpretation and modeling are
part of a closed loop, typical of the concept of Autonomous Experimentation [1]. This approach is opposite to
data-driven methods [1], which try to maximize the amount of experimental data and to extract data patterns
and physical information with the help of neural networks or similar Al techniques.

Taking classic triple-axis spectrometers (TAS) as representative for scanning type instruments, we develop
data acquisition strategies on TAS to explore a scattering function S(Q,X) in a four-dimensional feature space,
spanned by the momentum space, Q, and the neutron energy transfer axis, iw. In the context of experimen-
tal design, each invested measuring point reduces the initially available experimental budget, i.e. the total
available measuring time, which has to be carefully balanced against the gain of information from this mea-
surement. At present the ubiquitous data acquisition method in TAS experiments is grid scanning (so-called
const-Q or const-E-scans). However, we were recently able to show that a non-parametric algorithm like
Gaussian Process Regression (GPR) has the potential to steer information more efficiently [2-4]. Based on
these recent advances, we anticipate a further gain in efficiency by replacing model-independent strategies
(as GPR) with physics informed machine learning. This discipline is very recent and rapidly progressing in
various domains of science, where sparse data are combined with machine-learning techniques [5]. Policies
need to be worked out in order to locate those points in the feature space which have the highest impact on the
differentiation of possible available models and which lead to the fastest convergence in the model parameter
space.

References

[1] K.G. Reyes, B. Maruyama, MRS Bulletin 44 (2019), 530-537.

[2] Noack, M.M., Zwart, P.H., Ushizima, D.M,, et al. Nat Rev Phys 3, 685-697 (2021).

[3] Teixeira Parente, M., Brandl, G., Franz, C. et al., Nat Commun 14, 2246 (2023). https://doi.org/10.1038/s41467-
023-37418-8

[4] Boehm M., Perryman D.E., DeFrancesco A., Scaccia L., Cunsolo A., Weber T., LeGoc Y., Mutti P., in Meth-
ods and Applications of Autonomous Experimentation, Chapter 14, edited by Noack M.M and Ushizima P.H.,
CRC Press 2024, ISBN 978-1-032-31465-5.

(5] G.E. Karniadakis, G.E., Kevrekidis, L.G., Lu, L. et al. Nat Rev Phys 3, 422-440 (2021).

Author: Mr PERRYMAN, David Elliott (Institut Laue-Langevin, 71 Avenue des Martyrs, 38042 Grenoble, France
and Institute of Physics, Ecole Polytechnique Fédérale de Lausanne, CH-1015 Lausanne, Switzerland)

Co-authors: BOEHM, Martin (Institut Laue-Langevin, 71 Avenue des Martyrs, 38042 Grenoble, France); Prof.
LEPETIT, Marie Bernadette (Institut Néel, CNRS UPR, 2940 Grenoble, France and Institut Laue-Langevin, 71 Avenue
des Martyrs, 38042 Grenoble, France); Dr MUTTI, Paolo (Institut Laue-Langevin, 71 Avenue des Martyrs, 38042
Grenoble, France); Dr MAZZONE, Daniel Gabriel (Laboratory for Neutron Scattering and Imaging, Paul Scherrer
Institut, CH-5232 Villigen PSI, Switzerland); Prof. LAUCHLI HERZIG, Andreas Martin (Laboratory for Theoretical



and Computational Physics, Paul Scherrer Institute, CH-5232 Villigen PSI, Switzerland and Institute of Physics,
Ecole Polytechnique Fédérale de Lausanne, CH-1015 Lausanne, Switzerland)

Presenter: Mr PERRYMAN, David Elliott (Institut Laue-Langevin, 71 Avenue des Martyrs, 38042 Grenoble,
France and Institute of Physics, Ecole Polytechnique Fédérale de Lausanne, CH-1015 Lausanne, Switzerland)

Session Classification: Session 6

Track Classification: MLC



