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TDR comments
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The misalignment errors presented are very challenging for all the components in the injectors, booster| 5-MDIEFR A
and main ring. They should integrate the ground motion expected between two consecutive measurement Ejﬂj}ﬁ ?ﬁﬁ
and adjustment campaigns and other parameters as temperature gradients. mechanical constraints, etc. The %ﬁﬁﬂﬂﬁﬁ
fiducialisation accuracy is not achievable by standard techniques and will require very specific methods, tools and %%%{)‘JE
test benches for automated measurements. Given the number of components, the fiducialisation measurements
will have to be launched at least two years belore the 1nstallation begins. The determination precision for the 6. 2% JE i il %
underground network seems very optimistic just using TS60 instruments and long-distance measurements. The JEKAs TR TT
smoothing measurements (with an expected duration of 7 months) will have to take place every week. In the e
MDI area, a solution to link the tunnels on either side of the detector is proposed before the detector installation| - VU T
but another is required once the detector is in place. 351518 Z I,

The committee welcomes the proposal to monitor the tunnel deformation using alignment sensors but a| s 475 223
clear strategy has to be proposed as their implementation does not appear in the installation schedule and their| &)%)

integration is not shown in the tunnel cross-section presented during the review.

Smoothing measurements and adjustment must be included in the general schedule of installation, as they
take a significant time.




TDR recommendations:

A.30.2 Recommendations:

1.
2.

Relax the alignment requirements in all area wherever possible;

Launch the development of methods and tools for high accuracy fiducialisation;

. Propose an alignment strategy of the main machine integrating the deformation measurements;

As soon as the site location is chosen, geodetic studies should be launched, including the implementation
and realisation of reference frames and the determination of the equipotential surface of gravity, at both
surface and underground-tunnel levels;

Regarding the required (.1 mm magnet alignment accuracy, analyse and reconsider if the HLS-monitor
accuracy of £0.01 mm can be relaxed;

R&D must be pursued on other key subjects such as geodetic aspects and alignment systems. The
committee recommends launching collaborations with international laboratories having the expertise and
experience in order for readiness by 2026 to be achieved.

1. R ELEOR

2. WER RS EEAR E
JriE. TH.

3. &AM
= HE B 5 .

A4 FF Kt B
Fo
5.HLSHE AT LA
%,

6. e [H bn 5 1E,
V-8 TN iEs &N,



ALK AN
ML HEEA T RIRESDL

BB XIBAHMETT R, 2K
Hb 7K AHE T AR 2R 0f 1 DG 2 IR

SEE MHLTE 2 T B8 B B AE A AR AE TR

B2 AT A SRR B P I B A S
A ] U U R

AAERRE. k. BESFHERR
PR/ -Z

TR SO X R AT T 3R,

RGN OB EHEE TR

TR E T MR &R, #E
@Eﬁi

Xt _E R SRR T IEREAT R .

,' YR, ﬂ
[ 2023 £ 9 A 1 H, 1 [EFHER 8A1 B O TE E Al T "\
J?FL‘CUKW MLUﬂﬁ1tm1+£lmrsﬁnlﬁﬁuuﬂl!rCEm'mx‘
." WBARGRIFH S, WHEA (BMMG) WELT CEPC BRI E |'
| My (REA: AR, &itip, LHMLIT, ‘
[ 1. AR RBEAE ELR A SR AL 5 1 EUF 5 802 1 . \
|2, K AA KRR, SRR AR |
'I idiol-Ziz R |l
‘I - TEHE M T T R A A 4 bR ln

4. T2 53 AT IR 1 1 I {3 A8 PR RN 43 R ) SR B |l
i I

!
l

} DA ERIE . SR, BRI R R R R l
f ST X AR SR, kawmmtﬁgﬁ\
J HAHE,
j.ﬁ@ﬂ@k%ﬁﬁﬁﬁ&#ﬂ%.ﬁﬁ&ﬁmﬂmm,

ﬁ.ﬁk%%&ﬁ*ﬂﬁ%%ﬁ%mﬂ

|

WM&M:W@

20%% A (R

|
|

l
l




3. CEPC alignment control network

e Surface control network ground and tunnel connection measurement:

» GNSS measurement must be carried out on the ground.

» The connection measurement between the ground and the tunnel can be carried
through boreholes or shafts.
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3. CEPC alignment control network
transit square

CEPC coordinate system
Z4

|
|

e Connection measurement:
> Measurement instrument iIs centered to the ’
| N\ Vertical

control point along the vertical.

> It needs to calculate the coordinate
difference between the ground point and the

tunnel control point.
» The distance D from the ground point to the
tunnel control point can be measured by

using a tape, a steel wire or a total station.
CEPC coordinate system

Za Ground point
dz [

Accuracy: 0.5mm/(100m, larcsec.)

/ertical d;rection (dx = Dsin ‘9(1 COoS Hﬁ
dy =Dsing,siné,
dz=Dcosé,

According the vertical direction
of the ground point and the
distance D to calculate the
coordinate differences tunnel point
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® The Earth’s surface is irregular, and conducting measurements on its surface
requires using the geoid as a datum.

e CEPC will be installed reference to a plane, so it is necessary to accurately
determine the position relationship between the irregular geoid and the
Installation plane through the geoid refinement.
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Flgure 1 Geodetic control proﬁle (GNSS/levelhng and deflection of the vertical) established, and gravnty data acqmred
for the computation, control, and validation of the geoid model.
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1. KA KRR

e Data collection: Collecting gravity data within a 300km radius of CEPC.
Carry out supplementary measurement in areas lacking gravity data.

333

e Field survey: |72
> Build 25 observation points in a range of ./ TN
32km X 32km covering the CEPC area. The ry e B e = ,” ’
observation points will be distributed in a grid {L} { o %/Z .
pattern with a distance of 5-10km. AN ]

> On each observation point performing GNSS, level, !
and vertical deflection measurement.

e Mathematical modeling:

> Using the collected gravity data and EIGEN6C4 according to the Stokes-
Helmert method to calculate the gravity quasi-geoid.



e Personnel, workload and time estimation

Instrument (number) Group X (number Workload
of people / group)

Site survey
GNSS

Level

Vertical deflection

Gravity

Data processing

Accuracy
verification

Pick-up truck (4)
GS10+AR20 (16)

DNAO3 (8)

Hangguang zenithal
camera (1) GNSS
receiver (1)

CG6 (1) LCR (1) .

GNSS receiver (2)

Desktop computer

(8)

GS10+AR20 (16)-
DNAO3(5). zenithal
camera (1)

4X (4)
16X (2)

83X (4)
1X (4)

2X (4)

1X(8)

1X (24)

800km?
25 points

480km
25 points

Depend on site selection

16 points, 100km
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e In Dec. 2023, a measurement experiment was conducted in HEPS storage ring.
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e Paste encoded targets on the wall for image match and point recognition.

e Hemisphere targets for control points and magnet fiducials measurement.
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e The range of the measurement experiment is half of the ring and took 10 days, 4 times
faster than using a laser tracker.

e Adopt set up station measurement method. Each station the visual instrument is leveled,
and the horizontal and vertical angles of each picture were measured. A total of 250
stations were measured, approximately 20~30 pictures were taken in each station.

e The observations are being processed.
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Error category Error source Error (rms) [pum]
Mechanical QPD Mounting 50
Electrical Detector offset 15
Laser Profile & Stability 30
Sum total 60

Single Stretched Wire measurement (SSW)
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Deformation monitoring: “in-fiber” helix measurement By adding more helices, Deformation monitoring: “in-fiber” helix measurement + uncertainties
deformation can be
iati H Least square
Itis b udlstllfnt%mshh?d : h Helices observatons @ ;1-<jiL|5r”~|Qn:( fio_
|s:beterii:the-helices:have (= 3D lengths of fiber portions) ot
& I different step and directions. 4
— aows ) /,, i Point equation +
T2 Pt ;""‘ w"‘\\ . /g” Variance propagation
' “n " N e D
% _ B L OB - - * o
e RO : s e o
i Al JRa Expansion = : 2 ¥ hO=3G I
: S o R | | -. I
=2 ,/i/ o F n—z.m | aA o R
! b ! E;f* Point offsets due to
Pry(t) = Y e K deformations
% Pa=SEr seegen »
No change of the o e = gl ., s
portion length e ‘* — Jf’.,, s ‘ ) 3
KR e ol
> ""% (+ equation of portion length as function of the o ""h i, Aﬁ‘@
- deformation polynomials) ’;; ro

21



AR

L[l
AW

3. MD IS 3 vk

o FAAHR

O BWHEERS BSR-G|
RO AS % EE%EL"O 20 40 60 80 100 120 140 160 180 200 | i l i

- KBORE R E ﬁﬁ] "“ ||“ .
- T RERIR AR L B 3 N
K B B B R v R

Bt.

> ETHAELREZERCHES
I B SEB TV -

> WORZEOLEAES| Hr s

22



3. MDIfEHEHEEBA
o MANE
- -3
@ IR I 16m .
> BRTaZMBERHIER THRES _ ks 2(z — L) =8 7 8mm
T 2T T32f

BT
KRB LI ERS KWL -

BT om0t KR RN R 5
ETHOC TN ER L 25 Bl R
"R,
ETTFomEEN 2L BHis
MELAR.

A\

E3R TR I U P AR O VA AR S T i
> REBEITIE, R, RHETE.

23



3. MDIFE % H

933
i
b >
4 Iv
<H
>

o FER AN

BASE YRHAFERE BERiKE
BOCEE RS 20pum/30m 60pum/500m
L5 10pm NA
ETF o miCEANERIENRS 10um NA

24



4. BURBOEZ HArllEE R 4
o ERX—BBOT R, SIA—BUOLIRD—E BE KNS
A RRIEE

o MR: BEEEN, WTUHEDNBOCHEC/NEEEMSZ, AT
AL E RN, PHES.

Cross section
12 optical feedthroughs

Reflective target
on the cold mass

IDEA

Aefsky, S., et al. "The optical alignment system
of the ATLAS muon spectrometer endcaps.”
Journal of Instrumentation 3.11 (2008): P11005.
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Thank You |



	幻灯片 1: CEPC alignment and installation EDR plan   Wang xiaolong  On behalf of CEPC Alignment and Installation Group  CEPC DAY  Feb. 28, 2024, IHEP 
	幻灯片 2: Contents
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8: 二、EDR工作
	幻灯片 9: 1. 大地水准面精化
	幻灯片 10: 1. 大地水准面精化
	幻灯片 11: 1. 大地水准面精化
	幻灯片 12: 1. 大地水准面精化
	幻灯片 13
	幻灯片 14: 1. 大地水准面精化
	幻灯片 15: 1. 大地水准面精化
	幻灯片 16
	幻灯片 17
	幻灯片 18
	幻灯片 19: 3. MDI精密准直技术
	幻灯片 20: 3. MDI精密准直技术
	幻灯片 21: 3. MDI精密准直技术
	幻灯片 22: 3. MDI精密准直技术
	幻灯片 23: 3. MDI精密准直技术
	幻灯片 24: 3. MDI精密准直技术
	幻灯片 25
	幻灯片 26
	幻灯片 27
	幻灯片 28
	幻灯片 29
	幻灯片 30
	幻灯片 31
	幻灯片 32
	幻灯片 33: 参加人员
	幻灯片 34: 进度安排
	幻灯片 35: 进度安排
	幻灯片 36: 进度安排
	幻灯片 37: 经费预算
	幻灯片 38

