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Neutron time-of-flight (TOF) data at the ORNL Spallation Neutron Source (SNS) contains multidimensional
temporal information in diffraction and parameter spaces. The field’s current state relies on sequential data
reduction and analysis steps, often involving data transfer between different platforms and tools which intro-
duces inefficiencies and hinders the seamless integration of different analysis techniques and workflows.
We are developing an integrated approach to reducing and analyzing single crystal neutron diffraction data
recorded in event mode to overcome these challenges. The near-term goal is to enable real-time decision-
making for TOPAZ beamline, a high-resolution single crystal TOF Laue diffractometer at SNS. This method
harnesses an advanced AI/ML model tapping into the high-performance computing (HPC) resources at the
Oak Ridge Leadership Computing Facility (OLCF), which seamlessly synchronizes neutron scattering experi-
ments to enable live data analysis. Our model treats the neutron scattering data at the voxel level to accurately
predict the neutron scattering pattern in a 4D temporal-spatial space.
The approach, anchored in a Markovian stochastic process, employs the Temporal Fusion Transformer (TFT)
model to optimize experiment time. TFT is an attention-based deep neural network (DNN) model that com-
bines long short-term memory (LSTM) encoding of time series and transformer attention layers, specifically
designed to align with the multi-horizon forecasting job, providing greater accuracy and interpretability for
predicting neutron scattering patterns at the voxel level in a temporal 4D space. We have developed a hier-
archical parallelization approach on the OLCF Frontier supercomputer. Using a subset of the neutron TOF
event dataset collected at TOPAZ, our TFT model trained on Frontier could help reduce over-counting by
around 30% while achieving similar data quality using less neutron beamtime. The outcomes underscore that
the integrated approach using AI/ML and HPC can significantly improve beamline efficiency by processing
and analyzing live neutron scattering data in multidimensional scattering and parameter spaces, represent-
ing a significant step toward reshaping the landscape of neutron scattering research for real-time experiment
steering and automation. Our work advances the Integrated Research Infrastructure (IRI) by bridging the
gap between U.S. Department of Energy neutron facilities with the Office of Advanced Scientific Computing
Research HPC facilities through the lens of AI/ML. This presentation invites us to join this journey, explore
the possibilities, and envision the future of neutron science together.

Acknowledgement This work was supported by the Oak Ridge National Laboratory (ORNL) Directed Re-
search and Development Program; the U.S. Department of Energy, Office of Science, Office of Advanced
Scientific Computing Research, Applied Mathematics program (FWP: ERKJ387). The neutron scattering data
were generated at the Spallation Neutron Source, a DOE Office of Science User Facility operated by the Oak
Ridge National Laboratory. The computational results were generated at the Oak Ridge Leadership Com-
puting Facility. ORNL is operated by UT-Battelle, LLC, for the U.S. Department of Energy under Contract
DE-AC05-00OR22725.

Primary author: WANG, Xiaoping (Neutron Scattering Division, Oak Ridge National Laboratory)



Co-authors: ZHANG, Guannan (Computer Science and Mathematics Division, Oak Ridge National Labora-
tory); YIN, Junqi (National Center for Computational Sciences, Oak Ridge National Laboratory); LIU, Siyan (Com-
putational Science and Engineering Division, Oak Ridge National Laboratory); RESHNIAK, Viktor (Computer
Science and Mathematics Division, Oak Ridge National Laboratory); MORGAN, Zachary (Neutron Scattering Di-
vision, Oak Ridge National Laboratory); PAWLEDZIO, Sylwia (Neutron Scattering Division, Oak Ridge National
Laboratory); PROFFEN,Thomas (Neutron Scattering Division, Oak Ridge National Laboratory); CAO, Huibo (Neu-
tron Scattering Division, Oak Ridge National Laboratory); CHAKOUMAKOS, Bryan (Neutron Scattering Division,
Oak Ridge National Laboratory); HOFFMANN, Christina (Neutron Scattering Division, Oak Ridge National Labo-
ratory); LIU, Yaohua (Second Target Station, Oak Ridge National Laboratory)

Presenter: WANG, Xiaoping (Neutron Scattering Division, Oak Ridge National Laboratory)

Session Classification: Session 6

Track Classification: MLC


