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HEPS Introduction (1/2)

Å The High Energy Photon Source (HEPS), located at 

Beijing HuaiRou , is an advanced public platform for 

multidisciplinary innovation research and high - tech 

development. HEPS Building complex designed to 

resemble a magnifying glass, symbolizes its role in 

characterizing the microstructure of matters.

Å Once completed, HEPS will deliver light is high -energy, 

high -brilliance and high -coherence with resolutions at 

the nanometer, picosecond and millielectronvolt levels, 

and make it one of the brightest fourth -generation 

synchrotron light sources on Earth.
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HEPS Introduction (2/2)

Å HEPS can help researchers understand matter more 

accurately at the level of molecules, atoms, electrons 

and spin and in the dimensions of space, time and 

energy, catering to researchers in diverse fields, 

ranging from aerospace to biomedicine, clean energy, 

and even archaeology.

Å On Oct 29, the High Energy Photon Source (HEPS) 

achieved its historical milestone: it passed the 

performance acceptance organized by the Chinese 

Academy of Sciences. It will open to global users in 

2026.
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Data volume of HEPS
Beamlines

Burst output
αTB/dayβ

Average 
output

αTB/dayβ

B1 Engineering Materials Beamline 770.00 20.00

B2 Hard X-ray Multi-analytical Nanoprobe 
Beamline

2300.00 340.00

B3 Structural Dynamics Beamline 8.00 3.00

B4 Hard X-ray Coherent Scattering Beamline 180.00 90.00

B5 Hard X-ray High Energy Resolution 
Spectroscopy Beamline 

10.00 1.00

B6 High Pressure Beamline 2.00 1.00

B7 Hard X-Ray Imaging Beamline 98.00 85.60

B8 X-ray Absorption Spectroscopy Beamline 80.00 10.00

B9 Low-Dimension Structure Probe Beamline 20.00 5.00

BA Biological Macromolecule Microfocus 
Beamline

35.00 10.00

BB pink SAXS 40.00 10.00

BC Nanoscale Electronic Structure 
Spectroscopy Beamline

10.00 1.00

BD Tender X-ray beamline 40.00 10.00

BE Transmission X-ray Microscope Beamline 99.36 60.20

BF Test beamline 1000.00 60.00

Total average: 720TB/Day

Å 14 beamlines is built in HEPS, first phase

Å 20+PB raw experimental data per month
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Motivation

Å Traditional model - Rarely using the platform computing resources

Å Storage of the raw data. 

Å Download the experiment data

Å Analysis with personal computing resources.

Å HEPS - brings unprecedented storage and computing challenges

Å The data scale and throughput generated by advanced light sources is very huge. 

Å With such a huge amount of data, how to reduce the movement of large -capacity 

experimental data, provide the same data analysis environment as the user's personal 

computer, and implement the data generation and data analysis processes online, 

which is a new idea for modern light sources platform to provide services to users.
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Data Analysis Requirements

Å HEPS includes three methodologies: imaging, diffraction/scattering, and spectroscopy.

Å Data analysis scenarios involving: CT reconstruction, image segmentation, model training, 

diffraction data reconstruction, absorption spectrum data processing, etc.

Å HEPS has a large user base, and a large amount of experimental data, and access must be 

strictly controlled.

Å Complex methodologies

Å Diverse analysis tools

Å Differentiated environments

Å Strict ACL management
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Vs. HEP Data Analysis Environment

Å User Scale

Å Traditional high -energy physics users are based on experiments, and users are 

members of experimental cooperation groups, so the scale is limited. Light source 

serves as a public platform, and scientific researchers in any related fields are 

potential users of HEPS.

Å Data Access Authorization

Å Traditional high -energy physics data are shared within the cooperation group. The 

result data of each sample of the light source user belongs to the corresponding 

experimental team. More refined data storage and access management is required.
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Vs. HEP Data Analysis Environment

Å Data Analysis Environment

Å Differences in samples and detection methods lead to diversified data analysis 

methods and analysis environments. Requires the support of multiple analysis 

scenarios and analysis algorithms

Å Analytical Tool Utilization

Å Rather than writing programs to analyze data, users are better at using mature 

software methods to analyze directly. Interactive data analysis scenarios need to 

be provided.
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Goal

Å The HEPS computing system

Å Provide the most suitable computing service solutions based on users' different 

usage patterns and different experimental needs.

Å Provide rapid deployment of resources at the minute level based on the user's 

operating system and computing power needs.

Å It is of great significance to build a HEPS scientific data computing system, provide users 

with computing resources and analysis environment during and after the experiment, 

and help users discover one -stop scientific research activities.
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Torch Architecture & Characteristics 

Å Global Identity & Access 
Management 

Å High-Performance I/O Access

Å Heterogeneous Resource 
Management

Å Customized Analytical 
Environments

Å Extensive Application Support

https://torch.heps.ihep.ac.cn
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Global Identity & Access Management 

Å Associate user accounts and user identities to create 

secure experimental data access patterns. 

Å Accounts with the same identity have the same data 

access rights in different scenarios

Å The data generated by accounts in respective scenarios 

also have the same ACL attributes in other scenarios.

Å Object storage, commonly employed for data 

segregation and authenticated access via 

bucket keys, was excluded from this design 

owing to its inferior I/O performance.

LDAP

Storage

AD

Kerberos5

Window

SSH Oauth2.0
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High -Performance I/O Access

Å Comparison of Traditional Storage Types

Å File Storage, Block Storage, Object Stroage .

Å Adoption of New Storage Media ( HDD -> Nvme ->Memory )

Å Alluxio is a memory -speed distributed file system that supports FUSE 

for POSIX-like file access, delivering superior I/O performance.

Å Emerging File Transfer Methods

Å Faster data access is achieved through the use of RDMA technology 

over a RoCE network environment.

Å Data Parallel Analysis

Å Open MPI for HPC -style or Ray -supported frameworks
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Data management

Å After the HEPS experimental data is generated from the DAQ module, it is written to 

the POSIX storage system and the ACL corresponding to the user list is set.

Å Permissions are retained during the data migration process to ensure the 

manageability of users downloading data from the website and accessing data from 

the computing environment.
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Heterogeneous Resource Management

Å Torch API wraps Kubernetes interfaces, integrates 

authentication mechanisms, and exposes configurable 

resource parameters to upper - layer applications.

Å Compute Resource Management

Å CPU, GPU, Memory  etc.

Å Storage Resource Management

Å Memory Storage, Nvme Storage, HDD Storage, 

Block Storage, Local Storage

Å Network Resource Management

Å TCP,RoCE



18IHEPCC & HEPSCC

Customized Analytical Environments

Å Command -Line Interface (CLI)

Å Enables direct interaction with compute resources.

Å Web GUI

Å Simplifies usage for non -technical users.

Å JupyterLab / Notebook Interfaces

Å Supports interactive development and analysis, 

combining code, visualization, and documentation.

Å Desktop Services / IDE Integration

Å Allows users to connect via desktop environments.

Å Batch Processing

Å Supports HPC -style batch job submission.

JupyterLab

Pod1 Pod2

Pod0

Ray Cluster
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Platform in HEPS

Å HEPS Phase 1 computing resources:

Å 2,400 CPU cores

Å 48 GPU cards

Å To facilitate the immediate use of computational 

resources during experiments, each of the 14 beamlines 

is equipped with a server that provides direct access to 

the computing environment.

Å Following the experiment, users have the capability to 

remotely gain access to the platform over the internet 

from any location, enabling them to provision 

computing resources and conduct follow -up analysis.
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Platform -Supported Applications

Å The Torch platform integrates a rich set of application modes, catering to diverse 

user needs:

Å For software developers

Å Flexible Resource Allocation and SSH Access

Å For data analysis users

Å Desktop analysis scenario 

Å Web -GUI access scenario.
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Access customized resources via SSH
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Integration of Multiple File Systems
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Access desktop to launch application
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Daisy QT application base on desktop
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Daisy WEB -GUI base on jupyterlab


