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HEPS s a first fourth -generation synchrotron light source in China

It is located inHuairou district , Northeast of Beijing, about 62km to the center of
Daxmg Internatlonal Air

Beijing , 38km to the Beijing Capital International Airport

, 103km to the Beijing
&Oft aerial view
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The appearance Iooks like a magnn’ylng glass, symboli:
o the exploring the microscopic world of matter
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Project overview of HEPS - e

Project period 2019.06~2025.12

Energy 6Gev

Emittance 60pmrad

Circumference 1360.4m

Lattice 48-7TBA - s
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Milestones

5

2019.060 project launched. b4 | Sto‘l}gageﬂr:lng
2021.060 start installation of Linac.

2022.08t start installation of Booster. 7 g,
2023.02t_start installation of SR. y/ i'.;’é'ﬁ'ﬁﬁg BQoster
2023.03t successful operation dfinac | \ NS/

2023.11t successful operation of Booster. \ A /

2024.07t start beam commissioning oSR : Eﬁiﬁgkﬁ
2024.08t Successfully achieved beam storage of SR.

Planning

2024.10t generating the first beam of synchrotron radiation.

2025.09
2025.12t

test running.

project completed.
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) Overview of HEPS

HEFS
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lew of HEPS
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2021578 SENIR
FHEFH

2021.07 Civil constr
major S
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202357 F SRELIR

2023.07Civil construction_
nearly completion
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2024.08Current appearance
Aerial view of HEPS
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JO 91 Overview of HEPS
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) Lattice layout and tolerance requirement

HEFS

A The SR consist of 48 hybrid7BA cells.

A Each cell contains 6 girders of three types: DQ MPJ FODOI and distribute
INn symmetry.

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

supported individually on the two adjacent plinths for lower accuracy

requirement.

58 e 092000 == R E—0 05 00 8 == 00000 90 cnace 115

BLGS BLG4 BLG3 BLG2 BLG1
Ss— i i == 0 = SN = [ == ERCE NN P w—
E - :. - I - [ | .
DQ MP FODO FODO MP

By Wowes Woowes [ e [ somx

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




A The number of girders is 48-6=288

A There are 8 magnetson MP, 5 magnetson FODO, 3 magnetson DQ. The total
number of magnetsis 1776including the BLG magnets

A 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.

T
11.0.670.3 2 9
MP  3.3°0.67°0.46 96 ﬁﬁ'i HE /Ml

()]

FODO 3.3"0.6770.46 96

2
2
DQ 1.48*1.1*0.65 2 96 96 3.3 3.8 4.3 2.3 5 6.6
ol MP 4.2871.2°0.5 2 9% FODO 96 3.3 4.3 6.2 2.3 5 8.5
FODQO 3.8%1.2*0.57 2 96 -
BLG5S BLG4 BLG3 BLG1
8 .58 -l---l-l-'-l- PR e g m——
DQ MP FODO FODO MP DQ
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4  HEPS

) Lattice layout and tolerance requirement

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

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

MAXIV 20~30E 100
BNI-NSLSi 30 100
ANLAPSU 30 100
ESRIEBS 50 50X
SPringdl 30 90

LNLSSIrius 40 80

IHERPHEPS 30X 50X

The alignment accuracy of HEPS was at the forefrontvithin the similar facility. X X
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A Strategy of AlignmentE 3 basic procedures
Magnets pre-alignment in temperature controlled roomE Magnets alignment accurately on one
common girder, then the girder transports and installs in storage ring as an assetnbly
. Girder preliminary alignment in tunnelg put the girder to the theoretical position of the storag
ring relative to the control network.
Final alignment in tunnelE put the girder to the smoothing position relative to the adjacent girc

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.
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A Pre-alignment E includes 4 stepb each has specified strict requirements.

Fiducialisatiorof individual magneby rotating

Fiducialisation coil and CMM system

measurement by laser multilateral system

Positioning real time relative to the girder coordinate
Magnets pre measurement o oo oo ? t
alignmentin system during the adjustmen
temperature 30 Positioning Magnet position adjustment offset
Cop(;[(r)orlrlled adjustment Magnet displacement after locking
a2501 Open and close of magnet
grl]s(,jplacement Displacement after transportation

deformation  Deformation due to girder uneven supported ¢
plinth in tunnel
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A Preliminary alignment in tunnelE

Control
network
Girder 1000 Positioning
preliminary  (absolute errory ~ M€AsUrement
alignment 100
in tunnel  (relative error@ 10m)

Positioning
adjustment

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

800(absolute error)
30 (relative error)

measuremenby one laser tracker in
reaktime relative to the nearby control 50
network points during the adjustment

Girder positiomadjustmentoffsets
(meanwhile, measure all the magnets
within girder to check the deformation
of girder)

Girderdisplacement after locking 15
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A Final alignmenin tunnelE

Full survey after the girder
preliminary alignment finished,

Full survey include all the magnets and control
: oints.
Final p _

alignment in 40 Displacement implement the smoothing strategy,
tunnel displacement measurement in real

measurement : : ) .
time relative to smoothing position
L Girder position adjustment offsets

Positioning

Girder displacement after locking
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Recall that the reqguirement of tol eran

tolerance of girder to girderin SR is4 0 € m
It should combine the error in pre-alignment and final alignment, and then meet the

requi rement of 50¢&m.

Pre-alignment in temperature

controlled room &0

Alignment in

SR 50

Final alignment in tunnel 40
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OMN Pre-alignmentd fiducialisation

For quadrupoles and octupoles, théiducialisation based on magnetic center was
implemented by rotating coil measurement system.

A precisely machined ceramic skeleton with bucking coil was uséddanagnets omall
aperture 25mm and length up to 0.7m. The repeatability of the magnetic center in horizont
direction is under 1.5 Y while that in vertical direction is less than 2.5vin different days.

CMM (3.5> ¥ 3.5ppm)was used taneasure the rotating coil representing the magneti

center and the 4 fiducials on the top of the magnet.
The fiducialisatoner r or was | ess than 10¢&m.

Rotating Coil HQ Magnet CMM
Bearing
Bearing

Encoder

Servo motor

Coil supporter Coil supporter

2-axis linear stages gy
2-axis linear stages

Rails
Reference surface , 3 - :
[1] Yang M, Chen F, Yin B ,et al.A rotating coil measurement system based on CMM fayradjent smalhperture quadrupole HEPSTF[J]. Radiation

Detection Technology and Metho#821(001):005.
[2] LuyanZhanget al. A singleturn rotating coil magnetic center calibration system designed for high energy photon souee282Sci. Technad4 085017
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OMN Pre-alignmentd fiducialisation

For sextupoles the fiducialisation based onmechnical center was implemented by CMM.
€ Actually, we also have performed magnédimicialisationfor sextupolesDue to the weld cracking of the
nests, they has to lielucializedagain, so we decided only to implement the mechafichadialisationwith
the consideration of efficiency, and then correct the mechanical center to the magnetic center with the
deviation derived from the previous magnédiditicialisation(

By importing CAD models, CMM can automatically perform measurements by routines, this gre:
improves efficiency, and the time was reduced to 0.5h compared with 1.5h by laser tracker.

The repeatability was better than 10&em, ar
15&em.
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Il n order to reali ze the 10em accuracy
measurement method based on 4 laser trackers network was adopted.

The high precision distances from the laser trackers to the common points are obtaine
to solve the coordinates.

dyg = \/(X1 —x1)% + (Y, — y2)% + (Z3 — 2z3)?

4 dy= J(Xi -x)" + (¥ fJ’j)z“F (zi-2)’

An =N X = %)% + U = Y02 + Ziy — 2,)?

\

To ensure that the equation has a solution, we need to satisfy the condiition 3(m + n),
where the number of unknowns isr@fn) and the number of equations mn. Therefore, the

minimum number of laser trackers required is 4, and the corresponding minimum number
common points is 12.

[1] Shang Lu, Jing Liang*, Lingling Mextal. A laser tracketbased multilateration method for pralignment of High Energy Photon Source storage ring, Nuclea
Inst. and Methods in Physics Research, A, 2023, VV0l.1045.
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CERN has proposed an automatic measurement and adjustment scheme to improve
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 mevel.

' FSI head positions
® < ¥ y inexternal referential
/| coordinate system

FSl distance
measurements \
|
Position calculation | /
algorithms 1

OBJECT POSITION/ORIENTATION

Object/CCR targets
geometry
measurements (CMM)

Figure 3: Sequence of measurements for intra-cryostat
position monitoring.

[1] HéleneMainaudDurand. Survey and alignment from LEP and LHC, expectation from F@Eop@sS tuning and alignment mini
workshop _ FCCIS WP2 hybrid event.12 May 2022.

[2] M. Sosin, H. Mainaud Durandobust Optical Instrumentation for Accelerator Alignment Using Frequency Scanning Interferome
IPAC2021, Campinas, SP, Brazil.
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Benefit from the AT930absolute distanceof high accuracy and high dynamicand the
cate-eye reflector of wide angle, we could realize the spatial measureménO O dzNJ O &
as well as dynamic position feedback which is especially important for magnet adjustment
real-time.
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survey in the tunnel.

sight all the fiducials in one station, which is impor

TEBE ST R~ oVl B EEES
- Beam
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R B e B - — 9 Wl e s E RS R TR wrmEs (% el
r 3 _ _ il E7:] [ g S— [ [ 1 [ _I
Bl 7 { ‘"”ﬁl % 1 <Thl <
=i T o = —T= o} | Mover @r Mowe: 8 §I Mower =L L
s g r=ft T ] f T  — l
1| ° [ = 5 =t E{ o= \
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& g = 5 % i
800 kY
2200
3820 4230 142 1480

i
For smalsized magnets, the support \»‘« L
post for fiducial nests was intentionally :“f"‘""i’" e,

short to ensure rigidity. A ball adapter was 2
designed to raise the height of the fiducial
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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
10em, then the I ntervention was adop
make the girder supported even.

W 0.014 0.042 0.056
W -0.018 -0.034 -0.071

0.019 0.039
orted uneven

0.011 0.017
-0.012 -0.016  -0.032

For the girder R31MP1, the deformation was 0.019
deformation decreased to 0.007mm after rsupported:

In the vertical, and the
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JON Pre-alignmentd validation

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 thenangetswere pre-aligned into a
straight line by the previous multilateral method, then VWS was used to measure the offse
of the magneticcenterr The result showed that both 1

The prealignmentmethod adopted in HEPS has the advantage of versatility, and is
capable to apply for the pralignment regardless of whether magnets are arranged in straig

or curve withingirder. —
WERE AR | BEHEHO [ AKFEFEX/mm | BEFEY/mm | RKEAH B }
BS1QD13EN 0.003 -0.003 0.000 TR
BS1QD13EX -0.017 0.010 320.000 )
BS1SD6EN 0.017 -0.007 441.000 '

BS1SDGEX -0.003 0.000 661.000
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The primary control network consists of 12 points, and P1~P8 are permanen
points, they are built on the bedrock.
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Total station are used to check the

baseline length of GPS.
The accuracy of primary control

network is estimated to be better than' &
2mm. #EL
Plumbing Book
mstrument BT

R EE Y
Laser tracker
Tunnel

3]
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ON Alignment in tunnel & control 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.

Pk 188 2 ] o B8 T /e

\\zmmu,ﬁ
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AR SR 440K B, 84 EFEIR1360K A&, L IhIR L KT 17002K
BB, 440 SBEEM T 288E%, \3£1440 5 F% 8 F1<, 100E%, #300
RAF®HE

Points in Booster Points in SR Points in Beamline Hall
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JON Alignment in tunnel & control 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 backw
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.
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The girder alignment in tunnel was measured by single laser tracker. The las
tracker was located by the surrounding control points, and measure the fiducials
of magnets to guide the adjustment in reatime.
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