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» HLA development requirements



High Energy Photon Source e of the world's brightest fourth-generation synchrotron light sources

HEPS
Booster
E(GeV) 6 6 3 3 6
C(m) 1104 844 .4 528 518 1360.4
Lattice /BA 7BA 7BA 5BA 7BA
- Cell 40 32 20 20 48
Storage Ring :
&Experiment Hall % Emittance 42 150 330 250 34
., - (pm*rad)
Brightness > 1022 > 1022 ~10%1 ~10%1 > 1022
BN Construction 2018- 2015- 2010- 2015- 2019~
period 2024 2020 2016 2018 2025

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




Introduction to HEPS

-> The emittance is reduced by 1lor 2 orders of
magnitude, approaching the X-ray diffraction limit

-> The number of magnets increases by an order of
magnitude

34 generation

4™ generation

Layout ) 1 mm
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.

Storage ring
C=1360.4m

Booster 0.5-6GeV
C=454m



High level physical application
focus more on physical process:
optimization, simulation, feedback
et.al.

High Level Application
(HLA)

» High control complexity

» Large scale of control variables
» High precision control required

» Large number of HLAS required
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lightness

High Level Application

» 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
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and device
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Physics Model
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Interface

Development of
visual,interactive
interfaces

Integration of
physical models and
online computation

High Availability Data

server
deployment and
reliable runtime

Establishment of
connected data
storage systems




» Pyapas for HLA development



New HLA framework: Pyapas

» A Pure Python Framework for High Level Application

Development.

Pyapas framework

Python-based Accelerator Physics Application Set (Pyapas)

Modular Design

Model-Based

Based on Physical Quantities

(» Dual-layer physical module

Client/Server Modulel

4

| Client Applications 4:—» Server Applications

E————NE

Parameter Calculation

Qcelot

@ Friendly user interface module
(3 Hardware communication module

S
= & Custom Model

PyAT

4 Database connection module

— Others

® Client-Server development module
® Various phyiscal algorithm toolkits

Xiaohan Lu, et al, “A new modular framework for high-level application
development at HEPS”, Journal of Synchrotron Radiation, 31: 385-393, 2024.
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Low level device control system




_ Low-coupling dual-layer physical module _

h ‘ It
Device Mapping Layer
‘ ‘ connector
Physical Model Layer Calculation

Physical
parameters

X
The “Connector” is responsible for
» Ocelot iInvoking simulation algorithms
> PyAT i
» Custom model
» RF-Track?

> APES?

The component class maps to
the actual machine components

Not dependent on specific physical models, easy to extend

‘Physical model | | Real machine




Real-time Data Interaction System

» Design the communication structure (active and passive channel data acquisition) )

v" Combining PyQt's signal-slot mechanism
Data Process to achieve efficient real-time interaction

i v' The 'Singleton Factory Pattern' centrally
Channel i manages interaction channels in the
Factory | v program, avoiding redundant creation and

Improving interaction efficiency."
M—b CA Protocol § P J Y

v" The channel factory has namespace
10Cs functionality

' Create/Destroy |

. /Manage |

l_____________| ,/l
PVA Protocol

The Channel class contains the EPICS
communication interface responsible for e

specific communication with the IOC The same application can smoothly
run while monitoring 10,000 PVs
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Extend QtDesigner
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Low-Code development
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———> Customize widgets for HLA development
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» Widgets with channel property
to interact with PV directly.
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_ The main modules of Pyapas are essentially complete _

Fully developed in Python
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» HLA development based on Pyapas



CPM of HLA Development for HEPS

2022 l 2023

Transfer Line

Booster

Lattice Preparation

Booster Virtual Accelerator

4

First Turn Measurement

Lattice Preparation

»Linac Virtual Accelerator+ LB Virtual Accelerator

Dispersion Measurement

Emittance Measurement Booster Virtual Accelerator

Orbit Correction

»Transimission Efficiency
Chromaticity Measurement

Global Orbit Correction

»Emittance Measurement
» Orbit Correction

»Phase Scan

First Turn Measurement

- i v . .
Beam-based Alignment Dispersion Measurement

YV V V V V

Local Orbit Correction v

Local Orbit Correction

, Chromaticity Measurement
»Energy Spread Measurement .
Beam Lifetime v

Orbit Display v
Slow Orbit Feedback v

Tune adjustor

Global Orbit Correction

»Beam-based Alignment

»Linac Controlv

Local Orbit Correction

YV V VYV VYV V V V V V

K-Value adjustor v
Fast BBA v

Beam Lifetime

VvV V V V V V V V V V VYV VY

All the HLAs are developed based on Pyapas
s




Design of A Multi-User Virtual Accelerator

» Create virtual hardware to simulate real machines, providing

corresponding PV channels and beam information C/S Architecture

--------------------------------------------- . v/ Multiple tasks running
. concurrently

v' Multiple users operating
. simultaneously

' v/ Unified management with
one-click start and stop

Within the same network environment or on the same server, any number
of virtual accelerators can be launched without conflicting with each other




Virtual Accelerator of HEPS Linac

Virtual Accelerator

File Accelerator Simulation View Window Help

. . . | HOME
» Single Particle Tracking
| 10C Prefix luxh http://10.1.46.218:33051 Errors Stop Stop and ShutDown
> M u Itl_ Partlcle TraCkl ng | Parameters | Simulation Diagnostics Orbit Plot | Beam Profile
ProfileMonitor: Current Energy in the end of the selected sequence: 521.08912 MeV Background Noise Remove: | 0.5 =
. L3
» Vritual PR A €I Q=B

> Full feature 1I0C

. 0.0100
> Errors included
0.0075 #
0.0050
0.0025
0.0000
—0.0025
—0.0050

—0.0075

—0.0100

Generate 'real-time' data for testing HLAS



Example of a Linac Emittance Measurement Application

Gun Bunching section Main Linac Dump Line
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Real-time online calculation

calculator = TwissCalculator()

init_parameter = TwissParam()

accelerator_manager = AcceleratorManager(lattice path)
accelerator = Accelerator_manager.get_accelerator()
sequence = Accelerator.get_sequence('Linac')
load_init_params(sequence, init_parameter)
sequence.sync() # get the {ive value from real machine

# call physical model
physics_cell = write_cell(sequence,
results = calculator.calc(physics_cell,

'ocelot')
init_parameter)

g¥(mm)

Measurement Result

Fit and Plot
€ D> $ Q=2

X

meas
i

-
— fit

0.9

= 06

0.4

0.3

step_index

AlphaX
-0.778

BetaX{m) EmitX(umj)

12.37 5.640e-02

£0.00246 £0.03164 £9e-05

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




Pyapas-based HLAs for HEPS

» All the HLAs are developed based on Pyapas

» A Virtual Accelerator (VA) was developed based on Pyapas,
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and all the HLAs will be tested on the VA before deployment
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Y.L. Zhao et al., Journal of Instrumentation, 2023; Y.M. Peng et al., Journal of Instrumentation, 2023;




Beam Commissioning Milestones of HEPS

Ramped to 6 GeV
1st electron beam in Booster

500 MeV, ~2.5nC
1st electron beam

>5 nC of single bunch charge
Booster passed SAT

500 MeV, max bunch charge > 7 nC
LINAC passed SAT

3.9 314 : 1.25 8.9 1L.T7
LINAC CX started Booster CX started 2023

b o e o1 HERSMIBHEEGRE C 00

h+»+++f»+i+f++rfr++i

| Signal of 2" turn

ey prepe e

Current: ~0.4 mA, Life time: ~1 min Current: =12 mA, Life time: -2 min

One bunch stored Multi-bunch stored 12 mA stored AP <108 s Epvi e 100 pn
100 mA on Sept.12 2025
Comm
Started i .
71.23 7-|29 8i4 : : : First light
10 turns 1000 turns 7 mA. 2 min in Oct. 2024



Pyapas-based HLAS for CSNS-I|

€SNl Virtual Accelerator — Pyapas
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Beam Commissioning of CSNS for 160kW
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» Conclusion



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



