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ODbjectives of the geodetic studies

o
Establish the geodetic infrastructure for the 3
Futur Circular Collider Z
«  Define coordinate reference systems P
« Establish the necessary geodetic reference frames w=We - — — AN N T~
Study the determination of a high-precision gravity field - AT A D EYH
model for the FCC area o A— . L _ T~ - NG
AN\ ==/ I e \ -
Developpe and provide necessary Eatho T A
documentation and transformation tools — = I M~
and software FCCtunner— — — = o™ — — My
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Bundesamt fiir Landestopografie swisstopo INSTITUT NATIONAL H E ﬁE{E“{'E E\ﬁp'im . H‘
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Office fédéral de topographie swisstopo DE LINFORMATION
Ufficio federale di topografia swisstopo GEOGRAPHIQUE
Uffizi federal da topografia swisstopo ET FORESTIERE . . ;
HO: orthometric height

— — equipotential surface W = const.
__, . orientation of the gravity vector
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Outline

1. Implementation of the Primary Surface Geodetic network

2. Geoid modelling
3. Calibration control and tests of geodetic instruments
4. Test on coordinate transfer methodology

5. Upcoming works
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Construction of the geodetic pillars

Swisstopo built 2 new pillars in Choulex (point B) and
Dardagny (point L)

Construction pending on the French side at point D, F, G, H
and J (construction expected at the beginning of the
summer)

GNSS observation of the entire network planned in fall
2024

Implementation of the P-SGN

FCC

= FCC trajectory

| i |

2 km radius
around surface site

Primary Geodetic network
A Construction done

B Approved new location
* New Permanent GNSS station
Existing CERN Geodetic Pillar

Existing permanent GNSS station

INSTITUT NATIONAL
DE UINFORMATION
GEOGRAPHIQUE
ET FORESTIERE

Bundesamt fiir Landestopografie swisstopo
Office federal de topographie swisstopo
Ufficio federale di topografia swisstopo
Uffizi federal da topografia swisstopo
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Implementation of the P-SGN

GNSS observations and determination of the coordinates

2 static GNSS campaigns separated by one 1 year. 2
sessions of 48 hours per campaign

Include existing CERN geodetic pillars in the network

2 Independent processing (one by IGN and one by
Swisstopo)

Tying In International and European terrestrial reference
frame (ITRF and ETRF)

Expected accuracy +/- 2 mm in planimetry and +/- 5 mm in
altimetry (at 1-sigma)
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Geolid modelling

o
=
3
S
b\
 The geoid Iis a selected equipotential surface of the earth's Wo ) -.“ T -
gravity field and serves as the reference surface for height W=="— Vo M ~
! ! : : : A A — = “‘x"“‘b%/
determination. It can be considered as an idealised I 5 N NG
. . — AR —
continuation of the mean surface of the oceans beneath the . R - M ~ _
continents. Earth &7 T I
=Y — T T — -
—_— o EE.
* Equipotential surfaces are not parallel within the Earth FC_C_tup_nel-—— — - < _ l_”l}':, - %:_HH
— ’ \/'“ — . ~
« Survey observations need to be corrected to take into = T — v - —f — v A
account variations of the direction of the plumbline — = - — T
(deviation of the vertical) to align accelerator components in W _\Wo 4 Po ~
. . 1 .
an Euclidean plane 10 N
E:W‘lpgmd Uu:Wﬂ l.
. - . . ce
* Four different levels of precision will be considered: 1 cefere Qo

cm/km for the civil engineering and 30 pum, 50 um and 100

. .. e HO: orthometric height
um over 225 m for the high-precision gravity field models.

— — equipotential surface W = const.
__ . orientation of the gravity vector
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Geolid modelling

Database of methodologies, instruments and
auxiliary data for gravity field determination

* Planning and construction phase: * Monitoring of time-variable gravity changes during FCC's
* Use the 2 QDaedalus systems already owned by CERN lifetime
updated QDaedalus systems (currently under * Hydrostatic leveling system (HLS) in LHC seems to
development at HEIG-VD) observe changes
* Rent from/collaborate with Swisstopo to use CODIAC « Actual cause of the time-variable changes in the HLS
and (spring based) relative gravimeter measurments must be examined
« To continuously monitor the changes at least 3 or 4
« Alignment phase of the components in the tunnel ( Instruments distributed along the tunnel will be
depending on analysis in report IGP-AA-1.5) necessary

« Gravity measurements in the tunnel could become
crucial to reach 30 um - 100 um/225 m

* Transportable free-fall guantum gravimeter, Instruments
based on cold atom optical lattice

FT = flight trajectory from GPS

TA = total vertical acceleration {sensor)
PA = vertical plane acceleration (GPS)
GV = Gravity variation

GV=TA-PA

* Precise processing and analysis of the data is essential
to exploit the full potential

Flight trajectory
s, Gravity variation
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Geolid modelling

Progress on computation of local geoid model

Gravimetric geoid calculated in GROOPS (TU Graz) fits
well to validation data

Geoid calculated in GROOPS using only astrogeodetic
observations is inconclusive

Combination of gravity and DoV (Deflection of Vertical)
observations (correct weighting in the regularization
needed) under investigation
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Concept for calibration, checking and testing of

geodetic equipment

« Several geodetic equipment will be used: GNSS
receivers/antennas, total stations, digital leveling systems, - -
laser trackers, laser scanners, ... @ @

Table 2: Facility and equipment required for calibration or testing of observation types and equipment Lab tests and calibration
. . . MName Observation tvpe Facility/Equipment
° LI m It e rro rS I n th e m e aS u rm e ntS HA VA LS D.short D.long Antenna Camera TS LT LR LI TLS  Prism In-house {Cﬂ]ﬂ[‘!ﬂl‘l‘v’] i
calibration baseline, outdoors [ | | | [ | ' . -
calibration baseline, indoors | [ | | [ |
. . . calibration bench, level rods | [ |
¢ C al [ b ratl on at d Iﬁe e nt I eve I S camera calibration field.indoor W W W N - - Inspection and check of instruments
climate chamber or room H B B [ | | HE B B B B
collimator H N | |
. . . i i comparator, horizontal | [ | ]
* Cost of In-house calibration facility vs outsourced services —cmsu i § L
laser interferometer H H B | | H B
meteo Sensors [ | [ | | u HE = = =
reference wall. outdoors H N | 200,000
* Requires dedicated infrastructure (building, reference " o
rotary calibration table H N
' scale bars 3 2 160,000
base I I n eS ) =t ) Legend: .requirad: HA: Horizontal Angles; LS: linear scale; VA: Vertical Angles; C = .
[, long: long range dist; Antenna: GNSS Antenna; TS: total station; LR: level rod; L L'J 140,000
€ 120,000
(Varga M. & WieserA.) """
w 80,000
? ol 00U
é 40,000
20,000

I}
4 A i 7 2 g 10 1 12 13 14 15 16 17 18 19 20

Years

. External Calibration . Internal Calibration
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Test on coordinate transfer methodology

Surface
Computation of transformation parameters building

between CCS and CTRF

* We will need to calculate transformation parameters
between CCS and CTRF

* Weak knowledge of the global accuracy of the coordinates — | T RS I
calculated in CCS: Are the coordinates calculated Ground surface
underground consistent with coordinates of the surface Slumbline
reference points? through shaft

* Coordinate transfer through 4 LHC shafts were done in
January 2024 (mechanical plumbing)

 Precision of the calculated coordinates: 1 mm

Underground Tunnel
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Test on coordinate transfer methodolonv

Computation of transformation parameters
between CCS and CTRF

Comparison between coordinates of the wire calculated
underground and at the surface
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Upcoming works

« (Geomonitoring proposal: study existing ground
mouvements over FCC area

« Additionnal coordinate transfer observations to improve
guality of coordinate transformation model

* Pending reports
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