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1. Objective of the geodetic studies

2. Geodetic reference system and frame for FCC

3. Geoid modelling

4. Geomonitoring

Outline
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Cross-Border Collaboration: Challenges and Insights from Brenner Base Tunnel

(Matthias Hofmann / BBT FCC Week Industry and Technology day 21st of May 

2025)



Establish the geodetic infrastructure for the 
Future Circular Collider

Objectives of the geodetic studies

Å Define coordinate reference systems

Å Establish the necessary geodetic reference frames

Å Study the determination of a high-precision gravity field 

model for the FCC area 

: orientation of the gravity vector

Develop and provide necessary 
documentation and transformation tools 
and software
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Geodetic Reference 
Frame:

CTRF2026

ETRF2020@yyyy.yy

CCS

Positioning and alignment of the FCC 
machine

Connection with existing machines

CERN Kinematic Model: CKM

Model surface and ground motions

CVD2026: Vertical datum

CERN Geoid 2026

Defines the orientation of the CCS with respect to 
CTRF2026

Convert ellipsoidal height to orthometric height

Transverse Mercator Projection

Central meridian: 6.14°

False easting: 200 000 m

Scale factor: 60 ppm

Swiss frame:

CHTRF95

ETRF1993@1993.0

Projection:

Swiss Grid / LV95

Height reference frame

LHN95

LN02

French frame:

RGF93 (v2b)

ETRF2000@2019.0

Projections:

Lambert 93

Lambert CC

Height reference frame:

NGF-IGN69

Global frames:

ITRFxx@yyyy.yy

ETRFxx@yyyy.yy

WGS84
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Coordinate Reference Systems for FCC

Benjamin Weyer

Geomonitoring, civil engineering and mapping

Alignement of the machine

External data

Provisional CRS for 

mapping and site 

investigations works
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Primary Surface Geodetic Network (P-SGN)

Å P-SGN will serve different purposes

Å Materialization of the CERN Terrestrial Reference Frame 

(CTRF)

Å Civil-engineering and surveying works required for the 

construction of the FCC tunnel

Å Providing the long-wavelength basis for the later alignment 

work

Å Providing the reference for the geokinematic monitoring of 

the FCC area

Å Collaboration between CERN, IGN and Swisstopo for a 

densification of the French and Swiss national geodetic

networks around FCC area 

Å P-SGN markers will be available for the entire survey

community

Å New CORS will be part of the French RGP (Réseau

Géodésique Permanent)

Implementation of the P-SGN
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Construction of the geodetic pillars

ÅSwisstopo built 2 new pillars in Choulex (point B) and 

Dardagny (point L)

Å IGN built 4 new pillars in Eteaux, Cercier, Andilly, Dingy-En-

Vuache. Construction pending on the French side at point H 

and D (construction expected at the beginning of the 

summer)

ÅGNSS observation of the entire network planned as soon 

as all pillars built

Implementation of the P-SGN
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Cercier

Dingy-En-

Vuache

Eteaux

Andilly

Choulex
Dardagny
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Computation of transformation parameters
between CCS and CTRF

ÅWeak knowledge of the global accuracy of the coordinates

calculated in CCS:  Are the coordinates calculated

underground consistent with coordinates of the surface 

reference points?

ÅWe will need to calculate transformation parameters

between CCS and CTRF

ÅCoordinate transfer through 7 LHC shafts were done during

YETS 2023 - 2024 and YETS 2024 - 2025 (mechanical

plumbing)

ÅPrecision of the calculated coordinates: 1 mm

Test on coordinate transfer methodology
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Surface 

building

Underground Tunnel

Plumbline

through shaft

Ground surface
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Comparison between coordinates of the wire calculated

underground and at the surface
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Delta East

LV95 [mm]

Delta North

LV95 [mm]

Measured during

YETS 2023-2024

Point 1 (depth = 83 m) 2.0 2.1

Point 2 (depth = 46 m) 3.1 6.0

Point 6 (depth = 81 m) 5.8 10.9

Point 7 (depth = 91 m) -5.3 21.8

Measured during

YETS 2024-2025

Point 5 (depth = 73 m) 4.0 9.3

Point 4 (depth = 125 m) 5.7 10.8

Point 8 (depth = 86 m) 5.8 3.9

Test on coordinate transfer methodology
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ÅThe geoid is a selected equipotential surface of the earth's 

gravity field and serves as the reference surface for height 

determination. It can be considered as an idealised 

continuation of the mean surface of the oceans beneath the 

continents.

ÅEquipotential surfaces are not parallel within the Earth

ÅSurvey observations need to be corrected to take into 

account variations of the direction of the plumbline 

(deviation of the vertical) to align accelerator components in 

an Euclidean plane

ÅExpected precision of the initial geoid model : 1 cm 

Geoid modelling
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: orientation of the gravity vector
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ÅReport on the suitability of the deflectometer for gravity field

determination

ÅNot suitable: uncertainties are too high

ÅBudget realocated to the development and test of a gravity

field closed loop simulator

Å Improve modeled gravity field (lakes, 30m DTM,é).

ÅGenerate various realistic non-modeled masses 

(deeper anomalies, Perlin noise density,é).

ÅTry different observations strategies (GPS-leveling, 

DoVs (CODIAC, QDaedalus), gravimetry).

Geoid modelling
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Progress on computation of local geoid model

ÅGravimetric geoid calculated in GROOPS (TU Graz) fits 

well to validation data

Å Investigation on the effect of digital terrain model and 

topographic density variations

Geoid modelling
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(J. Koch)

(J. Koch)
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Progress on computation of local geoid model

ÅThe uncertainty of the model is bigger in the South-West 

part

ÅPlanning of new astro-geodetic observation campaign 

(deflection of the vertical) 

Å 5 existing points (qualification of the accuracy of the 

new PyDaedalus developed at HEIG-Vd)

Å15 new points (control of the geoid model)

Geoid modelling
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