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1 Introduction




1 Introduction

circumference of the storage ring

~480 m
: Injector
Transport line 2.2GeV 192 m
138.4'm —_——
— — ‘
Hefei Advanced Light Facility (HALF) is a fourth -generation

diffraction -limited synchrotron light facility.




1 Introduction

Acceptance index

Energy [GeV] 2.2 2.2
Perimeter [m] 479.86
Beam Intensity[mA] 350 175
BeamNatural Emittance 85.8 O1 @ a0mA Achi desi
[pm-rad] Beam Intensityx CiIEVERCE SIGN
Horizontal BalanceEmittance 02 e a75mA indexes after
[pm-rad] Beam Intensityx acceptance
BeamOrbit Stability <10%TransverseBeam <20%TransverseBeam
Spot Size Spot Size
Straight Sections 5.3 mx20 +2.2 mx 20
top-off
Operating Mode Constant current
operation
Brightness 1.15% 102 5x 1020

[phs/s/mn?/mrad?/0.1%bw]



1 Introduction

Requirements of accelerator physical design for storage ring
ali nment

-- B
Machine mm mrad
2] Zu zu Zu Challenges o

Quadrupole

Sextupole  +0.03 +0.03 0.15 +0.10 #0.10 0.10 Higher precision

Inside Octupole ] ond
arge workioa

the Corector 4530 +0.30 020 020 #0.20 #0.20
girder dipole

Bending Shortage of staff

dipole +0.20 +0.20 +0.15 #0.10 +0.20 +0.20

Magnet Complex interfaces

Between alignment +0.05 +0.05 #0.20 #0.10 #0.10 #0.10
adjacent girder

irders Other
g St +0.20 +0.20 #0.30 #0.20 +0.20 10.20
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2 Steps of HALF Alignment

Pre-alignment Installation

|
Smooth and
Control survey Final alignment
| :I Lo > v .A’: - - . =5 -r*** Grivas
ASUTK o~ TS e e
i - .’:?9‘:_ . e

Deformation monitoring

The alignment of HALF is a complicated work which consists of five steps as

above .
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Top
Structure
Design

3 Design of 1 st Class Control Network
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3 1st Class Control Network Measurements




3 1st Class Control Network Simulation Calculation

Common data processing software: leveling (CosaLEVEL), Qinghua Shanwei, etc. GNSS measuremesés often
CosaGPS, Leica LGO, etc.; Total station measurescenimonly used by CosaCODARSinahuaShanweietc. In

+
— L] ] -

The prog Dof civil enginee[ing is Stefithan expected, and many isibilities have k
disrupted. Kis-hecessary to adjust meast ement plan based on-the aetual visibility si!

accuracy based dotal station L X\ accuracy based dBNSS

crosschecking
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4 2" Class Control Network General Layout

Secondary control dot space thwadienensional layou

| ; Top Monuments(T) |

Storage Ring y

Injector
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Principle: three dimensionaluniform1 visibility
Classification: ground- Wall - Top



4 Structural Design Drawings for 2 nd Class

Wall support
for u -base

Ground
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Ground target base fory -base Wall target base for p -base



4 Layout Simulation Analysis - Taking LINAC as
an Example

( ‘ontrol Network Evaluate

I Monte Carlo ! .

1 |
| 1 |
1 1 |
I Configuration : : : i Simulation : : Index | ( ‘ontrol Networkl
| | P! - - ! ' Scheme '
! : I | Number of Targets | | : o ;o] Accuracy : I :
| L R = L |
- ® . @ '
I g I ! 33 P 3 o !
: Control Network 1 ! | Top Point Position | | i =1 P! b ! %
I i I I L] | I \
. 3 | :t I ( ')
: Cross-Section | : ; I : = 1 : Difference from : : > :
I I > M - H E _7: :—ﬂ Theoretical Value -4 1
" | a Iy easuring g ! 3 1 ! Precision ! 1 W :
I I : | Distance I : = P : I j — 1 :
1 : 1 I i I 2 1 |
I : Lo Y | i Lo 1 Lo :
: | 1 : Stations' : I i 1 : | : 1
I ] : I Density = i < A"!" | 1 @ Accurate |
; | . ) ! ‘ I = ;! / | .
I I Instruments I ' : P P : 1 @ Precise :
I by M g
' HALF LINAC | : ey I : Stations : I Control : : Uncertainty I : @ Efficient |
LA - 1 - I . from SA 1 1
ol etwor 'ﬁ o g o | L Straishiness A U5y Variables 1 | T | e .

Linear control network simulation features:
Lack of closure Heavy accumulation of Frgfoxvlrqv Tdg ¢

measurement errorsBetter visibility than ring Enchen Wuenchenwu@mail.ustc.edu.cn
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U Preliminary plan for control network configuration:

Height |:>
Position

V section spacing is 5 meters
V includes a top point, two wall points, and two ground points Enchen Wu
V the top point is directly fixed on the roof

enchenwu@mail.ustc.edu.

V the top point is located directly above the ground point LGA
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the Hefei Advanced Light Facility linear accelerator control network.
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Based on the preliminary simulation
plan above we continue to explore the
influence of other factors such as
observation distance, observation
Provide guidance for effic
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4 Data Analysis of Instrument Observation

Length Factor
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4 Data Analysis of Instrumental Observation
Density Factors
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Efficiency: One laser tracker is deployed between adjacent sections

Accuracy: Two laser trackers are deployed between adjacent sections
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4 2nd Class Control Network Measurement and

Accuracy Estimation

Measuremenstrategy

U Setupameasuringstation
everysectionalongthe
tunnel

U Measureb sectiondefore @ Laser Tracker e control points
andaftereachstation

U Ensurethatthe numberof
controlpointsat eachstation

IS 60, the measurementngeis
45 metersandthereareabout
50 commonpointsbetween
two adjacenstations

JRAUI']

Tunnel control network measurement accuracy target:

Absolute plane/elevation point accuracy is +0.8mm, =0.6mm respectively
Relative plane/elevation point accuracy is  +£0.033mm, +0.030mm respectively




4 Experimental Hall Connection Measurement

and Accuracy Estimation

Diagram of the viewing hole and the connection between th
experimental hall and the storage ring controhetwork

N

Measuremenstrategy
A stationis setupin each

sectionof the control
networkalongthe
circumferencef the hall,
andeachstationmeasures
three sectionsof the control
networkbeforeandatfter,
until the stationis closed
alongthe beginningand end
of the hall loop.

Experimental hall control network measurement accuracy target:

Absolute plane/elevation point accuracy is +1mm, =0.8mm respectively

Relative plane/elevation point accuracy is  +0.08mm, +0.06mm respectively
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5 Pre-alignment of Components

A Pre-alignment of magnet units using multiple laser trackers

P within the unit30e my In g

}IAn gl e: W8e m-

5 em / m

uncertaiﬁty cloud m=4
d iodw pnpsdqfdnhbp Vkﬁsh

Uncertaint . N
Y- mn O ( m+n)
in distance <in angle—>
Ting Ding dingting6é@mail.ustc.edu.cn
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5 Mathematical Model of Pre -alignment

rank-defect free network adjustment X

A all based on distance informationy, +1, s/(x %) (¥ y) (z+¢)

coffcient matrix A rank defect matrix G shouldsatisfy.
6007 @O LA P i 00 Q
A normal equati 0] & A -@) el
guation OL~)‘] W T I:> 50 T
woLw | EI "O0 'O O

Threedimensional coordinates of the target point
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5 Layout Optimization of Four Laser Tracker Pre
alignment Syste

A
A

4

PDOP~ =
V

V: volume of the tetrahedron

Best layout:

right-angled regular triangular pyrami#DOP 1.59 transversal accuracy reaches 7.5Pm R

The Layout Optimization of the Four Laser Tracker Pre
System for the Hefei Advanced Light Facility
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Ting Ding dingting6@mail.ustc.edu.cn
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5 Pre -alignment experimental site
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6 On -site Components Installation

A Component Installation Outline Diagram— Unification of different benchmarks:

E Comparison of transformatior
models composed of different

rotation matrices

common points

E Optimization model for

common point weights




6 Corresponding studies of installation models

Research on the restoration of the on  -site installation coordinate system

nd:
circle: the exclusive circle in the X direction

n circle: the exclusive circle in the Y direction

The black ellipse is synthesized according to the X and Y
dire S

Y

1y 1 E

H

Dy, T
Lo/ R

crossover mutation offspring:
-

Optlmlzatlon of the layout of common
points: Select common points based on ) _ _
uniformity Compensate for the loss of Integration of Genetic Algorithms
accuracy caused by clustering of common pointslerance Automatic adaptive weighting

Optimization model for common point weights:

A common points selection method based

on Theg RiRgHinginac@mad. ustcedu.cn

alignment of particle accelerators

RobuQiB Zhardjepiez Ganaihustetiedubearsed
on Genetic Algorithm Intelligent Weighting
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6 On -site Components Installation and Smoothing

Here are some things to look out for:

A The method of maximum field of view intensive measurement

A Site installation should be carried out 6 months after construction
completion, during which time the secondary control network
would be retested periodically

A In the process of transportation, the accuracy loss of pre-alignment
should be evaluated

A Restore the precision control measure of mounting coordinate
system based on secondary control network



6 Research progress on smoothing

. The

second subsection
mm—) Common part

Iteration curve fitting
of every subsection

Full ring X/Y direction adjustment- No.13 sliding window diagram
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duc the adjustment workload by at least 1/3.

method is carried out

Qiuyu Zhang gyuz@mail.ustc.edu.c
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6 Research progress on smoothing

Based on a physical design of a version of the Hefei Advanced Light Facility,'
a smoothing method for the storage ring orbit was studied.

O Position afteradjusiment 0 F{;setgovr;;'ﬂteemdjuslmem
: ; R T Fitted value ) . o
02 Smoothing analysis resuttin X direction | ——the upperbound of thetolerance e Smoothing analysis resultin Y direction If:z Iuopp::;)ou:: ;;:::;?:::?
' ———The lowerbound of hetolerance e ¢

Deviaticn [mm)

Smoothingadjustmenbasedn parzenwindow functiort ] Nonparametrienethod

k Adaptsto any probability distribution| Simple calculationmNo prior assumptionn
thedataarerequired



6 Research progress on smoothing

Simulate different smoothing schemes:
Parzen window function orbit curve fitting can more effectively optimize the orbit bee

guality, especially the b oscillati on

The purpose of "optimizing the adjustment workload while ensuring

physical requirements” is to determine the smoothing method



