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Introduction

Figure.1  HEPS effect panoramic view.

Advanced synchrotron radiation (SR) light sources drive cutting-edge scientific research across various
fields. The High Energy Photon Source (HEPS) as shown in Figure.1, a fourth-generation SR light
source in China, will offer high energy and ultra-low emittance, facilitating sensitive and fast
experimental observations at molecular, atomic, electronic, and spin levels. Facing to SR scientific big
data challenge, it is urgent to develop artificial intelligence (AI) analysis methods to enhance research
efficiency including novel material discovery[1].
      To address this challenge, this research focuses on developing “Intelligence Terminal” multimodal
data analysis system for SR image and diffraction data. A website of  a data processing platform is
deployed for SR diffraction, spectroscopy, and imaging based on the Python programming language. 
Overall, this work aims to analyze advanced SR data quickly and accurately in real-time through
advanced AI algorithms, enhancing scientific research.

2. Data-driven machine learning methods for diffraction
data

Figure.3  Data-driven ML training methods and results.

Objective: Extract 3D orientation parameters of nanofibers from the       
                  wide angle X-ray diffraction data.
Methods: Develop data-driven ML methods[3]. 

Results:
(1) Achieve high
accuracy as
R2>0.91.

(2) Fast analysis of
experimental
data as 104 times
faster than existing
fitting methods.

(3) Be available to
be applied in multi
light sources and
beamlines. 

3. Intelligence Photon Source Brain (IPSBrain)

Figure.4  IPSBrain interfaces for SR data analysis.

Objective: Build user-friendly interfaces for model functionality.
Method: Embed pre-trained ML models.

Advantages: 
(1) The convenience and applicability of using trained ML models.
(2) The efficiency of handling big data and further driving real-time
online analysis of high-throughput data.

1. Deep learning analysis of quantitative 3D imaging
of single-cell HfO2 nanoparticles by Nano-CT

Figure.2  DL combined with Nano-CT imaging aids
 nanomedicine evaluation and design.

Results:
(1) Achieve localization
quantitative 3D imaging
analysis.

(2) Demonstrate the
notable effect of the
nanoparticles in tumor
treatment. 

(3) Show the potential to
explore the localization
quantitative 3D
distribution information of
specific molecules at the
nanoscale level.

Objective: Analyze X-ray nano-computed tomography (Nano-CT).
Method：Implement a novel localization quantitative analysis method 
                 based on DL[2]. 
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Conclusions
This work focuses on efficient and accurate analysis of SR big data through AI
methods.
(1) For image data, we employ DL for localization quantitative analysis in X-ray Nano-
CT, achieving 3D imaging of single-cell HfO2 nanoparticles. 

(2) For diffraction data, we develop data-driven ML methods to analyze wide angle X-
ray diffraction, enabling accurate and fast analysis.
(3) We build IPSBrain platform to make it convinient for users to deal with SR high-
throughput data.
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