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Abstract
The ongoing feasibility study for the Future Circular Col-

lider (FCC-ee), which is planned to be built at CERN, raises
survey and geodetic challenges. Developing an alignment
strategy for the 8832 magnets within the 91.2 km circular
tunnel, associated transfer lines, and up to four experiments
is critical. A robust geodetic infrastructure, including the def-
inition of coordinate reference systems and the implementa-
tion of associated reference frames, must be created together
with the development of a local geoid model. Concurrently,
automated methods for the fiducialisation of equipment and
their precise alignment in the tunnel and experimental cav-
erns must be devised. Furthermore, the maintenance of the
alignment must be anticipated over the 20 years of foreseen
operation with permanent or periodic monitoring and read-
justment systems. The new methods will have to respect
strict alignment tolerances for the different parts of the accel-
erator, such as the straight sections, interaction regions, and
machine-detector interfaces. Given the size of the machine,
these methods should also enable survey operations to be
completed within a reasonable timeframe and with minimal
human workforce.

This paper presents the current status of the study and
gives perspectives for additional research and development
to be carried out in the coming years to prepare the final
feasibility study report and the technical design report.

INTRODUCTION
The Future Circular Collider (FCC) is a proposed next-

generation particle accelerator designed to exceed the re-
search capabilities of the current Large Hadron Collider
(LHC) at CERN. It will be a circular collider with a circum-
ference of 91.2 km, capable of pushing the energy and inten-
sity frontiers by an order of magnitude beyond the present
values. Two or four experimental sites will be installed along
its circumference. From 2021 to 2026, a feasibility study is
investigating the technical and financial viability of such a
facility [1].

The Geodetic Metrology Group at CERN is in charge
of studying the geodesy, survey, positioning and alignment
aspects of the FCC. New techniques must be studied, tested,
and implemented to propose a solution compatible with the
characteristics of the accelerator. The developments are
guided by factors such as the size and lifespan of the in-
frastructure, the number and design of the equipment, their
accessibility, and the alignment tolerance and beam require-
ments. Cost and resource constraints are also considered in
choosing the optimal solution.
∗ benjamin.weyer@cern.ch

This article presents the current status of the development
of the geodetic infrastructure and describes the alignment
concepts established for the FCC, focusing on the Machine
Detector Interface (MDI) and simulations of error propaga-
tion over long distances.

AN ENHANCED GEODETIC
INFRASTRUCTURE

Each major extension of the CERN complex, like the
construction of the Super Proton Synchrotron (SPS) and the
Large Electron–Positron Collider (LEP), led to modifications
of the geodetic reference system following the increasing
need for accuracy and improvements to geodetic knowledge
and practices [2]. The most recent update, which dates back
to 2003, involved the implementation of a new geoid model
for the CNGS (CERN Neutrinos to Gran Sasso) project [3].

For the FCC project, the definition of the geodetic system,
the CERN reference network, and the geoid model must be
adapted and upgraded due to the large area covered and to be
in line with the latest geodetic best practices. A robust geode-
tic foundation for the planning, construction, alignment and
operation of the FCC is therefore being developed to support
the various levels of accuracy required. The geodetic infras-
tructure must be compatible with each phase of the project,
from the initial coarse placement to the final, continually
refined, sub-millimetre alignment.

Creation of new coordinate reference systems and
frames

Figure 1 depicts the connection amongst the different
components of the reference systems for the FCC. A core
element is the static Coordinate Reference System (CRS),
which will be established through a CERN Terrestrial Refer-
ence Frame (CTRF) along with a kinematic model (CKM)
representing the temporal change in the coordinates of the
CTRF’s reference points. This frame will allow CERN’s
existing reference frames (legacy frames) to be connected to
international, national and other local reference frames. It
will also create a stable reference to be used as the basis for
analyzing crustal deformations. For the civil engineering
works, a compound CRS, comprising a projected CRS and
a vertical CRS, will be used. The horizontal coordinates are
expressed using an implementation (Projected Frame, CPF)
of the projected system, and the Vertical Reference Frame
(CVF) will allow gravity-related heights to be determined.
For the alignment, the existing CERN Coordinate System
(CCS), currently used for all machines at CERN, will remain
valid, ensuring a consistent link with the existing facilities.



Figure 1: Graphical outline of the coordinate reference systems for the FCC.

Existing or newly acquired geo-referenced data, such as
geological maps, digital terrain models, or aerial images, are
expressed in various geodetic horizontal and vertical datums,
as FCC is a cross-border project. They must be consolidated
and transformed into the CTRF to be used together. The
appropriate transformation models and their associated un-
certainties will be computed, and geodetic transformation
software will be developed and provided to the stakeholders,
ensuring consistency through the dataset.

In the frame of this research, coordinate transfers from
the surface to the underground were performed through four
LHC shafts using mechanical plumbing. The goal was to
control the current consistency of the underground coordi-
nates with respect to the surface coordinates, since the latest
measurements dated back to the construction of the LEP
tunnel (that was repurposed for the LHC) in the late 1980’s.
The analysis of the results showed differences between the
surface and the underground coordinates of less than 25 mm,
indicating that there is no significant bias in the underground
network introduced by the extensive measurements taken
over the past 40 years. Results have to be confirmed for the
four other LHC shafts and the SPS reference network. These
measurements will then be used to calculate the coordinate
transformation model between the CCS and the new CTRF.

Implementation of the surface geodetic network
A Primary Surface Geodetic Network (P-SGN) must be

created as soon as possible to implement the CTRF, as it

will serve as the reference for all survey work. The P-SGN
will serve different purposes, including:

• Materialization of the CERN Terrestrial Reference
Frame (CTRF);

• As a reference for the civil engineering and surveying
works required for the construction of the FCC tunnel;

• Providing the long-wavelength basis for the later align-
ment work;

• Providing the reference for the geokinematic monitor-
ing of the FCC area.

The French Institut national de l’information géo-
graphique et forestière (IGN) and Swisstopo are densifying
their national geodetic network over the FCC area. The con-
struction of eight new geodetic pillars is underway. Seven
of them will be part of a passive network, while the central
pillar will be equipped with a Continuously Operating Ref-
erence Station (CORS). These markers are necessary for the
FCC but will also be available for the entire survey commu-
nity, with the new CORS becoming part of the French RGP
(Réseau Géodésique Permanent). Additionally, the P-SGN
will incorporate existing CERN geodetic pillars, creating a
unified network across the entire CERN complex (see Fig.
2).

The coordinates of the P-SGN markers will be calculated
and tied into the latest realization of the European Terres-
trial Reference Frame using simultaneous Global Navigation
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