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Abstract

Scientific data generated from the China Spallation Neutron Source face significant challenges in
semantic standardization, cross-source alignment and integration, and dataset construction for Al tasks,
making it difficult to directly support artificial intelligence model training and data-driven scientific
discovery. Therefore, how to construct high-quality Al4S-oriented datasets from complex neutron science
data has become a key challenge for advancing the intelligent transformation of neutron science research.
To address these challenges, built upon the existing data governance system of neutron sources, this
study proposes a five-layer technical framework for high-quality dataset construction, which specifically
includes: (1) a standard specification layer, which unifies metadata standards and data formats to
achieve logical alignment of multi-source heterogeneous data; (2) a data management layer, which
establishes a multidimensional data storage and association infrastructure to support efficient retrieval
and access of large-scale data; (3) a quality enhancement layer, which leverages artificial intelligence
techniques to automatically complete and logically validate scientific metadata, thereby improving data
quality; (4) a data fusion layer, which advances from both data flow integration and large-model-based
intelligent agents to explore alignment between experimental data and simulation and textual data; and
(5) a task adaptation layer, which utilizes large language models for intelligent annotation to construct
end-to-end high-quality datasets tailored to specific Al tasks. Based on this framework, exploratory
validations are conducted in multiple scientific scenarios: (1) in inelastic neutron scattering studies, an
experiment-centered dataset integrating experimental data with first-principles calculations and particle
transport simulations is constructed, effectively alleviating the issue of limited experimental data; (2) in
shale pore structure research, multimodal fused data are constructed by integrating small-angle neutron
scattering experimental data with literature data, enabling high-precision prediction of pore structure
parameters; (3) in neutron diffraction structure analysis, an experiment-simulation-literature
collaborative data agent is developed to automate refinement processes and dataset generation, forming
Al-Ready datasets for spectral analysis and structure prediction tasks. Finally, this study presents
perspectives on high-quality dataset construction for neutron sources. First, it is necessary to strengthen
fine-grained control of metadata quality at the source and institutional levels. Second, continuous
integration of advanced data and artificial intelligence technologies should be pursued to explore more
efficient and intelligent construction approaches. Third, it is essential to proactively investigate next-
generation data governance systems with self-evolving capabilities, enabling long-term sustainable

development and continuously self-reinforcing data infrastructure.
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