FCC Week 2021: 28-June to 2.July 2021 Héléne Mainaud Durand

: . : : ' s A "li'ﬂ'-‘b‘
‘”\\ & 7 2%, 53 o RS S S S an !ln
\ﬁ\“ : i . . . :. i . : : P4 SN ‘ % : “‘ﬂ...lll

s

Geodetic
Metrology

GROUP

B BEAMS
DEPARTMENT

< S
~ G4 “ e
; 3 S S 3
w\\ ; > - \
—— - - i\‘n“ -
v e
\\L

o~




O FCC 01 July 2021, FCC Week 2021 Héléne Mainaud Durand

Table of content

Why do we need geodetic studies? WP organization and objectives
FCC versus LHC WP organization
About geodesy Objectives between 2021-2025
Civil engineering requirements from BE-GM Beyond 2025

Collaboration put in place Conclusion

Context and objectives
WP1: high-precision gravity field models
WP2: geodetic reference frames and infrastructure

Status and technical progress
Status and technical progress on WP1
Status and technical progress on WP2



O FCC 01 July 2021, FCC Week 2021 Héléne Mainaud Durand




O FCC 01 July 2021: FCC Week 2021 Héleéne Mainaud Durand

Motivation of geodetic studies

FCC versus LHC

« FCC 10 times larger than LHC

 Reference frames and infrastructure go back to
LEP (80s)

« The installation of components girders will start
before the final completion of the whole tunnel
ring, i.e., without a complete underground
geodetic network.

« The alignment tolerances of the components
underground are tighter.
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Motivation of geodetic studies

About geodesy...

All the FCC machine will be located in an inclined
plane

The major part of Survey instrumentation and
alignment sensors refer w.r.t. gravity

Two surfaces to model the Earth:

« Ellipsoid

+ Geoid

Very important to determine the link between
both at the highest possible accuracy
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Motivation of geodetic studies

Civil Engineering : input required from BE-GM

Detailed description of reference systems:
geodetic, map projection, local and height
reference surface

Surface geodetic reference network

Control baselines for Survey instruments
Survey building requirements

Reference system transformation software
Coordinates and transformation parameters
for 3D models, drawings, maps

Input into geodetic survey specifications

FCC pre-construction planning

Define what geodetic reference system/
map projections should be used for FCC

Specification of alignment accuracy requirements
for the site investigations (1m)
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Tolerances for reference points will be specified in tender documents.
Disclaimer:| (Alignment accuracy for setting out work : max. 50mm )
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Collaboration on geodetic studies

Context and objectives:

« Agreement + addendum signed in November 2020 (FCC-GOV-CC-0203 / KE4929/ATS,
with funding from CHART) between CERN and:
« ETH Zlrich, Institute of Geodesy and Photogrammetry (Prof. Wieser, Prof.
Rothacher)
» Federal Office of Topography, Swisstopo : Dr. Willi
« School of management and Eng. Vaud, Inst. Of Territorial Eng.(Prof. Guillaume)
« Two major objectives (corresponding to 2 work units)
« Determination of a high-precision gravity field model for the FCC region
* Improvement of the Geodetic reference frames and the geodetic infrastructure.



Collaboration on geodetic studies

Determination of high-precision gravity field models for the FCC region

Database of methodologies, instruments and
auxiliary data for gravity field determination
Initial gravity field model for the FCC region
Validation dataset from profile measurement
campaign

Report on the suitability of the deflectometer
for gravity field determination

Conceptual design report for establishing
gravity field models for different alignment
requirements

Conceptual design report for the establishment
of a dynamic gravity field

L
Physical | ! Ellipsoidal

plumb Iine" ! normal (g,2)
(®,A)

Vertical \z1  Difference of
deflection: 1 undulation

.“_..—::

.......................

[S. Guillaume]

Angular Interferometer Vacuum Tube

—Z =

\Inc\i nnnnn t

Laser Source and Detector Rail Chariot/ er

Idea of determining vertical deflections as angle between interferometer and inclinomete measure

[M. Schmid]

ments



Collaboration on geodetic studies

Improvement of the Geodetic Reference Frames and the Geodetic Infrastructure

* Report on the proposition of a horizontal geodetic datum
and a cartographic map projection for the FCC

 Conceptual design report for the establishment of a
surface geodetic reference network including control
baselines

« Database of methodologies and instruments for position
and orientation transfer into the FCC tunnel

 Conceptual design report for the connection of the
geodetic underground monitoring system to the civil
engineering one

* Conceptual design report for a calibration, control and
test facility of the geodetic equipment needed during
construction and operation of the FCC
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Status of geodetic studies

Determination of High-Precision gravity field models for the FCC region

* Doct. Student to start soon
* Profile measurement campaign well
advanced:
» Astro-zenithal measurements
performed & analyzed
* Levelling measurements done
* GNSS measurements to be
scheduled.
» Deflectometer under refurbishment




Status & progress

Improvement of the Geodetic Reference Frames and the Geodetic Infrastructure

Post-Doc. Started on the 15t of February 2021: Matej Varga under the supervision
of Prof. Wieser.

Report on the proposition of a horizontal geodetic datum and a cartographic map
projection for the FCC: first draft to be issued before end of June.

Finalization of the report in September
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Organisation of WP

Geodesy for the FCC: Scheme of Expertise for the Project

ETHZ (MPG)
* PhD supervision
* Theory and analysis
* |Instrumentation:
CODIAC
* GNSS networks and
analysis

HEIG-VD (G&N)
* CLIC expertise
* Experience CODIAC,
Deflectometer
» Software tools for
gravity field analysis

Advisory Board
* Experts from different fields
* Overview and Guidance

Gravity Field Ref. Frames &
Infrastructure

(PhD student)
(Postdoc)

ETHZ (GSEG)
Postdoc supervis.
Expertise in
Engineering Geodesy
Calibration Methods
and facilities
Tunnel surveying

CERN BE/GM

* Heritage/experience of CERN surveying

* |nstrumentation: deflectometer,
gradiometer, gravimeters

* Organization of campaigns

Swisstopo (G)

* Ref. frames in CH
* Reference networks
* Geoid determ.:

knowhow and softw.
Measurement
campaigns

Technical Infrastructure WG

Geodesy and Survey:

H. Mainaud Durand
Prof. A. Wieser
L. Watrelot

No resources currently
available in BE/GM

New geodesist staff on 15t
October 2021



Review of activities

FCC-ee CE 2021-25
Q2.2021
CE Map Projection Needs | Map Projection and | Map Projection Software Implement SurveyLib Integrate in GIS
Q3.2020 Datum Study || and Datum Specs. Design CSGeo + DLL (SUDB + LGC)
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I n p ut n e e d e d Geocentric Geodetic Geodetic Geocetric
CE System Study System. Specs. Geodet
High Risk Software Implement SurveyLib Transef%r;;ctlon Integrate in GIS
Site Investigations Q2.2022 Design CSGeo + DLL Controls (SUDB + LGC)
Q1.2021 Preliminary Preliminary GFM =
To be performed by BE/GM e
CE Position and Advisory Consolidate Ref. Review Param CGRF-CCS
Orientation Tolerances Board Input Systems Change Implications Specs
i m 0 Q3.2022 .
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Q3.2021
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Fl n al d e I iver ab I e Layout Tolerances Design Concept [°| gere™ Land b ok Surface Network [| Surface Network
CE os b anc Update Geodetic
Tolerances Reference Frames
04.2023
CE Machine A Procurement of
— Tender Documents Misalignment —————» Cis&g;’g:&:ld ‘[CamgaEx ?1FDMeS| nH "Cfaezz o H Equipment and
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m an Owe r Deflectometer Commissioning | Calibrate Establish Local LRF Transformation || Prepare CE Tender | |CE Tender Document |
p and Measurements | Instruments Reference Frames Parameters Documents Controls
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Review of activities

Beyond 2025

» Finalize the 2021-2025 delayed activities:
* Measurements of the surface network and their integration in software
« Measurement campaign for the design of the 3D gravity field model
« Building and commissioning of the calibration facilities
« Implement the concepts proposed in the collaboration to get:
« Mathematical reference systems and transformation algorithms
» Geodetic transformation software
« Gravity field models
« Develop and test specific instruments (in-situ vertical deflection measurements,
vertical transfer through shatfts)
* Prepare the documentation, software tools needed for CE tender documents
« Perform and control the calculations and studies on FCC footprint scenarios, position
and orientation of machines



Conclusion

From J. Gervaise: «Geodesy and metrology at CERN: a source of economy for the SPS programme.

17 nov. 1976, CDS Link

I. INTRODUCTION

It would seem important, when discussing the high-precision geodetic and metro-
logical survey techniques used in the construction of large particle accelerators, to em-
phasize the extensive savings which can be gained by any laboratory which undertakes the
construction of the second-generation giant proton synchrotrons (400 - 500 GeV).

As a first approximation, it is generally believed that accuracy is costly in
terms of time, money and staff. The term "costly" is misleading and only used for budget
purposes. The speed and accuracy with which the CERN Survey Group installed the quadrupole
and dipole magnets in the Super Proton Synchrotron (SPS) tumnel resulted in substantial
savings. Only two months elapsed between the moment when protons were first injected into
the accelerator and when they reached the design energy of 400 GeV at an intensity of 3.10'2
protons per pulse. This time would certainly have been greater if the elements in the ring
had not been installed within the prescribed tolerances. Although it is impossible to place
a monetary figure on the time saved by CERN, it is likely to have been considerably greater
than the budget of the Survey Group.

Having drawn attention to this point, the purpose of this paper is to explain how
the Survey Group achieved these results.

VIII. CONCLUSION

Although it was not possible here to go beyond a general description, this paper
has shown how the Survey Group took up the three challenges to their technical skill during
the construction of the 400 GeV proton synchretron.

From the budget standpoint, it is very difficult to place a figure on the savings
made owing to the successful outcome of the Group's activities. On looking back, it is
hardly conceivable that the boring machine would not return to its starting point with
acceptable tolerances. On the other hand, it is guite understandable that, because of the
early start of the provisional installation work, it might have been necessary, during
final installation, to remove all the magnets which were first installed in sextants 3 and
4, shift the supports and reinstall the magnets and beam control equipment, with all the
consequent disturbances to the vacuum and busbar systems.

The excitement of the engineers and physicists responsible for the construction
of the accelerator on learning that protons had orbited the ring for the first time clearly
illustrates the relief felt when such a complex machine as an accelerator opérates correctly
from the very first moment. The first photographs of the closed orbit gave the Survey team
concrete proof of the success of their work. Here too, if it had been necessary to align
the machine by moving quadrupoles as a result of beam measurements and repeat this a number
of times, this would have proved an extremely time-consuming task taking many months.
Furthermore, it would no doubt have had serious repercussions on CERN's personnel budget
and necessitated considerable capital investment.



http://cds.cern.ch/record/117394/files/CERN-76-19.pdf
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Thank you
for your attention,



