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Overview of HEPS

HEPS is a first fourth -generation synchrotron light source in China. 

It is located in Huairou district , Northeast of Beijing, about 62km to the center of 

Beijing , 38km to the Beijing Capital International Airport , 103km to the Beijing 

Daxing International Airport. aerial view

The appearance looks like a magnifying glass, symbolizes 
the exploring the microscopic world of matter.
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Overview of HEPS

YanshanMountain

Northern Plain
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Overview of HEPS

Project overview of HEPS

Project period 2019.06~2025.12

Energy 6Gev

Emittance 60pm·rad

Circumference 1360.4m

Lattice 48-7BA

Beamlines
14 built in phase-I
capacity of 96 

User building Office building Facility building

[1]▐ . ᵂ₉ ṂӾ╟.♪ҥ◓Ᵽּר [J]. 2022,34(1):38-43.
[2] ▐ ₇יִ, , Ᾰ. ᵹҥᵂ₉ ṂӾ╟ו ᵷ◓Ᵽјἆῠ[J].◓Ᵽ,2024,53(2):71-79
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Overview of HEPS

[1] ֯ỏ,ѓᵩḪ,♠џ. ѦᶁӾḑᶼ Ḙ .ᴦṜ[J]. ▒ῢỏ,2024,46(3):161-172. DOI:10.3969/j.issn.0253-9608.2024.03.001ײַ
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Linac

Booster

Storage ring

Milestones

2019.06 ð project launched.

2021.06 ð start installation of Linac.

2022.08 τstart installation of Booster.

2023.02 τstart installation of SR.

2023.03τsuccessful operation of Linac.

2023.11 τsuccessful operation of Booster.

2024.07 τstart beam commissioning of SR.

2024.08 τSuccessfully achieved beam storage of SR.

Planning

2024.10τgenerating the first beam of synchrotron radiation.

2025.09τtest running.

2025.12τproject completed.

Overview of HEPS
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Overview of HEPS
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Overview of HEPS

2020.07 Civil construction_
Foundation excavation
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Overview of HEPS

2021.07 Civil construction_
major structure finished
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Overview of HEPS

2023.07 Civil construction_
nearly completion
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Overview of HEPS

2024.08 Current appearance 
Aerial view of HEPS
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Overview of HEPS

2024.08 Current interior view
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Å The SR consist of  48 hybrid-7BA cells.

Å Each cell contains 6 girders of three types: DQɻMPɻFODOЇand distribute 

in symmetry.

Å According to the mechanical design philosophy, there are 5 BLG magnets 

supported individually on the two adjacent plinths for lower accuracy 

requirement. 

Lattice layout and tolerance requirement
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Å The number of girders is 48*6=288.

Å There are 8 magnetson MP, 5 magnetson FODO, 3 magnetson DQ. The total

number of magnetsis 1776including the BLG magnets.

Å The dimensions of the MP and FODO are designed to the same for

standardization, and the girder length is 3.3m, the maximum weight is 8.5ton.

Lattice layout and tolerance requirement

[1] HEPSӳḔ♩ ᾀ Ӌ јּ֜בḟ - ᾱᴁ- ԅṙ ḑו ᵷּ֜בҹ ( ṧ)-2023-07-19
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Lattice layout and tolerance requirement

Prototype of one cell in experiment hall

magnet girder

plinth
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Lattice layout and tolerance requirement

Å The 4th Photon source demanded high accuracy to the alignment.

Å Tolerance requirement: magnet to magnet within a girder, girder to girder within the Ring.

The alignment accuracy of HEPS was at the forefront within the similar facility. ΧΧ

Photon 
Source

Tolerance of magnet to 
magnet within a girder/ ïm

@ 1õ

Tolerance of girder to girder 
within the Ring/ ïm

@ 1õ

MAX-IV 20~30Ǽ 100

BNL-NSLSII3rd 30 100

ANL-APSU 30 100

ESRF-EBS 50 50Χ

SPring8-II 30 90

LNLS- Sirius 40 80

IHEP-HEPS 30Χ 50Χ
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Å Strategy of AlignmentЕ3 basic procedures

¸ Magnets pre-alignment in temperature controlled roomЕMagnets alignment accurately on one 

common girder, then the girder transports and installs in storage ring as an assemblyunit. 

¸ Girder preliminary alignment in tunnelЕput the girder to the theoretical position of the storage 

ring relative to the control network.

¸ Final alignment in tunnelЕput the girder to the smoothing position relative to the adjacent girders.

Alignment procedures are broke down, so that every steps could be controlled well to 

realize the final result. The benefit is that steps become clear and feasible to implement.

Lattice layout and tolerance requirement
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Procedure I

Tolerance 

requirement

/ɛm

Steps Specifications

Tolerance 

breakdown

/ɛm

Magnets pre-

alignment in 

temperature 

controlled 

room

α25°0.1 β

30

Fiducialisation
Fiducialisationof individual magnet by rotating 
coil and CMM system

10

Positioning 
measurement

measurement by laser multilateral systemin
real time relative to the girder coordinate 
system during the adjustment

10

Positioning 
adjustment

Magnet position adjustment offset 10

Magnet displacement after locking 10

Displacement 
and 
deformation

Open and close of magnet 10

Displacement after transportation 15

Deformation due to girder uneven supported on 
plinth in tunnel

10

Å Pre-alignment Еincludes 4 stepsЇeach has specified strict requirements.

Lattice layout and tolerance requirement



21International Workshop on Accelerator Alignment 2024, SLAC, Oct 7-Oct 11, 2024

Procedure 
II

Tolerance 
requirement

/˃Ƴ
Steps Specifications

Tolerance 
breakdown

/˃Ƴ

Girder 
preliminary 
alignment 
in tunnel

1000
(absolute error)

100
(relative error@ 10m)

Control 
network

Control networkmeasurement bylaser 
tracker in station by station mode with 
large amount of observations.

800(absolute error)
30  (relative error)

Positioning 
measurement

measurement by one laser tracker in 
real-time  relative to the nearby control 
network points during the adjustment

50

Positioning
adjustment

Girder position adjustment offsets 
(meanwhile, measure all the magnets 
within girder to check the deformation 
of girder)

15

Girder displacement after locking 15

Å Preliminary alignment in tunnelЕ

Lattice layout and tolerance requirement
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Procedure III
Tolerance 

requirement
/˃Ƴ

Steps Specifications
Tolerance 

breakdown
/˃Ƴ

Final 
alignment in 

tunnel
40

Full survey 

Full survey after the girder 
preliminary alignment finished, 
include all the magnets and control 
points. 

30(relative error)

Displacement 
measurement

implement the smoothing strategy, 
displacement measurement in real-
time  relative to smoothing position

10

Positioning
Girder position adjustment offsets 15

Girder displacement after locking 15

Å Final alignmentin tunnelЕ

Lattice layout and tolerance requirement
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Recall that the requirement of tolerance of magnet to magnet within a girder is 30ɛm, 

tolerance of girder to girder in SR is 40ɛm.

It should combine the error in pre-alignment and final alignment, and then meet the 

requirement of 50ɛm.

Tolerance requirement in overall
/˃Ƴ@ 1õ

Tolerance requirement in each procedure

/ɛm@ 1õ

Alignment in 
SR

50

Pre-alignment in temperature 
controlled room

30

Final alignment in tunnel 40

Lattice layout and tolerance requirement
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For quadrupoles and octupoles, the fiducialisation based on magnetic center was 

implemented by rotating coil measurement system. 

A precisely machined ceramic skeleton with bucking coil was used for the magnets of small 

aperture 25mm and length up to 0.7m. The repeatability of the magnetic center in horizontal 

direction is under 1.5˃ Ƴ, while that in vertical direction is less than 2.5˃Ƴin different days.

CMM (3.5 ˃ Ƴ+ 3.5ppm)was used to measure the rotating coil representing the magnetic 

center and the 4 fiducials on the top of the magnet.

The fiducialisation error was less than 10ɛm.

Pre-alignmentðfiducialisation

[1] Yang M , Chen F , Yin B ,et al.A rotating coil measurement system based on CMM for high-gradient small-aperture quadrupole in HEPS-TF[J]. Radiation 

Detection Technology and Methods,2021(001):005.

[2] LuyanZhanget al . A single-turn rotating coil magnetic center calibration system designed for high energy photon source.2023Meas. Sci. Technol.34085017
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For sextupoles, the fiducialisation based on mechnicalcenter was implemented by CMM. 

εActually, we also have performed magnetic fiducialisationfor sextupoles. Due to the weld cracking of the 

nests, they has to be fiducializedagain, so we decided only to implement the mechanical fiducialisationwith 

the consideration of efficiency, and then correct the mechanical center to the magnetic center with the 

deviation derived from the previous magnetic fiducialisation.ζ

By importing CAD models, CMM can automatically perform measurements by routines, this greatly 

improves efficiency, and the time was reduced to 0.5h compared with 1.5h by laser tracker.

The  repeatability was better than 10ɛm, and the deviation of dimension inspection was under 

15ɛm.

Pre-alignmentðfiducialisation
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Pre-alignmentðpositioning measurement

In order to realize the 10ɛm accuracy of the spatial coordinates, a multilateral 

measurement method based on 4 laser trackers network was adopted. 

The high precision distances from the laser trackers to the common points are obtained 

to solve the coordinates.

[1] Shang Lu, Jing Liang*, Lingling Men*, e tal. A laser tracker -based multilateration method for pre-alignment of High Energy Photon Source storage ring, Nuclear 
Inst. and Methods in Physics Research, A, 2023, Vol.1045.

To ensure that the equation has a solution, we need to satisfy the condition mn > 3(m + n), 
where the number of unknowns is 3(m+n) and the number of equations is mn. Therefore, the 
minimum number of laser trackers required is 4, and the corresponding minimum number of 
common points is 12.
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Pre-alignmentðpositioning measurement

CERN has proposed an automatic measurement and adjustment scheme to improve the 

efficiency. And put forward a new FSI distance method to measure the cavities in cryostat.

There is also a commercial product Laser tracer from Etalon. 

The principles are similar, and these systems take advantage of high accuracy laser 

distance to achieve ɛmlevel.

[1] Hélène MainaudDurand. Survey and alignment from LEP and LHC, expectation from FCC. FCC-eeoptics tuning and alignment mini-
workshop _ FCCIS WP2 hybrid event.12 May 2022.

[2] M. Sosin, H. Mainaud Durand. Robust Optical Instrumentation for Accelerator Alignment Using Frequency Scanning Interferometry. 
IPAC2021, Campinas, SP, Brazil.
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Pre-alignmentðpositioning measurement

Benefit from the AT930 absolute distance of high accuracy and high dynamic,and the 

cate-eye reflector of wide angle, we could realize the spatial measurement ŀŎŎǳǊŀŎȅ ƻŦ мл˃ƳΣ 

as well as dynamic position feedback which is especially important for magnet adjustment in 

real-time. 
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Pre-alignmentðpositioning measurement

It is desirable to make the fiducials at the same height, so that the laser tracker could 

sight all the fiducials in one station, which is important for the pre-alignment as well as full 

survey in the tunnel.

For small-sized magnets, the support 

post for fiducial nests was intentionally 

short to ensure rigidity. A ball adapter was 

designed to raise the height of the fiducials.
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Pre-alignmentðdeformation

The girder was supported by 6 pivot points on plinth in tunnel, the deflection 

would occurred if girder was uneven supported. When the deformation exceeded 

10ɛm, then the intervention was adopted to mitigate it by loosing the screw to 

make the girder supported even.
ẘ dX/mm dY/mm dZ/mm

ẅ 0.014 0.042 0.056

ẅ -0.018 -0.034 -0.071

‼ẅ 0.008 0.019 0.039

ẘ dX/mm dY/mm dZ/mm

ẅ 0.010 0.011 0.017

ẅ -0.012 -0.016 -0.032

‼ẅ 0.005 0.007 0.011

For the girder R31MP1, the deformation was 0.019mm in the vertical, and the 

deformation decreased to 0.007mm after re-supported.

R31MP1 supported uneven

R31MP1 after re-supported
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Pre-alignmentðvalidation

Vibriation wire system(VWS) was established to validate the accuracy of  pre-

alignment. It is only suitable for the straight layout of magnets within girder. 

A module of Booster was used for testing, first the mangetswere pre-aligned into a 

straight line by the previous multilateral method, then VWS was used to measure the offset 

of the magnetic center. The result showed that both methods match well of 17ɛm.

The pre-alignmentmethod adopted in HEPS has the advantage of versatility, and is 

capable to apply for the pre-alignment regardless of whether magnets are arranged in straight 

or curve within girder.
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DQ FODO

MP
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The primary control network consists of 12 points, and P1~P8 are permanent 

points, they are built on the bedrock.

Alignment in tunnel ðcontrol network
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GPS and leveling are used for the horizontal and elevation measurement.

Alignment in tunnel ðcontrol network
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Alignment in tunnel ðcontrol network

Total station are used to check the 

baseline length of GPS.

The accuracy of primary control 

network is estimated to be better than 

2mm.
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Alignment in tunnel ðcontrol network

The secondary network layout along the tunnel with 5 points in each section, 

and 2 points on the ground, 2points on the wall, and 1 point on the ceiling. The 

interval of sections is 5m in SR.

Booster
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Alignment in tunnel ðcontrol network

There are 288 sections in SR ,corresponding to the girder positions, have 1440 

points.

Points in Booster Points in SR Points in Beamline Hall
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Alignment in tunnel ðcontrol network

Laser tracker was used, each station was set up in the middle of the 

consecutive sections and measures the 4 sections forward and 4 sections backward 

in free station mode, then move to the next station. The distance between the 

stations is 5m, so the network is very dense, resulting in a large number of 

redundant observations.



39International Workshop on Accelerator Alignment 2024, SLAC, Oct 7-Oct 11, 2024

The girder alignment in tunnel was measured by single laser tracker. The laser 

tracker was located by the surrounding control points, and measure the fiducials 

of magnets to guide the adjustment in real-time.

Alignment in tunnel ðpositioning measurement


