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HERSs |atrodudtiont (&/2)(1/2)

A 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.

PETRA III

A Once completed, HEPS will deliver light is high  -energy, ' ey fzes
i _— : : i - . - {6} A
high -brilliance and high -coherence with resolutions at AR -
. - (6GeV) SPring-8
the nanometer, picosecond and millielectronvolt levels, (8GeV)

and make it one of the brightest fourth -generation

synchrotron light sources on Earth.

SPring-8 PETRA-III HEPS
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HERPS: Introductiont(2/2)(

A 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.

A 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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Datazvolumerof HERPSEPS

. Burst output Average
Beamlines output
: - : o TB/dayB o TB/dayB
A 14 beamlines is built in HEPS, first phase
B1 Engineering Materials Beamline 770.00 20.00
A 20+PB raw experimental data per month B2 Hard Xay Multranalytical Nanoprobe 2300.00 340.00
Beamline
B3 Structural Dynamics Beamline 8.00 3.00
B4 Hard Xay Coherent Scattering Beamline 180.00 90.00
ID21 B5 Hard Xay High Energy Resolution 10.00 1.00
Spectroscopy Beamline
B6 High Pressure Beamline 2.00 1.00
B7 Hard XRay Imaging Beamline 98.00 85.60
B8 Xray Absorption Spectroscopy Beamline 80.00 10.00
B9 LowDimension Structure Probe Beamline 20.00 5.00
BA Biological Macromolecule Microfocus 35.00 10.00
Beamline
BB pink SAXS 40.00 10.00
BC Nanoscale Electronic Structure 10.00 1.00

Spectroscopy Beamline

Beamlines Layout in HEPS phase | BD Tender Xay beamline 40.00 10.00

14 public beamlines + 1 optics test beamline

BE Transmissiontdy Microscope Beamline 99.36 60.20
ﬁ, HEPS  H/cHENERGY .
e PHOTON SOURCE BF Test beamline 1000.00 60.00
Total average: 720TB/Day
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Meotivation

A Traditional model - Rarely using the platform computing resources

A Storage of the raw data.
A Download the experiment data
A Analysis with personal computing resources.
A HEPS- brings unprecedented storage and computing challenges

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

A 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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DatacARalysissRequirementsnents

Do To Do Iw

HEPS includes three methodologies: imaging, diffraction/scattering, and spectroscopy.
Data analysis scenarios involving: CT reconstruction, image segmentation, model training,
diffraction data reconstruction, absorption spectrum data processing, etc.

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

strictly controlled. .

Complex methodologies

Diverse analysis tools

Differentiated environments

Strict ACL management

DELAY TIME t (ps]

The 3D imaging of integrated circuits, providing the direct | e dynamics of colloidal nanoparticles, providing the mechanisms of phase transition such as supercooled liquids,
feedback between design and manufacturing processes, glass transition, gel formation and dissolution, crystallization, jamming; improving the dynamics model systems
the relationships of microstructure and function. such as hard sphere model. Q. Zhang et al. Phvs. Rev. Lett., 119, 178006(2017); P. Pusey et al., Nature 320, 340(1986);
Mirko Holler et al., Nature 543,402(2017) D. Orsi et al., Physical Review E, 85, 011402(2012)
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Vs:.HEPDatatAnalysisyEnvironment

A User Scale

A 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.

A Data Access Authorization

A 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:.HEPDatatAnalysisyEnvironment

A Data Analysis Environment
A 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

A Analytical Tool Utilization
A 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

A The HEPS computing system

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

usage patterns and different experimental needs.

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

operating system and computing power needs.

A Itis 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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TarchliArchitecture & ChakraCteristicsteristics

I Windows/Linux EInteractiveAnaIysisE HPC Batch Jobs
- f i am® Web i : '
QJJ( ) PyTorch

VSCode OPEN MPI

(&PD

" jupyter

- ubuntu =

Torch Resource Manager API

High bandwidth & Low latency & Lossless network characteristics ( TCP & RoCE)

https://torch.heps.ihep.ac.cn

Global Identity & Access
Management

High-Performance I/O Access

Heterogeneous Resource
Management

Customized Analytical
Environments

Extensive Application Support
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Glebahldentityt& ActeSs Manageémentgement

A Associate user accounts and user identities to create
secure experimental data access patterns.
A Accounts with the same identity have the same data

access rights in different scenarios

A The data generated by accounts in respective scenarios ' Oauth2.0

also have the same ACL attributes in other scenarios.

R
ID Authentication
______________
| User Mapping “=———t——
AD Server LDAP

A Object storage, commonly employed for data . o Server
SMB Protocol Lustre Protocol

clients

segregation and authenticated access via

SAMBA Server
Domain Joined

bucket keys, was excluded from this design |
owing to its inferior 1/0 performance. e == Hstreprotocel QED

Lustre FS
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Highh-Perfoomanced/© IAGCEss

‘jle Store

A Comparison of Traditional Storage Types /\
Stroage . &/ ALLUXIO

A File Storage, Block Storage, Object
A Adoption of New Storage Media (HDD  ->Nvme ->Memory )

A Alluxio is a memory -speed distributed file system that supports FUSE
for POSIX-like file access, delivering superior I/O performance.

A Emerging File Transfer Methods

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

over a RoCE network environment. 'bject Store
A Data Parallel Analysis “)
A Open MPI for HPC -style or Ray -supported frameworks % — j]
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Data-management

A 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.
A 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.

FAST Preview
Server

——

Memory

Shared pate {

Online
Data Process

2 Se rver
o’% Server
Detector Beamline
DAQ Server
o (D
a5 Beamline Central
Storage Storage

Data Analysis
Server

I

1
Data Service .%
Server Users

/N

-T2

Tape Lib.

e
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Heterogeneous Reseurce Management;

A

FastAP| ®®

Torch API wraps Kubernetes interfaces, integrates .

authentication mechanisms, and exposes configurable

resource parameters to upper -layer applications. - R
Compute Resource Management
A CPU, GPU, Memory etc.
Storage Resource Management m
A Memory Storage, Nvme Storage, HDD Storage,
Block Storage, Local Storage
Network Resource Management et .
A TCP,RoCE

Create

/userpoddtgt/ BHFTGTHIRMAF A RIFE

/userpod/ GIRRAFEHFITHE

tIRAFEE

Parameters

No parameters

Request body rauired

Example Value = Schema
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CustomizédeAnalyticaltenviréghmentsaments

Local 0OS Remote Machine / VM

VS Code VS Code Server

A Command -Line Interface (CLI)

Theme/UI Extension SSH Turnel Workspace Extension
A Enables direct interaction with compute resources. Thenet xeno TT——
A Web GUI
e . Ray Cluster
A Simplifies usage for non -technical users. Y
e B
A JupyterLab / Notebook Interfaces
_ _ _ JupyterLab
A Supports interactive development and analysis, —
combining code, visualization, and documentation.
A Desktop Services / IDE Integration ’ s 5
| . | s
A Allows users to connect via desktop environments. | L — B8
. Ethermnet Netweork ?y?::;irk :
A Batch Processing - ;
. . | et Nesssl
A Supports HPC -style batch job submission. N e T ey

~

~ = = =Nodes- ==L WPl @ = = =
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Platiormin HERSPS

A HEPS Phase 1 computing resources:
A 2,400 CPU cores
A 48 GPU cards
A 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.
A 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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Platiormm-Supponted:-Applications

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

user needs: 8

A For software developers
A Flexible Resource Allocation and SSH Access p

A For data analysis users

A Desktop analysis scenario

A Web -GUI access scenario. -
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Access customized resources viacSSH

— )
FoeUEERY
=179 (12#% (vCPU) 32G)
RS FR: basenotecuda2511052339 CPU: 12#
St | D AEFE: 32G S8+#:| 2 GPUR
HEPSCT basenote
BIEZATIE): 2025-11-05 15:39:38 B&iziThfE: 09
J— ' o FISATE: 199 ZVEiGs: HEPS cluster
al MUK BOCKOMUELING P AL YO UN AU BIMa AU WTTY P 210721668 T
Qe cPUT 12 vCPU ES
i A FiR 15285 R
Tirmbrs:* FES
hubjupyterorg/node-purpose ‘ arning: Permanently added '[210.72.16.66]:30221' (ED25519) to the list of known hosts.
o EEE (base) [hugb@jupyter-hugb--basenotecuda2511052339 ~1$ nvidia-smi
Servioefort | 6858 | Driver Version: 550.144.03 CUDA Version: 12.6

1

1
i

1

1

1

I
+

Single Cmd  /usr/local/bin/start.sh

oo
=
w

]
-
o

Persistence-M
Single Cmd args  jupyterhub-singleuser;--ip=0.0.0.0;--port=8888; --SingleUserNotebookApp.default_url=/;--allow-root Pw r: Usage/cap

Disp.A | Volatile Uncorr. ECC

B
438 Memory-Usage | GPU-Util Compute M.

A 0 i

00000000:0D:00.0 Off |

hubname  HEPS cluster | NVIDIA RTX A6000
' IMiB / 49140MiB | % Default

P8

shel

NVIDIA RTX A6000
P8

00000000:A0:00.0 Off |
IMiB / 49140MiB | % Default

p——— ——— + ——— ¢
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Integration oh Multiplel Fild SystemsS

c 2% torchpodservice.heps.ihep.ac.cn/user/hugb/daisygpu2511060008/lab/workspaces/auto-H

‘ile Edit View Run Kernel Tabs Settings Help Home

E t C Y B hugb@jupyter-hugb--dax  +

-/ (base) [hugh@jupyter—hugb—daisygpu2511060008 ~1$ whoami
hugb
N : (base) [hugb@jupyter—hugb—daisygpu2511060008 ~1$ id hugb
) Name Mo...  SiZ& = id=10517 (hugb) gid=1065 (hepsbl) groups=1065(hepsbl), 100 (users)
B afs last vr “ (base) [hugh@jupyter—hughb——daisygpu2511060008 ~]$ df -h
yr Filesystem Size Used Avail Use% I}Iounted on
: overlay 7.0T 233G 6.8T 4%
™ bin last yr. |tmes | 64 0 64M 0% /dev
B boot last vr alluxio—fuse 910T 0 910T 0% /data
y cvmfs?2 9.8G 907 8.9G 10%|/cvmfs/cvmfs—config. cern. ch
B cvmfs 2d ago cvmf's2 9.8G 907M 8.9G 10% ?cvmfs?common. ihep. ac. cn
cvimf's2 9.8G 907 8.9G 10%|/cvmfs/heps. ihep. ac. cn
B data 55y ago /dev/sda3 884G 42G 842G 5% /workspace
hepsdatafs. heps. ihep. ac. en:/hepshome/users/h/hugh 500G 4.0G 497G 1% /home/hugb
B dev 1m ago /blstor 1.8P 273T 1.6P 15% /heps/beamline
hepsdatafs. heps. ihep. ac. cn: /hepshome 400T 4.4T 396T 2% /heps/home
B etc 1m ago dev/nvmeOnl 7.0T 233G 6.8T 4% /etc/hostname
shm 64M 0 64M 0% /dev/shm
B heps 1m ago devtmpfs 4. 0M 0 4.0M 0% /run/nvidia—container—devices/GPU-242996e8-6¢
tmpfs 1.2T 12K 1.2T 1% /proc/driver/nvidia
B home Tmago tmpf's 1.2T 0 1.2T 0% /proc/acpi
) tmpf's 1.2T 0 1.2T 0% /proc/scsi
m lib last yr. tmpf's oLt 0 L.2T 0% /sys/firmware
o . (base) [hugb@jupyter-hugb—daisygpu2511060008 ~1$ |
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Access desktoptiodatinch application

L =) L = @ [P ) &>

r ¢ 0 A3 E_ DTSN B A A A SN Ep i 1) € A2 Pyt

Applications = B Dioptas 0.7.1 - © 2025 ... [ fiji-Main [>.] Terminal - 3 : : z R e | ) Pre-release

se Note

basenote8000

File Edit Image Process Analyze Plugins Window MDW

I8 o|c|o|/| 2] N\ Al oM 4| o~|su|uw] g

Wand (tracing) tool

C | IMAGE CAKE PATTER! : AN m = -.:"' j g =) i ‘ pUteALGJ

basenotedGJ

drop .nxs / .h5 file T ' Bt .t

Pixel width

Pixel height xfceddioptas

Distortion: None

pyFAl Parameters
Fit2d Parameters

Calibrate x:28318y:21454 Load Calibration Save Calibration
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Daisy\yQl applicationhase lendesktop

Applications = 7 HEPS-Ptycho Bg Xfce Terminal

t
e JLABES R

HEPS - Ptycho

%% Settings
Algorithm Selection:

Base Note cuda

Al PYNX
basenotecuda %
Number of Iterations: 50 :
Iteration Display Interval: 1 2
Pixel size: 75
4 Detector Distance: 195
aEb
Diff. Pattern Size: 256
File Start No.: 1

w Advanced Settings..

m Metadata Loading
basexfce
Start Reconstruction m

Servic
Daisy Software Team
and
Singl
B2 Beamline
PyTorch .
34 Single Cm

xfcedpytorch

fEEE* 600

hubname  HEPS_cluster

HMEBshelAAIRIFRER, 1%

HEPS-Ptycho

Applications = ¢ HEPS-Ptycho

A Terminal - ~

File Edit View Terminal

Tabs Help

Fan Temp

off
157W / 350W

1:00.0 OFF |
B1559MiB |

ify buffer: in-event <InotifyEvent: src_path=b'/tmp/new|

| _create/rms_costs.txt', wd=1, mask=IN_MODIFY, cookie=
name='rms_costs.txt'>

2025-11-05 11:45:14,979 [DEBUG] watchdog.observers.inot
ify_buffer: in-event <InotifyEvent: src_path=b'/tmp/new|

| _create/rms_costs.txt', wi , mask=IN_MODIFY, cookie=
name='rms_costs.txt'>

2025-11 11:45:14,980 [DEBUG] watchdog.observers.inot

ify buffer: in-event <InotifyEvent: src_path=b'/tmp/new|

_create/rms_costs.txt', wd=1, mask=IN_MODIFY, cookie=0,
name='rms_costs.txt'>

2025-11-05 11:45:14,980 [DEBUG] watchdog.observers.inot
ify_buffer: in-event <InotifyEvent: src_path=b'/tmp/new|

| _create/rms_costs.txt', wd=1, mask=IN_MODIFY, cookie=0

rch2511051135: Wed Nov 5 11:45:

Status: Connected | Remote Clipboard | Hub Control Panel

= 6 BB wangle]

A - o Xx

Status: Connected | Remote Clipboard ‘ Hub Control Panel

4 2255 wanglei

—

[IEFEIC] |
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DaisyyWEB B-GUlIbase oron jupyterabab

0:. HEPSRecon: a GPU accelerated tomography software for HEPS
Preprocess Reconstruction
CT Parameter Setting Slices
Algorithom | grid v Iteration Num | 20 =
Angle Start | 0 Angle End | 180 a
Circle Clip Batch Size | 180 o
[ Neg Cutoff >
%
Axis =
=
Slice: 669 L) Lock Axis
Axis: 1099.40

(Slicel. Axis1): (1402, 1096.40)

Set Axis2 (Slice2, Axis2): (669, 1099.40)

Axial Tilt and Mean: (—89.77°, 1097.95)

Output

Data Name | rec

Output | /hepsfs/user/huy/Data/test_cumopy/TY27-02_01/recon/

x=680. y=913. [-6.24e-05]

Gray Scale: e G W OVl v) O Lock

runnin: | :c0 00%
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