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Innovation Study
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FCC integrated programme

comprehensive long-term programme maximizing physics opportunities

« stage 1: FCC-ee (Z, W, H, tt) as Higgs factory, electroweak & top factory at highest luminosities

« stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, pp & AA collisions; e-h option
 highly synergetic and complementary programme boosting the physics reach of both colliders

« common civil engineering and technical infrastructures, building on and reusing CERN'’s existing infrastructure

« FCC integrated project allows the start of a new, major facility at CERN within a few years of the end of HL-LHC
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Status of FCC global collaboration

Increasing international collaboration as a prerequisite for success:
- links with science, research & development and high-tech industry will be essential to further

advance and prepare the implementation of FCC
FCC members near Split:

) Austria: 9 ; Greece: 5
Hungary: 2 ; Italy: 8
Serbia:1 ; Turkiye: 15

32

e - : FUTURE
FCC Feasibility Study: Instilti(t)es coun:rles CIRCULAR

Aim is to further increase the collaboration, CERN

on all aspects, in particular on
Accelerator and Particle/Experiments/Detectors
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FCC Week 2024 - San Francisco - program
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FCC baseline placement and Iayout for feaS|b|I|ty study
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Environmental studies to document present status of potential FCC surface site areas

Study perimeters

ZIP (Zone d’Implantation de Projet)
 Limit of the surface site perimeters: 3to 8 ha
* Detailed field studies

ZEI| (Zone d’Etude Immeédiate) around the sites \
» Depends on ecological & biological functions: : B
5to 100 ha g £,
- Sparse sampling R TSR e e T = &)
« Investigation where stakes known AT S \ /

ZER (Zone d’Etude Rapprochée) around the

sites == G
 Functional zones: 25 to 250 ha b
» Walkovers, maps, databases —

* Investigation where stakes known = =

ZEE (Zone d’Etude Eloignée) around the sites
» Corridors, bibliography: 5 km radius I S S I s T




Total area investigated in 2023/24: 585 ha over 4 seasons
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Environment report in progress: 2 volumes

Non-technical presentation of the FCC and the environment it would be embedded in.

In french for administrative services, the public and as basis for pre-project phase activities.

Volume 1: Environmental initial state

Environmental analysis of perimeter:

« Climate, air, water, soil, geology, biodiversity,
habitats, urbanism, mobility, economic activities,
patrimony (cultural, architectural, archeological,
natural), landscape, noise, vibration, artificial light
pollution, radiation, natural risks, technical risks,
potentially conflicting and synergetic projects.

« Evolution of the territory without FCC.

Non-technical presentation of the FCC motivation,
study and a potential project.

Environmental strategy and guiding principles

for Ecodesign to be considered by infrastructure
and equipment designers in pre-TDR phase.

Volume 2: Environmental aspects

High level descriptions of all infrastructures,
collider and experiment subsystems.

Identification of aspects that may lead to

noteworthy environmental impacts as far as the
current level of concepts allow (prioritisation).

Functional descriptions of surface sites and
needed territorial developments.

Description of the construction activities.

Description of the installation activities.



First series of site investigations

R R BT N S Sy SN R Y~ . . .
RSN T = /{(? ~~ Site investigations to identify exact
; | B L A N ' location of geological interfaces:

 Molasse layer vs
moraines/limestone

e ~30 drillings and ~100 km seismic

Sondage A89 (2007) incliné de 45° de 125 ml (surface plateforme estimée : 12 x 12 m soit environ 150 m?) Drilli ng works on the lake

Ty

=Lake

—Wildflysch

—Melasse subsalpine

—Molasse
Limestona

=Shaft

=+ Alignment

L Tom Blim e

&Dken Biem
Distance along ring clockwise from CERN (ki)




Status of site investigations — permitting

Permitting France
« Authorizations and permits are in place for the seismic investigations.

« All dossiers for drillings submitted and approval is expected by 27
September 2024.

Permitting Switzerland
« Permitting ongoing and completion expected in autumn 2024.

Contracts

* One of the two contracts for the drilling and seismic investigations has been
signed. This covers 80% of the works to be done in France.

 The second contract is currently with the contractor. This contract covers
the remaining 20% of work in France and 100% of the work to be done in
Switzerland. (The works in the lake represent almost 50% of this contract.)



Site investigations — information of local stakeholders

« Meetings with mayors and city councils of municipalities concerned
* Flyers distributed at a large scale; personal letters sent to private landowners
« On-site face to face encounters with CERN when needed or required by landowners or users

« Dedicated website with:
* Interactive map showing up-to-date schedule & weekly progress of geophysics and geotechnical activities

« Information and videos to better understand the works required
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Start of site investigations — field work planning

First seismic line
Seismic line SL USSES 02 :

Length : 480 meters

Method(s) : Explosive and Seismic gun
Geophones : 96 units (5 meters of
spacing)

Shot points : 13 shot points in total

Second seismic line
Seismic line SL USSES 01 :

Length : 300 meters

Method(s) : Weight drop
Geophones : 60 units (5 meters of
spacing)

Shot points : 15 shot points in total

Extract from the FCC GIS — 20/09/2024




Start of site investigations — this week !

seismic vibration truck

= Des études géologiques ont débuté sur le projet d’accélérateur du
Cern

Des employés du Cern et d'autres entreprises étaient sur le terrain pour rassurer les riverains dans le cadre du chantier du futur

collisionneur circulaire (FCC). Des investigations géologiques sont en cours pour vérifier |a faisabilité du projet.

Patrick Roubian - Aujourd'huia 16:06 | mis a jour aujourd'hui 3 16:13 - Temps de lecture : 3 min

QA

Une moitié de représentants du Cern et de I'entreprise qui va réaliser les investigations géologiques. Photo Le DL/P.R.



Excavation material re-use opportunities: OpenSkyLab@LHC P5 CMS

Aademic and industrial collaboration

« Transformation of Molasse (FCC ~8 Mm?3
volume) into fertile soil for agricultural
and other uses

 Materials: Molasse from the HL-LHC
construction

« Duration: 4+ years (2024 - )
 Trials with 5 000t molasse

 Soil fertilisation process (micro-
organisms, mixing with fertile soll, etc.)

* Development of ferilisation mix products

« Development of quality managed
processes

« Experimental phase with scientific
protocol and field monitoring and control

e " Opgn T e [ ) soku

l Lo N

PHASE 1 : MIXING PHASE
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OpenSkyLab status and progress




Start of public information & engagement sessions

First public information and
discussion meeting at the Science
Gateway on the 24th April at CERN.

Progrés dans l'étude FE |

de faisabilité du € —— -
Futur Collisionneur g
Circulaire du CERN _ —

Pr———r

The meeting was organised for the local
community of our Host States, France and
Switzerland, in the Science Gateway.

The "Progress of the feasibility study of
the Future FCC circular collider" was
followed by a discussion with the
participants.

La Roche-sur-Foron - Haute Savoie
international fare April 27 to May 6

Unveiling the science of tomorrow:
FCC Study takes centre stage at La
Roche-sur-Foron exhibition

The Future Circular Collider team discussed the project's status and aspirations with a
large number of attendees

CERN’s participation in the International
Fair of Haute-Savoie/Mont Blanc,
enhanced by the valuable help of
volunteers from the FCC team, resulted in
meaningful discussions with more than
2000 members of the local community on
topics ranging from the required
technological advancements to
sustainability measures.

On 15 May, RTS (Radio Télévision
Suisse) broadcasted a special

program celebrating CERN’s 70th
anniversary and hosted at CERN’s
Science Gateway.

The event featured a comprehensive look at
CERN's illustrious history, groundbreaking
achievements, and future ambitions, including
the prominently featured Future Circular
Collider (FCC) project with study experts
interacting with the audience.



Commission Nationale de Débat Public (CNDP) - mission & public information

The CNDP, created in 1995, is an independent French authority that ensures
public participation in the definition and decision process of major projects in
France, impacting the environment by providing a neutral and transparent
framework for discussions between decision-makers and citizens.

On July 2, 2024, the CERN DG requested the CNDP to undertake an advisory
mission on public participation for the FCC. On July 3, the president of the CNDP
appointed two guarantors to:

* Assist CERN in preparing the first information meetings on the ongoing
studies in the region.

* Provide non-binding advice to CERN on the next steps for public
participation regarding the FCC.

Present status:

 The FCC team, with the advice of the guarantors, is preparing the launch of
information meetings on site investigations that are starting in the region.

e Discussions regarding the legal framework of CERN, as International
Organisation, and its compatibility with CNDP procedures are ongoing with
the guarantors.

RfPL'BLIQUE FRANCAISE
Commission nationale

du debat public

Décision n® 2023 / 109 / CERXN / 1 du 3 juillet 2024 relative au projet FCC de futur collisionneur circulaire

d'accélératenr de particules da CERN (74)
La Commission nationale du débat public,

Wi le code de I"environnement en ses articles L.121-1 et snivants -

Wu le courrier du 2 juillec 2024 et le dossier annexeé de Mme Fabicla GIANOTTL représentant le CERN,
sollicitant une missien de comseil afin de préparer la saisine 3 vendr sur le projet FCC de futar collisiomneur
circulaire d'accelératenr de particules du CERN et 4 accompapmer les premiéres demarches 4 information
du public menées par le maitre d cuvrage ;

Apres en aveir delibere.
Décide :
Article ler
Mme Brigitte FARGEVIEILLE et M. Jonas FROSSARD sont designés pour assurer une mission de comsedl

Telative 3 la preparation de la saisine & venir sur le projet FCC d'accélérateur de particnles du CEBN et a
I accompagnement des premiéres demarches 4 information du public manéas par le mairrs 4’ ousTags.

Arficle 2
Alissue de leur mission. Mme Brigitte FARGEVIEILLE et M. Jonas FROS5ARD, produiront un bilan de leur
mission relative 4 la préparation de la saisine a vewir sur le projet d'accélesatenr de paricules éu CEEN et 2
I accompagnement des premiéres démarches 4 information du public manses par le maitre 4’ ouvTage.

Article 3
La presente decision sera publise au Jowrmal afficis! de la République francaise.

Faitle 3 juillet 2024

Le Président Signature numérique de Marc
PAPINUTTI marc.papinutti
Date - 2024.07.03 16:30:58
+02'00

Le président
M. Papmuth

CNDP decision for the Advisory Mission




Optimized injector concept and parameters

* Mid-term review recommendations to reduce gradients and repetition rate = new linac
optimization in terms of cost and power density

» Overall power consumption (for linacs) is reduced by more than a factor 3 by means of:
* new accelerating structures with higher shunt impedance;
* lower gradient (29.5 MV/m - 22.5/20.5 MV/m);,
» lower repetition rate (200/400 Hz - 100 Hz).

» Repetition rate of 100 Hz with 4 bunches per rf pulse

* New layout: Damping Ring at higher energy 2.86 GeV, no common linac with 2x repetition rate.

~1200 m
- ’h'n_r .
Limac buldings and energy compgressor <1025 m =E0 my =125 m
* ’h'u - - »
electron source and Hnac positron source and linac
ﬁ 204 m, 2005 MV m _* 350 m, 14 MW m
20 Gal \\L edactron transfer line
A - 2.86 GeV

HE limac {main linac)
1025 m. 22.5 MY/m 2 B4 Gey



Optimised injector implementation at Prévessin site

« Better integration with existing CERN Prévessin Site & strongly reduced visible impact from outside.
 Ideal connection to existing experimental halls.

* Good conditions for construction (see next slide).

 CERN dedicated land, small part outside fenced area but with same urbanistic classification as

enclosed Prevessin Site (UAcern)

High Energy LINAC

CERN Fenced
Area

Prévessin Sit



Injector construction concept

OPTION 9

DAMPING RING NEXT TO "DECHETERIE"

Connection tunnel

1200 Length= 2115 m. (up to SPS P4)
Chemin du r =T From 439.5 to 401.0 (floor level) Tocs
Moulin des Ponts Y, 20 + Dm;iz = + 50 1]. o Efﬁ:ﬂ 1 204 maf: . = ,ﬂffﬁiver "Le Lion" Slope= 1.82% B
] O ] [ : I " 7 " " 3 B WL i W ;

AN .|:$ 1 I 1 1 I X | I——

LONGITUDINAL PROFILE

Longitudinal Section

» Less than 5 m elevation change
over the 1200 m of terrain provides
ideal conditions for “cut and
cover” technique

HE LINAC Line +
Electron and Positron Lines

» Most efficient and cheapest way of
building shallow underground
construction

HE LINAC Line

- Excavated material largely re-used ‘ h
as backfill above the tunnel |

« Accounts also for radio-protection
requirements




400 MHz SRF progress — one system for 3 energies

Same two-cell RF cavities for Z, WW and ZH operation with constant cavity coupling thanks to reverse phase

operation: (1) experimentally verified w high beam loading at KEKB (Y. Morita et al., 2009), (2) Baseline solution US EIC

* No longer any 1-cell 400 MHz cavities RF waves —
200 . | _ (ps + 7'[/2 — :'W

* Reduced installation time b;

« Reduced commissioning effort OO | | |

« Fast switching between Z, WW and ZH operation

400 MHz cavities 00,

RF voltage (MV)
o
;

qbdéfoc

-1 0 1 2 3 4 5 6

400 MHz 2-cell cavity
Niobium thin film on Copper,
Operation at 4.5 Kelvin
Max. accel. gradientE,.. = 13 MV/m

Quality factor Q, = 3.3 x 10° 400 MHz cryomodule, ~12 m long




SRF integration and beam switchyard

Beam switching between (Z, W) and ZH operation
 RF section: ES separators + magnetic field to not emit SR towards RF cavities
« Allows quasi “instantaneous” switching between Z, W, ZH

: : : : Beam crossing and combination
Collider RF integration at point H at RF section in point H

(Z, WW and ZH operation) m

e L 33 CM 33 CM 33 CM 33 CM
e o) R G B — I «—
_ 6 N NE 00! P R—
oo e E&M E&M E& M
)
oo sep.1l sep. 2a sep. 2b
W H T _ tt,

¥

time (operation years)



~other FCC science applications under study

for example:

FCC-ee booster as diffraction limited storage
ring with coherent synchrotron radiation down to
0.1A

FCC-ee injector as the world’s ultimate positron
source for material studies and paving a path

towards the first Bose-Einstein condensation of
Ps (511-keV gamma-ray laser)

M. Doser,
B. Rienacker

using beamstrahlung for radionuclide production

e beam driven neutron source M. Calviani,

C. Duchemin
etc.
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Feasibility Study Report for March 2025

Structure: Three Volumes

- Vol. 1: Physics, Experiments and Detectors (~200 pages)
- Vol. 2: Accelerators, Technical Infrastructures, Safety Concepts (~400 pages)
- Vol. 3: Civil Engineering, Implementation & Sustainability (~200 pages)

- Executive Summary of the FCC Feasibility Study: ~40 pages

Input for Update of European Strategy for Particle Ph
to be prepared with Overleaf & published by EPJ (Springer-Nature) — FCCIS members

FUTURE .0rg
Gverleaf BEGE 2NN 2 i

Innovation Study . .
your physics journal

In_addition:
a. Documentation on Cost Estimate — Funding Models
b. Environmental Report




edited by Mario Draghi, and officially handed over

E U COm petltlveneSS repOrt to Ursula von der Leyen in September 2024

“One of CERN’s most promising
current projects, with significant
scientific potential, is the
construction of the Future Circular
Collider (FCC): a 90-km ring
designed initially for an electron
collider and later for a hadron
collider..

The future
of European
competitiveness

Part B | In-depth analysis and recommendations

Refinancing CERN and ensuring its
SEPTEMBERS 20 continued global leadership in
* * frontier research should be regarded

as atop EU priority, given the objective of
maintaining European prominence in this
critical area of fundamental research, which is

hitps://commission.europa.eu/topics/strengthening-european- €XPected to generate significant business
competitiveness/eu-competitiveness-looking-ahead en spillovers in the coming years.



https://commission.europa.eu/topics/strengthening-european-competitiveness/eu-competitiveness-looking-ahead_en

CERN 70th anniversary, 1 October 2024

» Le Cern soude I’Europe autour de ’accélérateur de 91 kilometres 1 E DAUPHINE

Si le Centre européen de recherche nucléaire craignait une crise des 70 ans, les chefs d'Etats européens et la présidente de la

Commission Européenne UrsulaVon der Leyen I'ont écartée ce mardi, apportant un soutien franc.

Sébastien Colson - Hiera19:25 | mis a jour hier a19:41 - Temps de lecture: & min

*» YouTube ¢ (@ open App

NS
70° anniversaire du CERN
01/10/ 2024

President Ursula von der LEYEN @ the
Official Ceremony for CERN's 70th
anniversary

1.7K views - Streamed 22 hours ago ...more

m  European Commission 187K

5 130 GJB £ Share [ save S

Autour de la directrice générale du Cern, Fabiola Gianotti (au centre en blanc), des personnalités comme la p résidente de la Confédération suisse, Viola Amherd, la

rincesse Astrid de Belgique, ou les présidents de l'ltalie ou la Serbie, Sergio Mattarella et Aleksandar Vucic, ontdit leur soutien comme la présidente de la Commission
P ] de Belgiq | ts del'ltal I b rgio Mattarell leksand ,ontdit| | d I

europeenne, UrsulaVon der Leyen (a droite enrose). Photo Le DL /Greg Yetchmeniza



FCC Week 2025 - Vienna

FCC™ ¥ Event Overview

. Venue: Hofburg Palace, a historical and
cultural landmark in Vienna, Austria.

. Dates: Monday 19 to Friday 23 May 2025

. Presentation of the Feasibility Study Report
and review of its findings and opportunities
for future R&D projects

. Please save the date and join us in Vienna

mm W Stad A
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