FCC Feasibility Study Goals, Timelines, Organisation
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ESPP Update 2020 “High-priority future initiatives”

- An electron-positron Higgs factory is the highest-priority next collider.
For the longer term, the European particle physics community has the ambition
to operate a proton-proton collider at the highest achievable energy.

“‘Europe, together with its international partners, should investigate the
technical and financial feasibility of a future hadron collider at CERN with
a centre-of-mass energy of at least 100 TeV and with an electron-positron
Higgs and electroweak factory as a possible first stage.

Such a feasibility study of the colliders and related infrastructure should be
established as a global endeavour and be completed on the timescale of the
next Strategy update..”
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FUTURE

circular - ECC FS Council Documents, June ‘21

Organisational Structure of the FCC Feasibility Study Main Deliverables and Timeline of the FCC Feasibility Study
http://cds.cern.ch/record/2774006/files/English.pdf http://cds.cern.ch/record/2774007/files/English.pdf
CERN/SPC/1155/Rev.2 CERN/SPC/1161
CERN/3566/Rev.2 CE.R.N/3588 .
Original: English Original: English
21 June 2021 21 June 2021
ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE
CERN EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH CERN EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
Action to be taken Voting Procedure Action to be taken Voting Procedure
RESTRICTED COUNCIL Simpl A —— RESTRICTED COUNCIL
For decision 203" Session ; lmp N mupn . 0. el.n o For information 203" Session =
17 June 2021 States represented and voting sl
FUTURE CIRCULAR COLLIDER FEASIBILITY STUDY: FUTURE CIRCULAR COLLIDER FEASIBILITY STUDY:
PROPOSED ORGANISATIONAL STRUCTURE MAIN DELIVERABLES AND MILESTONES
This document sets out the proposed organisational structure for the Feasibility Study of the This document describes the main deliverables and milestones of the study being carried out to
Future Circular Collider, to be carried out in line with the recommendations of the European assess the technical and financial feasibility of a Future Circular Collider at CERN. The results

Strategy for Particle Physics updated by the CERN Council in June 2020. It reflects discussion of this study will be summarised in a Feasibility Study Report to be completed by the end of

at, and feedback received from, the Council in March 2021 and is now submitted for the latter’s 2025.

approval.


http://cds.cern.ch/record/2774006/files/English.pdf
http://cds.cern.ch/record/2774007/files/English.pdf

FUTURE The FCC integrated program

CIRCULAR

COLLIBER nspired by successful LEP — LHC programs at CERN

complementary physics, common civil engineering and technical infrastructures, building on and reusing CERN’s
existing infrastructure, FCC integrated project allows seamless continuation of HEP after HL-LHC
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Timeline of the FCC integrated programme
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FCC-ge,

Feasiity Sudy | ESPP |

~ 15 years operation

Geological investigations, infrastructure
detailed design and tendering preparation

Tunnel, site and technical
infrastructure construction

FCC-ee accelerator and detector R&D and technical

design

Superconducting magnets R&D

FCC-ee accelerator and detector
construction, installation, commissioning

Long model magnets,

prototypes, pre-series

Technical
schedule

10 years

[ recin
~ 25 years operation

FCC-ee dismantling, CE
& infrastructure
adaptations FCC-hh

High-field magnet
industrialization and
series production

FCC-hh accelerator and detector
construction, installation, commissioning

Vs L/IP (cm2s) | Int. L/IP(ab') | Comments FCC-hh accelerator
ete" ~90GeV  Z | 230x10% 75 2-4 experiments and detector R&D
FCC-ee 160 ww 28 5 and technical design
240 H 8.5 25 Total ~ 15 years of
~365 top 1.5 0.8 operation
L pp 100 TeV 5 x10% 2+2 experiments
FCC-hh 30 20-30 Total ~ 25 years of
operation
PbPb Vsnn = 39TeV 3 x 102 100 nb'/run | 1 run =1 month
FCC-hh o operation
ep 3.5TeV 1.510% 2 ab" 60 GeV e- from ERL
Fcc-eh Concurrent operation
with pp for ~ 20 years
e-Pb \Vsen=2.2TeV | 0.510% 1 fb-1 60 GeV e- from ERL
Fcc-eh Concurrent operation
o with PbPb_

O Feasibility Study: 2021-2025

O If project approved before end of
decade - construction can start
beginning 2030s

0 FCC-ee operation ~2045-2060

QO FCC-hh operation 2070-2090++

F. Gianotti
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CIRCULAR FCC Feasibility Study (2021-205): high-level objectives

COLLIDER

U demonstration of the geological, technical, environmental and administrative feasibility of the tunnel and surface areas
and optimisation of placement and layout of the ring and related infrastructure;

O pursuit, together with the Host States, of the preparatory administrative processes required for a potential project
approval to identify and remove any showstopper;

O optimisation of the design of the colliders and their injector chains, supported by R&D to develop the needed key
technologies;

U elaboration of a sustainable operational model for the colliders and experiments in terms of human and financial resource
needs, as well as environmental aspects and energy efficiency;

O development of a consolidated cost estimate, as well as the funding and organisational models needed to enable the
project’s technical design completion, implementation and operation;

O identification of substantial resources from outside CERN’s budget for the implementation of the first stage of a possible
future project (tunnel and FCC-ee);

O consolidation of the physics case and detector concepts for both colliders.

Results will be summarised in a Feasibility Study Report to be released at end 2025 F. Gianotti




O CIRCOLAR Feasibility Study Timeline

COLLIDER

2021 2022 2023 2024 2025
Q] Q2 | Q3 | Q4 | QI Q2 | Q3 Q4 | QI Q2 | Q3 | Q4 | QI Q2 | Q3 | Q4 | QI Q2 | Q3 | Q4

CDR baseline design adaptations for
g new implementation scenario
Status reports & | | |
study planning , FCC Week & Review : implementation,
%> baseline design,lorgar}isatio?, con?munic':a’rion|

high-risk areas site investigations, environmental evaluafion
& |mpoc’r s’rudy with hos’r s’ro’res

FCCW & mld term review:
% general coherency, CDR cost update

[ detailed design towards CDR }
I I I
FCC Week & Review: key g >
technology R&D programs FS Report ]
‘ ‘ ‘ ‘ ‘ Rellease F‘SR [-En]
Project cost update
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H2020 DS FCC Innovation Study 2020-24

ULIV, United Kingdom

J Springer, The Netherlands
o DESY, Germany
.. . IFJPAN, Poland
Beneficiaries
KIT, Germany
CEA, France l
CERN e TMFS, Austria
¢ MUL, Austria
Cerema,
CETU, France o CSIL, Italy
LD, Switzerland
INFN, Italy
CNRS, France l
USC, Spain

FCC Feasibility Study Status
CERN

\ Michael Benedikt
S CERN, 2 December 2021

Topic INFRADEV-01-2019-2020

Grant Agreement FCCIS 951754

Duration 48 months

From-to 2 Nov 2020 — 1 Nov 2024

Project cost 7 435 865 €

EU contribution 2 999 850 €

Beneficiaries 16

Partners 6

Partners BINP

DOE Russian Federation

United States of America
UOXF Writelatex DBA Overleaf
United Kingdom United Kingdom

D.R.R.T 7 *® Etat de Genéve
France Switzerland




FUTURE

CIRCULAR
COLLIDER

- O1: Design a circular luminosity frontier
particle collider with a research programme
to remain at the forefront of research

- 0O2: Demonstrate the technical and
organizational feasibility of a 100 km long,
circular particle collider

- O3: Develop an innovation plan for along-
term sustainable research infrastructure
that is seamlessly integrated in the European
research landscape

- 0O4: Engage stakeholders from different
sectors of the society

- Ob5: Demonstrate the role and impact of the
research infrastructure in the innovation
chain, focusing on responsible resource use
and managing environmental impacts

FCC Feasibility Study Status
CERN

\ Michael Benedikt
N7 CERN, 2 December 2021

Luminosity-frontier

Collider
Design

FCCIS
Result

High Technology Readiness

=

Low Technology Readiness

Research

Infrastructure
Placement

Objectives of FCCIS (Description of Action)

FCCISs
Result

Beam optics validated
at BINP, DESY, INFN,
KIT. Components
specified. Performance
calculated & simulated.

High Technology Readiness

Low Technology Readiness

Ecodesigned layout and
responsible resource
use validated for the
relevant environment.




J. Gutleber, V. Mertens
71 V V\ W WS wri

. I%:u,[')_i,_sgo_u raged '& L AT ) e ="\~ Densely UL'QE‘U!Z_QQM ) &
o7 " to likel Ferigylloltaife o 77~ and agriculture/nature?)
: o 4

:

CO nStral ntS & " / ) Ny = DEFA ]

/7 Strict landscape protection
” SV K/7¢ sand re-naturalization areas

Placements studies (|

‘i g

Jura limestone| #—

Chatilion-en? 28
ZMichaille WCrat de Ja GOy

e S
“Densely urbanizedeyrier g
Lz A Wiromex =178 s o

o juiClustered resid

S 3

2 - i
i A4
<nown water res

protected nature in CH
}g_l’ggal + technical reaso

S):¥ , X
TG L5t

" /Terrain difficult tos?”

S TG ential
: RNy T e— T TN
ervoirs andg A< ﬁ . Sep—areas and farm areasyi\ = N
A Y M7 & ) 1 "\\ '1;“. ' ,. = ,/ € o9

Y/ AWater protection andgft 7 —
=/t {natural zones without | .~

. }. N8

rban

.~ )

=Y

%.# 4Densely u

s
izedw .

: ' s.d D s o Sy Ui g g £ &2 2 .and emer ing areas

- Water protection zones,Z4 =developed access #" 5 o ipns 'gt oDlo

landscape protection zones,» | WAy st 7R W~ . _J&(some spots possible)x
3T F = A jr-Foron —— e

goltitudesgy ~i-zHigh mountains (900 m)J—=
- ¥ i N D e

T A ks TNV Ol AP NS ) AZE——2=5X north of Filliere river valle

X & A= 5 S 7
* 2 bl o B |
=\ INET R 73 - , 40 Likely major opposition:
&, - High altitudes ==X AN S A 5, Dine] ,},! — e et s
Poor™ Y S il - : Pl |local urbanistic plannin
| 2, “_\".. »%l /_-‘A@j}“( ‘I--. 3 | ‘: A g FE . e & .4}- o p - g

i / ) | W T g ) — o for traffic calming &
| ADC”?P;%( Opu'ﬁ?% 7 ok | I\ sainflighin SFETY. g N W “/ﬁnature protection
7 e '{/‘ 4 £ r-{ SO = SBACHEE © L i ) D s 7 T T ‘

’ = 4 40

Vuache limestone £ K

f o Wiand faultsy ¢ 7%=
i J \,. = MNed 1

\

- L \,,
: . -
=3

-




J. Gutleber, V. Mertens
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FUTURE . .
( Ycircuiar new “lowest risk” placement/optics allows 4 exp’s

COLLIDER

PA (Experiment site) Azimuth = -10.2°

8 surface sites
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4-fold symmetry
and
4-fold superperiodicity

Technical site
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FUTURE

CIRCULAR Plans for hlgh -risk area site investigations

COLLIDER

JURA, VUACHE (3 AREAS)
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Site investigations planned for mid 2023 — mid 2025:
~40-50 drillings, 100 km of seismic lines
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cireuLar  FCC Feasibility Study - organisational structure

* New structure very similar to the % ¢ :
first phase of the FCC Study 2 !
(2014-2020), leading to the g : |
Conceptual Design Report as ‘ ‘
input to the ESPPU. S ! y

S Collaboration Steering Scientific Advisory |
1 @ 3 Board Committee Committee !
a | '
§ i International International International
) Collaboration Steering Advisory
8! Committee Committee 5 E
% B :' Coordination ‘:
1 e § ! Group !
g 8 | l
2| (6] ! 1
&\ > ! 1
' Ll 1 1
: Work Work Work Work :
» Classical structure common to W Package s . Packe B

CERN projects.
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O cwciia  Status of Global FCC Collaboration
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EU Projects
NN

Collaboration building
Emmanuel Tsesmelis

Communications
Panagiotis Charitos, James Gillies

Study Support and Coordination
Study Leader: Michael Benedikt

Deputy Study Leader: Frank Zimmermann

FCC Feasibility Study — coordination team and contact persons

Study Support Unit
IT: Sylvain Girod
Procurement: Adam Horridge
Quality control: NN
Resources: Sylvie Prodon

Scheduling, quality mangement: NN

Secretariat: Julie Hadre

Physics, Experiments and Accelerators

Technical Infrastructures

Host State processes and civil

Organisation and financing

Detectors . engineerin models

Patrick Janot Tor Ragbenhelmer s P . 9 9 -

Gavin Salam Frank Zimmermann Timothy Watson ) Paul Collier (interim)
Physics programme FCC-ee collider design Integration Administrative processes

Matthew McCullough, Frank Simon Katsunobu Oide

Detector concept FCC-hh design
Mogens Dam Massimo Giovannozzi
Physics performance Technology R&D
Patrizia Azzi, Emmanuel Perez Roberto Losito
Software and computing FCC-ee booster design

Gerardo Ganis, Clément Helsens Antoine Chancé

FCC-ee injector

Paolo Craievich, Alexej Grudiev

FCC-ee energy calibration polarization
Alain Blondel, Jorg Wenninger

FCC-ee MDI

Manuela Boscolo, Mike Sullivan

Jean-Pierre Corso

Geodesy & survey
Héléne Mainaud Durand

Electricity and energy management
Jean-Paul Burnet

Cooling and ventilation
Guillermo Peon

Cryogenics systems
Laurent Delprat

Computing and controls infrastructure,
communication and network

Dirk Duellmann

Safety
Thomas Otto
Operation, maintenance, availability,
reliability
Jesper Nielsen

Transport, installation concepts
Cristiana Colloca

Friedemann Eder

Placement studies
Johannes Gutleber, Volker Mertens

Environmental evaluation
Johannes Gutleber

Tunnel, subsurface design
John Osborne

Surface sites layout, access and
building design

Project organisation model

Financing model
Florian Sonnemann

Procurement strategy and rules

In-kind contributions

Operation model
Paul Collier, Jorg Wenninger



o AT FCC Week 2022

COLLIDER

—— In Paris 30 May to 3 June 2022

We are looking forward

to seeing you there !

FCC Feasibility Study Status
Michael Benedikt

CERN, 2 December 2021



O teoear Status and Outlook Feasibility Study

COLLIDER

Following the European Strategy Update, the organization structure and
major milestones and deliverables for the FCC Feasibility Study were
approved by the CERN Council in June 2021.

Main activities concern the development and confirmation of a concrete
Implementation scenario in collaboration with host state authorities,
accompanied by machine optimization, physics studies and technology
R&D, performed via global collaboration and supported by the EC H2020
Design Study FCCIS, with the goal to demonstrate feasibility by 2025/26.

Long term goal: world-leading HEP infrastructure for 215t century to push
the particle-physics precision and energy frontiers far beyond present limits.

ffan FCC Feasibility Study Status
\ Michael Benedikt
N7 CERN, 2 December 2021



