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Introduction to HEPS
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MAX-IV Sirius HEPS

E(GeV) 6 6 3 3 6
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One of the world's brightest fourth-generation synchrotron light sources

Yesterday (10.29) HEPS has successfully passed the process qualification and acceptance



→The emittance is reduced by 1or 2 orders of 

magnitude, approaching the X-ray diffraction  limit 

→The number of magnets increases by an order of 

magnitude

3rd generation

Layout

4th generation

Beam Profile

HEPS is currently the largest accelerator 

facility in China.

➢ High control complexity

➢ Large scale of control variables

➢ High precision control required

➢ Large number of HLAs required

More than 2,000 

power supplies.

Introduction to HEPS



Overall control structure of HEPS
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High Level Application

(HLA)

High level physical application 

focus more on physical process: 

optimization, simulation, feedback 

et.al.

➢ High control complexity

➢ Large scale of control variables

➢ High precision control required

➢ Large number of HLAs required



High Level Application
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HLA Framework:

Providing a Systematic Solution

➢ High-Level Application (HLA) is typically an integrated system that monitors, analyzes, and controls

the accelerator’s operational status and beam parameters — serving as the accelerator’s “central 

nervous system”!

Energy / Energy Spread Analysis Beam Emittance Measurement Closed Orbit Correction Lifetime calculation
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➢ A Pure Python Framework for  High Level Application 

Development.

Python-based Accelerator Physics Application Set (Pyapas)

• Modular Design

• Model-Based

• Based on Physical Quantities

① Dual-layer physical module

② Friendly user interface module

③ Hardware communication module 

④ Database connection module

⑤ Client-Server development module

⑥ Various phyiscal algorithm toolkits

Pyapas framework

Xiaohan Lu, et al, “A new modular framework for high-level application 

development at HEPS”, Journal of Synchrotron Radiation, 31: 385-393, 2024. 

New HLA framework: Pyapas
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The “Connector” is responsible for 

invoking simulation algorithms

The component class maps to 

the actual machine components

Physical model Real machine

➢ Ocelot

➢ PyAT

➢ Custom model

➢ RF-Track?

➢ APES?

Low-coupling dual-layer physical module

Not dependent on specific physical models, easy to extend
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➢ Design the communication structure  (active and passive channel data acquisition) ）

The Channel class contains the EPICS 

communication interface responsible for 

specific communication with the IOC

Real-time Data Interaction System

✓ Combining PyQt's signal-slot mechanism 

to achieve efficient real-time interaction

✓ The 'Singleton Factory Pattern' centrally 

manages interaction channels in the 

program, avoiding redundant creation and 

improving interaction efficiency."

✓ The channel factory has namespace 

functionality

The same application can smoothly 

run while monitoring 10,000 PVs
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Low-Code development 

➢ filterable list, table, tree

Customize widgets for HLA development

➢ Plot widget for physical image,

e.g.  plot prameters with lattice

➢ Widgets with channel property 

to interact with PV directly.

Extend QtDesigner
“Drag and Drop”



The main modules of Pyapas are essentially complete

The modules included in Pyapas basically meet all the requirements of HLA development for HEPS

Fully developed in Python

✓ User-friendly

✓ Efficient

✓ Stable
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CPM of HLA Development for HEPS

Linac

Transfer Line

Booster

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

➢ LB Virtual Accelerator

➢ Emittance Measurement

➢ Orbit Correction

➢ Beam-based Alignment

➢ Local Orbit Correction 

➢ Lattice Preparation

➢ Booster Virtual Accelerator

➢ First Turn Measurement

➢ Dispersion Measurement 

➢ Chromaticity Measurement

➢ Tune adjustor

➢ Global Orbit Correction

➢ Local Orbit Correction

➢ Beam Lifetime

➢Linac Virtual Accelerator

➢Transimission Efficiency

➢Emittance Measurement

➢Orbit Correction

➢Phase Scan

➢Energy Spread Measurement

➢Beam-based Alignment

➢Linac Control

➢ Lattice Preparation

➢ Booster Virtual Accelerator

➢ First Turn Measurement

➢ Dispersion Measurement 

➢ Chromaticity Measurement

➢ Global Orbit Correction

➢ Local Orbit Correction

➢ Beam Lifetime 

➢ Orbit Display 

➢ Slow Orbit Feedback 

➢ K-Value adjustor 

➢ Fast BBA 

Storage Ring

20232022

All the HLAs are developed based on Pyapas
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Design of A Multi-User Virtual Accelerator

Within the same network environment or on the same server, any number 

of virtual accelerators can be launched without conflicting with each other

➢ Create virtual hardware to simulate real machines, providing 

corresponding PV channels and beam information

✓ Multiple tasks running 

concurrently

✓ Multiple users operating 

simultaneously

✓ Unified management with 

one-click start and stop

C/S Architecture
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Virtual Accelerator of HEPS Linac

➢ Single Particle Tracking

➢ Multi-Particle Tracking

➢ Vritual PR

➢ Full feature IOC

➢ Errors included

Generate 'real-time' data for testing HLAs



18

Example of a Linac Emittance Measurement Application

其中s表示测量得到的束斑尺寸的平方

Fitting online Real-time online calculation

Measurement Result

Measurement 

point

Profile Monitor

•Using pyapas, implement online measurement applications with very little code, increasing development efficiency



Linac Control Energy Measurement Booster Control

SR Status MonitorOrbit DisplayFist Turn Analysis

Virtual Accelerator

Local Orbit Correction

➢ All the HLAs are developed based on Pyapas

➢ A Virtual Accelerator  (VA) was developed based on Pyapas,  and all the HLAs will be tested on the VA before deployment

Pyapas-based HLAs for HEPS

Y.L. Zhao et al., Journal of Instrumentation, 2023; Y.M. Peng et al., Journal of Instrumentation, 2023;



Beam Commissioning Milestones of HEPS



Pyapas-based HLAs for CSNS-II
AC-VA for CSNS-II

Global Orbit Correction

Injection control

Bayesian Optimization
Tune Measurement and Correction Qt Adjuster



Beam Commissioning of CSNS for 160kW

Running at 160kW
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Conclusion

➢ A brand-new framework, Pyapas, was developed based on Python to enhance the efficiency of 

HLA development.

➢ A multi-user virtual accelerator was developed based on Pyapas for testing the HLA.

➢ All the HLAs of HEPS were developed based on Pyapas

➢ The HLAs of CSNS-II were developed based on Pyapas


