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Hefei Advanced Light Facility is a Fourth-generation 
Diffraction-Limited Synchrotron Light Facility.

Storage Ring
480 mTransport

Line 138 m

Injector
192 m
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Construction Site: Hefei Future Science City
Gangji Town, Changfeng County

HALF

NSRL
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Achieve design indexes after acceptance

Parameter Design Index Acceptance Index

Energy [GeV] 2.2 2.2

Perimeter [m] 479.86 ---

Beam Intensity [mA] 350 175

Beam Natural Emittance [pm·rad] 85.8 ≤100（10mA Beam Intensity）

Horizontal Balance Emittance [pm·rad] ≤200（175mA Beam Intensity）

Beam Orbit Stability <10%Transverse Beam Spot Size <20%Transverse Beam Spot Size

Straight Sections 5.3 m×20 +2.2 m×20 ---

Operating Mode top-off
Constant current operation ---

Brightness [phs/s/mm2/mrad2/0.1%bw] 1.15×1021 5×1020
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Requirements for alignment accuracy are at the highest level at home and abroad

Challenges

Higher Precision 

Large Workload 

Shortage of Staff

Complex Interfaces

Requirements of accelerator physical design for storage ring alignment

Machine Position accuracy (mm) Attitude accuracy (mrad)

ΔX ΔY ΔZ Δθx Δθy Δθz

Inside 
Girder

Quadrupole 
Sextupole
Octupole 

±0.03 ±0.03 ±0.15 ±0.10 ±0.10 ±0.10

Corrector
dipole ±0.30 ±0.30 ±0.20 ±0.20 ±0.20 ±0.20

Bending dipole ±0.20 ±0.20 ±0.15 ±0.10 ±0.20 ±0.20

Between 
Adjacent 
Girders

Magnet 
alignment

girder
±0.05 ±0.05 ±0.20 ±0.10 ±0.10 ±0.10

Other machine ±0.20 ±0.20 ±0.30 ±0.20 ±0.20 ±0.20
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The HALF Alignment is a complicated work consists of 5 steps as above.
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Layout

Top Structure 

Measurement Roadmap

Structure Diagram

2.1 First Class Control Network-Preliminary Design
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2.1 First Class Control Network-Software and Hardware Preparation 

GNSS-GS

Vertical Shaft Guide-Wild NL

Level-LS15

Total Station-TS60

Software
PRC-COSA

PRC-NASEW

USA-STARNET

EU-SA

EU-INFINITY
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Control Network Construction

GNSS:
(1)Field Work: Begin with plumb transfer→ Setting up GNSS at network points→ Measure the antenna height→ Static 
surveying. 
(2)Data Process: Baseline processing and adjustment with Leica Infinity→ Coordinate comparison with Cosa.
(3)Measurement count: Six static GNSS measurements have been performed.
(4)Measurement Instrumentation: Leica GS10, GS16, and GS18 receivers.

Field Work (December 2024) Data Process
12

2.1 First Class Control Network
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GNSS(Comparison of GNSS measurement results of three epochs):

2.1 First Class Control Network-202603

Point ID
202511 202601 202603 202603-202301 202603-202511

X[m] Y[m] X[m] Y[m] X[m] Y[m] X[mm] Y[mm] X[mm] Y[mm]
P1 -145.5162 352.5656 -145.5209 352.5639 -145.5181 352.5668 2.8 2.9 -1.9 1.2

P2 -145.5066 156.1364 -145.51 156.1338 -145.5079 156.136 2.1 2.2 -1.3 -0.4

P3 -114.4536 103.924 -114.455 103.9225 -114.4551 103.9248 -0.1 2.3 -1.5 0.8

P4 -65.7786 65.7887 -65.7793 65.7893 -65.7796 65.7902 -0.3 0.9 -1 1.5
P5 0 0 0 0 0 0 0 0 0 0
P6 65.7936 65.7849 65.7919 65.7852 65.7926 65.7848 0.7 -0.4 -1 -0.1
P7 0 131.6111 0 131.6095 0 131.6096 0 0.1 0 -1.5

Comparisons among the three epochs of data are all within 3 mm, which falls 
within the accuracy range of GS16 and GS18 receivers.
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GNSS:
2.1 First Class Control Network-202603

Point ID
Two  sessions Three sessions

X difference[mm] Y difference[mm]

X [m] Y [m] X [m] Y [m]
P1 -145.5196 352.5661 -145.5181 352.5668 -1.5 -0.7
P2 -145.5078 156.1358 -145.5079 156.136 0.1 -0.2
P3 -114.4553 103.9242 -114.4551 103.9248 -0.2 -0.6
P4 -65.7798 65.7895 -65.7796 65.7902 -0.2 -0.7
P5 0 0 0 0 0 0
P6 65.7924 65.7852 65.7926 65.7848 -0.2 0.4
P7 0 131.6112 0 131.6096 0 1.6

The coordinate differences of collimation points from two-session and three-session 
combined solutions are all less than 2 mm, consistent with the GS nominal accuracy.
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Total Station:
(1)Field Work: Begin with plumb transfer→ Setting up TS60 at network points→ Measure the antenna height→
Surveying.
(2)Data Process: Processing and adjustment with Cosa→ Coordinate comparison with STARNET.
(3) Measurement count: Five Total Station measurements have been performed.

Field Work (December 2024) Data Process

2.1 First Class Control Network
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Total Station(fix point P5 as the origin and the azimuth of the P5–P7 line is fixed):
2.1 First Class Control Network-202603

Point ID
First Second Third Forth Fifth（202603）

X[m] Y[m] X[m] Y[m] X[m] Y[m] X[m] Y[m] X[m] Y[m]
P5 0 0 0 0 0 0 0 0 0 0
P1 -145.4915 352.57 -145.5143 352.564 -145.5146 352.564 -145.5154 352.566
P2 -145.4998 156.153 -145.5048 156.135 -145.5066 156.135 -145.506 156.135
P3 -114.4489 103.931 -114.4517 103.923 -114.453 103.924 -114.4523 103.923
P4 -65.7805 65.795 -65.7779 65.7873 -65.7774 65.7871 -65.778 65.7874 -65.7778 65.7885
P6 65.795 65.7811 65.7941 65.7873 65.7935 65.7834 65.793 65.7867 65.7935 65.7862
P7 0 131.607 0 131.608 0 131.609 0 131.609 0 131.61

1st-2nd 2nd-3rd 3rd-4th 4th-5th
（X）[mm] （Y）[mm] （X）[mm] （Y）[mm] （X）[mm] （Y）[mm] （X）[mm] （Y）[mm]

0 0 0 0 0 0 0 0
22.8 6.5 0.3 -0.3

5 18.1 1.8 -0.6
2.8 8.1 1.3 -1
-2.6 7.7 -0.5 0.2 0.8 -0.3 -0.4 -1.1
0.9 -6.2 0.6 3.9 0.5 -3.3 -0.5 0.5
0 -1.1 0 -1.1 0 -0.4 0 -0.5
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 Comparisons between GNSS two/three session solutions and total station measurements reveal
small overall deviations, all point deviations being within 3 mm. The results satisfy the
requirements in view of point coordinates and instrument accuracy specifications.

Control Network Construction
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Total Station VS GNSS:
GNSS Calculation Data VS Total Station Point Coordinates

2.1 First Class Control Network-202603

Point ID
Two-session comparison with total 

station
Three-session comparison with total 

station

X[mm] Y[mm] X[mm] Y[mm]

P1 -2.5 0.4 -2.7 0.7
P2 -2 1 -1.9 1.1
P3 -2.7 2.1 -2.8 1.9
P4 -1.7 2.6 -1.8 1.7
P5 0 0 0 0
P6 -0.9 -1.3 -0.9 -1.4
P7 0 -0.1 0 -0.1
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Level:
(1)Measurement Point: 5 civil construction points

and 7 alignment points.

(2)Measurement Instrumentation: Leica LS15

(3)Measurement Requirements:

100% satisfied Sight Length 3-50 m,▲SL＜1.5 m,

Σ▲SL＜6 m.

80% satisfied Sight Length 4-30 m,▲SL＜1 m,

Σ▲SL＜3 m.

(4)Measurement Detail: A total of 13 leveling lines

were measured in both forward and reverse

directions, resulting in 26 runs and 98 instrument

setups.

2.1 First Class Control Network-First Measurement-202412
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2.2 Second Class Control Network-From LT-based Simulation to Multi-Source Fusion

Simulation → Fusion / Validation → Engineering Application
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2.2 Second Class Control Network-Simulation

Principle: Three-dimensional · Uniform · Visible
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2.2 Second Class Control Network-Network Design

Every other section
Tracker station interval

6 + 6 sections
Forward / backward coverage

~60 points
Observed per station

~50 common points
Between adjacent stations

High redundancy is designed into the observation geometry before adjustment.
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2.2 Second Class Control Network-Control Point Structural Design

Ground Wall Top 
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2.2 Second Class Control Network-Fusion / Validation

Principle: Multi-Source – Cross-Validation – Unified Adjustment
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2.2 Second Class Control Network-Engineering Application 

Injector: Full Survey and Installation Completed | Storage Ring: Installation Underway 
From design into real engineering practice
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2.3 Injector Control Network – Four-Epoch Monitoring
Jul 21 Aug 11 Aug 16 Aug 31

4 survey epochs | 5 pairwise comparisons | direct presentation of ΔX and ΔY curves

Adjacent epochs: mostly small 
differences

Longer intervals: clearer cumulative 
behavior

Largest deviations: injector terminal 
region
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2.4 Conclusion

01 DESIGN
A high-redundancy 3D control-network scheme was established with uniform 
geometry, visibility and robust observation coverage.

02 VALIDATION
Laser tracker solutions were strengthened by independent elevation and distance 
information through multi-source cross-validation.

03 MONITORING
Four-epoch injector measurements show small short-term variations and clearer long-
term cumulative displacement near the terminal region.

04 APPLICATION
The injector workflow has been fully applied, while the storage ring has entered initial 
installation and monitoring.

Next: Periodic Remeasurement → Stable-point Identification → Disturbance Diagnosis → 
Protection and Alignment Decisions

Design → Validate → Monitor → Maintain
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3.1 Define the Survey Specifications 
The geometric center of magnets is measured by coordinate measuring machine (CMM) in factories. During magnetic
measurement, we verify data and correct deviations based on the magnetic center, following established calibration
procedures.

Y

X

Z

Injector Quadrupole
Magnet Alignment

Point Measurement 
Platform Alignment
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3.2 Measurement Site 
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3.3 The Use of CMM 

Use-Hardware Use-Software 

The alignment system also uses CMM to measure equipment such as copper vacuum tube press molds.
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3.4 The Use of Laser Interferometer 

Layout Use Software 

On-site Calibration of Laser Tracker

Layout Verification and Error Analysis 
Using Distance as Reference
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Design and optimize the measurement model for the four-laser system, considering 
constraints of the target sphere's incidence angle and the geometric layout. 

Pillar Design Drawing Model Conceptual Diagram

4.1 Design of Pre-alignment Platform 
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During the construction of the pre-alignment platform, the sight was checked, and sand 
filling was used to reduce column vibration.

4.2 Platform Construction  

Construction
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Stability and vibration issues in foundations, worktables, and marble guides were
monitored using hydrostatic leveling systems, laser interferometers, and laser trackers.
Localized foundation instability and power-frequency vibrations were identified.

4.3 Stability Test 

Foundation Stability Test Super Cat Eye Test Vibration Test
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Currently, the pre alignment platform has been put into use.

4.4 Put Into Service 

Engineering site Visiting
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5.1 Software Development

Through self-developed software, we can obtain the magnetic center and the offset.



IWAA2026, Oct 5th - 9th, 2026 | Tsukuba, Japan

On-site Installation and Smooth 

39

5.2 Injector Installation and Alignment Scope

All injector components have been installed,
Four rounds of measurement and alignment adjustment have been completed.

Component X [μm] Y [μm] Z [μm] Attitude [mrad]

Short 
magnetic lens ±50 ±50 ±200 —

Medium 
solenoid ±50 ±50 ±200 —

Long solenoid ±50 ±50 ±200 —

Short 
quadrupole 

magnet
±150 ±150 ±1000 ±0.2

Long 
quadrupole 

magnet
±150 ±150 ±1000 ±0.2

Accelerating 
structure ±100 ±100 ±200 ±0.4

Beam position 
monitor (BPM) ±100 ±100 ±500 ±0.4

Beam profile 
monitor (PRF) ±150 ±150 ±500 ±0.4

Component-specific Alignment Tolerances
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5.3 Injector Alignment through Four Survey and Adjustment Campaigns

Four successive post-installation survey and adjustment campaigns refined injector alignment.

Final transverse RMS
Linac

X / Y = 59 / 59 μm
Transport Line

X / Y = 58 / 49 μm

1st Survey→ Adjustment→ 2nd Survey→ Adjustment→ 3rd Survey→ Final Adjustment→ 4th Survey

The injector alignment converged from the ~300 μm level after initial installation to ~50–60 μm RMS.
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5.4 Injector Final Alignment Results and Compliance
The fourth-round best-fit position deviations were evaluated against the component-specific X, Y and Z alignment tolerances.

Component Type No. of Components X / Y Tolerance [μm] Z Tolerance [μm] X / Y Compliance Z Compliance Overall Status

Magnetic lenses / 
solenoids 5 ±50 ±200 5 / 5 (100%) 5 / 5 (100%) Within tolerance

Accelerating 
structures 40 ±100 ±200 40 / 40 (100%) 39 / 40 (97.5%) One Z-direction 

deviation

Quadrupole magnets 66 ±150 ±1000 66 / 66 (100%) 65 / 66 (98.5%) One Z-direction 
deviation

Beam profile 
monitors (PRFs) 3 ±150 ±500 3 / 3 (100%) 1 / 3 (33.3%) Two Z-direction 

deviations

Buncher 1 ±100 ±200 1 / 1 (100%) 1 / 1 (100%) Within tolerance

Energy spectrometer 1 ±150 ±500 1 / 1 (100%) 1 / 1 (100%) Within tolerance

Orbit correctors* 2 ±150 ±1000 2 / 2 (100%) 2 / 2 (100%) Within tolerance

Dipole magnets* 7 ±150 ±200 7 / 7 (100%) 7 / 7 (100%) Within tolerance

Transverse alignment: All 125 evaluated components satisfied the specified X and Y tolerances.
Longitudinal alignment: 121 of 125 components satisfied the Z tolerance; the four remaining deviations were all in the 
longitudinal direction.
Overall: The fourth-round alignment achieved 100% transverse compliance and 96.8% full XYZ positional compliance.
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Injector Smoothness Verification 
Global Sparse Optimization

Relative accuracy check after precise adjustment of the injector

Relative accuracy has been improved

42
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5.5 Installation
On September 20, 2026, coinciding with the 68th anniversary of the University of Science and Technology of China, 
the HALF injector successfully commenced beam commissioning and achieved stable beam output. The HALF 
injector is designed for full-energy injection at 2.2 GeV. By September 20, the beam energy reached 2.28 GeV, 
exceeding the design specification. The measured energy spread was 0.04%, and the charge at the end of the linac
was 0.39 nC, indicating that the key beam parameters have met or surpassed the design requirements.

On-site Installation vs. BIM Model: Perfect Alignment

43
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Most online devices in the
storage ring have been aligned
and installed, with full
completion expected by the end
of December 2026. Three
rounds of measurement and
fine alignment are scheduled
for early March 2027, after
which beam commissioning will
commence.
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From Geometric Modes to Beam Response 

Alignment response matrix

BPM
xx

magnet

xJ
x
∂

=
∂

,x k xx
k

x b J d∆ = =∑
Total orbit

Bridge from geometry to beam

Geometric variation is represented in a modal basis and then related to orbit response 
through the alignment response matrix

45
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(1) The HALF project is progressing in an orderly manner, and the alignment system
has been completing the corresponding work according to the project
requirements and CPM table, from civil engineering, installation of machine
internals to deformation monitoring systems.

(2) Theoretical and technical research has been conducted on the special
requirements for alignment accuracy of the fourth generation particle accelerator,
Scientific research work to improve accuracy and efficiency in each sub-stage of the
alignment phase.

(3) In the process of completing various tasks of the project, we will combine research
results and strive to push the alignment of particle accelerators to new heights in
theory and technology.
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2026-NIMA-Magnetic center measurement and fiducialization with single stretched wire and precision surface
plate
2026-Measuremnt-Weight-based network analysis for constructing cost-effective and adaptive node networks
2026-NIMA-Research on the methods of coordinate transfer of dual-laser-tracker system in the confined space
of particle accelerator
2025-JINST-Significance analysis of scale factor in coordinate transformation under multi-condition simulation
2025-MST-Accuracy index selection during optimization of particle accelerator ring tunnel network design
based on Monte Carlo method
2025-RSI-Design and experiment of a four-station laser tracker multilateration measurement system and
evaluation of uncertainties
2025-JINST-Research on accuracy testing of close-range photogrammetry for geometric feature measurement
in particle accelerator
2025-TIM-Techniques for Uncertainty Modeling and Data Fusion for High-Precision Installation of Large
Insertion Device in the Particle Accelerators
2025-TIM-Research and Design of Linac Tunnel Control Network Configuration by Simulations
2024-NIMA-Research on the optimization methods of common points layout for survey and alignment of
particle accelerators
2024-中国激光-Layout Optimization of Four-Channel Laser Pre-Alignment System for Hefei Advanced Light
Facility
2024-JINST-Research on methods to suppress the error accumulation in the elevation direction for accelerator
tunnel control network
2024-JINST-Research on datumn transformation model in particle accelerator component installation
2024-NIMA-Research on particle accelerator control network deformation prediction algorithm with machine
learning
2024-JINST-Research on fusion and deformation analysis of decade' HLS-II control network surveying data
2024-PS-Robust 3D coordinate transformation based on genetic algorithm intelligent weighting
2024-NIMA-A common points selection method based on the uniformity of FLTMMS for pre-alignment of
particle accelerators
2024-中国激光-Self-Adaptive Weighted Rank-Defect 3D Bundle Adjustment of Laser Tracker

Research Achievements towards
HALF Alignment (2023.09-2025.12)
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Alignment Team
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Cooperative Partner
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THANKS!

Xiaoye He

Dec 6th, 2026
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