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Terms and Abbreviations 
ab-1 Physicists express integrated luminosity in terms of inverse attobarn, which is a measure for the 

density of particle collisions that can be used to perform physics research at a particle collider. It is 
based on the barn, a unit of area corresponding to 10-28 m2. An attobarn corresponds to an area equal 
to 10-46 m2. 1 ab-1 per year means 1 collision per attobarn per year which is a very large number 
considering that the beams in the luminosity frontier lepton collider have a cross-sectional area the 
order of 10-15 m2. 

CC-BY-ND Attribution-NoDerivatives International license, https://creativecommons.org/licenses/by-nd/4.0 
Data curation The management of data throughout its lifecycle, from creation and initial storage to the time when 

it is archived for posterity or becomes obsolete and is deleted. The purpose is to ensure that data is 
reliably retrievable for future purposes and reuse. It is a key responsibility of RIs. 

EC European Commission 
ECFA European Committee for Future Accelerators 
Ecodesign Approach to design products, considering the environmental impacts during the product’s entire 

lifecycle. See also ISO 14006:2001 and the EU directive 2009/125/EC.  
EIA Environmental Impact Assessment 
EIROForum An organization consisting of eight European intergovernmental scientific research organisations 

devoted to fostering mutual activities. 
EN European Standards (EN) are documents that have been ratified by one of the 3 European Standards 

Organizations, CEN, CENELEC or ETSI. 
EOSC European Open Science Cloud 
ERA European Research Area 
ERC Eviter-Réduire-Compenser (Avoid-Reduce-Compensate) is a sustainable development concept that 

is linked in the French environment protection law, updated in 2016. 
ERIC The European Research Infrastructure Consortium is a specific legal form that facilitates the estab-

lishment and operation of research infrastructures with European interest. 
ESFRI The European Strategy Forum on Research Infrastructures plays a key role in policy-making on 

Research Infrastructures in Europe. 
ESPPU European Strategy for Particle Physics Update process 
EU European Union 
eV Electronvolt, a unit of energy. 
FAIR Findable, Accessible, Interoperable and Re-usable data 
fb A femtobarn corresponds to an area equal to 10-43 m2 (see also attobarn). 
FCC Future Circular Collider 
FCC-ee Luminosity frontier electron-positron (lepton) particle collider that is part of the FCC programme. 
FCC-hh Energy frontier proton and ion (hadron) particle collider that is part of the FCC programme. 
FCCIS Future Circular Collider Innovation Study 
FCC Study An international collaboration established by a Memorandum of Understanding, hosted by CERN, 

developing particle collider scenarios for the post-LHC era. 
GeV 1 Gigaelectronvolt or one billion electronvolts is equal to 109 electronvolts 
GDPR The regulation 2016/679 in EU law on data protection and privacy for all individual citizens of the 

European Union and the European Economic Area. 
GSF OECD Global Science Forum. Supports countries to improve science policies. 
GSO Group of Senior Officials. Forum established by the G8 to advance global research infrastructures. 
HL-LHC The High Luminosity Large Hadron Collider is an upgrade to the LHC currently under construction. 

It will increase the LHC’s luminosity by a factor of 10. 
ICFA International Committee for Future Accelerators 
ICT Information and Communications Technology 
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IEIO International European Interest Organisation e.g. CERN and members of the EIROForum 
ILO Industrial Liaison Officer 
Innovation The production or adoption, assimilation, and exploitation of a value-added novelty in economic 

and social spheres; renewal and enlargement of products, services, and markets; development of 
new methods of production; and the establishment of new management systems. It is both a process 
and an outcome. 

Invenio An open source software framework for large-scale digital repositories that provides the tools for 
management of digital assets in an institutional repository and research data management systems. 
The software is typically used for open access repositories, e.g. for Zenodo. 

IP Interaction Point. 
Kanban Kanban (signboard or billboard in Japanese) is a scheduling system for lean manufacturing and 

just-in-time manufacturing. It has been developed by Talichi Ohno at Toyota. 
LEP The Large Electron-Positron Collider was a circular collider at CERN with a circumference of 27 

kilometres. It was dismantled in 2001 to make way for the LHC. 
LHC The Large Hadron Collider is the world's largest and highest-energy particle collider and the largest 

machine in the world. 
Luminosity A performance indicator of a particle collider, proportional to the number of particle interactions 

per second (collision events) and the cross sections of the interactions. It is indicated in cm-2s-1. 
PDCA An iterative four-step management method for control and continuous improvement. 
PM Person-months 
QRMP Quality and Risk Management Plan 
R&D Research and Development are activities to improve or develop new services and products. 
RES Renewable Energy Sources 
RI Research Infrastructure 
R&I Research and Innovation create investment opportunities for new and better products and services 

and therefore increase competitiveness and employment, including through world-excellence in 
fundamental science. 

Science 
mission 

A high-ambition, high profile initiative to address a major scientific challenge, with a clear target 
that captures the imagination of citizens at large. The mission needs to be implemented through a 
systemic approach, combining new knowledge and technology with business model, finance, reg-
ulatory, governance, skills and social innovation. It boosts the impact of research and innovation 
by having ambitious, measurable and time-bound goals that also affects daily lives. 

SM Standard Model of particle physics 
Smart 
specialisation 

A place-based approach characterised by the identification of strategic areas for intervention based 
on the strengths and potential of the economy and on an entrepreneurial discovery process with 
wide stakeholder involvement. 

SME Small and Medium-sized Enterprises 
STEM Science, Technology, Engineering and Mathematics 
STOA European Parliament Science and Technology Options Assessment panel. 
TeV 1012 electronvolts 
TRL Technology Readiness Level 
TL Task Leader 
WP Work Package 
WPL Work Package Leader 
WTP The maximum price at or below which a consumer will definitely buy one unit of a product. It is 

used as a measure to elicit the value for public goods. 
Zenodo A general-purpose open-access repository developed under the European OpenAIRE program and 

operated by CERN. 
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1 Excellence 

 

“Physics means to explore the unknown. A guarantee for success does not exist. Some 
of the deepest of the mysteries revolve around the Higgs boson, a particle unlike any we 
have discovered before. The answer to a very basic question about the Higgs — is it 
point-like, or does it have substructure? — will force fundamental physics down radically 
different paths in the coming decades. The LHC will not answer this question; a new 
particle accelerator is needed to decisively settle the issue” – D. Gross, Nobel laureate. 

1.1 Objectives 
1.1.1 Vision 
The governing theory of particle physics ex-
plains everything about the subatomic world … 
except for the parts that it doesn't1. Therefore, 
understanding the “Origin of Every-
thing®”2, of matter, energy and the inner work-
ing of the universe is a “science mission” for 
the 21st century3,4,5. The starting point is to 
measure the properties of the Higgs boson, spe-
cifically its self-interaction and to probe the 
processes defined by the Standard Model of 
Particle Physics in detail. This can be best 
achieved in a clean and well-controlled envi-
ronment with a precision particle collider. The 
Future Circular Collider Innovation Study 
(FCCIS) will deliver a detailed conceptual 
design and an implementation plan of a 
long-term sustainable highest luminosity 
electron-positron particle collider research 
infrastructure with contributions from the 
ERA and beyond. The new, 100 km long, cir-
cular underground and surface infrastructure 
to host this facility will serve a world-wide re-
search community until the end of the century. 
It will be designed to house after an initial 15-
year long research programme an energy fron-
tier particle collider that can extend the direct discovery reach by about one order of magnitude to the 100 TeV 
range. The EuroCirCol6 H2020 project has delivered a technical concept for such a machine together with an R&D 
roadmap that fits the integrated science mission consisting of a lepton and a hadron collider with complementary 
experimental research programmes. This project develops the concept for a research infrastructure that blends 
in with the territorial environmental and socio-urbanistic boundary conditions, delivers a design of a per-
formance optimised lepton collider and builds the capacity of an experimental physics user community to 
fully exploit such a facility from the beginning. The work considers cost-effectiveness, responsible management 
of resources and an implementation scenario that is drawn up in a cooperative process with the host states 
France and Switzerland7. Designing for sustainability, the project includes the development of a strategy for 
financing and in-kind contributions, a socio-economic impact pathways analysis and lays the foundations for 
engaging all members of society in the preparation of the implementation. 

                                                   
1 P. Sutter, https://www.livescience.com/64893-search-for-supersymmetry.html, 1 March 2019 
2 EUTM filed at EUIPO, filing number 018142053. Available to this project free of charge for non-commercial use. 
3 Sci. & Vie 281-10, déc. 2017, https://www.science-et-vie.com/index-des-anciens-numeros-hors-series-de-science-vie/n-281  
4 NRC, “Grand Challenges in Physics and Astronomy: Connecting Quarks with the Cosmos”, NAP, Washington, DC, 2003 
5 https://en.wikipedia.org/wiki/List_of_unsolved_problems_in_physics  
6 Grant agreement ID 654305, https://cordis.europa.eu/project/rcn/194962/factsheet/en  
7 Offices from France (DRRT) and Switzerland (EdG) participate as partners in this project, see sections 4.2.6 and 4.2.7. 

Figure 1: Project scope for the design of a new particle collider-
based research infrastructure. Its key elements correspond di-
rectly to the work program INFRADEV-01-2019-2020 for Design 
Studies and form the core work packages. 
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1.1.2 Scientific goals 
The scientific objective of this project is to design a highest-luminosity electron-positron collider to study 
the Z, W, Higgs and top particles with high precision, with samples of 5·1012 Z bosons, 108 W pairs, 106 
Higgs bosons and 106 top quark pairs. The FCC-ee (Future Circular Collider electron-positron) offers un-
precedented sensitivity to signs of new physics, appearing in the form of small deviations from the Standard 
Model, of forbidden or rare decay processes or of production of new particles with very small couplings. This 
collider will be implemented in stages without the need for additional investment in civil structures. The 
research programme spans a 15 year long period, covering the energy range from the Z pole through the WW 
threshold and H production peak to the tt ̅ threshold. Most of the infrastructure can be reused for a highest-
energy hadron or possibly a muon collider for a “science mission” that lasts until the end of the century. 

Particle physics has arrived at an important moment of its history. The discovery of the Higgs boson completes 
the matrix of particles and interactions constituting the “Standard Model” (SM). It is a consistent and predictive 
theory, which has so far proven successful at describing all phenomena accessible to collider experiments. On the 
other hand, experimental observations require its extension and explanations for the abundance of matter over 
antimatter, the striking evidence for dark matter and the non-zero neutrino masses. Theoretical issues that need to 
be addressed include the stability of the Higgs boson mass upon quantum corrections (the hierarchy problem) and 
the strong charge-parity (CP) problem. 
The predictions of the existence, properties, and approximate mass values of heavier particles (Z, W, Higgs, and 
top) were typically based on a long history of experiments and theoretical developments before their actual obser-
vation. In this context, the European Strategy for Particle Physics preparatory group recommended a deci-
sive improvement in precision measurements of electroweak observables8. Increased sensitivity opens the door 
for the observation of significant deviations from the SM predictions which would definitely be a discovery. Such 
a discovery requires a considerable improvement in experimental and theoretical precision. It also requires the 
largest possible set of measured observables to eliminate spurious deviations, and most importantly to reveal a 
possible pattern that would guide the theoretical interpretation and point to the source and the scale of new physics. 
Improved precision on all these fronts increases the discovery potential. An e+e- collider with the highest luminos-
ities (150 ab-1 in 4 years at Z pole, 12 ab-1 in 2 years at WW, 5.1 ab-1 in 3 years at HZ, 1.7 ab-1 in 5 years at top) 
covering centre-of-mass energies between ~90 and almost 400 GeV and allowing for copious Higgs boson pro-
duction (see Figure 2) has the strongest physics case in this respect. 
A 100 km circular lepton collider with multiple interaction points fits the bill perfectly. As the most powerful of 
all currently proposed e+e- collider projects at the electroweak scale, it provides for a multifaceted, but coherent 
research programme with opportunities for major discoveries. Guided by the findings, high-energy physics will 
eventually require direct access to the energy frontier. The infrastructure will be designed to subsequently host a 
hadron collider to expand the reach with a centre-of-mass energy of 100 TeV. This allows for versatile research 
and provides the most ambitious future for fundamental physics, for many decades to come (see Figure 3). 

 
Figure 2: Luminosities summed over all interaction points at different collision energies compared to other e+e- 
collider proposals (left). Integrated luminosity as a function of time at the different collision energies (right). 

                                                   
8 European Strategy for Particle Physics Preparatory Group, “Physics Briefing Book”, 30 September 2019, pp. 30 and fol-
lowing, available online at http://cds.cern.ch/record/2691414  
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Figure 3: Timeline of the science mission with a particle-collider research infrastructure featuring a luminosity 
frontier lepton collider (FCC-ee) as a first step and an energy frontier hadron collider (FCC-hh) as a second step. 
Assuming an FCCIS project start in the second half of 2020 (year 1 in the schedule corresponds to 2021), this 
H2020 project is a vital part of the early project preparation phase that delivers the design concept. It kickstarts 
the build-up of the capacity of the experimental physics user community and produces evidence for socio-economic 
and territorial feasibility whilst taking into account economic sustainability and environmental conditions. 
This project delivers the essential elements for the construction preparatory phase. It will deliver the design for a 
long-term sustainable particle collider, which has been optimised for the physics research goals. This is achieved 
through an iterative process in which collider design, territorial-, socio-economic- and environmental require-
ments, cost, impact potentials are analysed and integrated in an overall research infrastructure (RI) design. Exam-
ples for machine performance requirements include the achievement of the integrated luminosity goals at the dif-
ferent energy working points needed for the research programme. An example for strategic positioning is the 
possibility to operate with multiple interaction points providing platforms for complementary international particle 
physics experiments attracting some ten-thousand scientific users over several decades. A major socio-economic 
impact is the opportunity for about 30 000 early stage researchers to acquire intersectoral skills during the first 
lepton-collider research programme, making them sought-after candidates for leading expert and managerial po-
sitions. Other impacts include innovation capabilities in the civil engineering project, namely the use of excavation 
materials as a resource rather than waste.  
Creating innovation along the entire value chain will be addressed by focusing on the technical subsystems of the 
particle accelerator and its ancillaries as a basis for an analysis of the regional development potentials in line with 
their specialisation profiles. A plan that will propose the development of communication and engagement actions 
that vertically integrate society during the project preparatory phase will address the creation of cultural value for 
society. This encompasses, in addition to classical communication products, roadshows, interactive citizen science 
applications and media-integrating (TV, print, Internet and social media) edutainment products to be conceived in 
cooperation with experienced media partners. Such building blocks will be sources for a socio-economic impact 
study of the new research infrastructure.  
Table 1a on the following page summarises the specific project-relevant objectives to be reached within the pro-
ject-duration and presents the realistically achievable project outcomes that are associated with these objectives. 
  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 15 years 34 35 36 37 38 39 40 41 42 43 ~ 25 years 70

Operation

FCC-ee project preparation and administrative processes
Infrastructure construction

FCC-ee accelerator and detector R&D
FCC-ee construction & installation

Set up FCC-ee experiment collaborations, detector R&D and development

FCC IS Concept and design study

Operation

FCC-hh project preparation
FCC-ee dismantling, infrastructure adaptations

FCC-hh accelerator and detectors R&D
FCC-hh construction & installation

Magnets R&D, prototypes, series production
Superconducting wire and magnet R&D
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Table 1a: Specific objectives and the associated, expected outcomes of the FCCIS project. 

ID Objective Planned outcomes 
O1 Design a circular lumi-

nosity frontier particle 
collider with a research 
programme to remain 
at the forefront of 
research. 

RI design published in Springer-Nature (SN) EPJ.  
Physics research programme guiding the machine development and showing 
the experimental research opportunities published in SN EPJ. 
Product breakdown structure published as milestone for detailed cost esti-
mates, project implementation risk database, implementation plans and a 
structured socio-economic impact analysis. 

O2 Demonstrate the 
technical and 
organisational 
feasibility of a 100 km 
long, circular particle 
collider 

Accelerator beam optics (result of O1) demonstrated at the particle accel-
erators made available by CERN, DESY, INFN, KIT and BINP. 
Layout and placement of the infrastructure optimised as result of imple-
menting a standard environmental management process9. 
Strategy for balanced territorial development, international funding and 
in-kind participation published. 

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

Develop a project scenario for the implementation of a new research in-
frastructure that delivers long-term service for a worldwide science commu-
nity. User community engagement and capacity building, cost effectiveness 
and resource-responsibility lie at the heart of the sustainability concept.  
The published physics research programme and draft proposals for detec-
tor projects ensure that the scientific user community exploits the facility from 
the start and defines the research services at international level. The collabora-
tion agreement includes a long-term intent for the curation, preservation 
and provision of access to the data collected taking into account the shared 
use of ICT infrastructures among different European research communities. 
Produce a plan for funding and collaborative construction with public-pri-
vate networks and collaborative operation. 

O4 Engage stakeholders 
from different sectors 
of society 

Published communication strategy as the foundation for public acceptance 
of a new, large-scale research infrastructure. 
A plan to raise curiosity for a new science mission to elucidate the “Origin of 
Everything®”, to bring the Standard Model of Particle Physics to as wide as 
possible audience and to identify ways to actively engage citizens.  
Engagement of policy makers and funding agencies for a project prepara-
tory phase through information meetings, the delivery of a project scenario 
briefing book and the creation of a high-level advisory committee concern-
ing the development of socio-economic impact pathways. 

O5 Demonstrate the role 
and impact of the 
research infrastructure 
in the innovation chain 
focusing on responsible 
resource use and 
managing 
environmental impacts 

Delivery of a socio-economic impact analysis, showing how the RI can con-
tribute with innovation capabilities to technological leadership and how it can 
address specific societal challenges such as connecting economic and environ-
mental gains through a circular economy (e.g. energy recovery, integration of 
renewable energy sources, excavation materials re-use). 
Consideration of EU smart specialisation in the plan for funding and in-
kind contribution with proposals for co-construction with companies. 
Show through the optimised placement scenario how the environmental im-
pacts will be limited. 
Showcase responsible resource usage through a management plan for waste 
reduction and reuse pathways that include competitiveness opportunities for 
constructors, as the aims10 in the H2020 work programme state. 

 
  

                                                   
9 CGDD and Cerema, 2018, https://www.ecologique-solidaire.gouv.fr/sites/default/files/Théma%20-
%20Guide%20d’aide%20à%20la%20définition%20des%20mesures%20ERC.pdf 
10 http://ec.europa.eu/research/pdf/factsheet_focus-area_h2020.pdf 
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The particle collider design work (O1) builds directly on the EuroCirCol H2020 project and the international 
Future Circular Collider study, federating more than 130 organisations world-wide. It showed the feasibility in-
principle of an integrated future particle collider research infrastructure to expand the current frontiers of funda-
mental physics11. A core group consisting of CEA, CERN, CNRS, DESY, KIT, INFN, ULIV and partners BINP 
and UOXF will design a machine that is optimised for the scientific user community and for long-term sus-
tainability (socio-urbanistic and environmental requirements, cost/benefit effectiveness, operational resource ef-
ficiency). Many of this core group were already actively engaged in the EuroCirCol H2020 project. The beam 
optics will be prototyped using existing facilities (e.g. PETRA III at DESY, KARA at ANKA, DAFNE at INFN, 
VEPP-4M at BINP, see commitments in Section 4.1). The layout and placement (O2) will be optimised in a 
transnational framework (Cerema, CERN, CETU, LD and partners DRRT, EdG) for a large-scale civil engi-
neering project consisting of underground structures and surface sites. This activity integrates data from differ-
ent sources, harmonises socio-urbanistic and environmental risk management as well as norms, guidelines 
and reference systems across EU (France) and non-EU territories (Switzerland). In this project, particular em-
phasis will be put on the management of the excavation materials (CERN, CETU, MUL, DRRT, EdG). Long-term 
sustainability (O3) focuses on socio-economic impact pathway analysis and planning (CERN, CNRS, CSIL) 
that builds on the results of the H2020 RI-Paths project12, a European Investment Bank project studying the Large 
Hadron Collider impacts13 and initial baselining of the HL-LHC socio-economic impacts14. The development of a 
communication strategy (CERN, CNRS, TMFS, ULIV and partners DRRT, EdG) includes, in addition to the 
fundamental contents, language, visual and organisation concepts, a plan for innovative ways to engage stakehold-
ers from different societal groups that lead to win-win situations amongst science that wishes to engage, govern-
ments who ultimately fund the enterprise and companies who can generate revenues from such communication 
and engagement actions. Current plans include novel visualisations of the interactions of fundamental fields; com-
munity science applications to bring the precision of Standard Model process forecasts to unprecedented levels; a 
participative learning experience with the power to potentially engage tens of thousands of people, as is the case 
with similar developments15; roadshows covering all strata of society; a concept for a Web-TV-social media inte-
grated accompaniment to the construction; as well as exploiting the existing LHC infrastructures when not in use. 
CERN, CNRS, IFJPAN, ULIV and partners DOE and BINP will reinforce and extend the existing international 
scientific user base in cooperation with the other consortium members and the participants of the international 
FCC study, hosted by CERN16. This will be achieved through theoretical and experimental physics workshops, 
aiming at establishing a proto-collaboration for drafting proposals for the experimental facilities that the future 
particle collider infrastructure can host. The consortium will regularly inform policy makers and funding agen-
cies about the relevance of this plan for Europe and the opportunities for organisations world-wide to con-
tribute to its creation (O4). This includes for instance, the development of co-construction scenarios with indus-
trial partners and embedding the new facility with other large-scale research infrastructures in Europe through the 
Big Science Business Forum17 and through the EIROforum18. 
All consortium members cooperate to engage the science, technology, engineering, mathematics and economics 
communities through open-access publications in SN’s network including wide-audience journals such as Nature 
and Scientific American. The socio-economic impact analysis will identify pathways for tangible innovation ac-
tions based on quantitative economic estimates. The plan for funding and in-kind participation will include ideas 
on how to stimulate the creation of benefits and incentives for companies to re-invest for societal wealth creation 
(O5). In view of the infrastructure construction project environmental impact reduction and cost optimisation, an 
open international competition, called “Mining the FutureCC-BY-ND”19 will evaluate proposals for innovative re-use 
of excavation materials. An award based on technical feasibility (minimum TRL 2), economic viability, social 
value and project relevance aims at facilitating the innovation process up to TRL 4.  

                                                   
11 FCC Conceptual Design Report, Volumes 1 to 4, on-line available at http://fcc-cdr.web.cern.ch  
12See also the Research Infrastructure Impact Pathways H2020 project at https://ri-paths.eu  
13 Cost/Benefit Analysis in the Research, Development and Innovation Sector, http://www.eiburs.unimi.it  
14 A. Bastianin and M. Florio, “Social Cost Benefit Analysis of HL-LHC”, http://cds.cern.ch/record/2319300 
15 The contribution of 32 000 people to the citizen-science project Higgs Hunters (www.higgshunters.com) resulted in a 
scientific publication on data analysis on arXiV in 2019 (https://arxiv.org/pdf/1610.02214.pdf). 
16 For the current list of FCC collaboration members having signed the Memorandum of Understanding, please see section 5. 
17 Impressions from the Big Science Business Forum 2018 can be found at https://bsbf2018.org 
18 European intergovernmental scientific research organisations at https://www.eiroforum.org  
19 By J. Gutleber, licensed under CC BY-ND 4.0, available to this project with attribution for any use without modifications. 
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1.2 Relation to the work programme 
This section highlights, how FCCIS addresses all of the specific challenges of the of the H2020-WP1820-
Infrastructures work programme (pages 7 and 8) outlined in call H2020-INFRADEV-2018-2020 on “development 
and long-term sustainability of new pan-European research infrastructures” (Figure 4).  

 
Figure 4: FCCIS addresses all challenges of the H2020-INFRADEV-2018-2020 work programme and aims at 
delivering a scenario for a long-term sustainable pan-European research infrastructure. 

Work programme specific challenge: 
New leading-edge infrastructures are needed […] to remain at the forefront of the advancement of research. 
The design of a lepton collider that delivers unprecedented high luminosities in a new, 100 km long infrastructure 
that builds on the existing assets built up by 23 nations in the frame of CERN creates the foundation of a focused 
“long-term science mission” to get a better understanding of the nature of our universe. Under European leader-
ship, this fundamental physics research programme will define the leading-edge until the end of the 21st century. 
[…] to support the conceptual and technical design for new research infrastructures which are of a clear European 
dimension and interest. 
This project delivers a design for a new particle-collider research infrastructure in line with the European Strategy 
for Particle Physics, aiming to engage a world-wide, cross-cutting community to conceive the experimental facil-
ities and laying the foundation for a user community to exploit the infrastructure from the beginning on. 
[…] to help industry strengthen its base of knowledge and its technological know-how. 
The sub-surface engineering studies and the competition-based developments for re-use of excavation materials 
create potentials to significantly increase the competitivity of European engineering companies and to evolve the 
regulatory frameworks in Europe to permit the generation of economic wealth in this sector. 
Scope: 
[…] tackle all the key questions concerning technical and conceptual feasibility. 
The design report will include a comprehensive description of the technical feasibility, the technical gaps to be 
closed with focused research and development in the form of co-construction between academia and industry 
aiming at innovations for products and services, the operating concept and the feasibility of the project across the 
two host states. The level of detail is frequently above conceptual and includes architectures and high-level designs 
that permit a seamless transition to a project preparatory phase focusing on the detailed design. 
[…] demonstrate the relevance and the advancement with respect to state-of-the-art. 
The relevance of this project will be documented through the publication of the physics research programme. The 
particle collider design aims at delivering luminosities at the various physics programme working points that are 
orders of magnitude higher than current and proposed research facilities (e.g. HL-LHC, CepC, ILC, CLIC). The 
integrated “science mission” with an infrastructure that can house a lepton collider as a first step, a hadron collider 
as a second step and with possibilities to host particle physics experiment detectors at multiple interaction points 
is the most advanced concept currently proposed. 
[…] indicate the gaps in the research infrastructure landscape the new facility will cover. 
Experimental observations that cannot be explained today by the Standard Model require explanations and an 
evolution of the model. Elucidating the “Origin of Everything®” is the scientific mission of the integrated FCC. 
As a first step, the high luminosity will provide precise measurements that can be compared to the detailed fore-
casts of Standard Model theoretical physics computations. This is the key research challenge that the new infra-
structure will cover and which no other facility can address in a satisfactory way today. Experimental research at 
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a particle collider is complementary to underground experiments (e.g. dark matter experiments SNO in Canada, 
LUX in the US, Super Kamiokande in Japan, IceCube in Antarctica) and precision-physics with a high-luminosity 
lepton collider is a necessary step before dedicated experiments at a 100 TeV hadron collider can be designed for 
direct observation of new particles and processes. 
Output: 
Deliver a design report for a new or upgraded research infrastructure, showing the maturity of the concept. 
The main output of this project is a design report, which will serve as input to the deliberations of the European 
Strategy for Particle Physics update process which will take place around 2025/26. The documentation of the 
concept’s maturity will motivate members of the world-wide physics community to participate in this mission and 
to start drafting proposals for the experimental user facilities. 
Scientific and technical work: 
[…] drafting of concepts, architecture and engineering plans […] 
Work Package 2 (WP2) focuses on the particle collider technical design. WP3 includes the optimisation of the 
infrastructure placement with respect to the environmental, social and urbanistic boundary conditions. These are 
necessary and sufficient activities to estimate the costs, develop funding strategies, assess the socio-economic 
impacts, design for resource efficiency and construct a viable implementation concept together with the host states. 
[…] taking into account resource efficiency and environmental impacts. 
WP3 optimises the collider and infrastructure layout and placement in cooperation with French and Swiss partner 
authorities (DRRT, EdG). This includes resource efficiency and the management of socio-urbanistic and environ-
mental aspects from the beginning onwards. Particular focus is put on developing a plan to manage the about 
9 million m3 of excavation materials, to reduce the electrical power requirements with respect to the baseline con-
cept, to provide efficient means to deliver Megawatts of sustained radiofrequency power to accelerate the particles 
and to develop ways to use natural resources (e.g. water for cooling, recovery of waste heat) in a responsible 
manner. This activity also covers the development, with Cerema (France) and LD (Switzerland), of the necessary 
administrative processes in both host states and the environmental impact assessment in a transnational context. 
[…] when relevant, create prototypes. 
The beam optics for the particle collider will be prototyped using experimental methods. The particle collider 
performance enablers will be showcased at particle accelerators at DESY (Germany), INFN (Italy) and KIT (Ger-
many) and at partners’ particle accelerators and test facilities. 
The creation of hardware prototypes is beyond the limited budget of this project. However, prototypes are being 
developed in the scope of a well targeted FCC R&D programme that is funded by other national sources. It focuses 
on superconducting interaction region magnets (e.g. Swiss Accelerator Research & Technology programme), su-
perconducting radiofrequency systems (e.g. INFN and US DOE activities, H2020 EASITrain project) and energy 
efficient power conversion systems (CERN). Progress and results of such activities will be highlighted in the 
periodic reporting of this project. 
This project will run a challenge-based international competition to identify innovations in the area of excavation 
materials re-use called “Mining the Future FutureCC-BY-ND”. This open innovation initiative aims at strengthening 
the European engineering industry and make any sub-surface engineering project more resource and cost effective. 
[…] ensure that the scientific user communities exploit the new facility from the start. 
Create the foundation for a proto-collaboration by developing a lean and open contribution model for the experi-
ments that the user community will conceive. The definition of the physics research programme and the presenta-
tion of a mature particle collider design with highest performance and multiple experimental insertions aims at 
interesting and engaging the largest possible set of users from the very early stages. 
[…] plans to organise the curation, preservation and provision of access to data. 
The cooperation with the European Science Cluster of Astronomy and Particle physics ESFRI RIs (ESCAPE) and 
the development of a framework for the creation of user proto-collaborations aims at conceiving a sustainable 
roadmap for world-wide accessible research data that will be generated with the future particle collider, its curation 
as a community process and its preservation over a time horizon as long as a century. For this design study, the 
publication of all reports, data, software and other research objects on Zenodo20, a repository service already 

                                                   
20 Zenodo is a CERN developed, hosted and operated catch-all repository for EC funded research, see https://about.zenodo.org  
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integrated into the European Open Science Cloud (EOSC) hub, will guarantee free and open access to the research 
results by researchers, industry and institutional stakeholders, so as to facilitate their interoperability and reuse. 
Conceptual work: 
[…] coherently integrate the new infrastructure into the European landscape […] with balanced territorial devel-
opment. […] budget for construction and operation. 
WP4 includes a task that is dedicated to place the infrastructure and its mission in a global research landscape, to 
develop a financing and in-kind strategy, which takes into account the geographically distributed and topically 
complementary co-construction by public and private organisations. It also covers the gathering of evidence on 
how publicly invested funds contribute to economic wealth generation for the benefit of every taxpayer, including 
co-operative approaches and contracting strategies. To support this work, an advisory committee with members, 
who are internationally recognised experts in economics and public funding will be established. 
[…] initial ideas on how to achieve long-term sustainability. 
Long term sustainability of a new mission-oriented research infrastructure is addressed with a committed experi-
mental physics user community and evidence for socio-economic benefits. This project will lay the foundation for 
such communities by engaging them in the co-development of the physics research programme, starting with the 
opportunities at the high-luminosity lepton collider. Multiple interaction points, highest beam luminosities and 
a long-term science mission covering precision and highest-energy physics over several decades are clear 
advantages over other proposed facilities. The first research programme with a lepton collider has the potential 
to attract a user community of 5 000 to 10 000 researchers worldwide21,22. The CERN member- and non-member 
state financing and in-kind contribution strategy, which depends on the possibility to offer an innovative research 
service for an as-large as possible community for each nation will be developed in WP 4. It also aims at ensuring 
that the public spending creates wealth for as many members of society as possible as opposed to a classical 
customer-supplier construction approach that bears the risk of unbalanced territorial benefits and the potential 
extraction of value by a few, privately owned enterprises. 
[…] plans for an international governance structure. 
Building on the initial work on a governance model for a new research infrastructure in the EuroCirCol project 
(M1.923), this project will pursue the development of a project organisation with the help of experienced project 
managers of comparable public enterprises (e.g. Brenner and Gotthard base tunnel projects, LHC project, Grand 
Paris project, Tunnel Euralpin Lyon Turin and Cornavin-Eaux-Vives-Annemasse trans-national railroad infra-
structures, space missions developed by ESA and NASA, as well as considering advice from the host state partners 
EdG and DRRT-AuRA). 
[…] planning of research services to be provided at international level. 
The physics research programme is based on multiple experiment detector facilities at different interaction points 
and potentially further research facilities at adjacent locations as is the case for the LHC particle collider (e.g. 
downstream of interaction points, exploiting synchrotron radiation). Taking into account the sharing, curation and 
access to research data in the frame of collaboration agreements that include rights and duties for collaboration 
members is part of the development of planning for research services that are provided at international level and 
are also part of the development of a concept for sustainable operation. 
[…] choose the site of the infrastructure. 
This project will leverage the world’s largest particle accelerator complex, and the numerous technical and organ-
isational infrastructures that exist to operate it. Based on a first territorial feasibility study carried out between 
2016 and 2018 with the co-operation of French and Swiss host state representatives and consultancy companies, 
this project will optimise the layout and placement in order to present a project scenario that delivers high perfor-
mance for the users and which complies with the territorial environmental and socio-urbanistic requirements. The 
iterative optimisation process will be documented as outlined in standards that are typically applied in large-scale 
engineering endeavours such as EN 31000 (risk management), EN 14001 (environmental management) and in 
particular EN 14006 (guidelines for incorporating ecodesign). 
  
                                                   
21 Estimate based on CERN annual user statistics 2018, available at http://usersoffice.web.cern.ch/annual-statistics  
22 Estimate based on user statistics about CERN’s experimental facilities in the LHC research programme, available at 
https://greybook.cern.ch/greybook/researchProgram/detail?id=LHC  
23 For EuroCirCol deliverable and milestone documents, see https://cern.ch/eurocircol/Pages/Dashboard.aspx  
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1.3 Concept and methodology 
1.3.1 Concept (a) 
The search for the origins of matter, energy and the rules that govern nature beyond our current knowledge 
relies on the meticulous probing of the processes described by the Standard Model (SM) in a clean and well-
controlled environment. This is best achieved with a highest-luminosity electron-positron collider whose 
beam energies can be precisely tuned to the relevant centre-of-mass energy working points:  91.2 GeV (Z pole), 
161 GeV (WW threshold), 240 GeV (Higgs factory, HZ), 350 GeV (ttbar threshold) and a potential extension to 
365 GeV. Together with detailed forecasts of the processes described by the SM, research with this particle collider 
will permit discovering discrepancies between our current model and reality. The method aims to gather scientific 
evidence for potential limitations of the SM to indicate the paths for further exploration with specifically designed 
followup experiments at an energy-frontier hadron collider. 

Technologies exist today to achieve a 50-fold 
improved precision on all electro-weak ob-
servables, 10-fold more precise and model-
independent Higgs couplings and high-statis-
tics samples (5 x 1012 Z, 108 WW, 106 HZ 
and 106 top pairs) to look far beyond preci-
sion electroweak and Higgs measurements, 
These technologies have been shown to work 
and will be combined in a novel particle col-
lider: a double ring accelerator in a new 
100 km long circular underground infra-
structure with multiple experimental inser-
tion regions will generate unprecedented 
luminosities in an energy efficient way. At 
higher energies, magnet “tapering”24 will 
compensate for the local beam energy dif-
ferences and restore the ideal beam optics. 
Continuous top-up injection, from a full 
energy booster ring installed next to the col-
lider, will lead to stable operation and max-
imum integrated luminosity. The availabil-
ity goal for physics operation is above 80%. 
Adjusting the number of bunches will yield 
high beam currents and will permit the 
beam current to be adapted to limit the syn-
chrotron radiation. Small emittances and 
low beta functions at multiple interaction 
points will lead to so far unreached lumi-

nosities. The scheme was invented at INFN and it is now implemented in the European Synchrotron Radiation 
Facility upgrade in Grenoble, France. Small, beam sizes of the order of 50 nm for all modes of operation and a 
“crab waist collision scheme” as successfully implemented at the DAΦNE particle collider (INFN) will further 
boost luminosity. The practical work at PETRA-III (DESY), KARA (KIT), DAΦNE and potentially other facilities 
such as VEPP-4M (BINP) provides the opportunity to validate the performance enabling concepts. A novel dual-
aperture magnet design will halve the electrical power demand compared to classical single-aperture magnets. 
Precise beam energy measurement based on resonant depolarisation is a key feature of this particle collider. At 
the Z mass the uncertainty is less than 100 keV and at the W pair threshold it is around 500 keV (part-per-million 
level). Exploiting all these features, the integrated luminosity will be 150 ab-1 in 4 years at the Z pole and 5 ab-1 in 
3 years at 240 GeV. These characteristics are the best in terms of cost, performance, resource efficiency, 
construction and operation time among all proposed lepton colliders25. 

                                                   
24 A. Doblhammer et al, “Tapering options and emittance fine tuning for the FCC-ee collider”, Proc. IPAC 2016, Busan, 
Korea, ISBN 978-3-95450-147-2, pp. 3767, https://accelconf.web.cern.ch/AccelConf/ipac2016/papers/thpor003.pdf 
25 F. Zimmermann, “Future colliders for particle physics – Big and small”, J NIM A, Elsevier, 909, pp. 33-37, November 
2018, https://doi.org/10.1016/j.nima.2018.01.034  
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1.3.2 Measures taken for public and societal engagement 

 
Figure 6: Project leader M. Benedikt outlines the "FCC science mission" to students and pupils at the “Particle 
Colliders Accelerating Innovation” event, organised by beneficiary ULIV in 2019 in the UK. 
Economists agree that investing in science, technology, education, training and collaborative research initiatives 
are a source of economic growth and wealth creation (an increase of about 0.06 % of an average economy’s GDP 
in non-business R&D raises business sector R&D by over 7% with measurable productivity increase26). When it 
comes to allocating a share of taxes to prepare a large-scale and long-term construction project, the involvement 
of the population from the conceptual phase is necessary. To implement this principle of subsidiarity, established 
for all EU countries in the Treaty of Maastricht27, dedicated administrative processes exist such as the “débat 
public”28 in France following a revision of the constitution in 200329 and comparable procedures are in place in 
the Swiss constitution30. Government support for implementing a project of public interest is in fact based on the 
acceptance by the population before the project owner decides to build. Stakeholder building has started at various 
levels (see Figure 6) including at institutional level because administrative frameworks need to support such an 
endeavour. A session on 18 September 2019 in the French “Assemblée Nationale” on the transnational cooperation 
between France and Switzerland concerning interventions relating to health and safety at CERN is an impressive 
demonstration for the unanimous view across political movements that the activity of the international community 
at CERN and the scenario for a post-LHC particle-collider is a welcome and beneficial initiative for society31.   
Given that no data on citizen’s value estimate of investment for fundamental research exists, CERN is carrying 
out surveys to get a better understanding of the image of particle collider research and to learn about the fears and 
interests of the population in order to develop a suitable communication strategy in this project. The study started 
with the host states France and Switzerland in 2018 and 2019 respectively. It has been designed by the University 
of Milan and CSIL (Italy), was approved by an ethics committee to ensure strict compliance with internationally 
established implementation rules32,33 and has been carried out by Eumetra34 according to a quality managed pro-
cess. It quantified the value, expressed in monetary units, that a future particle collider research infrastructure 
represents for taxpayers in these two countries. This concept of contingent valuation is a statistical technique based 
on work of Nobel laureate J.E. Stiglitz on the preferred levels of public expenditure. The study has been set up to 
obtain a good approximative coverage of the nations’ populations. 
                                                   
26 “Value of Research”, Policy Paper by the Research, Innovation, and Science Policy Experts, EUR 27367 EN, available at 
https://ec.europa.eu/research/openvision/pdf/rise/georghiou-value_research.pdf 
27 Treaty on European Union, 7 February, 1992, https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:12012M/TXT 
28 See information at the Commission Nationale du Débat Public (CNDP) at https://www.debatpublic.fr  
29 Art. 72-1 de la Constitution, loi constitutionnelle 2003-276 (28 mars 2003) implemented in loi du 13 août 2004, article 122 
(“participation of voters in local decisions and evaluation of local policies). 
30 Federal Consitution of the Swiss Confederation, art. 5a (status of 23 September 2018) 
31 Session of the national assembly on 18. September 2019 on the extension of the international agreement concerning CERN, 
video from time 03:52:39 to 04:20:20 available for streaming and download at http://videos.assemblee-natio-
nale.fr/video.8128431_5d8228854a561.1ere-seance--creation-du-centre-national-de-la-musique-cmp--competence-judi-
ciaire-dans-les-comm-18-septembre-2019?timecode=13959000  
32 K. Arrow et al, “Report of the NOAA panel on Contingent Valuation”, Federal Register 58, 11 January 1993 
33 R.J. Johnston et al., “Contemporary Guidance for Stated Preference Studies”, JAERE, 4(2), 2017,  
  dx.doi.org/10.1086/691697 
34 Market research and social studies agency, https://www.eumetramr.com/en  
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To put the results in context, consider that Switzerland has the second highest R&D investment worldwide 
(1 500 euro per capita per year35), but only 2% of it is publicly funded. Ca. 10 500 euro per person and year of tax 
in the canton of Geneva only 43 euros are allocated for research36 (the median gross salary is 72 000 euro per 
year). In France, 825 euro are invested in R&D per capita per year through private and public sources. Out of 1 
000 euro of taxes, corresponding roughly to the taxes paid by one person in a household, 117 euro37 are allocated 
by the government for R&D. Although the two countries cannot be directly compared, the results of the surveys 
so far presented in the next paragraphs provide an indication of the citizens view of fundamental scientific research, 
form a foundation to estimate the value of public good of a future research infrastructure and identify essential 
hooks for developing public engagement and citizen involvement in the design and preparation phases. 

The result of this study is that, 51% of the taxpayers in France38 
and 74% of those in Switzerland would support the decade-
spanning construction and 25 years operation of a new parti-
cle accelerator to perform research on phenomena that to-
day’s physics model of Nature cannot explain. The per capita 
“Willingness To Pay” (WTP) value for such a project was deter-
mined using a bidding scheme process. The result was that tax-
payers in France would agree to spend 4 euro/year (actual annual 
contribution is 2.7 euro/capita) and taxpayers in Switzerland 
would agree to pay 50 euro/year and person (actual annual contri-
bution is 5.5 euro/capita). The results are corrected according to 
dependence on individual socio-economic characteristics (e.g. 
correlation of indicated willingness-to-pay with education level, 

income, wealth, health and other factors). The results of the two countries differ due to the nations’ different 
purchasing powers, different average education levels and different average gross income levels. The majority of 
those who were not willing to contribute were persons who currently could not afford an additional expense. An 
overwhelming majority of more than 90% of the people in France and Switzerland consistently perceive this 
type of research as an activity that improves the health and quality of their personal lives and that it will 
improve the standard of living of future generations. Existing knowledge about research with particle colliders 
did not have a significant impact on those results. This project will build on the results of these investigations to 
develop a societal engagement and public communication strategy. 
1.3.3 Positioning of the project 
This project builds on the achievements of the H2020 EuroCirCol project (2015-2019). It has shown the feasibility 
“in principle” of a 100 km long, circular particle collider by considering a 100 TeV energy frontier proton-proton 
collider as the driver with the highest challenges and strongest infrastructure requirements. It brought the initial 
idea for a new particle-collider based research infrastructure from TRL 1 to TRL 2 and for selected technologies 
to TRL 3. High-field magnets and experiment detectors that are suitable for such a particle collider require, how-
ever, substantial further R&D on a time scale of twenty years or more. A research programme is needed as a 
first step to set the specific research and design goals for the second phase of this integrated science mission. 
For a luminosity frontier electron-positron collider, technology readiness at TRL 7 has already been demon-
strated individually for selected key elements of the collider at various locations in different projects such as 
the LEP collider (CERN), at the LHC (CERN), HIE-ISOLDE (CERN), CLIC Testing Facility (CERN), DAΦΝΕ 
(INFN), KARA (KIT), XFEL (DESY) and at VEPP-4M (BINP). However, a design with performance and effi-
ciency optimised for a machine with modular implementation remains to be developed and validated. FCCIS will 
demonstrate the practical feasibility of delivering the unprecedented high luminosities and precise energy 
calibration capabilities (TRL 4 for beam optics and TRL 5 for selected key components in cooperation with 
separately funded technology R&D activities), with the aim of attracting the largest possible user community for 
initiating experiment collaborations which will conceive detectors that can fully exploit this infrastructure. 

                                                   
35 https://en.wikipedia.org/wiki/List_of_countries_by_research_and_development_spending  
36 An interactive information tool about tax allocation in Switzerland can be found at www.srf.ch/news/schweiz/persoenli-
cher-steuerrechner-wofuer-zahle-ich-steuern based on https://srfdata.github.io/2019-02-steuern/  
37 Tax allocation provided by the French government at https://www.aquoiserventmesimpots.gouv.fr  
38 M. Florio and F. Giffoni, “Scientific Research at CERN as a Public Good: A Survey to French Citizens”,  
CERN-ACC-2018-0024, available at http://cds.cern.ch/record/2635861  

Figure 7: Annual taxpayer share per person 
and year into CERN research programme in 
France and in Switzerland (“paid”) and will-
ingness to pay for a new particle collider per 
person (“worth”). 
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Figure 8: Positioning of key elements in the FCCIS project on the Technology Readiness Levels scale39 (1: For-
mulate basic principles, 2: Formulate concept, 3: Proof of concept, 4: Validate in lab, 5: validate in relevant 
environment, 6: demonstrate in relevant environment, 7: demonstrate prototype in operational environment, 8: 
complete and qualify system, 9: prove system in operational environment). All elements are above the feasibility 
threshold at the start of the project and will increase by at least one TRL step as a result of the project. 
This project will deliver the infrastructure layout and placement as the basis for the civil engineering design 
and for the required participative democratic processes which engage the public, before a decision to build is taken. 
An “ecodesign” at TRL 5 will aim to make the proposed research infrastructure compatible with the territo-
rial conditions, taking into account the relevant socio-urbanistic and environmental requirements through active 
engagement of the host state authority partner organisations in the development process. The project will 
report on the socio-economic impacts of such a research infrastructure, using actual observations from the 
LHC research programme (TRL 6). This activity foresees the establishment of an economic advisory body of 
international experts to draw up proposals to include instruments for the build-up of societal and economic 
wealth in the organisation plan for the construction project. Furthermore, host state partners will be included in 
the identification of synergies that serve both the project and territorial development (e.g. waste-heat re-use, 
excavation materials re-use, efficient electrical energy distribution, responsible use and re-use of water, transport 
concepts, opportunities for ICT infrastructure sharing and territorial technology infrastructure roadmaps). 
1.3.4 Synergies with national and international research and innovation activities 
This project relies on the strong interaction with a large network of national and EU funded projects which it cuts 
across activities at university clusters and related research infrastructures. This section describes how each linked 
project feeds into the FCCIS project. The results of the linked projects are pulled in during workshops, confer-
ences, working meetings and through consultancy. The results of particle accelerator and technology projects serve 
directly as jump pads for the design work in this project. 
The Future Circular Collider study40 federates more than 130 institutes and 20 companies to explore concepts 
for new circular particle colliders. It includes an R&D programme for the enabling technologies. 
Link: The design concepts published in 2018 form the basis for this project. The goal is now to advance the design, 
implementation concepts and user community as the first step of the integrated science mission towards a level 
that permits a decision to construct being taken. 
The EuroCirCol41 H2020 project has developed a concept for an energy frontier hadron collider with an energy 
reach of 100 TeV in a 100 km long circular tunnel. Its feasibility has been shown at TRL 3. It has developed an 
                                                   
39 https://ec.europa.eu/research/participants/data/ref/h2020/other/wp/2018-2020/annexes/h2020-wp1820-annex-g-trl_en.pdf  
40 See http://cern.ch/fcc and http://cern.ch/fcc-cdr  
41 H2020 European Circular Collider design study, http://www.eurocircol.eu  
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R&D roadmap for the key enabling technologies. As a result, a science mission integrating a lepton collider as a 
first step and a hadron collider as a second step has been devised42. 
Link: FCCIS stands on the shoulders of EuroCirCol. The layout and requirements of the hadron collider determine 
the infrastructure for the lepton collider. The results of the experimental investigations at KIT will be directly used 
to develop a vacuum system concept for FCC-ee43. Key participants of the beam optics developments of Eu-
roCirCol are also part of the core team for the beam optics developments of FCC-ee (CERN, CEA, INFN). The 
R&D roadmap for EuroCirCol is the basis for FCC-ee technology development and innovation studies. 
The CHART44 (Swiss national Accelerator Research and Technology) programme focuses on particle collider 
design, high-field magnets and advanced acceleration methods. It includes major Swiss institutions and CERN 
and specifically supports the technical designs of FCC over five years. 
Link: The work on high-field magnets feeds directly into the feasibility of strongly focusing the lepton beams at 
the interaction points. Work on beam stability, collimation and materials will be integrated in the design work in 
this project. EPFL, ETHZ, PSI and the University of Geneva are the cooperating institutes. 
The ESCAPE45 (European Science Cluster of Astronomy & Particle physics ESFRI research infrastructures) pro-
ject brings together European research facilities to address challenges in open science and data accessibility. 
Link: Led by beneficiary CNRS/IN2P3/LAPP, ESCAPE will feed into building user capacity, the development 
of a concept for a sustainable research infrastructure clustering facility with similar needs, the regional socio-
economic impact assessment and finally, into the development of a governance framework for the collaboration. 
The DRAGON46 project has investigated how large amounts of excavation materials can be turned into mineral 
resources to reduce environmental impacts and CO2 emissions due to construction, landfilling and transport. It has 
revealed that the entire lifecycle needs to be looked at, starting with underground on-line analysis and treatment. 
Link: The project ended with a high TRL live demonstration that will feed directly into the development of an 
excavation materials management plan. It helps to identify of where technological innovation remains to be created 
in order for companies to implement a circular economy in subsurface projects, what conditions for re-use exist 
and also where the regulatory frameworks, norms and standards and contractual guidelines require evolution. 
The RICAS202047 study for storing energy using un-used underground structures and excavated materials ad-
dresses the climate change challenge with innovation in subsurface engineering. The project, coordinated by ben-
eficiary MUL, plans to demonstrate heat storage using excavated materials in an existing tunnel segment. 
Link: The project feeds into FCCIS in two ways: first, the results to use excavated materials for heat storage will 
flow directly into the development of the excavation materials management plan. Secondly, it will help exploring 
how and if CERN’s unused underground structures can be used in the FCC era to generate added value for the 
territory in which the new research infrastructure will be embedded. 
The Thermodrill48 (H2020 EC Fast track innovative drilling system for deep geothermal challenges in 
Europe) project is developing a novel, cost-effective drilling technology for geothermal projects. The project is 
coordinated by MUL, beneficiary in this project. The concept relies on a combination of conventional rotary drill-
ing and water jetting, doubling the penetration rate and a cost reduction of 30%. 
Link: Thermodrill will provide insights into levers to reduce the cost and increase the construction speed of the 
100 km tunnel and some 24 vertical access shafts and will help the FCC designers understand what can be expected 
in terms of technology advancement on a 10 year time scale. 
EASITrain49 (H2020 MSCA European Advanced Superconductivity and Innovation Training) focuses on 
advancing superconductivity, cryogenic refrigeration technologies and high-quality manufacturing of geometri-
cally complex superconducting components with industrial partners. 

                                                   
42 M. Benedikt, “Future Circular Collider – The Integrated Programme”, 18 december 2018,  
https://indico.cern.ch/event/765096/contributions/3298216/  
43 See letter of Intent from KIT to CERN on development of FCC-related technologies and prototypes. 
44 See https://naturwissenschaften.ch/uuid/1222ea96-32ef-5803-89c7-9edb60a05017   
45 https://www.eso.org/public/announcements/ann18084/  
46 FP7 EC Development of Resource-efficient and Advanced Underground Technologies, http://www.dragonproject.eu  
47 H2020 Research Infrastructure for Advanced Adiabatic Compressed Air Energy Storage, http://www.ricas2020.eu  
48 http://www.thermodrill-h2020.org  
49 http://cern.ch/fcc/easitrain  
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Link: Advances in superconducting thin-film radiofrequency cavities towards the cost-effective production of 
acceleration systems that can meet the FCC-ee performance requirements. 
The ARIES50 H2020 project develops European particle accelerator technologies and explores societal and eco-
nomic potentials of these developments. The project integrates and enlarges the European particle accelerator 
community, paving the way for future developments. 
Link: Results produced participants in this project (e.g. CEA, CERN, DESY, KIT, INFN UOXF) will be used for 
the design of the FCC-ee particle accelerator. This concerns measuring and increasing reliability and availability, 
designing with energy efficiency in mind, evaluating the developments of very high gradient accelerating systems 
and advanced diagnostics, achieving ultra-low emittances and approaches to handle impedance and instabilities. 
The ILC51 (International Linear Collider) study is on a linear, high-energy lepton collider in Japan with an 
initial c.m. collision energy of 250 GeV. It aims to provide high-precision studies of the Higgs boson and is an 
alternative to a circular collider. It has two detectors that can be used one-at-a time. The infrastructure to be con-
structed in stages ranges in length from 20 km initially to 50 km. 
Link: Results from the R&D on superconducting niobium cavities operating at low cryogenic temperature (1.9 
K), in particular on the performance and cost optimisation through nitrogen doping will directly feed into the 
system design for the operation at highest collision energies (e.g. ttbar at 350 GeV). 
The international CLIC52 (Compact Linear Collider) study focuses on a linear lepton collider with a single in-
teraction point. It requires the extension of the sub-surface structures from an initial total length of 10 km to 50 
km. The two-beam acceleration scheme foresees a high-current drive beam that powers normal-conducting high-
gradient 12 GHz accelerating structures. Starting with a collision energy of 380 GeV, it is considered complemen-
tary to FCC-ee. It does not cover the high-luminosity precision physics that is required as the immediate next step 
to elucidate the enigmatic characteristics of the Higgs boson and to act as a sensitive probe for the unexplained 
physics observations. 
Link: Approaches for energy efficient electrical to radiofrequency power conversion are developed in collabora-
tion with the CLIC study. Results from beam diagnostics, positioning and precision alignment R&D activities will 
be used directly to develop design concepts for FCC. The design studies for the injector linear accelerator will 
make use of sub-system designs that have been developed for the CLIC accelerator, in particular geometries and 
production study results of S-band, C-band and possibly X-band structures. The experimental physics community 
developing detector concepts and research programme are an essential part of the FCC user community. 
The CepC53 (Circular electron-positron Collider) Chinese national study proposes a Higgs factory in a circular 
100 km long tunnel. The infrastructure can eventually be re-used for a high-energy proton-proton particle collider. 
This proposal is a direct alternative to a new particle physics research infrastructure in Europe. 
Link: Working relationships will be maintained with the design study at scientific level in order to integrate the 
results of beam dynamic studies. The particle accelerator research community will strive to collaboratively ad-
vance the capabilities of modelling and simulation software tools, e.g. for the assessment of impedance, single-
bunch collective effects and beam-beam effects. 
The RI-Paths54 (H2020 EC Research Infrastructure Pathways) project develops concepts and indicators to 
measure socio-economic impacts of research infrastructures in a variety of sciences including physics. It show-
cases impact pathways such as training and education, cultural goods and science diplomacy. CERN and CSIL are 
beneficiaries in this project. 
Link: Agreed socio-economic key performance indicators and methods to assess the research infrastructure ben-
efits. Use of the methods developed collaboratively by CERN and CSIL in this project together with other partic-
ipants to perform the FCC-ee impact study and to make it publicly available as a blueprint for other RIs. 

                                                   
50 H2020 EC Accelerator Research and Innovation for European Science and Society, http://aries.web.cern.ch  
51 H. Aihara, “The International Linear Collider. A Global Project”, Input to the European Particle Physics Strategy Update 
2018-2020, 1 November 2018, available at https://indico.cern.ch/event/765096/contributions/3295702 
52 A. Robson et al., “The Compact Linear e+e- Collider: Accelerator and Detector”, Input to the European Particle Physics 
Strategy Update 2018-2020, 1 November 2018, available at https://indico.cern.ch/event/765096/contributions/3295978/  
53 Circular electron-positron Collider, http://cepc.ihep.ac.cn and http://cepc.ihep.ac.cn/CEPC_CDR_Vol1_Accelerator.pdf  
54 H2020 Grant Agreement number 777563, http://ri-paths.eu  
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The ACCELERATE55 (H2020 EC co-funded project) project focuses on the development of legal and admin-
istrative tools for effective management and operation of sustainable research infrastructures. It defines common 
protocols for monitoring and assessing the socio-economic impact of research infrastructures. 
Link: Approaches and elements for the organisation of the construction project that include instruments to create 
socio-economic benefits and mechanisms to help long-term sustainability, from the beginning. This includes em-
ployment models, in-kind contributions and audit concepts, managerial competences of staff, commercial access 
procedures, training of early stage researchers and company personnel. 
The DAΦNE56 (Double Annular Φ	Factory for Nice Experiments) particle collider pioneered the implementa-
tion of a novel collision scheme, called the “crab-waist” 57 to focus high-intensity bunches using nonlinear elec-
tromagnetic lenses (sextupole magnets, see also Figure 9). 
Link: The relative simplicity of the implementation permits increased collision luminosities for FCC-ee. INFN-
LNF makes the facility available to prototype the collision beam optics and to develop an experimentally-based 
model to forecast the achievable luminosities at an FCC-ee, optimised for physics performance. 

 
Figure 9: “Waist” of the tens of nanometer-sized beam bunch controlled by sextupole magnets to have all particles 
in both beams collide at the most “horizontally squeezed” spot to increase the luminosity. The large crossing 
angle reduces parasitic collisions. The scheme was pioneered by INFN and tested at the DAΦNE particle collider. 
The JENNIFER258 (Japan and Europe Network for Neutrino and Intensity Frontier Experimental Re-
search) H2020 co-funded project integrates particle accelerator research and experimental facilities in Japan with 
European particle accelerator R&D. Beneficiary INFN-LNF coordinates the project. 
Link: Results from work on computing models for international research collaborations will flow into the data 
processing, distribution and access concepts. Results from work on observing rare processes at the SuperKEKB 
particle collider will feed into the development of the FCC-ee physics research programme and into the develop-
ment of the detector concepts. This project involves participants from Japan in the user community. 
The NER 300 (EU SETIS programme New Entrants’ Reserve) programme funds low-carbon energy demon-
stration systems59. It has been conceived for the demonstration of carbon capture and storage and innovative re-
newable energy technologies on a commercial scale. 
Link: FCCIS will include results in the development concepts for energy efficient electrical power distribution, 
and also added value potentials for the French/Swiss cross-border area. The focus of the investigations will be 
medium-voltage infrastructures60,61. FCCIS will consider emerging direct current (DC) concepts62, which are not 
yet market ready. A lower component count, 1.56 times higher power density in the cables with respect to AC, the 
possibility to directly integrate renewable energy sources and buffers and higher AC/DC conversion efficiency at 
grid level (98% - 99% w.r.t. 97% for conventional AC networks) make this technology attractive for FCC and the 
RI forms a low-risk demonstration case for industrial partners. 

                                                   
55 H2020 Grant Agreement number 731112, http://www.accelerate2020.eu  
56 http://www.lnf.infn.it/edu/materiale/Dafne_eng.pdf 
57 http://da.lnf.infn.it/projects/dafne/crab-waist/ 
58 H2020 GA 644294, https://cordis.europa.eu/project/rcn/218273  
59 https://setis.ec.europa.eu/NER300 
60 S. Kenzelmann, ”Modular DC/DC converter for DC distribution and collection networks”, EPFL, thesis 5430, 2012, 

https://infoscience.epfl.ch/record/180231/files/EPFL_TH5430.pdf  
61 https://setis.ec.europa.eu/system/files/session_2_2_vincenzo_emma_final.pdf  
62 Swiss Federal Office of Energy, “Medium-Voltage Direct-Current Energy Conversion Technologies and Systems”, 

Final Report 30 September 2018, https://www.aramis.admin.ch/Default.aspx?DocumentID=49916  
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1.3.5 Methodology (b) 
The method adopted for this project is an iterative Plan-Do-Check-Act (PDCA) agile process that continuously 
integrates (1) scientific and technical research, (2) socio-urbanistic and environmental optimisation, (3) socio-
economic impact analysis and pathways development and (4) stakeholder communication and engagement 
strategy development using an “agile project management” approach. For each of these key topics, world-class 
organisations with experienced personnel have teamed up as a consortium to move the initial concept of a new 
particle-collider based research infrastructure forward to a project scenario, sufficiently mature to permit pol-
icy makers and funding agencies to take a decision to proceed with designing and building the facility. 

 

 
Figure 10: Iteratively evolving project, according to a continuously integrating "agile" method supported by 
frequent inter-work package communication and Kanban management. All work during the project aims to deliver 
consolidated information for a consistent design report due at the end of the project. 
The design of the new particle-collider research infrastructure progresses along Plan-Do-Check-Act iterations. 
Each cycle includes topically complementary tasks that are carried out by the consortium members. The project 
coordinator regularly integrates the findings with the leaders of the work packages and tasks. 
1 – Baselining (Plan): The project starts with the feasibility concept published by the Future Circular Collider 
study63. Literature review, information exchange and work coordination lead to a commonly agreed baseline. The 
work in this step includes building up a common communication culture, aligning vocabulary and different work-
ing methods, setting priorities and timeline goals, making resources and tools available. Based on the results, 
technology gap analysis and R&D plans will be updated. The product breakdown structure is updated, the socio-
urbanistic and environmental risk matrix and the updated technology R&D gap analyses serve the establishment 
of bottom-up cost estimates and adjustment of the technology R&D and implementation schedule. This baselining 
happens at the beginning of each iteration. 
2 – Goal setting (Plan): The goals of the theoretical and experimental physics community are at the origin of the 
process, driving iterations of the collider design. Particle accelerator function and performance is planned with 
analytical and simulation methods. The placement is updated using a Geographical Information System (GIS) and 
the project invariants are described using a structured approach based on a Product Breakdown Structure (PBS). 
3 – Optimisation (Do): Environmental impact experts and host state partner organisations perform a placement 
optimisation and territorial compatibility analysis following the “avoid-reduce-compensate” approach and a stand-
ard risk-registry for the accounting and classification of risks (EN31000, FMECA). An existing relational database 
and GIS environment at CERN will be used as a combined tool for comprehensive documentation of the evolving 
layout and placement, the constraints and the environmental impacts. The particle collider beam optics will be 
verified experimentally in existing particle accelerators at CERN, ESRF and INFN-LNF for which transnational 
access will be provided free of charge for the consortium. The analytical and simulation tools will be improved 
using the results from field tests in relevant environments. 
                                                   
63 https://fcc-cdr.web.cern.ch 
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4 – Impact analysis (Check): Estimate socio-economic impacts, the feasibility of funding approaches and in-kind 
contributions as well as the possibilities for co-construction with companies, foreseeing incentives for re-investing 
revenues for societal wealth building. Economists will use a quantitative, probabilistic method for benefits assess-
ment, pioneered in an EIB project64 on cost-benefit analysis for the LHC, further extended in a project on the HL-
LHC socio-economic impacts by CERN, University of Milano and CSIL and through the RI-Paths project. The 
method for socio-economic impact analysis in this project is to develop stochastic economic value estimation 
models for different benefit categories (e.g. training, industrial and information technology spillovers, scientific 
products, cultural goods and the public good value). Each forecast model is parameterised with input data that 
stems from past statistical observations (actual data) and analysis, and with information obtained during the pre-
vious project steps (e.g. cost estimates, project schedule and financing scenario, regional development possibilities 
considering smart specialisation profiles). Each model produces a probability distribution for the economic value 
that the research infrastructure generates for each type of benefit over a long time frame. Eventually, the probability 
distributions of all benefits, valued in monetary terms, can be merged and the total project cost (the sum of all 
capital and operation costs) can be subtracted from the total benefits to obtain indicators of the net contribution of 
the research infrastructure to socio-economic development at the end of its lifetime. 

One impact included in the analysis is the effect of 
training for students who carry out the practical work 
of their doctoral thesis65 in the research infrastructure. 
Obtaining a probability distribution of the cumulative 
salaries of students66 and comparing it to the lifetime 
salary distribution of a control group who obtained 
their doctoral degree without involvement in a re-
search infrastructure project reveals the net added 
value that the research infrastructure generates for 
students (Figure 11). The total net benefit can be fore-
cast with an estimate for a time-profile of students in-
volved in the research infrastructure during its entire 
lifecycle. Data gathering is ongoing in CERN’s 
LHC/HL-LHC project in order to be able to make 
forecasts for a future particle collider research infra-
structure in this H2020 project. 

The quantitative probabilistic analysis will be complemented by an analysis of the impact pathways, namely the 
investigation of the causality chains that are expected to lead to the generation of benefits, including all the deter-
mining factors and conditions for impact maximisation. This exercise will be crucial to identify the actions needed 
to increase the impact potentials of this project. 
5 – Development of recommendations (Act): Experts from different domains (physics, accelerators, engineering, 
economics, management, environmental topics, political sciences) will examine the intermediary project results 
and develop recommendations for the adjustment of the work, integrating the different priorities, aiming to have 
consensus-based conclusions in working-meetings and expert hearings. The international advisory community 
formulates high-level recommendations and a set of strategic guidelines for physics, particle accelerator and tech-
nical infrastructure, project definition and building of the community. 
6 – Dissemination, exploitation and capacity building (Act): TMFS, a media group teams up with scientists in 
the consortium to work on a communication and engagement strategy. It builds on top of physics opportunities, 
collider design topics, the territorial integration and the socio-economic impact analysis. Dissemination takes place 
in form of scientific articles, workshops and conferences as well as through direct information for key stakeholders. 
User community capacity building, actively engaging theoretical and experimental physicists is scheduled in the 
form of workshops, using the results to raise interest. Intermediary exploitation in the form of engagement of 

                                                   
64 M. Florio et al., “Exploring Cost-Benefit Analysis of Research, Development and Innovation Infrastructures : An Evalua-
tion Framework”, EIBURS Working Paper 01/2016, https://www.csilmilano.com/docs/WP2016_01.pdf 
65 A. Mertens and H. Röbken, “Does a doctoral degree pay off? An empirical analysis of rates of return of German doctorate 
holders”, Springer Higher Education 66(2), pp. 217-231, August 2013, DOI 10.1007/s10734-012-9600-x 
66 J. Cheesman Day and E.C. Newburger, “The Big Payoff: Educational Attainment and Synthetic Estimates of Work-Life 
Earnings”, U.S. Census Bureau, July 2002, https://www.census.gov/prod/2002pubs/p23-210.pdf 
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policy makers and funding agencies through informal meetings concludes this phase. This activity provides feed-
back on the adjusted direction. Eventually the iteration concludes and the next one starts with a baseline step (1). 
Since the activities in all steps are active concurrently, monthly topical meetings among the key actors ensure that 
coherent information is maintained across the project. Project coordination meetings take place every two weeks. 
Iterations take about a year, an appropriate time period for international advisory review session meetings. Meet-
ings with agenda and minutes take place at different consortium member locations, supported by a Web based 
collaborative system developed by CERN67 and with video-conferencing68. Kanban action planning and tracking 
is used to manage the integration of the complementary collaboration tasks. 
1.3.6 Gender dimension 
Historically, particle physics programmes attracted more males, with the result that over time more men have 
progressed into senior roles. Typically, less than one third of project participants are female. Despite efforts to 
motivate early stage researchers, the trend is only slowly changing. Major obstacles are the absence of long-term 
career perspectives, the demand for extreme flexibility with respect to working time, mobility and a constraint-
dominated working environment. Despite these issues, we are committed to continue working for a change. 
This project includes engagement actions with ULIV and TMFS to raise enthusiasm for science and technology at 
an early education level. We will create an awareness of the need for contributions in a diverse set of disciplines 
including fields beyond STEM such as economics, environment, architecture, arts, political sciences and commu-
nication with CSIL, USC, Cerema, CETU, LD, SN and MUL. This effort has already had an effect in FCC-related 
H2020 projects (e.g. EuroCirCol, EASITRain), successfully increasing the participation of female key project 
members to the 40% level. 
Career perspectives can be improved by preparing junior personnel to acquire the skills which are needed in the 
field for senior positions. These are, among others, the capabilities to work across sectors and to create working 
relationships with people from different domains. We believe that the personality of people plays a role in this, 
but the fundamental principles can be taught to everyone. We’re committed to support women in this process, 
reassuring and encouraging them to network beyond established hierarchical structures. This project will therefore 
include training during FCC conferences, organised together with ULIV which successfully applies this scheme 
to improve gender equality in STEM and which successfully engages women in physics from school age. 
We continue to promote an inclusive hiring policy to ensure that opportunities are open for women and men and 
that the hiring processes are transparent. Supervisors will be briefed in fostering gender equality during the hiring 
process and to watch out for gender hostile working conditions, in particular those that stem from men-dominated 
hierarchical organisation structures. Gender will be monitored in compliance with GDPR for statistical purposes. 
For public outreach and engagement activities we promote a positive female role model to young generations and 
give a well-balanced image of our working environment. 
This project has a gender dimension: it aims at preparing the ground for a long-term change in a world-wide 
scientific environment with an operation plan until the end of the century. The stakeholder engagement and com-
munication plan, developed under the lead of TMFS will adequately consider this dimension. 
Table 2: Summary of gender-dimension related actions in this project. 
Goal Action 
Reach out to young people 
before they choose a profession. 

Engagement of female pupils in public events with a focus on a diverse set 
of project-relevant domains including STEM and beyond. 

Engage students and early stage 
researchers. 

Promote the participation of female students during project annual meetings, 
physics, environment and economics workshops through dedicated sessions. 

Promote positive female role 
models. 

Include role-model building in the communication strategy development 
and include role-model presentations in communication products.  

Foster gender balance during the 
hiring process. 

Brief the employers in this project concerning a fair, transparent and gender-
neutral hiring process.  

Improve working conditions for 
female project participants 

Offer training sessions for project participants with respect to inter-personal 
relationship building to promote a positive working environment with bal-
anced opportunities for female, male and trans-gender project participants. 

                                                   
67 Indico, see http://information-technology.web.cern.ch/services/fe/indico 
68 Vidyo, see http://information-technology.web.cern.ch/services/fe/vidyo 
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1.4 Ambition 

Some people are walking around with their heads hanging low, complaining about 
being disappointed or even depressed that we’ve “only discovered the Higgs and 
nothing else”. […] Simple estimates for the Higgs mass from its interactions with 
virtual particles in the vacuum are wildly wrong. […] But when theorists are more 
confused, it’s the time for more, not fewer experiments. […] Measuring the prop-
erties of the Higgs, is guaranteed to answer some burning questions. All the drama 
revolving around the existence of the Higgs would go away if we saw that it had 
substructure of any sort. But from the LHC, we have only a fuzzy picture of how 
point-like the Higgs is. A Higgs factory will decisively answer this question via 

precision measurements of the coupling of the Higgs to a slew of other particles in a clean experimental 
environment. After that, the ultimate question is whether or not the Higgs looks point-like even when interacting 
with itself. Prof. Nima Arkani-Hamed, 8 March 2019 (https://cerncourier.com/in-it-for-the-long-haul). 

 
1.4.1 Advance beyond state-of-the-art 

This project pushes progress beyond the state-of-the-art in a variety of areas that range from the strategy of fun-
damental physics science, through particle accelerator technologies and eco-design of public infrastructure pro-
jects to advancements in the economics of public value and resource efficiency. Figure 12 gives a glimpse of the 
transformational capabilities that these ambitions can induce over the coming decade. The remainder of this section 
presents the state-of-the-art for different domains in greater detail and how this project stimulates progress not 
only beyond state-of-the-art, but beyond the current state-of-science. 

 
Figure 12: Outlook of transformational capabilities of selected ambitions and advances beyond state-of-the-art in 
the FCCIS project over the next decade. The strategic topics to develop a science-mission that lasts until the end 
of the century and a particle-collider based research infrastructure to attract a world-wide science and engineer-
ing community to address this science challenge with regional development opportunities in all participating na-
tions have the highest transformational capacities. 

High-energy and particle physics scientific research: 
State-of-the-art: The discovery of the Higgs boson completed the Standard Model of particle physics. It describes 
all particles that have ever been observed, the forces and their interactions. However, it does not explain observed 
phenomena such as the prevalence of matter over antimatter, neutrino oscillations and non-zero neutrino mass, 
gravity, the existence or nature of dark matter, the majority of energy in the universe, a.k.a. dark energy. Specifi-
cally, it does not explain the nature of the Higgs boson and generally it does not provide a model for the existence 
and nature of the fundamental fields in nature and their excitations, which we call “particles”. 
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Progress beyond state-of-the-art: deliver a research programme for the first step of an integrated science 
mission to explore the “Origin of Everything®” with a luminosity frontier lepton collider. This roadmap fuels the 
build-up of the capacity of a world-wide collaboration of scientists to propose experimental detector facilities 
that are the foundation for a sustainable new particle-collider based research infrastructure. Without them, 
the infrastructure, like any underused system, would depreciate quickly, resulting in the loss of the investment69. 

Particle accelerator technology: 
State-of-the-art: The feasibility of a high luminosity lepton collider for precision physics and for the full eluci-
dation of the characteristics of the Higgs boson was shown by the future circular collider study in 2018. The 
Chinese CepC study has proposed a similar design with lower performance. Linear lepton colliders (CLIC, ILC) 
that would cover the required energy range do not deliver the required luminosity and are limited by only a single 
interaction point and are therefore not suitable to engage a sufficiently large international experimental physics 
community of several thousands of researchers. Linear collider scenarios, although not limited by synchrotron 
radiation energy loss, are not cost effective with respect to electrical energy consumption and technical infrastruc-
ture resource efficiency. Also, such a facility cannot be re-used to accommodate a different particle collider to 
extend the energy frontier significantly up to the next order of magnitude to exhaustively scan the electroweak 
sector and prevalent dark matter candidate theories. 
Progress beyond state-of-the-art: deliver a design for a high-energy, high-luminosity electron-positron par-
ticle collider with multiple interaction points. 
The luminosity frontier lepton collider requires the development of novel algorithms to measure and control the 
beam to minimise the vertical emittance and maximise beam-beam performance. This project experimentally 
tests the beam optics designs and beam dynamics required to achieve 50 nm beam size at the interaction points 
at DAΦNE and other facilities. The test campaigns aim to demonstrate that a beam energy calibration at the 
1 ppm level is possible at energies of 45-80 GeV using the technique of resonant depolarisation. 
The project will conceive a particle collider for which the collision energy can be increased step-wise without 
the need for additional civil construction investment. It will deliver a functional design for a new magnet 
system that halves the electrical power demand with respect to comparable, traditional particle accelerators that 
operate with classical single-aperture magnets. Another ambition is to develop a layout for unprecedented high-
luminosity interaction regions with novel superconducting magnet technology, higher-order mode absorbers, 
designs for luminosity monitors, passive vibration control or active stabilisation systems and a collision-offset 
feedback system. The design work aims to demonstrate a significant increase in availability and energy effi-
ciency with respect to other lepton particle colliders through a continuous top-up injection scheme that provides 
nearly constant beam current and luminosity throughout the entire physics operation period based on a full-energy 
booster. The successful delivery of the performance also relies on the conception of novel designs for advanced 
beam diagnostics to measure the longitudinal beam profile bunch-by-bunch and turn-by-turn and the extremely 
low vertical emittance. Eventually, the project aims to advance ultra-low-density vacuum system technology to 
maintain the required residual gas density in presence of high synchrotron radiation, with negligible higher-order 
mode heating, good MeV photon shielding and which inhibits build-up of electron clouds. 

Tessa Charles, from the Australian Monash univer-
sity is observing “caustics” (the envelope of light rays 
reflected or refracted by a curved object) to under-
stand the behaviour of colliding particle beams and to 
develop novel algorithms to control them. She will 
lead the experimental verification of the particle col-
lider’s performance enabling mechanisms at various 
particle accelerators worldwide. It is likely that her 
research will lead to a better understanding of physi-
cal phenomena in our daily lives.  

 
  

                                                   
69 D. Ricardo, “On the Principles of Political Economy and Taxation”, 1817, p150. 

“Caustics”: reflections of 
waves in a swimming pool

Tessa Charles (WP2)
works on beam optics
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Research infrastructure planning for long-term sustainability: 
State-of-the-art: Comparable research infrastructures such as the Extreme Light Infrastructure (ELI), the Euro-
pean Spallation Source (ESS), the International Thermonuclear Experimental Reactor (ITER) and the Square Kil-
ometre Array (SKA) have been developed using a traditional approach, leading from the science case through the 
design to the construction phase. Environmental and socio-economic topics have been analysed at different stages 
of the projects70, but were not built-into the design to optimise environmental compatibility and economic sustain-
ability from the beginning. Consequently, painful down-scaling of the science goals, research performance and 
scope-reduction to fit cost-to-completion followed and stretching of the implementation phase was needed. 
Progress beyond state-of-the-art: To our best knowledge, for the first time, this project adopts a unifying 
approach to develop a scenario for a large-scale research infrastructure integrating science needs, key-en-
abling technology advancement, territorial and environmental compatibility optimisation, socio-economic 
impact development and stakeholder engagement from the beginning, planning for sustainable construction 
and long-term operation through a “science mission”. This forward-looking approach requires more time and re-
sources than a traditional design. There exists consensus among managers of large-scale projects and government 
authorities, that this anticipation contributes to risk control. It increases the probability of keeping the preparation 
and construction phases within the expected time scales. It facilitates building a credible funding scenario and it 
attracts the user base that is needed to enter the next project phase. 

Economics of public value and public sector value quantification: 

Developing a concept for a sustainable research in-
frastructure leads inevitably to a catalogue of inno-
vation proposals with societal and economic added 
value potentials. The activity leads also to an ad-
vancement of the concepts, methods and tools that 
economics use to plan and analyse for long-term 
sustainability. The recently published book71 on 
“Investing in Science” and the workshop72 on 
“Economics in Science” in the frame of the FCC 
study are tangible examples for this effect.   

State-of-the-art: In recent years, efforts have been made to analyse the sustainability of research infrastructures 
and asking designers of research infrastructures to plan for sustainability73,74,75, but without supplying a method 
that truly captures economic value generation. Qualitative reviews76,77 and non-impact related accounting-based 
reports78 that are relevant inputs for establishing an economic impact model were followed by initiatives to adapt 
methods used for conventional infrastructures79 to research-oriented undertakings. Very recently, further progress 

                                                   
70 European Commission – DG Energy D.4./ TEC1171EU Study on the impact of the ITER project activities in the EU (Ref. 
Ares (2017) 1939420. ENER/D4/2017-458. Koen Rademaekers et al. Trinomics B.V. 4 April 2018, available at  
https://ec.europa.eu/energy/sites/ener/files/impact_of_the_iter_activities_in_the_eu-trinomics.pdf 
71 M. Florio, “Investing in Science”, MIT Press, ISBN 9780262043199, October 2019 
72 Programme online available at http://fccweek2019.web.cern.ch/economic-session.htm  
73 ESFRI, Questionnaire for Submission of proposals for roadmap 2018, section 3,  
https://www.esfri.eu/sites/default/files/u4/ESFRI_Roadmap_2018_Proposal_Submission_Questionnaire_Public.pdf 
74 ESFRI, Long-Term Sustainability of Research Infrastructures, scripta, Vol. 2,  
 https://ec.europa.eu/research/infrastructures/pdf/esfri/publications/esfri_scripta_vol2.pdf 
75 European Investment Bank, The Economic Appraisal of Investment Projects at the EIB, 2013, p. 135, 
https://www.eib.org/attachments/thematic/economic_appraisal_of_investment_projects_en.pdf 
76 OECD, “The impacts of Large Research Infrastructures on Economic Innovation and on Society: Case Studies at CERN”, 
2014, http://www.oecd.org/sti/inno/CERN-case-studies.pdf 
77 The Impact of CERN, https://cds.cern.ch/record/2319300 
78 M. Bianchi-Streit et al., “Economic Utility Resulting from CERN Contracts (Second Study), CERN 1984, 
https://cds.cern.ch/record/156911 
79 EC, “Guide to Cost-Benefit Analysis of Investment Projects”, December 2014,   
https://ec.europa.eu/regional_policy/sources/docgener/studies/pdf/cba_guide.pdf 

Methods for
sustainable science

Workshop, Brussels (BE), 
25 June 2019
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has been made in understanding the quantitative economic impacts of fundamental research activities80,81. Tradi-
tional cost-benefit analysis is, however, inadequate for decisions which produce indirect effects over long periods 
of time and which do not capture the ultimate purpose of the economy, helping people leading better lives or as J. 
Sitglitz put it, “the welfare of citizens”82. 
Progress beyond state-of-the-art: M. Mazzucato writes: “To recognize that the public sector creates value we 
must first find ways to assess that value including the spill-overs.”83. This consortium takes up the challenge to 
develop models for the core impact pathways that generate measurable economic value. Preparatory work 
has been launched by CERN to produce data that economists can use with the quantitative, probabilistic method 
to forecast economic impacts for education and training, industrial spillovers, the value of ICT and open data, 
cultural goods and the value of welfare that citizens attribute to the existence of experimental physics research. A 
novel approach to scout for building regional economic wealth in a globally distributed science project has the 
potential to make a dent. It complements the probabilistic analysis with an impact pathways analysis (following 
the most recent RI-Paths methodological development), a regional and territorial impact analysis and, a value 
chain analysis through Technological Competence Leveraging. The structured socio-economic impact analysis 
by this project will be made openly accessible. 

Resource efficient sub-surface engineering: 
State-of-the-art: Today, in the EU countries and in Switzerland, excavation materials are considered “waste”. For 
commercial re-use, the materials need to be re-classified. This process is administratively complicated, linked to 
technical constraints (e.g. tracking) and is costly, rendering re-use not economically viable. So far, no industrial 
use case has been documented for the “molasse” material, six different types of heterogeneous sedimentary rock 
predominantly found in the perimeter of the 100 km long FCC underground infrastructure. In an economic area, 
in which 800 million tons of mineral waste per year are disposed of in landfills, innovation actions together with 
incentives for the commercial sector are needed to initiate a change. A research infrastructure project creates the 
low-risk case to develop a showcase and to make a practical step beyond the state-of-the-art with economic poten-
tials and ecological protection gains worth hundreds of billions of euros per year in the Eurozone84. 
Progress beyond state-of-the-art: The “Mining the Future FutureCC-BY-ND” competition aims to identify a re-
use process for molasse. The excavation materials management plan will leverage the transnational context of 
this project and the CERN’s status as international organisation for responsible use of resources in subsurface 
engineering. It will be an example for a transition to a circular economy in a business domain, which is today 
dominated by low revenue margins and thus strives to leverage innovation to increase benefits. The interaction 
with the research on innovative inner lining, permitting a smaller boring diameter by keeping the same inner tunnel 
size has a potential to lower the construction costs and reduces the amount of excavated materials. The project will 
investigate, if new tunneling technologies, can be used first in a research infrastructure, which is subject to 
fewer constraints than a conventional traffic tunnel for transporting people. If successful, a combination of re-use, 
treatment, and innovative tunneling can significantly lower the project costs by tens of millions of euros. 

“Tunneling feels like a moon landing. Every metre is a metre where no human has 
been before”, says Maximilian Haas from the Montanuniveristät Leoben (Austria). 
He is currently extracting material samples at the HL-LHC construction site at 
CERN to prepare the “Mining the Future FutureCC-BY-ND” challenge in FCCIS. The 
samples will be analysed in this project and will be made openly available at Zenodo 
for the benefit of government agencies, researchers and companies world-wide in 
order to propose innovative processes that can turn the “molasse” sediment into a 
valuable resource for commodity applications with economic added value and to 
reduce the environmental footprint of subsurface construction projects. 

                                                   
80 A. Bastianin and M. Florio, “Industrial Spillovers from the LHC/HL-LHC Programme at CERN”, CERN-ACC-2018-0026, 
2018, https://cds.cern.ch/record/2635876 
81 European Commission, Directorate-General for Research and Innovation, « Sustainable European Research Infrastructures, 
A call for action”, ISBN 978-92-79-70968-5, doi:10.2777/76269 
82 J. Stiglitz, Nobel Laureate 2001, “Paradigm Lost Conference”, Berlin, April 12-15, 2012. 
83 M. Mazucato, “The Value of Everything”, ISBN 978-0-141-98076-8, p. 267, 2019 
84 Q&A on the Commission Communication “Towards a Circular Economy”, EC Memo, 2 July 2014, online available at  
https://europa.eu/rapid/press-release_MEMO-14-450_en.htm  

Maximilian Haas (MUL) 
prepares the project
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1.4.2 Innovation potential 
This “Innovation Study” develops an innovation for a global science community: 
the creation of a particle-collider research infrastructure to provide a decades-
spanning service for global scientific research to explore the “Origin of Every-
thing®” in greater detail. This infrastructure will function as an attractor of the 
brightest minds, re-confirming Europe’s leadership in science and expanding Eu-
rope’s competitiveness at the global scale through a sustained “brain gain” (see inset 
left). The chosen “Open Innovation” approach (see also section 3.2.3) leads to inno-
vation potentials that emerge from a broad spectrum of activities related to the re-
search infrastructure development along the innovation funnel. Table 1.4a highlights 
some of the novel concepts and approaches that directly emerge from this project, 
not covering those that may also spin out from FCC-related R&D which are either 

already pursued in other projects or which remain to be set up during the preparatory phase. All the research 
results produced in the context of this project will be made available on the European Open Science Cloud 
and this will be a catalyst for the generation of further innovation opportunities. 
Table 1.4a: Innovation potentials emerging from the activities in the FCCIS EC co-funded H2020 project. 
WP Activity Innovation potentials 

1 Research 
infrastructure 
design 

Develop an innovation in the form of a research ecosystem service for a global 
scientific community, delivered by a particle-collider with multiple experiment 
insertions and with a comprehensive set of ancillary technical and organisa-
tional infrastructures. 

2 Particle 
accelerator 
design 

Beam optics development for an ultra-low emittance and operationally efficient 
lepton collider can improve the capabilities of synchrotron radiation light 
sources85 and other electron accelerators. Such facilities are critical tools in the 
development chain of novel chemicals, pharmaceuticals, new materials, nano-
technologies and high-tech systems such as photovoltaics and the advancement 
of high-performance electronics. 
Instrumentation is a key to achieve the conceived designs. Therefore, the work 
on new beam diagnostics concepts will be a complementary element in the in-
novation chain of other particle accelerators. 

3 “Mining the Future 
FutureCC-BY-ND”  

Identify economically viable pathways for the re-use of excavation materials as 
a possibility to create new companies for the materials use-cases and for large-
scale engineering companies to increase the responsible use of resources. 

3 Sub-surface engineer-
ing studies for a 
100 km long under-
ground infrastructure 

Cost-effective, smart tunnel inner lining and on-line characterisation of exca-
vated materials, creating a showcase for tunnel boring and high-tech companies 
to develop cost-effective tunneling and excavation systems. 

3 Excavation materials 
management plan 

Driver for the evolution of regulatory frameworks in Europe and Switzerland 
to increase the re-use of excavated materials as raw materials for economic ben-
efit and reduction of ecological footprints. 
Possibility for the company LD to increase its value through extended skills 
and new markets through participation in an international project.  
Possibility for companies to use the plan as example for other projects. 

3 Transnational environ-
mental impact assess-
ment requirements 
identification 

Possibility for the company LD to increase its value through extended skills 
and new markets through participation in an international project.  
Possibility for Cerema to use the plan as example for other projects. 

                                                   
85 For the use of synchrotron radiation light sources in the industrial innovation process, see the ESRF orange book at 
http://www.esrf.eu/Apache_files/Upgrade/ESRF-orange-book.pdf  

”Brain gain”
through focus on Europe
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3 Collider territorial lay-
out and placement op-
timisation 

The implemented and documented method for the optimisation and risk man-
agement process can be used by projects with similar requirements. 

4 Socio-economic im-
pact analysis 

The impact analysis model can be used by other research infrastructures, 
aligned with cost-effectiveness and sustainability principles. 
CSIL will further strengthen its position at a global level in the field of socio-
economic and cost-benefit studies, increasing their growth potential. 
The development of socio-economic impact analysis methods and tools will 
create potentials for new companies and consultants to enter the field of impact 
assessment for non-profit and for-profit organisations. Their increased compet-
itivity will be rooted in the strong inter-sectoral competencies and the experi-
ence in a large-scale international endeavour that can be acquired in this project. 
Through the publication of the impact analysis, technologies including open 
software developed by the consortium members will enjoy increased visibility, 
leading to an increased the user base and for creating market opportunities. 

4 Identification of 
territorial and 
regional benefits 
 

The territorial development will yield a list of innovation possibilities that sup-
port regional economic growth and social wellbeing. Examples include, but are 
not limited to the creation of a high-tech and education pole in the Annecy re-
gion (France) through the CNRS LAPP research centre, modernised electricity, 
telecommunications and transport networks, new cultural activities and oppor-
tunities for high-quality tourism around CERN and for the FCC sites, the de-
velopment of common projects with industrial partners to demonstrate more 
efficient district electricity distribution and buffering systems, the development 
of concepts for supplying waste-heat from the particle accelerator and its tech-
nical infrastructures, concepts for reducing cooling water usage and for more 
efficiently making use of the existing water in the region for use cases beyond 
the research infrastructure and possibilities to share computing and data han-
dling infrastructures for communities beyond particle physics research.  

5 Collaborative writing 
and publishing of the 
design report volumes. 

Possibility for SN to put in place a new service that eases the entire process of 
writing, editing and publishing a large volume with a large number of geograph-
ically distributed authors in reduced amount of time, requiring fewer resources 
than a manual process and with the potential for increased publishing with this 
editor through the existence of an integrated service for “gold” open access 
publications. 
Possibility for Overleaf which contributes the writing tool (Software as a Ser-
vice) to integrate their system with the world’s third largest publisher86 
(Springer-Nature), extending their user-base and visibility and thus increasing 
their market value. 

5 Development of socie-
tal, non-science expert 
communication and 
engagement plans 

The collaborative think-tank activity moderated by Terra Mater Factual 
Studios, part of the RedBull Media House group creates innovation potentials 
for numerous communication and interactive “edutainment” products. Con-
cepts will be documented that range from novel visualisation of physics pro-
cesses through information and entertainment apps for mobile devices, travel-
ling exhibitions and roadshows, documentaries and interactive TV/Internet ex-
periences. Once openly published, the concepts can be further developed with 
different media producers and some of them may be further developed into rev-
enue generating products and services. 

 

                                                   
86 Springer Nature is the world’s third largest publisher and the world’s largest academic publisher with an annual revenue of 
$1.9 billion (https://blog.reedsy.com/largest-book-publishers/ and https://group.springernature.com/it/group/media/press-re-
leases/springer-nature-becomes-largest-publisher-to-open-up-all-referen/12127658). 
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2 Impact 
FCCIS will inform funding bodies (EC, CERN member 
states, associated countries and a growing set of inter-
ested non-member states) and policy bodies (ESFRI, 
STOA, RISE, Group of Chief Scientific Advisors, GSO, 
EIC) about the research, education and innovation capa-
bilities, the development plans, the funding needs and 
about the quantitative socio-economic impact potentials 
of a new, particle-collider based research infrastruc-
ture of global interest. The technical work will create 
the development capacity, will demonstrate the effec-
tiveness of the scientific programme and be evidence for 
the attractiveness of the ERA as the best place to im-
plement such an infrastructure. It includes work to opti-
mise the environmental compatibility, energy and re-

source effectiveness of the facility. The implementation roadmap will be provided as input to the European 
Strategy for Particle Physics update process as a basis for a decision to launch construction. 

 
2.1 Expected impacts 
This section shows, how this project contributes to the expected impacts mentioned in the H2020 2018-2020 work 
programme, notably focusing on the three O’s (Open Innovation, Open Science and Open to the world) and 
how it adds value beyond the work programme indications 
2.1.1 Contributions to the expected general impact goals work programme 
This project fuses internal and external knowledge in several areas of the research infrastructure to create cases 
for “Open Innovation”. For excavation materials management and materials re-use, this includes the opportunity 
for the winner of the “Mining the Future FutureCC-BY-ND” challenge to produce a business development plan for the 
use of the molasse materials. This process involves the materials analysis by CERN and MUL and work with 
notified bodies (CETU in France and the Service de géologie, sols et déchets in Switzerland) on legal and admin-
istrative opportunities to foster a circular economy through the use of excavation materials in publicly funded 
construction projects. The activity specifically addresses the work programme’s challenge to address regulatory 
barriers to innovation. The development of an integrated authoring workflow together with leading companies 
in the field creates innovation in the publishing sector. The challenge-based award call and the engagement of 
more than 1000 scientists and engineers in the production of the major project deliverables also fosters the visibility 
of this innovation process. The project implements Open Science by publishing all results, including particle 
accelerator designs, measurement results, project breakdown structures, socio-economic impact analysis, territo-
rial optimisation of the project together with impact analysis on the EOSC. This project drives international co-
operation by building a committed user community of theoretical and experimental physicists from a very early 
stage. The coordinator takes the workshops and conferences planned in this project as an opportunity to engage 
pupils and students in the capacity building process, to work towards gender equality in science and to train 
project participants with respect to inter-personal relationships promoting an inclusive working environment.  
This project consortium is a subset of the now more than 130 institutes of the international Future Circular Collider 
study hosted by CERN. It gives evidence that a global community is building up to work towards the preparation 
of the next large-scale research infrastructure in the heart of Europe. This project will continue enlarging this group 
which today is based on a lean MoU87. It will eventually lead to the establishment of a cooperation agreement, 
which is a deliverable of this project. The cross-cutting approach of building a group of topically complementary 
and geographically distributed partners aims at conceiving a sustainable development project that supports the 
Open Innovation process. The cooperation with French and Swiss notified bodies and experienced consultancy 
organisations in the region to develop a layout for the cross-border research infrastructure (EU and Switzer-
land) implements territorial and environmentally sustainable development goals for the 100 km of underground 
structures, shafts, caverns and the placement of 12 surface sites, each of which covers several hectares. The process 
includes the identification of synergies such as the re-use of cooling water and waste heat, the sharing of 

                                                   
87 Future Circular Collider Memorandum of Understanding (MoU), online available at http://cern.ch/join-fcc  

Figure 13: 200-franc note issued in 2018 showing a 
particle-collision event. CERN's LHC programme 
produces tangible socio-economic value. The FCC 
will be designed from the beginning to pursue this 
goal next to maximising the scientific impact. 
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information and communication technology infrastructures, the planning and launch of beyond-state-of-the-art 
electricity distribution networks that integrate RES. Furthermore, it encompasses the conception of biodiversity 
protection or sustainable economy (e.g. shrimp farming88) in symbiosis with the research infrastructure sites. All 
of the above-mentioned examples match the general H2020 work programme 2018-2020. They are, however, 
outperformed by the added value that this project generates in terms of maximising tangible return of the EU 
spending (see section 3.4.1): 3 million euros of EC co-funding leverage 5.6 million euro of matching funds in a 
global endeavour to develop a long-term science mission with the potential to activate tens of nations, hundreds 
of academic institutes and companies and thousands of scientists, engineers and early stage professionals with 
regional economic development and quality of life growth. 
Disregarding the scientific impact of this project, which cannot easily be quantified, it is likely that the outputs 
will pay back more than the 3 million euro EC investments. Using the baseline evaluation framework89 for the 
socio-economic analysis in this project, it can be estimated through the engagement of 16 early stage researchers 
(socio-economic impact through lifetime salary ca. 2.4 million euro), 2 000 reads of publications (ca. 0.56 million 
euro using a time-value based quantification) and industrial spillover potentials for Cerema, CSIL, LD, SN, Over-
leaf and TMFS (estimated 0.55 million euro as a result of spillover revenue estimates based on the fraction of 
innovation involved in the work). This estimate does not include the value of communication products (social 
media, Web, videos, exhibitions), which remain to be developed in the course of the project and for which no 
dedicated EC funding is planned. Nor does it include the economic added value generated through the scientific 
conferences and workshops, which is expected to exceed 1 million euro during the project. The socio-economic 
impact analysis in this project will quantify the initial opportunities and will, together with an international com-
mittee of economic advisors, develop recommendations for maximising those impacts. 
2.1.2 Contributions to the research infrastructure specific work programme impact goals 
The potential funding bodies are informed of the strategic and funding needs of the infrastructure and the 
collider by the description of the project scenario (D5.3) and the implementation, financing and in-kind contribu-
tion strategy (D4.4). The project will also inform about the benefits that this new research infrastructure can 
generate (D4.3) and how it will strengthen the development capacity, effectiveness and attractiveness of the 
ERA (D4.2). This part of the work will consider how newcomers, in particular SMEs can be involved in an 
Open Innovation co-construction approach (D4.4) that aims to generate societal added-value as return of public 
investments. The involvements of companies like LD, Overleaf and SN and the engagement of the third sector 
through Cerema and CSIL already gives an idea of how new products and services can be created in the wake of 
the development of a concept for a new infrastructure to carry out fundamental scientific research. 
The physics research programme (D5.5) and the conceptual design report (D5.6) give the policy bodies, notably 
the European Strategy for Particle Physics process and ESFRI, a sound basis for a decision on long term RI 
plans. The strategic recommendations of the international advisory committee (D1.3) complements this package, 
helping funding bodies and policy bodies to draw their conclusions, to prioritise investments and work and to 
facilitate the transition to the construction phase. 
The technical work focusing on the development of the collider beam optics (D2.1, D2.2, D2.3) and the experi-
mental verification of the key performance enabling concepts (D2.4) will strengthen the development capacity, 
effectiveness and attractiveness of the ERA beneficiaries. This project establishes the core group of organisa-
tions that will lead the technical development of the collider and will facilitate the establishment of the founding 
members of international collaborations for particle physics experiment detector proposal development (D5.2, 
D5.5). The project has the potential to attract members from a world-wide community of more than 10 000 phys-
icists90 and many more technology and engineering experts to design, build and operate the research infrastructure.  
The conceptual design report will include an R&D roadmap (D5.6) which informs the technology and engineering 
communities, including companies, about the advances that are needed in research and innovation in order to be 
able to construct and to fully exploit the infrastructure. In view of the three O’s, the plan aims to stimulate com-
panies to produce innovation as added value. Examples include, but are not limited to the following aspects: higher 
efficiency electrical power conversion and electrical distribution; materials and manufacturing processes to obtain 
cost-effective thin-film coated cavities; precision mechanics for support structures and alignment systems; material 
sciences for surface treatment; superconductivity and novel materials; electronic engineering and reliability 
                                                   
88 Example for sustainable shrimp farming in Switzerland using waste heat, online available at http://www.swissshrimp.ch  
89 M. Florio and E. Sirtori, “The evaluation of research infrastructures: a cost-benefit analysis framework”, Dept. of Econom-
ics, Management and Quantitative Methods at the Università degli Studi di Milano, https://arxiv.org/pdf/1603.03654.pdf  
90 I. Shipsey, “Vision and Outlook: The Future of Particle Physics”, arXiv:1707.03711, 2017 
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engineering to improve the particle accelerator efficiency; energy efficient cryogenics; waste-heat recovery and 
reuse; cost-effective sub-surface engineering and innovative pathways for the use of excavated materials. ICT 
communities will be involved in all project domains. Their activities include simulation algorithms and software 
infrastructure; parallel and high-performance computing; distributed computing; real-time and embedded systems; 
mechatronics to conceive new standards and technologies for low-maintenance and easy-to-repair systems in the 
areas of protection, access, remote handling and autonomous interventions; data acquisition, data visualisation, 
modelling and operation optimisation; the introduction of artificial intelligence in machine and detector operation; 
radiation and fault tolerant systems; environmental information systems; data mining technologies; wireless com-
munications including safety-related functions; data and document management facilities; worldwide computing 
infrastructures; long-term data stewardship; open access data models and infrastructures and more. 
Innovation is a collective and cumulative process, the fruit of decades of work by different researchers. 80% of 
the economic growth is through improvements in the use of technology91. This project will therefore capture those 
areas in the project where European society can take an expansive and global leadership role and propose 
public-private co-construction scenarios to ensure that the government investment ultimately leads to a benefit 
for taxpayers. An example of such an approach is the recently announced NASA solicitation92 for the development 
of lunar landers, requesting a minimum of 10% corporate contribution, directly or in-kind, to strengthen the com-
mercial capacity and competitiveness beyond the specific scope of the project. Comparable approaches will be 
proposed in the implementation, financing and in-kind contribution strategy (D4.4). 
2.1.3 Boundary conditions for impact generation of this project  
The full impact of this project can be generated if an international community of committed partners decides to 
move ahead with the project preparation, based on evidence that a new, 100 km circular infrastructure to host 
frontier particle colliders is the most promising path to explore and elucidate the fundamental working principles 
of the universe. Therefore, this project invests heavily (see Figure 14) in 1) building the capacity of the user 
community, 2) developing the highest performing collider to tackle the immediate research questions with 
acceptable resource usage, 3) developing an implementation scenario that is well compatible with the host 
states’ environment and public engagement requirements and 4) a solid business plan for sustainable con-
struction and operation based on strong international co-operation and co-construction with industrial partners. 

 
Figure 14: Priority activities in this project to ensure impact through exploitation of the results. 

Topical framework conditions such as regulatory aspects, public acceptance and fundamental technical feasibility 
are already dealt with in the international Future Circular Collider study that will continue during this project. A 
risk management process will integrate the additional developments in this project. This permits the identification 
of specific barriers early, enabling the development of mitigation measures with the relevant stakeholders. Known 
examples include making land plots available for the surface sites; carrying out mandatory and recommended 
processes for participative democracy in France and Switzerland; limiting resource use during operation (water, 
electricity) and limiting nuisances during construction and operation (transport, surface and underground works, 
noise, landscaping and architectural integration of the infrastructure in the environment). 
The territorial optimisation process carried out with consultants, companies and government notified bodies, is 
part of the improvement of the environmental impacts (D3.1, D3.3). The agile management process adopted 
leads to an iteratively advancing development of the concept that takes into account the collider’s performance to 
ensure that the research infrastructure will be attractive to the largest possible user community (D2.1, D2.2), the 
limitation of environmental impacts (D3.1) and the optimisation of resource and energy use (D3.4, D5.6). 
                                                   
91 Nobel Laureate R. Solow, Oct. 27, 2014, https://www.econtalk.org/robert-solow-on-growth-and-the-state-of-economics  
92  NASA R&D Solicitation NNH19ZCQ001K_APPENDIX-H, “Human Landing System Integrated Lander”, 19 July 2019, 
https://www.fbo.gov/notices/5f6768356bb378bce7b3e80cae39cf1f  
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2.2 Measures to maximise impact 
2.2.1 Dissemination and exploitation of results (a) 

The plan for maximising the impact is governed 
by strategic stakeholder management (Figure 
15). Its role is to integrate the demands of stake-
holders in the decision-making process, accord-
ing to their powers and interests. This includes 
raising awareness, sharing of information, joint 
activities and transparency in the decision-mak-
ing process. The experimental physics users and 
the consortium members designing the RI are the 
key stakeholders. Five stakeholder classes have 
been identified around this core and these are 
considered in the dissemination, communication 
and exploitation activities. Ultimately, the stake-
holder management aims to enhance the sustain-
ability of the RI design and preparation phases 
through continuous reflection and integration of 
constructive criticism. Based on this approach, 
the plan for dissemination and exploitation un-
folds in three directions: 1) build awareness 
among stakeholders for the project objectives 
and expected results, 2) build up capacity by ac-

tively engaging key actors in the development process and give them a deeper understanding of the project’s 
objectives and advancement and 3) maximise the exploitation of the results beyond the project duration. 
Plan for dissemination of results: 
Table 2a shows the plan for the public disclosure of the tangible outputs that will generate impact. The plan is 
based on the goals for dissemination that derive from the project objectives (Table 1a, O1-O5), the target 
groups and general dissemination actions. Table 2b summarises, how, by whom and for which purposes the 
results will be used. Table 2c gives an overview of the planned documents to be disseminated. 
Table 2a: Dissemination and exploitation goals, target groups and disclosure pathways. 
WHAT 
(Dissemination goals) 

WHO 
(Target groups) 

HOW 
(Actions, related deliverables) 

Create awareness and inform 
about the commitment of an in-
ternational community to move 
forward along an established 
direction with the design and 
preparation of construction 
for a new research infrastructure 
in Europe for the benefit of sci-
entists worldwide and with im-
pact potentials for society and 
economy. 

Scientists, engi-
neers, technology 
companies, funding 
agencies, members 
of strategy develop-
ment bodies, policy 
makers and lay 
people. 

Develop a strategy (D5.1) and plan (D5.4) to com-
municate in simple terms a science mission to ex-
plore the “Origins of everything” to as wide an audi-
ence as possible. Communicate through articles, 
websites, social media, public events, conferences 
and workshops as well as face-to-face meetings. 
Inform and actively engage representatives of pub-
lic authorities (D5.3), policy making bodies (D1.3), 
academic institutions (D5.5), companies and indi-
viduals in the design and the construction prepara-
tory steps through working meetings and face-to-
face-meetings. 

Build up capacities and con-
sensus-based support in scien-
tific, technological, financial, or-
ganisational and administrative 
communities that are needed for 
the following phase towards 
construction. 

Executive manage-
ment of universities 
and research cen-
tres, leading theo-
retical and experi-
mental physicists, 
particle accelerator 
scientists, 

Disseminate FCCIS physics workshop and confer-
ence proceedings (M5.1, M5.2, M5.4) through in-
ternationally recognised publishing channels (e.g. 
Springer EPJ). Disseminate drafts of physics re-
search programme and technology R&D 
roadmaps through workshops (D5.5, D5.6). 

Figure 15: Stakeholder management model for the project. 
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technology research 
programme manag-
ers, executive man-
agement of compa-
nies. 

Enlarge the future circular collider study com-
munity by defining focused R&D projects (M3.1, 
D3.2, D4.2, D5.4, D1.3, D4.4, D3.4, D5.6) 
Turn best-effort driven activities into commit-
ments through the creation of a governance struc-
ture and process for accelerator and experiment / 
detector proto-collaborations (D5.2, D4.4). 

Exploit the results of this 
project to trigger the 
immediate next steps towards 
construction.  

Science strategy 
makers and con-
sultants, funding 
agencies, authori-
ties of the host 
states at all levels. 

Inform about the conditions for the feasibility 
(D5.3), the regional benefit and territorial devel-
opment opportunities (D4.2), the scientific and so-
cio-economic impact potentials (D4.3) and the 
funding and sustainable operation strategy based 
on EU smart specialisation (D4.4). 

 
Table 2b highlights, how potential users take up the results through the dissemination and exploitation actions 
planned in Table 2c. 
Table 2b: Summary of potential users and uses of the project results (deliverables). 
Results Collider based research infrastructure design concepts (D5.6) with an implementation 

strategy (D3.3, D4.4) and a scenario description for institutional stakeholders (D5.3) 
Users Scientific and engineering communities, policy bodies and strategy development bodies 
Uptake of the results: The international FCC study member organisations and this consortium will use the 
conceptual design as input to the next European Strategy for Particle Physics update process. This will form 
the basis for definition of a preparatory project phase and to enlarge the global community of organisations 
that will eventually work towards the technical development and construction. The research policy bodies and 
funding agencies in the ERA and beyond will use the implementation, financing and in-kind contribution 
strategy as input to evaluate the organisational feasibility of this endeavour. The scenario description will 
serve as input for EU and EC bodies as well as for national government agencies. 
Results Collider beam optics design (D2.1), interaction region design (D2.2), 

booster design (D2.3) and the experimental characterisation of key performance enablers (D2.4) 
Users Particle accelerator community 
Uptake of the results: Basis for the technical design. Early stage researchers enhance their skills through 
practical experience at operational particle accelerators, driving technology beyond state-of-the-art. Perfor-
mance improvements of light sources and research particle accelerators worldwide. New software to optimise 
the performance of accelerator facilities world-wide. Researchers can significantly increase their publication 
portfolio with high-impact articles and proceedings that will be produced on the way to the deliverables. 
Results Physics research programme (M5.1, M5.2, M5.4, D5.5) 
Users Particle physics community, policy and strategy development bodies 
Uptake of the results: Research policy bodies will use the result as input to develop the long-term strategy in 
the domains of particle and high-energy physics. The world-wide physics community will use the result to de-
fine collaborative experiment and detector projects at the collider and to advance the associated R&D&I pro-
grammes. Theoretical and experimental particle physicists will define targeted follow-up research pro-
grammes and develop new computational software tools. Researchers can significantly increase their publica-
tion portfolio with high-impact articles and proceedings that will be produced on the way to the deliverables. 
Results Organisational framework for collaborative work (D5.2) 
Users Particle physics and particle accelerator communities 
Uptake of the results: Foundation for setting up proto-collaborations for the development of technical pro-
posals of particle physics experiment detectors at the future research infrastructure. Basis for the setting-up of 
a collaboration for the technical developments of enabling particle accelerator technologies. 
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Results Particle collider high-level design (D2.1, D2.2, D2.3, D2.4) and 
territorial placement optimisation (D3.1, D3.2, D3.3, D3.4) 

Users Technology and engineering science communities, environment and urbanism consultants, 
government authorities and notified bodies 

Uptake of the results: Basis for the detailed elaboration of the administrative schedule to prepare the RI con-
struction including the development of tasks in France and Switzerland to manage the environmental impacts 
and to develop the regional synergy opportunities. Foundation for R&I programmes that relate to energy effi-
ciency, responsible use of resources (water, electricity), limiting the need for materials transport and landfills, 
landscaping and novel architectural developments for industrial installations during the preparatory phase. 
Early stage researchers, engineers, environmental and urbanistic analysts acquire cross-sectoral skills includ-
ing language and cultural competencies through an international and inter-disciplinary setup. Researchers can 
significantly increase their publication record with high-impact articles and proceedings that will be produced 
on the way to the deliverables. Companies can use the project as reference for further studies of large-scale 
engineering projects on an international scale. 
Results Socio-economic impact analysis of the research infrastructure (D4.1, D4.2, D4.3, D1.3) 
Users Consortium member organisations, economists, government authorities and notified bodies, 

funding agencies, strategy makers, policy makers, media experts 
Uptake of the results: The consortium can develop approaches to design and implement the infrastructure 
with added societal value generation in mind, which helps the definition a strategy for a long-term sustainable 
research programme. Companies can use the impact analysis models, the forecast calculation methods and the 
input data in other cost-benefit analysis, notably for research facilities and infrastructures. Other RIs can up-
take the results to develop pathways for impact generation. Economic researchers can use the results of re-
gional impact potentials in global value chains through smart specialisation to further develop the economic 
analysis methods of technology projects. This work can advance the economics and political sciences con-
cerning the value of public investment. Media companies and the consortium members will develop engaging 
stories around the impacts of research infrastructures for fundamental science for laypersons and use the docu-
mented results during public events and in face-to-face meetings with funding agencies and policy bodies. 
Results Innovative use cases for molasse excavation materials (M3.1, D3.2, D3.4, D4.3) 
Users Subsurface engineering scientists, geologists, material scientists, entrepreneurs in different product 

development domains, civil engineering companies, government authorities and notified bodies, 
environment consultancy companies 

Uptake of the results: The openly published material data can be used by academia, government agencies 
and companies to increase their understanding about molasse and about the territorial geological situation. The 
materials management challenge attracts academia and industry to develop new methods to classify and sepa-
rate the different molasse types on-line. Companies can use the results to develop smart tunnel boring ma-
chines. The “Mining the Future FutureCC-BY-ND” challenge attracts academia and industry, potentially also indi-
viduals with plans to start a business for creating products from excavated materials. Government agencies, 
notified bodies and subsurface engineering associations can include re-use cases and management approaches 
in guidelines and as input to the development of standards for a circular economy. The coordinator will use 
the results as input for working with notified bodies in France and Switzerland on regulatory frameworks to 
increase the possibility to re-use excavated materials in a pilot project. Specifically, Cerema, CETU, DT, EdG 
and MUL can provide the excavation materials management plan as an example for materials lifecycle man-
agement in subsurface engineering for further projects. Consortium members can use the results to spawn pi-
lot projects to demonstrate the materials classification, separation and pre-treatment with engineering compa-
nies at high TRL levels. Consortium members will use the results to train early stage researchers. 
Results Transnational environmental impact assessment framework (D3.1) 
Users Environment consultancy companies, subsurface engineers, engineering companies, 

government authorities and notified bodies 
Uptake of the results: The consortium will use the result as the foundation to set up the environmental im-
pact assessment project across France and Switzerland. It forms the requirements specification for a market 
survey and gap analysis of impact assessment tools. Consultancy companies can use the results to train early 
stage researchers how to establish environmental impact assessments across EU borders. Specifically, LD and 
Cerema will exploit the results for training purposes. 
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Results Communication strategy (D5.1) and plan (D5.4) 
Users Project consortium members, physicist science community, government authorities, 

professional communicators and media groups, independent communicators 
Uptake of the results: The Future Circular Collider study community will use the strategy to develop specific 
communication actions for the RI construction project. It will be used to work with professional partners dur-
ing the project preparatory phase and to set up the public consultancy processes in France and Switzerland. 
Media companies like TMFS will develop follow-up projects for communication products based on the plan. 
This covers content for print and audio-visual media, for the Web and social media, for arts and cultural 
events creating new cross-disciplinary synergies. Technology companies, academic institutes and artists can 
base developments on the results to actively engage laypersons in fundamental physics. This includes for in-
stance, the development of novel methods to visualise the fundamental fields and their interactions to explain 
the origin of matter and the physical principles that make up the world around us. 
Results Innovative authoring and publishing workflow with collaborative writing tools (D1.2, M5.5) 
Users Scientists, researchers, engineers from different domains as well as 

tool suppliers and publishing houses 
Uptake of the results: Consortium members will use the workshop proceedings, the design report and phys-
ics programme report projects as training cases and as examples on how to effectively carry out large-volume 
scientific writing projects. Writers use the workflow to reduce the time to publish and to gain easier access to 
high impact publishing channels. Editors will use the workflow to increase their efficiency and therefore in-
crease their competitiveness in terms of capacity. Publishers such as SN can use the workflow to increase their 
pool of writers, increasing their output, reducing their costs. A tool supplier such as Overleaf can increase its 
visibility and enlarge its user base due to quality and feature set increase. 

 
All scientific and technical publications will be openly acces-
sible as “green publications” through open archives (e.g. 
arXiv.org, Invenio powered Zenodo and CERN Document 
Server) or as “gold publications” through the cooperation with 
Springer-Nature which emerged from the EuroCirCol H2020 
project and CERN’s active participation in SCOAP393. For 
the dissemination plan, the consortium is confidently building 
on the successful scientific dissemination performance of the 
EuroCirCol H2020 project. This project aims at least at the 
same number communication products, with additional con-
ference proceedings through the cooperation with SN. Figure 
16 depicts a comparison of the average output of H2020 pro-
jects according to the H2020 dashboard94 and the output of 
EuroCirCol according to the registered publications for the 
draft final report in the H2020 Funding & Tenders portal. 
CNRS, IFJPAN and ULIV will motivate particle accelerator 
scientists, theoretical and experiment physicists to engage in 
the production of peer-reviewed conference proceedings with 
increased quality and impact factor. The project also aims at 
co-producing non-scientific infotainment products with 
TMFS without a specific target number. Through the partici-
pation of TMFS, the project will gain access to high-reach 
cross-cutting popular media95, technology and innovation me-

dia96. This will highlight better means for transporting the project vision and the societal impacts potentials of the 
scientific, engineering and training related activities. 
 

                                                   
93 Sponsoring Consortium for Open Access Publishing in Particle Physics, https://scoap3.org  
94 https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/horizon-dashboard  
95 RedBulletin cross-cutting magazine, https://www.redbull.com/se-en/theredbulletin   
96 RedBull Innovator entrepreneur journal in Austria, Germany and Switzerland: https://www.redbull.com/ch-de/innovator  

Figure 16: Voluntary, non-committing dissemina-
tion goals of FCCIS compared to the EuroCirCol 
project and average of H2020 projects. 
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Table 2c: Detailed scientific, technical, engineering and management product dissemination plan. 
WP Planned products Planned contents 
1,2,3, 
4,5 

Project deliverables as openly-ac-
cessible documents on Zenodo. 

All public project deliverables will be put on EOSC and will be 
linked on the project website. 

5 Openly-access 
design report volumes. 

Design report and physics programme published in 
Springer’s open-access EPJ C (impact factor 4.843 in 2018) and 
ST (impact factor 1.6 in 2018) journals with an expected 5 000 
reads within one year. 

4 Public strategy document for im-
plementation, financing and  
in-kind contributions. 

A plan that describes how to build up the capacities to start a 
decision process to construct a new particle-collider based RI as 
the pre-condition to negotiate the international commitments. 

5 Publicly available open collabora-
tion agreement framework. 

The organisational structures, processes and resources to be 
put in place to initiate international collaborations for develop-
ing technical proposals so that eventually a user community of 
more than 10 000 can exploit the collider from the beginning. 

1,4 Publicly available excavation ma-
terials management pan. 

Innovative excavated materials management plan handed over 
to host state authorities and made openly accessible at interna-
tional level as an example of responsible resource management in 
large-scale public projects. 

4 Public reports, conference and 
workshop contributions on socio-
economic impact analysis. Exam-
ples of peer-reviewed journals in-
clude Industrial and Corporate 
Change, Journal of Economic Pol-
icy Reform, Elsevier Research 
Policy, Elgar Teaching Benefit-
Cost Analysis, Technological 
Forecasting and Social Change, 
Elsevier Resources Conservation 
and Recycling. 

Documentation of the RI impact analysis model. Documentation 
of the socio-economic impact analysis results, showing the 
benefit potentials and impact pathways published as a technical 
report and an openly-accessible journal article. The analysis will 
indicate how society, governments and companies can directly 
profit from the new RI. This includes the effects of science diplo-
macy strengthening European cohesion and creating stability 
within the ERA and among participating organisations world-
wide. Reports in the potentials for intellectual property creation in 
RIs, on preliminary analysis of industrial spillovers, training and 
education, the value of open data and software, the estimated 
value of public good and cultural goods. 

2 EPJ C, ST, T, Plus and JHEP, 
Acta Phys. Polon., APS PRAB, 
Elsevier NIM, Construction and 
building materials, ICFA beam 
dynamics newsletter, Phys. Rev. 
Lett. Contributions to interna-
tional JACoW97 conferences like 
IBIC, ICALEPCS, IEEE NAPAC, 
IPAC, JINST, SRF, IOP Confer-
ence Series, FCC Week and FCC 
physics workshop proceedings. 

Scientific peer-reviewed articles on results that emerge from the 
progress in this project concerning the accelerator design, accel-
erator technology and particle detector related advancements, the-
oretical and experimental physics studies. Topics include collider 
performance optimisation, beam optics and lattice studies, emit-
tance tuning, impedance mitigation, single-beam collective ef-
fects, top-up injection scheme, interaction region design, ma-
chine-detector interface design, background control, polarisation 
and energy calibration, luminosity measurement, beam diagnos-
tics, vacuum system design, electrical networks and powering, 
practical verification of beam optics design and optimisation. 

1,2,3, 
4,5 

Openly accessible master and 
doctoral theses. 

Each WP will engage master and doctoral level early stage re-
searchers in the work programme. Completed theses will be 
made openly accessible through international library systems in 
which the universities participate and on Zenodo. 

1,2,5 Submissions to Springer-Nature, 
Scientific American, Forbes, 
Economist, CERN Courier, 
Science & Vie.  

General project-explaining articles covering a variety of scien-
tific, technical, engineering and economics related topics report-
ing intermediate results emerging from the project. All consor-
tium members are committed to write articles for these media, but 

                                                   
97 The Joint Accelerator Conferences (JACoW) produce open access proceedings since more than 20 years, www.jacow.org  
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acceptance of articles is subject to the editorial policies and re-
views of the individual media channels.  

1,2,5 Input documents to the European 
Particle Physics Strategy Update 
process (EPPSU), input to the 
ESFRI roadmap process, infor-
mation documents for EI-
ROForum, GSO, GSF and a RI 
scenario description for the EC 
DG R&I. 

Targeted executive briefing documents on the physics research 
programme and the collider research infrastructure project with 
scenarios, impact assessments, physics research opportunities and 
funding concepts. EPPSU will use this input during the strat-
egy development process to be able to take a decision about con-
struction of a new RI. Through the MoU signed in 2009 between 
CERN and the EC, the EPPSU is recognised as the policy making 
body for joint activities in this research domain. 

3 Open data sets on Zenodo. Geological data for the “Mining the Future FutureCC-BY-ND” chal-
lenge, measurement data associated with verification of collider 
performance enabling concepts. 

3 World Tunnel Congress, Int. conf. 
underground construction, Int. 
congress on rock mechanics, 
Eurock, Rock mechanics and en-
gineering, FZ. F. Ingenieurgeolo-
gie, BHM, AFTES congress, 
Swisstunnel congress. 

Engineering articles and peer-reviewed contributions as presen-
tations about materials re-use, resource and cost-efficient tunnel-
ling advances and subsurface engineering project management 
approaches for large-scale, publicly funded projects. 

3 Data sets and maps on CERN’s 
publicly accessible geographical 
information system, on French 
and Swiss open data platforms. 

Documented evolution of the project layout and placement with 
territorial and socio-urbanistic constraints will be made openly ac-
cessible as a collaborative effort between CERN and partners EdG 
(Switzerland) and DRRT (France). 

3 Public report made available on 
Zenodo and cross-linked at 
CERN, CETU, CSIL and MUL. 

Innovation potentials in the area of re-use of excavation 
materials. 

3 Public report made available on 
Zenodo and cross-linked at 
CERN, CETU, CSIL and MUL. 

Project performance and cost benefit potentials resulting from 
innovative tunneling technologies. 

3 Input for EdG (Gesdec), CETU, 
Cerema updates of information 
documents on managing excava-
tion materials. 

Information based on the results of this project that Cerema, 
CETU and Edg (Gesdec) as well as other notified bodies in EU 
member states can incorporate in the updates of guidelines and 
information documents on managing excavation materials. 

3 Booklets by Cerema, CERN and 
LD developed with the coopera-
tion of partners EdG and DRRT 
concerning the administrative pro-
cesses for a future RI project. 

Briefing information for funding agency executive management 
and government agencies concerning the administrative pro-
cesses required in France and Switzerland for the preparation 
of the construction of a new research infrastructure in a transna-
tional context (in French with translations to further official EU 
languages to be defined). 

3 Technical report on requirements 
for environmental impact assess-
ment accessible on Zenodo. 

Publicly available requirements specification concerning the 
environmental impact assessment of a new transnational re-
search infrastructure, considering the specifics of France (EU), 
Switzerland and the Espoo98 convention. 

3,4 Briefing booklet on regional de-
velopment opportunities by 
Cerema, CNRS, CERN and LD 
developed with the cooperation of 
CSIL, EdG and DRRT. 

Information for funding agency management and government 
agencies, for potential partners from industry and academia con-
cerning regional and territorial development opportunities 
with investment and benefit estimates and recommendations for 
funding instruments for preparing project development plans. 

                                                   
98 UNECE, “Guidance on the Practical Application of the Espoo Convention”, ECE/MP.EIA/8, 2006,  
http://www.unece.org/fileadmin//DAM/env/documents/2006/eia/ece.mp.eia.8.pdf  
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4 Concise socio-economic impact 
analysis of the envisaged research 
infrastructure. 

Concise summary of the socio-economic impact analysis re-
sults with the impact and sustainability maximising recommenda-
tions targeting non-economics audiences in addition to the tech-
nical analysis published as an openly-accessible report on Ze-
nodo, cross-linked on consortium organisation websites. 

5 Openly-accessible, reviewed FCC 
Week and physics workshop sci-
entific proceedings. 

Proceedings published by SN for 3 FCC Week conferences and 
3 FCC physics workshops that are accessible free-of-charge. The 
production will be supported by using a collaborative authoring 
tool (e.g. with partner Overleaf) and a manuscript submission 
and review system (e.g. OCS). The process of producing high-
quality, peer reviewed contents will be facilitated by involving 
professional editorial consultancy services. 

 
2.2.2 Strategy and plan for the exploitation of the results 
 

 
Figure 17: Exploitation of project results following the impact wave model. 
The strategy and plan for the exploitation of the results follows a “wave-like” impact model (see Figure 17) to 
turn results into tangible impacts for various target groups in a structured way. Starting with the innermost 
circle, this project makes the consortium members the key knowledge providers for a new research infrastructure. 
This puts them into a privileged position as lead organisations for the construction preparation phase. 
The particle accelerator physics and technology community, the experimental physics community and nu-
merous technology and engineering domains that are needed for the design, implementation and operation of 
such an RI will use the results of this study as direct input for the technical requirements and designs for the 
individual systems and subsystems that make up the RI. Through the capacity building and exploitation-oriented 
dissemination actions outlined earlier, this project will start engaging science and technology partners to develop 
the enabling technologies for the particle accelerator, the experiment detectors and the technical infrastructures. 
Other science communities such as economics and political sciences can use the results as an example for socio-
economic impact planning of RIs with long-term sustainability and regional benefit creation in mind.  
Several projects face the challenge of translating research results into value for society and economy. This 
project cuts the Gordian knot by aiming at creating innovation along the entire value chain using the “Open Inno-
vation Funnel” and applying Technological Competence Leveraging at intermediary steps (Section 3.2.3). 
As one example, companies will be able to profit from the results of the placement and excavation materials 
management study. These are topics unrelated to the physics and accelerator research, but which is are necessary 
pre-condition for the implementation: “Mining the Future FutureCC-BY-ND” will identify if the excavated “molasse 
soil” can be used in a circular economy as a primary resource and which commercial pathways exist. The need to 
classify and separate six to seven molasse types and to treat them on-line during the tunneling process will permit 
leading subsurface engineering companies to develop and market entirely novel, integrated drilling and processing 
plants underground with significant cost saving potentials for conventional transportation infrastructures.  
As another example, CERN, an international organisation, cooperates with the two host states in the areas of 
transnational environmental impact assessment and resource optimisation for a technical infrastructure project 
with high potential to catalyse evolutions of national regulatory frameworks and best-practices that can become 
guidelines. Potential evolutions concern water use, electricity, land, telecommunication, transport and logistics, 
noise nuisance control, energy-cost-aesthetics optimised architecture, landscaping for nature-inventory protection 
and ecologic construction, sustainable local economic development and vertical social integration. The 

FCCIS consortium members
Physics, technology, engineering researchers

Other science communities
Companies and commercial sectors

EU society
Global society
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involvement of regional authorities from Switzerland (EdG) and France (DRRT-AuRA) as partners facilitates the 
provision of these results for the benefit of these nations. As the stakeholders adopt the findings, eventually all EU 
nations can exploit these results in infrastructures of public interest. 
The industrial relevance of selected particle accelerator and beam diagnostics concepts will be identified and 
quantified in the socio-economic impact assessment. Subsequently, a concept to co-construct the research in-
frastructure with industry will permit the companies’ portfolios of technologies to be enriched. This includes 
processes, methods, organisation principles and quality measures and as shown in a recent investigation99, this will 
increase their international reach and competitiveness. 
The EU society directly profits from the training that early stage researchers gain in a large, international, 
high-tech project, which already starts with this design study (see also the forecast effect created by lifetime salary 
premium in section 2.1.1). This project will quantify the training effects better so that the involvement of the higher 
education sector in the construction and operation phases can be planned with long-term sustainability in mind.  
This project will develop a medium-term plan for engaging global society in a journey of fundamental physics 
research for a deeper understanding of nature and humankind’s place in the history of our Universe. Exam-
ples are engagement through a roadshow with interactive feedback possibilities, meeting our scientists to hear the 
story of the quest to better understand the inner workings of nature and the work of theoretical and experimental 
physicists to develop a concept for a citizen science project that can be implemented as a follow-up project. The 
work on the communication strategy with TMFS will lay the foundation for this period. Society will also profit 
from the cultural goods produced in the frame of this project (Web, social media, popular science articles, news-
paper and non-scientific journal articles, public events and secondary products such as citations in books, TV-
shows and additions to museum exhibitions). While these impacts will remain limited in this conceptual project, 
they permit the optimisation of impact creations during the construction and operation phases through integration 
in the socio-economic impact analysis model. 
Finally, all work in this project aims at increasing the non-use value measured by Willingness To Pay (WTP), 
which has been estimated in France and Switzerland in 2018 and 2019 respectively, as benchmarks (see also 
section 1.3.2). Every human being is intrigued to understand where we come from and how the universe evolved 
to create the conditions for life and they therefore value the research that pursues these questions. 
2.2.3 Strategy for knowledge management and protection: 
The H2020 rules for access, use and dissemination of intellectual property apply for this project. Consortium 
members access rights to background and foreground information needed to carry out the work programme spec-
ified for this project must be granted royalty free and must include have-made rights. This “innovation study” 
project strives to review the potentials for knowledge creation at periodic reviews. The beneficiaries will be pe-
riodically asked to perform self-evaluations through a questionnaire concerning any upcoming tangible inno-
vation potentials. Background and foreground declaration forms, the declaration processes and procedures for 
publication, commercial exploitation and the need for intellectual property protection will be detailed in the Con-
sortium Agreement. The foreground innovation potential declaration form will only have information about 
the knowledge created and will ensure that any foreground can be appropriately protected by means that are best 
suited to the beneficiary (e.g. Creative Commons, patents, proprietary licenses). CERN’s legal service, 
Knowledge Transfer group and the Business Incubation Centres100 will be available to provide assistance for 
the development of licenses, in particular when it comes to joint ownership, stemming from the collaborative 
research. Beneficiaries, who have signed the FCC Memorandum of Understanding101 continue to work under 
these conditions with respect to knowledge sharing with the international FCC study members. The “Mining the 
Future FutureCC-BY-ND” challenge competition specifically includes the setting up of a suitable instrument to 
manage the IP created with a view to the commercialisation of the winning innovation. The Consortium 
Agreement will define the procedures with respect to IP management and creation of legal rights. The identifica-
tion and declaration of background knowledge is a matter for which raising awareness among the participants is 
already taking place. The non-academic participants in this project are encouraged to leverage the openly accessi-
ble data produced in this project and from the learning experience to improve their products and services offered 
internationally. Templates and guidance for particular licenses, e.g. software and open hardware102 as well as 
                                                   
99 M. Florio et al., “Big science learning and innovation: evidence from CERN procurement”, Industrial and Corporate Change 
27, pp. 915-936, 2018, https://doi.org/10.1093/icc/dty029  
100 http://knowledgetransfer.web.cern.ch/bic-network  
101 Future Circular Collider Memorandum of Understanding (MoU), see http://cern.ch/join-fcc  
102 CERN’s Open Hardware Licence, see https://ohwr.org/project/cernohl/wikis/home  
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for NDAs and for proprietary licenses will be provided by CERN when a case with credible market potential 
arises. The coordinator will regularly point the consortium members to the information materials103 and services 
of the EC H2020 IPR helpdesk to seek advice on IP management. 
All beneficiaries commit to publish documents and data through open access channels. The Data Management 
Plan (D1.2) will outline the publishing processes. The coordinator will remind all beneficiaries to strictly imple-
ment the application of General Data Protection Regulations (GDPR)104. 
Data that are considered valuable for the public, project and technical reports together with the underlying 
data will be published openly on Zenodo (“green”) on the European Open Science Cloud (EOSC). In partic-
ular this concerns all data that are needed to implement the “Mining the Future FutureCC-BY-ND” challenge compe-
tition and the reports on socio-economic impacts, which include statistical analysis.  
Resource, time and organisational frameworks permitting, the project aims to define a strategy to make the evolu-
tion of the research infrastructure placement openly accessible through a web-based geographical information 
system (GIS). Public authorities that are partner in this project (EdG, DRRT-AuRA) will support this process. 
Possibilities include CERN’s GIS infrastructure, the Swiss platform opendata.swiss and the French platforms 
cdata.cerema.fr and data.gouv.fr. Maps and associated documents will be made openly accessible through Ze-
nodo, at least. Scientific papers related to physics will be “green” openly published at Zenodo and the CERN 
Document Server (CDS) and as pre-prints on arXiv. Scheduled project conference and workshop proceedings 
as well as the design report volumes will be “gold” open access published by SN. The aim is to make as many 
reviewed scientific and technical articles as possible available through CERN’s SCOAP3 participation as 
“gold” open access publications. 
2.2.4 Communication activities (b) 
Table 2d gives an overview of the proposed communication measures for promoting the project, its objectives 
and its findings during the project. This plan, which will be included in the project handbook (D1.1) in a more 
elaborate form (target group, message, channel, responsibility, timing), identifies the communication activities and 
the target audiences. Planning and implementation of communication activities are coordinated through regular 
meetings and a consensus-based decision-making process of the consortium members in WP 5. 
Table 2d: Communication measures foreseen to promote the action, its findings and to enable two-way exchanges. 
Activities and channels Target groups and intents 
Press releases issued by CERN and beneficiaries for the kickoff of the pro-
ject, for the publication of the design report, for the “Mining the 
FutureCC-BY-ND” challenge launch and the results. 

Inform journalists and media rep-
resentatives for the creation of 
contents and communication 
products. 
Inform scientifically and techni-
cally interested persons and lay-
persons. 

Creation and operation of a public web site with project information, back-
ground information and evergreen contents (www.fccis.eu). 
Provisioning of a press kit on the project’s public web site. 

Standard slide set with project goals, scope, work, expected results and 
impacts, to implement a consistent and coherent communication inside and 
beyond the consortium. 

Engage project consortium mem-
bers to develop their presentation 
support materials. 

Regular posts on social media channels and paid campaigns about goals, 
scope, work progress, achieved results, innovation potentials and impacts 
created. 

Inform consortium members, 
scientific and technically inter-
ested persons, laypersons. 

Project newsletters with Mailchimp or a comparable technology (8 times, 
every 6 months) containing information that helps to run the project (e.g. 
dissemination and funding acknowledgement guidelines, help for open ac-
cess publications, meeting announcements) and with highlights of the pro-
gress in intersectoral work from consortium members. Regular contribu-
tions on noteworthy progress on acceleratingsnews.eu and the CERN bul-
letin as well as other consortium operated information channels (e.g. 
Cerema activity report, CERN bulletin and annual report, DESY newsletter, 
ULIV newsletter, Horizon Magazine, Research *eu). 

Reach-in activity for the consor-
tium members. 

                                                   
103 IPR Management in Horizon 2020: see http://www.iprhelpdesk.eu/Fact-Sheet-IP-Management-H2020-Proposal-Stage  
104 GDPR for EU at https://ec.europa.eu/info/law/law-topic/data-protection_en and for CERN at https://odpp.web.cern.ch  



H2020-INFRADEV-01-2019-2020 | SEP-210635292 FCCIS 

V1.0 (19-11-11) - Page 41 of 69 

Improved travelling exhibition (Figure 18) in public spaces targeting the 
host states France and Switzerland (funded by CERN with contents contri-
butions from all participants) to raise an interest of the science mission, 
the opportunities for societal and economic growth and the implementation 
scenarios in the region as a common development with the territorial gov-
ernment agencies. The reach is about 5000 people over a 2-month period. 
Opening events of the exhibition with national authorities and involvement 
of schools and universities to engage a young audience with a typical reach 
of 300 people. Associated press releases by the exhibition hosts. 

Engage uninterested laypersons, 
scientific and technically inter-
ested persons, regional politi-
cians, regional stakeholder 
groups, executive management 
of regional enterprises. 

Proposals of engaging contributions to print media “Le Petit Quotidien” 
or “Mon Quotidien” (Playbackpresse) and “Ça m’interesse” (Prisma Me-
dia) to reach out to the youngest generation and to RedBulletin and In-
novator journals to inform young people about the science, technological 
advances and the opportunities for the future. These generations will build 
and exploit the proposed research infrastructure. 

Children from 5 years old in 
French speaking regions and an 
active generation who will build 
and exploit the proposed RI. Par-
ents of children will be informed 
as a secondary audience. 

Public events associated with the yearly FCC Weeks with the participa-
tion of nationally publicly known presenters and authorities reaching be-
tween 200 and 400 people. 

Scientifically and technically in-
terested people, who wish to 
know more about the scope, 
goals and progress of the devel-
opment work and the next steps 
in fundamental physics research. 

Project scenario descriptions, initially in English, French and German for 
host state authorities in French and for countries represented in the CERN 
Council in additional languages on a best effort basis. It also explains the 
feasibility level for constructing and operating the RI in a sustainable 
way and its compatibility with the socio-urbanistic and environmental re-
quirements. The information includes a plan to close the gaps before a de-
cision to construct can be taken and which therefore serves as the direct 
basis for a decision to construct. 

Create an understanding about 
the scientific opportunities, the 
costs and the socio-economic po-
tentials for each contributing na-
tion, creating a sense of owner-
ship of the project. 

The “Mining the Future FutureCC-BY-ND” challenge is an award that en-
gages engineers and entrepreneurs at European level to identify credible 
and economically viable ways to re-use molasse soil for the first time. One 
press release is associated with the international call and one press re-
lease is issued for the publication of the result and an associated event 
with participation of stakeholders from industry and government represent-
atives. 

Engage researchers and compa-
nies in the project, raise an 
awareness about the innovation 
potentials and the economic op-
portunities for industries. 
Create a sense of ownership 
among participating politicians. 
Engage domain-specific re-
searchers by stimulating enthusi-
asm about a technical and socie-
tal challenge. 

Active participation in the Big Science Forum, EU industry day discus-
sions, the International Conference for Research Infrastructure events. 
Aim for participation in a STOA organised discussion event. Prepare for 
topical discussions and presentations during common events with national 
government representatives and during visits of officials including in-
dustry associations and company executive management at CERN. 

Inform high-level stakeholders 
and industry representatives 
about the RI development sce-
nario. Trigger actions to investi-
gate policy options and what is 
needed to make progress. 

FCC Week conferences jointly organised with beneficiaries and part-
ners in a different country each year, FCC Physics Week conferences 
organised by CNRS and ULIV in a different country each year, active par-
ticipation in international conferences such as EPS, APS, IPAC, EUCAS, 
ASC, WTC, IEEE organised conferences, society for benefit-cost analysis 
conferences, EES biennial conferences, workshop series on global value 
chains, SBCA annual conferences.  

Strengthen and enlarge an inter-
national, cross-discipline net-
work by engaging individuals in 
the work and in the definition of 
follow-up steps to develop and 
implement a new world-scale re-
search infrastructure in Europe. 
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Joint workshops with other EC funded projects, such as ATTRACT, 
EASITrain, RI-Paths, ARIES, linear collider studies and others. 
Seminar presentations at the beneficiary and partner organisation sites. 
Aiming for more than 1 000 Web and social media contributions on Fa-
cebook, Twitter, Instagram and Wakelet from all project participants on 
their sites and in their channels. Subject to budget availability, paid social 
media campaigns will be run by CERN, TMFS, SN and academic partici-
pants in order to increase the reach. Past experience showed that more than 
30 000 full page reads can be obtained and more than 
250 000 individuals can be reached through social media during the project. 

Raise awareness and interest 
among uninterested people and 
across societal domains and de-
mographic groups. 
Create interest to learn more 
about the project and its goals.  
Engage large numbers of people 
through social media feedback 
and comment mechanisms. The 
consortium learns from the feed-
back and adjusts the communica-
tion strategy accordingly. 

Production and publishing of at least three brief information videos 
(physics, project, one innovation topic) on Youtube and Vimeo, cross 
linked on social media channels of all participants, commonly funded on a 
voluntary basis by the project participant organisations. 

At least one lecture at the Royal Institution, which is also disseminated 
through the Ri YouTube channel (typical reach 50 000). At least one pro-
duction in cooperation with a Youtuber/Blogger such as Seeker in 2019, 
aiming to reach of 500 000. 

Inform scientifically or techni-
cally interested people about the 
physics research opportunities 
and the project scenario. 

Operate working groups with authorities from France (partner DRRT) 
and Switzerland (partner EdG) on administrative, environmental and so-
cio-economic implementation aspects to identify the needs for host-state 
support for the implementation phase. Develop plans to translate socio-eco-
nomic impact potentials into measurable impacts, focusing on cultural 
goods, industrial spillovers through regional economic developments and 
through regional infrastructure development plans. These activities include 
the identification of suitable national and EC funding instruments. 

By actively engaging representa-
tives of authorities in the work, 
create a sense of ownership, pre-
pare co-construction scenarios 
and use the territorial knowledge 
of the participants to develop re-
gional development plans with 
benefits for society. 

Actively engage with EC DG R&I, EIROforum, ESFRI, the EU STOA, 
the EC RISE, the EC Group of Chief Scientific Advisors, the Group of 
Senior Officials on Global Research Infrastructures and the EIC to de-
velop plans on how the FCC RI can be best embedded in European’s re-
search and innovation landscape during the subsequent preparation and 
construction phases. 

Inform and engage EU and EC 
officials and their advisors about 
the science mission intent, scope, 
feasibility, time scale, cost, op-
portunities for Europe and asso-
ciated socio-economic benefits. 
Work towards creating an inter-
national advocacy group for the 
science mission and the RI. 

 

 
Figure 18: "Code of the Universe" (codeoftheuniverse.web.cern.ch) is a pre-cursor travelling exhibition that has 
been developed in the international FCC study to test concept and contents for raising the interest of laypersons. 
The image shows the installation at place Rogier in Brussels in June 2019 and how people passing by get engaged, 
taking photos of themselves with the engaging images. This project will build on the experience to tailor the exhi-
bition for the RI scenario, aiming at interesting people for the FCC science mission. 
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3 Implementation 
3.1 Work plan – Work packages, deliverables 
3.1.1 Overall structure of the work plan 
The project is structured in five work packages (see Table 3.1a). Two of them (WP 1 and WP 5) are “horizontal”, 
providing the backbone for the three research-action work packages (WP 2, 3, 4). Table 3.1b summarises the work 
plan for each work package. Section 3.1.2 provides a list of the major deliverables. Section  3.1.3 highlights the 
interactions among the work packages and shows the project schedule. 
Table 3.1a: List of work packages. 

Work 
Package 
Number Work Package Title 

Lead 
Participant 

No 

Lead 
Participant 
Short Name 

Person- 
Months 

Start 
Month 

End 
Month 

1 Management 1 CERN 83 1 48 
2 Collider design 7 DESY 363 2 46 
3 Integrate Europe 1 CERN 180 2 45 
4 Impact & sustainability 6 CSIL 169 2 39 
5 Leverage & engage 1 IFJPAN 87 1 48 

Total person months: 882  

The project progresses along an iterative “plan-do-check-act” cycle in which the outputs of individual activities 
feed into subsequent iterations after the consistency-enabling synchronisation points among WPs. This agile man-
agement tightly links the consortium members and leads towards the common main deliverable, the design report. 
An appropriate frequency of work package and project coordination meetings (see Figure 24) as well as annual 
project progress reviews are planned. 

Table 3.1b: Work package description. 
WP number: 1 Lead beneficiary CERN 
WP Title: Management 
Participant # 1 2 3 4 5 6 7 8 
Participant CERN CEA Cerema CETU CNRS CSIL DESY IFJPAN 
Person months 60 2 2 2 2 2 2 1 
Participant # 9 10 11 12 13 14 15 16 
Participant INFN KIT LD MUL SN TMFS ULIV USC 
Person months 2 1 1 2 1 1 1 1 
Start month 1 End month 48 

 

Objectives 
1) Manage the H2020 project and integrate it coherently with the international FCC study hosted by CERN 
2) Coordinate the work at technical and scientific level of all work packages and maintain the project scope 

to successfully achieve the set project goals 
3) Ensure the quality of the deliverables 
4) Manage project-related risks 
5) Ensure a coordinated flow of information between project, industry, academic institutions, government and 

funding agencies, including the European Commission 
6) Plan dissemination and exploitation activities 
7) Plan and perform gender and diversity relevant activities 
8) Explore innovation potentials and their transfer to society and economy in cooperation with WPs 2, 3, 4, 5 
9) Strategically place the new infrastructure and its development in a global landscape of related facilities, 

plan for geographically distributed and topically complementary co-construction 
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Description of work (including tasks, lead partners and roles of participants) 
Task 1.1: Project management and coordination (lead: CERN, participants: all beneficiaries) 
This task will coordinate all project activities as described in section 3.2 “Management structure and proce-
dures”. The consortium agreement will be drawn up and signed by all beneficiaries before the project start date. 
The consortium will use a well-established DESCA model that has been tailored by CERN’s legal service for 
research infrastructure design studies. The model has been successfully used in several CERN coordinated 
H2020 projects. This task focuses on ensuring effective communication and exchange of information among 
the consortium partners, steering and monitoring the scientific and technical work, overseeing the project pro-
gress and ensuring that all work package leaders are working towards target milestone dates. The task also 
includes the organisation of consortium meetings notably the kick-off meeting, subsequent regular project man-
agement meetings and annual collaboration meetings that are combined with an international scientific/technical 
conference. Day-to-day project management includes the establishment, staffing and organisation of a project 
office at CERN with adequate infrastructures, office resources and tool support. The collaborative Web platform 
facilitates keeping track of the project, milestones and deliverables, project members, working documents, meet-
ings, reference materials, templates and it also serves as a central entry point for project administration pro-
cesses. This activity also includes the development of a Data and Publications Management Plan (D1.2) to 
ensure that the research activities of the project are compliant with the H2020 FAIR105 and Open Access106 
policies and the recommendations of the Open Research Data pilot. The plan will outline how data will be 
collected, processed or generated within the project, particularly data originating from particle accelerator de-
sign work, from cost-benefit analysis and from the implementation studies. 
Task 1.2: Financial and administrative management and reporting 
(lead: CERN, participants: all beneficiaries) 
This task includes the day-to-day management of financial, legal, ethical and administrative matters, as well 
as periodic reporting. The coordinator will ensure an effective interface between the consortium and the EC 
and will be responsible for financial and scientific reporting. The project coordinator will provide guidelines 
to the partners for monitoring the use of resources including timesheets and producing progress reports. The 
project coordinator will collate and review administrative and financial report contributions from partners to 
allow a timely submission of required periodic reports. 
Task 1.3: Quality and risk management (lead: CERN, participants: all beneficiaries) 
The participants will adhere to the highest professional standards and pay strict attention in applying quality 
principles, standards and procedures to all tasks, ensuring adequate availability of resources (personnel and 
support infrastructures) to be able to perform the tasks according to assured quality levels. This task will adopt 
a quality and risk management plan (QRMP) which is part of the project handbook (D1.1) to control and ensure 
high quality and effective monitoring of the activities and progress towards the expected results. The QRMP 
will include quality objectives, measurement criteria and associated indicators, the corresponding quality roles 
and responsibilities, as well as specific procedures for quality control and assurance of stakeholder satisfaction. 
Finally, it will define the coordination and personnel policy, including handling ethical and legal issues. 
Task 1.4: Innovation management (lead: CERN, participants: all beneficiaries) 
Innovation management is a key task in this “Innovation Study”, following the “Open Innovation” best-practice, 
with at two goals: first, to develop a plan that creates an innovation by offering a sustainable long-term service 
for a world-wide physics community. Second, to foster innovations along the entire value chain, including the 
experiment detector projects and all necessary technical and non-technical advances. An advisory committee 
consisting of multiple, domain-specific sub-groups which cuts across all domains will be set up. For implemen-
tation and operation aspects, a group consisting of experienced executive managers from research infrastruc-
tures, the private sector and the third sector together with members of potential funding agencies and institu-
tional stakeholders will be formed. Candidates for the committee will be called from the ERA and beyond. The 
goal is to keep this body active beyond the project duration. Sub groups will meet regularly and a multi-disci-
plinary committee will meet at least once per year with representatives of the project management. The recom-
mendations of the committee to create innovation for the core mission and for alternate target domains will be 
communicated all members of the project management. 

                                                   
105 http://ec.europa.eu/research/participants/data/ref/h2020/grants_manual/hi/oa_pilot/h2020-hi-oa-data-mgt_en.pdf 
106http://ec.europa.eu/research/participants/docs/h2020-funding-guide/cross-cutting-issues/open-access-data-manage-
ment/open-access_en.htm 
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Deliverables related to work package 1 (Management) 
Brief description Month 
D1.1: Project handbook (CERN) 
Set of structures, procedures and tools to be used by the consortium members to implement the project. 
It includes guidelines and best practices for document management, project quality and risk manage-
ment, internal and external communication, key dates, reference documents, plans and schedules, tem-
plates, a project team database and a copy of the members rights and duties. 

4 

D1.2: Data and dissemination management plan (CERN) 
Documentation of the process, structures and tools to make data and publications openly accessible in 
this project applying the FAIR principles, “green” and “gold” open access publications. 

6 

D1.3: Advisory committee strategic recommendations (CERN, Cerema, CSIL, LD) 
Summary of the project achievements up to the advisory committee review, the detailed international 
expert review of scientific, economic, communication and implementation related project domains 
and a comprehensive set of strategic recommendations in order to develop a plan for an innovative 
long-term service to be delivered by a sustainable research infrastructure and to develop tangible plans 
for innovations that target other domains with value for society and economy. 

37 

 
WP number: 2 Lead beneficiary DESY 
WP Title: Collider design 
Participant # 1 2 5 7 8 9 10 
Participant CERN CEA CNRS DESY IFJPAN INFN KIT 
Person months 84 48 20 108 4 86 33 
Start month 2 End month 46 

 

Objectives 
This work package will deliver a performance optimised machine design, integrated with the territorial require-
ments and constraints identified by WP 3, considering cost, long-term sustainability, operational efficiency and 
design-for-impact developed by WP 4. The work builds on two pedestals: (1) the conceptual baseline estab-
lished in the FCC-ee report107 and (2) a documentation of the FCC-ee physics programme goals108. Involving 
beneficiaries and partners, the work package has the following objectives: 
1) Optimise the collider parameters and layout (CERN, CEA, DESY, IFJPAN, INFN, BINP, UOXF) 
2) Develop and openly document the collider beam optics and lattice design, including the interaction regions 

(CERN, CEA, DESY, BINP) 
3) Establish procedures for optics corrections. Determine the beam diagnostics requirements and develop the 

beam instrumentation. Design the optics corrections and emittance tuning (DESY, CERN, KIT, UOXF)  
4) Establish the impedance budget for the collider and the booster and evaluate single-beam collective effects 

for different modes of operation (INFN, DESY, CERN) 
5) Design the collimation system, develop the aperture model and develop the machine protection concept 

(CERN, DESY, INFN) 
6) Develop the top-up injection scheme (CEA, CERN) 
7) Develop and document the machine detector interface, final focus, stabilisation measures, background con-

trol and luminosity measurements (INFN, CERN, CNRS, UOXF) 
8) Design and document the full energy booster (CEA, CERN) 
9) Develop techniques for precision energy calibration, especially requirements and procedures for energy 

calibration using resonant depolarisation in the Z and W running modes, and benchmarking of techniques, 
like Compton scattering, to extend the energy calibration to higher energy (KIT, BINP, CERN) 

 

  

                                                   
107 The FCC collaboration, “FCC-ee: The Lepton Collider”, Eur. Phys. J. Spec. Top. (2019) 228: 261. 

https://doi.org/10.1140/epjst/e2019-900045-4  
108 The FCC collaboration, “FCC Physics Opportunities”, Eur. Phys. J. C (2019) 79: 474,  

https://doi.org/10.1140/epjc/s10052-019-6904-3  
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Description of work (including tasks, lead partners and roles of participants) 
Task 2.1: Work package coordination (lead: DESY, participants: CEA, CERN, CNRS, KIT, IFJPAN, INFN) 
DESY, with the assistance from CERN, coordinates the tasks in this WP to ensure consistency of the work 
according to the project scope and plan. DESY organises the regular coordination meetings, workshops, man-
ages the scope, reviews the progress, distributes information within the WP and manages the interfaces and 
collaborative with other WPs. IFJPAN coordinates the interfaces with theoretical and experimental physics 
communities. A specific person at CERN plans and follows up the documentation and open-access data publi-
cations concerning the experimentally tested beam optics at particle accelerators which are made available free 
of charge by the beneficiaries (Section 4.1). DESY, CEA, CERN and KIT focus on the accelerator design co-
ordination. INFN coordinates the work around the interaction region. CERN coordinates the interfaces with 
partners BINP and UOXF and for the territorial layout and placement requirements (DRRT, EdG). CERN allo-
cates a person for the configuration management of the beam optics, lattice and the element database. CERN 
produces an open Product Breakdown Structure (PBS, M2.1) and disseminates data on Zenodo. The editing of 
the collider-related chapters of the design report (D5.5, WP5) is with CERN. 
Task 2.2: Collider design (lead: DESY, participants: CEA, CERN, KIT, IFJPAN, INFN, partner BINP) 
Develop the parameters and machine layout, starting from the physics programme requirements (D2.1) and 
iteratively ensure that the design matches the physics research requirements with tasks 2.1 and 2.3 (IFJPAN). 
Study different numbers of interaction points (IPs) and compare their respective performance (CERN). Analyse 
and mitigate impedance and single-beam collective effects in the collider rings (INFN). Develop the positioning 
concept (CNRS). Conceive an effective beam diagnostics architecture, specify the device functions and perfor-
mance (KIT). Understand the measurement needs and the level of precision required for a layout of the longi-
tudinal beam diagnostics system. Develop a diagnostics concept based on an electro-optical setup for bunch-
by-bunch measurements of the longitudinal profile and centre of gravity of the bunches. Time-resolved meas-
urements of the horizontal beam size in a dispersive section are proposed as an approach to measure the energy 
spread. Test (D2.4) prototype diagnostics at the KARA accelerator (KIT). Develop the concept for the global 
orbit control system. Verify optics correction and vertical emittance tuning procedures in beam tests (D2.4) at 
the PETRA III (DESY) storage-ring or, at VEPP-4M at BINP and possibly at ESRF-EBS in Grenoble, France 
(not part of this consortium) (D2.2). Integrate the findings in the main deliverable of the project (D5.6). 
Task 2.3: Interaction region and machine detector interface design 
(lead: INFN, participants: CERN, CNRS, DESY, partners BINP and UOXF) 
Ensure that the interaction region design meets the collider performance goals and develop an accelerator-de-
tector interface coherently with task 2.2. Develop a 3D model of the interaction region, including final quadru-
pole and solenoid magnets, support structures, cooling schemes, and vacuum system. Develop heat-load budget 
and determine cooling requirements. Analyse vibration and stability. Develop and refine concepts for the lumi-
nosity measurement. Analyse and propose effective design measures to control the background and to protect 
the machine. Design the collimation system, develop a collider aperture model and develop an accelerator-
detector protection concept. Review the SuperKEK IP feedback (Japan, not part of this consortium) architecture, 
performance, merits and limitations. Experimental beam studies (D2.4) exploring the sensitivity of the beam-
beam performance to IP optics aberrations are planned at DAΦNE (INFN) with the crab-waist collision scheme. 
Document the interaction region design (D2.2) and integrate the findings in the main deliverable (D5.6). 
Task 2.4: Full energy booster and top-up injection design (lead: CEA, participants: CERN, INFN, BINP) 
Design a full-energy booster and integrate it with the collider using a top up injection scheme (D2.3). This work 
comprises optics design, including injection and extraction region and beam transfer to the collider rings, field 
quality and dynamic aperture at injection and during the ramp and collective effects. Determine the minimum 
acceptable injection energy. Integrate the findings in the project’s main deliverable (D5.6). 
Task 2.5: Polarisation and energy calibration (lead: KIT, participants: CERN, partner BINP) 
Develop and validate the optics correction and spin-matching procedures for establishing the transverse polari-
sation to achieve high-precision centre-of-mass energy calibration in cooperation with task 2.2 and 2.3. Refined 
energy calibration through resonant depolarisation with pilot bunches, polarisation wigglers and error assess-
ment is an enabler for the extreme statistical precision and experimental accuracy at the Z pole and at the WW 
threshold. Plan tests (D2.4) with resonant depolarisation at KARA (KIT) and energy measurement at VEPP-
4M (BINP). Possibly study an alternative energy calibration using Compton backscattering, benchmark the two 
methods in low energy running modes, and extrapolate to higher energy. Document (D5.6) the design, including 
the elements and expected performance with a level of detail that permits starting the detailed technical design. 
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Deliverables related to work package 1 (Collider design) 
Brief description Month 
D2.1: Collider performance, beam optics and design considerations baseline (CERN) 
A technical report describing the baseline layout and the lattice together with a workable beam op-
tics. The report includes the achievable performance and what remains to be addressed. 

13 

D2.2: Interaction region and machine detector interface design (INFN) 
3D CAD proof-of-principle engineered mechanical design of the interface between the accelerator 
and detector components in the interaction region.  

32 

D2.3: Full-energy booster design (CEA) 
A report describing the minimum acceptable injection energy into the booster, the lattice concept to-
gether with a workable beam optics, the ramp strategy and the top-up injection into the collider. 

38 

D2.4: Experimental characterisations of particle collider key performance enablers (DESY) 
A report summarising the results from the experimental verifications of performance enabling tech-
niques at various accelerators. Analysis of the beam-beam behaviour for the crab waist collision 
scheme and possibly, its sensitivity to various optics aberrations at the collision point. 

42 

 
WP number: 3 Lead beneficiary CERN 
WP Title: Integrate Europe 
Participant # 1 3 4 11 12 
Participant CERN Cerema CETU LD MUL 
Person months 96 21 24 18 21 
Start month 2 End month 45 

 

Objectives 
This work package will develop a territorially implementable project scenario. It includes a project description, 
layout and placement variants, mission-critical invariants and territorial constraints, resource needs, risks, socio-
economic synergy potentials and a project preparatory phase schedule including legal and administrative pro-
cesses. Adopting an integrating approach from a very early stage ensures that the preparation phase is entered 
with a project scenario that has been validated by all stakeholders (population, host states, scientists, funding 
agencies). The project can only be implemented if both a territorial implementation scenario is societally ac-
ceptable and if the required performance for scientific research can be delivered. This work package links WP 2, 
which technically optimises the particle collider, with WP 4 integrating socio-economic aspects. Innovation 
potentials are explored along the activities in this project, which feed into WP 2, 4 and 5. One example is the 
international “Mining the Future FutureCC-BY-ND” challenge to identify ways for using the excavated materials. 

 

Description of work (including tasks, lead partners and roles of participants) 
Task 3.1: Work package coordination (lead: CERN, participants: CETU, LD, MUL) 
CERN coordinates the tasks to ensure consistency of the work according to the project scope and plan. This 
includes the organisation of coordination meetings, scope management, progress reviewing, reporting and dis-
tribution of information within the WP as well as the management of the interfaces and collaborative work with 
the other WPs. LD assists in the coordination of the activities focusing on the framework for the environmental 
impact assessment (D3.1). CETU and MUL assist in the coordination activities concerning the development of 
a strategy and preliminary plan for managing the excavation materials (D3.4). CERN coordinates the iterative 
optimisation of layout and placement (D3.3) with administration, tool support and open data publishing (Zenodo 
and geographical information system portals). CERN will interface to the partners in France (DRRT) and Swit-
zerland (EdG) for public access to scenario information for citizens through existing portals (e.g. ge.ch/sitg, 
cdata.cerema.fr and data.gouv.fr). This approach will lead to a documented evolution of the infrastructure. 
Task 3.2: Infrastructure placement optimization with respect to territorial requirements 
(lead: CERN, participants: Cerema, CETU, MUL, LD, partners EdG, DRRT-AuRA) 
The participants of this task cooperate closely with WP 2 to develop the layout and placement (D3.3) of the 
100 km long, underground infrastructure with 12 surface sites that host access shafts and technical infrastruc-
tures. The work progresses iteratively from an initial baseline (delivered by the EuroCirCol H2020 project) to 
a version that can be used in the administrative preparatory processes with host states (e.g. débat public in 
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France), funding agencies (e.g. European Strategy for Particle Physics, national ministries and state depart-
ments), science policy bodies (e.g. ESFRI, ERIC, GSO, GSF, STOA) and the public in the region (État et Canton 
de Genève in Switzerland, région Auvergne-Rhône-Alpes in France). The optimisation progresses iteratively, 
taking into account the collider design (WP 2) and the territorial constraints and socio-economic synergies 
(WP 4). The underground infrastructure’s depth adjustment is also considered a variable. 
Task 3.3: Transnational environmental impact assessment framework 
(lead: CERN, participants: Cerema, CETU, LD) 
Cerema, CETU and LD will document the requirements (D3.1) for the environmental impact assessment pro-
cess spanning the individual project phases (preparation, construction, commissioning, operation, upgrade to 
next phase). CERN provides input about the constraints and opportunities from its successful large-scale en-
deavours (LEP, LHC, HL-LHC) and its status as international organisation. CETU focuses on the lifecycle 
analysis of the materials management of the excavated materials. CETU will study the possibilities of applying 
this methodology to other areas of the project (e.g. construction of underground structures and surface sites). 
This work will lead to a survey to identify suitable tools, gaps and efforts needed to establish a workable infra-
structure for the assessment and management of environmental impacts in a transnational context. 
Task 3.4: Management of excavated materials 
(lead: MUL, participants: CERN, Cerema, CETU, LD, partners EdG and DRRT-AuRA) 
About 800 million tons of inert materials per year coming from tunneling and public engineering projects are 
today disposed of in landfills. This is a waste of valuable resources and taxpayer’s money. FCC would generate 
9 million m3 of excavated materials. Its particular location across EU boundaries (France and Switzerland) and 
CERN’s status as an international organisation is an opportunity to pilot methods and to conceive regulatory 
frameworks to increase the use of excavated materials. A technical risk management (CETU, MUL) process 
will help planning the reduction of the quantity of materials destined for landfill. This task aims to reduce the 
funds required to dispose of the materials in traditional ways. It strives to find novel technologies to address the 
challenge and aims for regulatory innovation, for instance thorough guidelines beyond established practices. 
The prevalent material in the region, sedimentary rock called “molasse” will be analysed by MUL and CERN 
with the help of regional laboratories and academic institutes outside the consortium. The data will be made 
openly accessible on Zenodo (M3.1) to scout for use-cases. Cerema identifies opportunities for regional use-
case scenarios (industrial sector identification) and CETU focuses on the risk management framework 
(EN/ISO 31000), regulatory aspects (diagnosis, constraints, opportunities), life-cycle related topics and on de-
fining a territorial approach (use-cases with credible economic impact, transport, disposal and landfill). This 
project engages a wide audience in the “Mining the Future FutureCC-BY-ND” challenge, an open world-wide call 
to submit demonstrated solutions. CSIL participates in the economic impact analysis of all materials use cases 
and in assessing the innovation potentials of the proposals. An international expert committee to be established 
by the WP will select a proposal. The winner will be awarded with assistance to document the intellectual 
property (e.g. license or patent) and to develop a business plan (D3.2). The award will be funded from a specific 
budget in this project. If no viable proposal can be identified, the funds will be used to document in detail a 
classical use case, which has been identified for a sub-set of the materials (D3.4). 

 

Deliverables related to work package 3 (Integrate Europe) 
Brief description Month 
D3.1: Transnational environmental impact assessment requirements and framework (LD) 
A technical report summarising the contents and reporting requirements for Environmental Impact 
Assessment (EIA) as required by French and Swiss regulatory frameworks, aligned with CERN’s 
status as international organisation which permits defining and setting up a unified process for the 
entire project that spans the two host countries. The report will include guidance on tool selection 
and will lay out the applicability of life-cycle analysis for selected areas. 

15 

D3.2: “Mining the Future FutureCC-BY-ND” innovation challenge results (MUL) 
A report that gives the outcome and results of the innovation challenge. The deliverable comprises a 
communication action (event, press release, media report), a technical summary and evaluation of 
the eligible submissions and a description of the results. 

24 

D3.3: Particle collider layout and placement assessment (Cerema) 
A technical report that summarises the feasibility of the project across French and Swiss territory in-
cluding underground and surface structures and annexes (access, technical infrastructures, resource 
supplies) from the urbanistic, environmental and societal points of view. 

34 
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D3.4: Preliminary excavation materials management plan (CETU) 
A technical/managerial report that summarises the approach for managing the approximately 9 mil-
lion cubic meters of excavation materials in a resource- and cost-effective way, pointing to innova-
tion potentials with economic benefits for companies and environmental advantages for the Euro-
pean society. The plan is considered to be preliminary, since specific management processes, the 
economic viability and the environmental benefits of the envisaged excavation materials use cases 
depend strongly on the precise sub-surface investigations, the evolution of legal frameworks in the 
EU and Switzerland and the response of companies to market surveys, all of which are expected to 
evolve after this H2020 project ends. 

45 

 
WP number: 4 Lead beneficiary CSIL 
WP Title: Impact & sustainability 
Participant # 1 3 4 5 6 13 16 
Participant CERN Cerema CETU CNRS CSIL SN USC 
Person months 60 3 2 22 26 6 30 
Start month 2 End month 39 

 

Objectives 
This work package will develop the financial roadmap of the infrastructure project, comprising cost estimates, 
financing plan, and analysis of socio-economic impacts. The work progresses iteratively in cooperation with 
WP 2 and WP 3. The financial feasibility of the research infrastructure builds on the concept of a long-term 
science mission, which permits re-using civil and technical infrastructures for an energy-frontier hadron col-
lider; on the development of a well-balanced investment profile for the lepton collider that interleaves energy 
upgrades with operation phases; a topically complementary and geographically distributed in-kind participation 
scheme; a committed user community for experimental facilities at multiple interaction points (work with WP 5) 
and a design that drives the generation of socio-economic wealth from the very early concept stage. The work 
package pursues the following goals: 
- Estimate construction and operation costs 
- Develop a spending profile 
- Analyse the socio-economic impacts using a probabilistic, quantitative method 
- Analyse the possibilities for international in-kind contributions 
- Identify impact pathways109 for co-construction of high-tech systems with industrial partners 
- Identify territorial and regional benefits in a global project 
The work will lead to ranges and likelihoods for different impacts and to the formulation of recommendations 
for the infrastructure with cost-effectiveness sustainability in mind. Sustainability relies on the creation of a 
committed user community to support and actively participate in a long-term research programme. The findings 
will be integrated in the design of the particle collider (WP 2) and the territorial scenario (WP 3) such that 
energy and resource efficiency are also well reflected in a sustainable operation plan. 

 

Description of work (including tasks, lead partners and roles of participants) 
Task 4.1: Work package coordination (lead: CSIL, participants: CERN) 
CSIL, with the assistance of CERN, coordinates the tasks to ensure consistency with the project plan scope and 
schedule. This includes the organisation of coordination meetings, setting up of a high-level advisory commit-
tee, organisation of reviews with external participation, follow-up of the work and production of scheduled 
deliverables and reports, coordination of the creation of products for dissemination, collection of information 
from the other work packages for this WP and dissemination of findings to the other WPs. The task includes 
the participation in project-wide workshops and conferences and engaging external participants. This highly 
intersectoral WP requires the coordination with the other WPs on the following subjects: 
WP 1: Scoping analysis, project objectives, time horizon, learning from similar projects, stakeholder mapping, 
mutual understanding of expected contribution to society, taxonomy of impacts, fundamental approach to 

                                                   
109 J. Angelis, E. Greniece and A. Reid, “Evaluating and Monitoring the Socio-Economic Impact of Investment in Research 
Infrastructures”, Technopolis Group Technical report, https://www.technopolis-group.com/wp-content/uploads/2015/04/ 
2015_Technopolis_Group_guide_to_impact_assessment_of_research_infrastructures.pdf  
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forecast and evaluate impacts and counterfactual scenarios. Selected consortium members will be invited to 
participate in this coordination activity. 
WP 2: Research infrastructure baseline parameters and information concerning technologies, product and work 
breakdown for cost estimates, input parameters for the setup of the socio-economic impact analysis. Recom-
mendations from this WP for adaptations of the machine design to increase the sustainability of the project. 
WP 3: Information about the territorial constraints and cost impacts of risks (e.g. management of excavation 
materials), use of resources (e.g. water, electricity), information about territorial synergy potentials (waste-heat 
consumers, creation of new technical infrastructures, regional development needs), feedback from this WP on 
territorial development opportunities that would lead to increased socio-economic impacts. 
WP 5: Information about envisaged engagement and communication products, information about experiment 
user community sizes, feedback from this WP in view of increased sustainability through citizen engagement 
and an increased attractiveness for a global science community to invest in the ERA.  
Task 4.2: Cost estimates (lead: CERN, participants: CSIL) 
Building on the best-practice recommendations developed with the involvement of CSIL110,111, CERN, with the 
help of CSIL, prepares the cost estimates for the construction and operation phases (part of D4.3). This task 
includes the development of a spending profile for the preparation, construction and operation phases that is 
used for the socio-economic impact analysis in task 4.3. The cost estimates draw upon the machine design 
carried out in WP 2 and the territorial integration activities in WP 3. The estimates will be based on CERN 
contracted studies, for infrastructure elements which are not part of this project and on more than 20 years’ 
experience of building and operating the Large-Hadron Collider (LHC) and its high luminosity upgrade. 
Task 4.3: Socio-economic impact analysis (lead: CSIL, participants: CERN, SN, USC) 
Based on the social cost-benefit analysis112 work carried out for the LHC/HL-LHC programme113 and RI-Paths 
project findings114, the participants develop the plan for performing the socio-economic impact study (D4.1). It 
includes the description of the project scenario, the documentation of the model input parameters, the analysis 
assumptions that will be gathered in a cooperative effort with the consortium members and the probabilistic 
mathematical models for all individual impact categories. The core model comprises the effects of training, 
technological spillovers including ICT, cultural effects, the value of the infrastructure for the public and the 
impacts of scientific products (e.g. model built with the involvement of SN for publications and openly acces-
sible data). Carry out an ex-ante baseline probabilistic estimation of the socio-economic impacts using a Monte 
Carlo simulation-based approach (D4.3). Based on the findings, the consortium partners work on sustainability 
improvement levers and potential opportunities for increased impact. Formulate recommendations for the im-
plementation strategy (D4.4) and document guidelines for the project preparatory phase in the design report 
(D5.6) taking into account, for instance, EU territorial cooperation programmes115. 
Task 4.4: Regional and territorial benefit potential identification 
(lead: CNRS, participants: Cerema, CETU, CERN, CSIL, partners BINP, DOE, EdG and DRRT-AuRA) 
Building on the intermediate findings of task 4.3, CNRS assisted by Cerema and CERN, develops a model for 
the territorial benefit potentials and works with beneficiaries and partners on potential local effects of the con-
struction project and the long-term operation of the infrastructure in the region. This requires establishing inter-
faces with regional industrial partners (partners EdG and DRRT-AuRA), stakeholders of different interest 
groups and host-state notified bodies, to develop regional development scenarios together. Using the impact 
pathways approach and value chain analysis, Cerema, CERN, CNRS and CSIL will perform studies of potential 
regional impact. One topic will be the study of creating a second technology pole for the research infrastructure, 
leveraging the existing CNRS “Laboratoire d'Annecy de Physique des Particules” (LAPP).   

                                                   
110 EC Guide to Cost-Benefit Analysis of Investment Projects 2014-2020, section 7.7,  
https://ec.europa.eu/regional_policy/sources/docgener/studies/pdf/cba_guide.pdf  
111 StR-ESFRI, Guidelines on Cost Estimation of Research Infrastructures, 2019,  
https://www.esfri.eu/sites/default/files/StR-ESFRI2_STUDY_RIs_COST_ESTIMATION.pdf  
112 M. Florio, “Investing in science: social cost-benefit analysis of research infrastructures”, MIT Press, 2019,  
ISBN-13: 978-0262043199 
113 A. Bastianin and M. Florio, “Social Cost Benefit Analysis of HL-LHC”, CERN-ACC-2018-0014,  
http://cds.cern.ch/record/2319300  
114 RI-Paths deliverabe D5.1, validated IA model, accessible at https://ri-paths.eu/deliverable/  
115 European Spatial Planning Observation Network (ESPON), promoting and fostering a European territorial dimension in 
development and cooperation by providing evidence, knowledge transfer and policy learning to public authorities and other 
policy actors at all levels, see also http://www.espon.eu  
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Task 4.5: Implementation, financing and in-kind contribution strategy (lead: CERN, participants: CSIL) 
This task aims to integrate the new infrastructure in a global landscape of research facilities and develop a 
concept for a geographically distributed and topically complementary co-development with academic and in-
dustrial partners. It develops the financing and in-kind contribution strategy for the construction phase and drafts 
a concept for sustainable operation of the facility (D4.4). This plan takes into account the ongoing EU smart 
specialisation strategies to strengthen the research and innovation potentials of regions in Europe, as well as 
their complementarity and cohesion. The project participants will collaborate to propose ways to create visibility 
of the economic wealth growth through governments’ investments during the construction period, e.g. through 
societal re-investment incentives for participating companies, conditions for re-investment, long-term symbiotic 
public-private partnerships, new financial structures, indirect innovation and spillover accounting, co-operative 
company structures and equity-holding of individuals, private and public organisations. 

 

Deliverables related to work package 4 (Impact & sustainability) 
Brief description Month 
D4.1: Plan for research infrastructure socio-economic impact analysis 
A publicly available overview and guideline for the analysis of the socio-economic impacts of this 
research infrastructure. The plan compiles impact pathways and associated key performance indica-
tors, a description of the quantitative analysis method for each impact pathway and the preliminary 
set of input parameters for this project. 

10 

D4.2 Regional benefits and territorial development opportunities in a global project 
A report that summarises proposals for territorial (France, Switzerland) infrastructure service devel-
opments and for regional development potentials in nations that can contribute to the particle collider 
and physics programme. The descriptions listed are based on project relevance, foreseeable skills and 
capacity evolution, financial and technical feasibility and are rated by their potential to result in long 
term societal and economic wealth creation. 

28 

D4.3: Socio-economic impacts of the lepton collider-based research infrastructure 
A technical report that summarises the quantitative socio-economic impact potentials for the individ-
ual impact pathways and which presents an overall impact analysis that covers a ca. 15 year long 
design and construction phase followed by a ca. 15 year long operation and gradual energy upgrade 
phases ending in 2058. 

36 

D4.4: Implementation, financing and in-kind contribution strategy 
A summary of the construction and operation cost estimates, outlining a financing plan allowing for a 
levelled investment profile and in-kind contributions from CERN member states and beyond. 

39 

 
WP number: 5 Lead beneficiary IFJPAN 
WP Title: Leverage and engage 
Participant # 1 5 8 12 13 14 15 
Participant CERN CNRS IFJPAN MUL SN TMFS ULIV 
Person months 12 4 29 1 12 18 11 
Start month 1 End month 48 

 

Objectives 
Use the results of the other work packages to engage stakeholders in the preparation of a new research infra-
structure. Communicate the project rationale, objectives and progress. The objectives are: 
1) Develop a strategy based on best practices and successful communication strategies of similar projects. 
2) Develop a corporate brand identity. 
3) Plan and implement the Web and social media presence of the project. 
4) Develop a concept to disseminate the need and ambition for the continued exploration of nature at its small-
est scales with particle physics collaborations (D5.1) to as wide as possible an audience. 
5) Develop concepts to engage science interested and lay people in the scientific activities (D5.4). 
6) Set up an open access science and engineering dissemination process (M5.5), leveraging modern collabora-
tive tools that permit setting up an integrated write-to-publish workflow for articles, proceedings and books. 
7) Produce and disseminate scientific and technical materials (proceedings, articles, presentations, posters). 
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8) Coordinate with international partners to organise and contribute to outreach events for different audiences. 
9) Interest a young generation which will be the builders of the RI to pursue an education in a relevant field. 
10) Work towards a gender balanced community and interest females. 
11)  Strive that this project creates a lasting impact beyond the project period in view of a) building theo-
retical and experimental physics communities who advocate the need for a new research infrastructure, 
b) creating awareness of the technical feasibility and financial sustainability among the funding agencies 
and potential contributors, c) forging a project preparation plan with the host states (France, Switzerland). 

 

Description of work (including tasks, lead partners and roles of participants) 
Task 5.1: Work package coordination (lead: IFJPAN, participants: CERN) 
IFJPAN coordinates this WP with the assistance of CERN to ensure consistency of the work according to the 
project scope and plan. This includes the organisation of coordination meetings, scope management, progress 
reviewing, reporting and distribution of information within the WP as well as the management of the interfaces 
and collaborative work with the other WPs.   
Task 5.2: Project communication (lead: CERN, participants: all beneficiaries) 
CERN will interface with each WP to regularly collect results and communicate them through the project com-
munication channels. To integrate communication in the beneficiaries’ media channels, implementing the sub-
sidiarity principle, CERN requests the nomination of a communication officer (M1.1) from each benefi-
ciary. This person must have (1) the authority, (2) the expertise and the (3) time and resources to insert contents 
into owned channels. It is in the interest of each beneficiary to engage as many people as possible. Therefore, 
the communication costs are expected to be carried by the beneficiaries. 
The task includes creating a public-facing website that presents the science motivation, a description of the 
technical design work and the infrastructure project and which regularly features updated contents. CERN con-
tracts the design and implementation of the public facing site at its own cost. All beneficiaries contribute regu-
larly to the production of contents. CERN regularly informs the consortium members via an e-mail newsletter 
(reach-in). Work towards sustained presence in journals with high audience reach. Create information (D5.3: 
for host state authorities, EC bodies and CERN council) and marketing materials for selected needs such as the 
“Mining the Future FutureCC-BY-ND” challenge (e.g. social media campaigns targeting particular engineering and 
science domains, industry branches and call advertisements in domain-specific publication channels). Develop 
material for a press release for the design report publication and organise a public event for this occasion (CERN, 
SN, TMFS). Communicate the findings of the socio-economic impact assessments (CSIL). 
Task 5.3: Dissemination support (lead: SN, participants: CERN, partner Overleaf) 
Define and implement an integrated scientific dissemination workflow (M5.5) that spans the entire lifecycle 
from authoring to publishing for scientific articles, collections of articles and books. The main use-cases are the 
conceptual design report (D5.6) and the physics research programme (D5.5). The working environment will be 
based on using a collaborative, scientific writing tool. Partner Overleaf, beneficiary SN and CERN will closely 
cooperate to motivate publishers, scientists and tool suppliers to work together towards a long-term innovation 
in the area of scientific and technical publishing.  
Task 5.4: Design report editing and publishing (lead: CERN, participants: SN, partner Overleaf) 
This task concerns the production of the main deliverable of this project, the design report (D5.6) and the 
physics programme report (D5.5). SN accompanies the project team in producing the design report in view 
of achieving the highest attainable quality, leading to the widest possible dissemination. Partner Overleaf con-
sults SN and CERN to promote the most efficient ways of using their collaborative authoring environment. 
Efforts to produce the deliverables are not covered by EC co-funding, but by CERN. 
Task 5.5: Engagement and communication strategy 
(lead: TMFS, participants: CERN, CNRS, IFJPAN, SN, ULIV, partners EdG, DRRT-AuRA) 
Together with representatives from the physics community, host-state notified bodies, engineering and commu-
nications partners, conceive a means to engage members of society in the active preparation of the scientific 
work of the research infrastructure (D5.1). The business plan to implement this concept (D5.4) will comprise a 
catalogue of potential innovation products in the area of communications. Eventually, such developments can 
create a lasting link between the scientific community and the public, through the developments of new soft-
ware, new visualisation concepts, new infotainment concepts integrating interactive Internet contents, TV, print 
products and live events. The development of cultural goods in the form of touristic attractions is another pillar 
with socio-economic impact potentials that this activity will consider. 
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Task 5.6: Exploitation (lead: CERN, participants: CNRS, IFJPAN, ULIV, partners EdG, DRRT-AuRA, UOXF) 
Engage stakeholders and build a user community. This work integrates the recommendations of the advisory 
committee (D1.3) and policy making bodies (ESFRI, ECFA, ESPP, EU STOA, ICFA) to define the steps for 
the project preparatory and implementation phases. This encompasses the creation of a framework that permits 
the creation of international experiment collaborations to use the infrastructure from the beginning (D5.2). 
IFJPAN organises regular working meetings with key representatives of the theoretical and experimental phys-
ics communities, implementing a cross-fertilisation between these two complementary areas, which drive the 
performance requirements. CNRS and ULIV with the cooperation of CERN and IFJPAN organise four physics 
workshops with proceedings to achieve consensus about the physics research programme (D5.5). The partici-
pants in this task commonly define the R&D needs in all relevant domains (theoretical physics, experimental 
physics detectors, particle accelerator and infrastructure technologies), prioritise them and prepare the input for 
the European Strategy for Particle Physics process. They develop a financing strategy and a map of territorially 
balanced and topically complementary contributions for implementing the research infrastructure (D4.4, in co-
operation with WP 4), a structure and database of project risks for the preparatory phase implementation (in-
cluded in D3.3, in cooperation with WP 3). They also produce the foundation of a high-level project advocacy 
group, the definition of a project governance and management structure (D1.3) and lay out in the implementation 
strategy (D4.4) and finally, develop a plan for impact generation (D4.2) based on the documented socio-eco-
nomic impact potentials in cooperation with WP4. CERN together with the physics community representatives 
(CNRS, IFJPAN, ULIV, UOXF) drafts a suitable experiment collaboration governance framework (D5.2). This 
activity engages as many organisations as possible in the international Future Circular Collider study hosted by 
CERN (more than 130 institutes so far), reaching out far beyond the scope of this consortium. 

 

Deliverables related to work package 5 (Leverage and engage) 
Brief description Month 
D5.1: Communication strategy (TMFS) 
A document that establishes a strategy for a coherent, impact-oriented communication. The strategy 
focuses on the design and early construction phase (duration 10 years). The purpose of this document 
is to define a communication approach and method and the scope, the objectives, to identify the stake-
holders, to establish the foundations of the contents (project value, key messages). It should also define 
the target groups, the preferred communication channels, describe communication elements and a 
management process for defining, implementing and monitoring the effectiveness of communication 
in a resource- and cost- constrained environment, comparable to a business start-up phase. 

13 

D5.2: Preliminary collaboration governance framework (CERN) 
A document, outlining the structure and processes of an international collaboration hosted by CERN 
for the purpose of preparing collider and experimental physics projects. The document, in line with 
CERN’s international status and legal service requirements, aims at being used by the consortium to 
engage academic institutes world-wide to constitute proto-collaborations for the collider and experi-
ment organisations that are represented by CERN as legal entities. 

17 

D5.3: Project scenario information package for institutional stakeholders (CERN) 
A set of documents in English, French and German targeting host state representatives that explains 
the project intent, the scope, schedule, preliminary costs, implementation concepts and indicators for 
socio-economic impacts. The documentation is complemented with maps showing the placement evo-
lution, following the “avoid-reduce-compensate” and territorial synergy seeking approaches. 

26 

D5.4: Engagement plan for stakeholders and non-scientific experts (TMFS) 
A plan describing individual engagement actions together impact potential, priority, risks, a gap anal-
ysis including potential R&D, information and knowledge required, estimated personnel and material 
resources, schedule and budget. Actions are considered up to a maximum time frame of 10 years, i.e. 
including the early construction phase. 

31 

D5.5: FCC-ee physics research programme (IFJPAN) 
A scientific, book-style document that describes the experimental physics research programme based 
on theoretical physics motivations and the response to those scientific drivers. 

46 

D5.6: FCC-ee design report (CERN) 
This book-style document is the main deliverable of the project. Motivated by D5.5, it details the 
design, infrastructure concepts and implementation plan. 

48 
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3.1.2 Major deliverables 
Table 3.1c shows the major project deliverables in chronological order. 
Table 3.1c: List of deliverables in chronological order. 

Deliverable 
(number) Deliverable name 

WP 
number 

Lead 
participant 
short name Type 

Dissemination 
level 

Delivery 
date 

(month) 
D1.1 Project handbook 1 CERN Report Public 4 

D1.2 Data and dissemination 
management plan 1 CERN Report Public 6 

D4.1 Plan for research infrastructure 
socio-economic impact analysis 4 CSIL Report Public 10 

D2.1 
Collider performance, beam 
optics and design 
considerations baseline 

2 CERN Report Public 13 

D5.1 Communication strategy 5 TMFS Report Public 13 

D3.1 Transnational EIA requirements 
and framework 3 LD Report Public 15 

D5.2 Preliminary collaboration 
governance framework 5 CERN Report Public 17 

R1 Periodic report 1 1 CERN Report Public 18 

D3.2 “Mining the Future FutureCC-BY-

ND” innovation challenge results 3 MUL Report Public 24 

D5.3 
Project scenario information 
package for 
institutional stakeholders 

5 CERN Report Public 26 

D4.2 
Regional benefits and territorial 
development opportunities 
in a global project 

4 CNRS Report Public 28 

D5.4 Engagement plan for stakeholders 
and non-scientific experts 5 TMFS Report Public 31 

D2.2 Interaction region and machine 
detector interface design 2 INFN Report Public 32 

D3.3 Particle collider layout and place-
ment assessment 3 Cerema Report Public 34 

D4.3 
Socio-economic impacts of the 
lepton collider-based 
research infrastructure 

4 CSIL Report Public 36 

R2 Periodic report 2 1 CERN Report Public 36 

D1.3 Advisory committee 
strategic recommendations 1 CERN Report Public 37 

D2.3 Top-up injection and 
booster design 2 CEA Report Public 38 

D4.4 Implementation, financing and 
in-kind contribution strategy 4 CERN Report Public 39 

D2.4 Experimental characterisation of 
beam optics designs 2 DESY Report Public 42 

D3.4 Preliminary excavation materials 
management plan 3 CETU Report Public 45 

D5.5 FCC-ee physics programme 5 IFJPAN Report Public 46 
D5.6 FCC-ee design report 5 CERN Report Public 48 
R3 Periodic Report 3 / Final Report 1 CERN Report Public 48 
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3.1.3 Schedule 
The following figure provides a simplified graphical representation of the project tasks, milestones, deliverables and additional project-relevant elements. 

 
Figure 19: Simplified project schedule indicating tasks, milestones, deliverables and additional project-relevant elements.

Year
Name of month S O N D Y F M A M J J A S O N D Y F M A M J J A S O N D Y F M A M J J A S O N D Y F M A M J J A

Task Project month 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
T1.1 Project Management D1.1 W1 C1 W2 C2 W3 C3 W4 C4
T1.2 Finance, admin., reporting K I R1 R2 R3
T1.3 QM and RM M1.1 D1.2 M1.2 M1.3 M1.4
T1.4 Innovation management A1 A2 A3 A4 D1.3
T2.1 WP coordination M2.1 D2.1
T2.2 Collider design D2.4
T2.3 IR and MDI design D2.2
T2.4 Booster and injector design D2.3
T2.5 Polarisation, energy calibration
T3.1 WP coordination
T3.2 Placement optimisation D3.3
T3.3 Transnational EIA framework D3.1
T3.4 Excavation materials mgmt. M3.1 D3.2 D3.4
T4.1 WP coordination
T4.2 Cost estimates M4.1
T4.3 Socio-economic impact ass. D4.1 D4.3
T4.4 Regional, territorial benefits D4.2
T4.5 Impl., financing strategy D4.4
T5.1 WP coordination
T5.2 Project communication N1 P1 N2 P2 W N3 N4 N5 P3 N6 N7 N8 N9 P4
T5.3 Dissemination support M5.5
T5.4 Design report editing M5.3 D5.6
T5.5 Engagement & comm. strategy D5.1 D5.3 D5.4
T5.6 Exploitation M5.1 D5.2 M5.2 M5.4 D5.5

P = Press release, N = Newsletter, C = Conference, D = Deliverable, M = Milestone, W = Workshop, A = Advisory committee, R = Periodic reporting
K = Kickoff meeting, I = Internal reporting, W = Web and social media presence established through operational site and active social media channels

2020 2021 2022 2023 2024
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3.2 Management structure, milestones and procedures 
3.2.1 Project organisational structure 
The project’s governance structure and hierarchy for the management is shown in Figure 20. The governance follows 
a vertical structure with the General Assembly (GA) being the highest decision-making body. The Executive Board 
(EB) monitors the progress of the project taking input from the Work Package Leaders (WPL) and the Project Coor-
dinator (PC). The EB can also make recommendations for changes to the Description of Action (DoA) and these 
have to be authorised by GA. 

 
Figure 20: Governance structure for the FCC design study project. 
The reporting structure (see Figure 21) is based on the concept that any deviations to the planned work that can have 
an impact on the results or timely completion of milestones or deliverables are reported from the project team up 
through the task level to work package and executive board levels. Following the subsidiarity principle, decisions 
are taken at the lowest levels at which the required expertise exists in order to enable rapid decisions to be taken. 
Implementing the congruence principle, within a hierarchical level, the team is composed so that relevant expertise 
exists for the tasks and that responsibility for delivery of the required results can be accepted. Escalation only takes 
place if mitigation measures at a level do not seem sufficient or if the risk control probability is considered too low. 
If a potential deviation is unlikely to be controlled at coordinator level, the coordinator develops an appropriate action 
together with the EC Project Officer (PO). The coordinator must inform the PO as early as possible about potential 
deviations if they are likely to impact the project plan. At project start and after the teams are composed, an organi-
sation breakdown structure (OBS) will be maintained to keep all project members informed about the responsibility, 
expertise and allocation of tasks to the individual project members (M1.1). 

 
Figure 21: Hierarchy below the executive board (left). At each level, expertise and responsibilities are assigned for 
the defined tasks (middle). During team composition and throughout the project, continuous monitoring ensures that 
decisions can be taken rapidly, that escalation only takes place if a risk cannot be locally controlled and that conflicts 
are avoided (right). 

WP 1
Management

WP 2
Collider Design

WP 3
Integrate Europe

WP 4
Impact & Sustainability

WP 5
Leverage & Engage

Coordinator

Executive Board

European Commission DG 
Research and Innovation

Advisory Committee
(User Group)

International
Steering CommitteeGeneral Assembly

WP leader
Task leaders

WP leader
Task leaders

WP leader
Task leaders

WP leader
Task leaders

WP leader
Task leaders

WP Leader

Executive Board

Task Leader

Task Team

Task

Responsibility Expertise

Sufficient expertise
is made available
to perform the task

A responsible exists who
accepts the obligation

to deliver the result

At each level, adequate expertise and responsibilities exist for the defined tasks

Tasks

Responsibility

Expertise

Balancing avoids conflicts and controls risks



H2020-INFRADEV-01-2019-2020 | SEP-210635292 FCCIS 

V1.0 (19-11-11) - Page 57 of 69 

The roles of the different project governance and management bodies as defined in this section will be laid out in 
detail in the Consortium Agreement (CA). 
The General Assembly (GA) is the highest-level decision-making body in the project. The GA meets at least once 
per year and more often if requested by its chair, the Executive Board (EB) or the Project Coordinator (PC). The GA 
is composed of one representative from each consortium member (beneficiaries and partners). The GA elects its chair 
from among its members. The Project Coordinator (PC) represented by the Project Leader (PL) and the deputy who 
are ex officio members of the GA (without voting rights). Only beneficiary representatives have a vote. A beneficiary 
may appoint a substitute or a proxy to attend and vote at any meeting. Members of the GA are authorised to deliberate, 
negotiate and decide on the matters below: 

• Content, finances and intellectual property rights 
• Changes to the Consortium 
• Evolution of the Consortium 
• Appointments of governance and management body members  

The Executive Board (EB) executes and implements the decisions of the GA and proposes changes in the project 
and consortium plan to the GA, including changes to the CA and GA annexes. The EB meets on a monthly basis, 
with the possibility to participate via videoconferencing. The EB consists of the PC (PL and deputy), WPLs and their 
deputies. This EC funded project includes only a subset of the technical topics that are required for the collider. 
Therefore, further relevant experts are nominated by the PC to participate in the EB (e.g. implementation planning, 
finance, technologies, cryogenics, infrastructure and operation, theoretical physics, experimental physics). The GA 
may suggest the appointment of additional EB members. The composition of the EB will be reviewed annually at 
each GA. The PC chairs all meetings of the EB. The tasks of the EB include, but are not limited to: 

• Coordination of the Work Package (WP) tasks 
• Monitoring, review, analysis of the effective and efficient implementation of the project including technical 

and administrative topics 
• Implementation of a project-wide decision-making process 
• Preparation of meetings 
• Monitoring of compliance with the project and consortium plan and development of mitigation actions 
• Support of the PC in preparing meetings with the EC and in preparing required data and deliverables 
• Consolidation of draft deliverables and quality management 
• Preparing contents and timing of public announcements and joint publications by the consortium 
• Advise the GA on project task and budget adjustments 

The Project Coordinator (PC) is the intermediary between the consortium members and the EC (funding authority). 
The PC performs all tasks assigned in the Grant Agreement (GA) and in the Consortium Agreement (CA). The PC 
is the primary responsible person for the administrative and financial elements of the project. The success of its 
mandate relies on the support from various departments and services at CERN including units that are attached to 
the director general and the availability project-dedicated administration personnel for the following tasks: 

• Monitoring of compliance of project participants with their obligations 
• Record keeping (consortium contract persons and project team) 
• Resource planning, control and reporting 
• Financial management, administration of funds and accounting, distribution of pre-finance and payments 
• Facilitation of IP management, knowledge and technology transfer 
• Coordination of institutional and public communication 
• Project-relevant legal advice 
• Supply official documents, authenticate copies of project-relevant legal documents, letters of invitation 
• Submit deliverables and milestones (also on behalf of other consortium members) 
• Organise meetings, workshops, conferences beyond those planned for individual consortium members 
• Prepare agendas, meeting minutes of consortium governance and management bodies 
• Make information and communication infrastructures that are needed to effectively and efficiently imple-

ment the project available to the consortium (e.g. collaborative web space, event management site, videocon-
ferencing, meeting rooms, hostel for short term stays, document management systems, etc.) 

The Work Package Leaders (WPL) are responsible for the work programme in their work package (WP). They 
ensure that the tasks and deliverables are delivered on time and according to the required quality criteria and within 
the established budget. They identify and report risks and deviations from the work programme to the PC, i.e. to the 
member of the EB and the team that supports the PC via the established internal project communication channels. 
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They contribute to the preparation of all periodic and final reports and for continuous reporting on the EC project 
portal concerning their WP. Each WP has a leader and a deputy from different organisations. 
The Task Leaders (TL) are responsible for the work within their task, ensuring that milestones and deliverables are 
completed on time and to budget. They report risks and deviations from the planned work to the WPL. The TLs 
participate in the preparation of all deliverable and milestone documents and contribute to periodic and final reports. 
The International Steering Committee (ISC) is appointed by the EB. It advises the PC on the strategic direction 
of the project, on implementation and funding matters of the particle collider research infrastructure devel-
opment project on a global scale. The ISC formulates high level goals and strategies on how to pursue them, con-
sidering funding, political and administrative topics as well as world-wide scientific complementarities to the PC. 
The ISC prepares summary recommendations for the GA. It is composed of global group of research facility execu-
tive managers and senior officials, leading to a well-balanced, world-wide geographical representation. The PL, dep-
uty PL and the chair of the AC are ex-officio members of the ISC without voting rights. The ISC actively promotes 
the project at a global level to establish a sustainable user community to develop a durable high-energy and 
particle physics research programme at the new research infrastructure. The ISC is chaired by the ECFA rep-
resentative. The ISC meets at least once per year with videoconferencing support. 
The International Advisory Committee (IAC, User Group) is appointed by the EB. It reviews the scientific and 
technical progress of the project. It is structured by activity areas (particle accelerator, physics and experiments, 
technologies, economics and implementation). It advises the EB on the running and the scientific/technical di-
rection of the project, provides support and additional expert information to the project. It submits recommendations 
to the GA. The IAC is also a means to link the project to other activities world-wide that are relevant for the project 
and facilitates the dissemination of project results at global level to different expert communities. The chair of the 
IAC attends GA meetings as advisor, ex-officio. The PL and the deputy PL attend IAC meetings as ex-officio mem-
bers. IAC members may also attend the GA meetings, but they do not have voting rights. 
3.2.2 Decision-making principles 
A meeting fusing scientific/technical workshop elements and governance/management boards (GA, EB, IAC, ISC 
meetings) will be held every year, motivating all project participants to gather in a single location and to foster 
project-internal information exchange and inter-sectoral networking. This is a major event for sharing achievements, 
performing critical reviews, engaging new project members and organising public engagement activities. It is also 
an opportunity to collectively address outstanding organisational matters. The event will be hosted by a different 
consortium member each year. 
Responsibilities and high-level decision-making elements have been described in the previous section. The detailed 
management board appointment and voting rules will be documented in the Consortium Agreement (CA) and will 
be set in the constituting sessions of the individual decision-making bodies. The project handbook (D1.2) will include 
detailed guidelines. Key elements regarding decision taking and efficient integration with CERN, an international 
organisation governed today by 23 nations, are: 
• An ongoing dialogue between all project participants and the CERN Council through the PC and the CERN 

Director General. 
• The GA governs the project, and together with the ISC and the IAC ensures that the scope of the study complies 

with the needs of the international science community and prepares decisions through appropriate proposals. 
• The GA involves all international partners and together with the IAC reviews resource needs and allocations, 

prepares input for the CERN Council and the EB concerning international distribution, geographical balancing, 
need and availability of expertise world-wide. 

• Where a decision regarding the project falls within the mandate of the CERN Council, it is formulated as a 
recommendation to the CERN Council. 

• Internationally renowned experts form a collegial management team as the EB which takes technical decisions 
and coordinates the work: The EB manages the project and works in close cooperation with the international 
FCC study coordination group to align work scope, schedule and budget. 

• The EB takes the key technical decisions. 
• Day-to-day management decisions are taken by the PC, WPLs and TLs. 
• Thorough external reviews by internationally renowned experts efficiently prepare the decision making in a 

transparent and objective manner. 
• Decision-taking is based on a consensus-finding process in order to ensure full support of any decisions. 
• Strategic decisions are made within the framework of a European cohesion policy aiming for strengthening global 

long-term European leadership in science, research, high-tech development and innovation. 
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3.2.3 Innovation management 
The primary goal of the Future Circular Collider Innovation Study is to develop a scenario for 
an innovation in the form of a research infrastructure as a service for an integrated long-
term science mission for a world-wide community of scientists. This goal will be iteratively 
approached through a funneling process with technology insourcing throughout phases that are 
separated by decision and steering gates and through the establishment of promoters who carry 
the project along. 

The innovation management process is defined and implemented by WP1, task 1.4. The process (see Figure 22) is 
guided by the standard “Open Innovation” method that follows the “innovation funnel” concept116. It is split into 
several phases that are separated by decision gates. The main innovation target, the development of a new research 
infrastructure has to be carried by a group of “promoters”117, following what has been the best practice in inno-
vation management for over 40 years. 

 
Figure 22: The “Open Innovation” best-practice guides innovation management in the FCCIS project.  

This project enters the well-established “stage gate” model118 at the time at which different particle collider concepts 
have been published and are being discussed in the European Strategy for Particle Physics process. This project ends 
with the publication of a single RI scenario that is validated for implementation by the key stakeholders: particle and 
high-energy physics research community, funding agencies, in-kind contributors, policy makers, representatives of 
the regional population and public authorities. The project includes a gate for the entering a project development 
phase through D1.3 with the strategic recommendation of the advisory committee that will in addition to technical 
and financial feasibility, review the case for need and relevance. In case the gate cannot be passed due to lack of 
information concerning the strategic priorities in particle and high energy physics or other relevant reasons, such as 
barriers to the implementation and funding strategy, the concept phase will be extended and technical design activities 
                                                   
116 H.W. Chesbrough, “Open Innovation”, Harvard Business School, 2003, ISBN 1-57851-837-7 
117 H.G. Gemünden et al., “Role Models for Radical Innovations in Times of Open Innovation”, Wiley, Creativity and Innovation 
Management, 16(4), 2007, https://doi.org/10.1111/j.1467-8691.2007.00451.x  
118 R.G. Cooper, “State-gate systems: A new tool for managing new products”, Elsevier Business Horizons, 33(3), June 1990, 
pp. 44-54, https://doi.org/10.1016/0007-6813(90)90040-I  
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will not be launched. This does not impact the FCCIS H2020 project, which remains focused on a conceptual design, 
developing an implementation strategy and on building the user capacity. 
The establishment of domain-specific, international high-level advisory committees aims at identifying expert 
and relationship promoters. Power and process promoters will emerge from the CERN member states. 
The innovation process fosters early in-sourcing of external technologies and stimulates the creation of innova-
tions for other domains through continuous “Technology Competence Leveraging”, value-chain analysis, chal-
lenge-based innovation competitions, licensing, initiating research projects and supporting entrepreneur initiatives. 
One tangible example in this project is the triggering of the development of projects for the re-use of excavation 
materials which require subsurface engineering technologies, chemical sciences, geological sciences and advances 
in sensor and automation technologies. The challenge-based “Mining the Future FutureCC-BY-ND” competition is an 
essential ingredient in this process to create the potential for a spillover. 
The project management team includes an “innovation management group” led by the project coordinator. It in-
cludes six people from project relevant innovation domains (Figure 23): 1) particle accelerator and detector tech-
nologies, 2) key enabling technologies, 3) Economics of innovation and public value, 4) subsurface engineering, 5) 
editing & publishing and finally 6) communication and public engagement. They will collect and review spillover 
innovation opportunities once per year during dedicated meetings. The group will actively seek support for innova-
tion potential analysis through external services and through cooperation with other projects. Results on the activity 
and outcomes are included in the periodic reports. The members will be nominated during the project kick-off meet-
ing and all consortium members will be asked to actively work with this group. 

 
Figure 23: Topics domains that the Innovation management group will analyse in this project. 

 
3.2.4 Internal Reporting 
Project-internal procedures concerning the use of resources, scientific and technical progress will be laid out in the 
Consortium Agreement. The project handbook (D1.1) will provide project members with guidelines concerning the 
project management structures and the implemented procedures. An internal reporting at M12 is scheduled to perform 
an early project check that would allow implementation of mitigation measures as early as possible if needed and to 
prepare the project team for the required EC formal periodic reporting. This internal annual reporting coincides with 
the review at the annual FCC Week meeting and conference (M1.2). 
3.2.5 Milestones 
Table 3.2a on the following page outlines the set of control points in the project to chart the progress. Depending on 
the purpose, a milestone marks the (C) fulfilment of a key condition that is needed to begin another task or repre-
sents an intermediary review point (R) that permits defining and implementing corrective measures or represents a 
selection point (S) to choose one of several possible technologies or paths for the further development.  
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Table 3.2a: List of milestones in chronological order. 
Milestone 
number Milestone Name 

Related 
WPs 

Due 
date Means of verification 

M1.1 Management struc-
tures established 
and technical / 
scientific work 
started (C) 

All 3 Board member lists established and accessible for consortium 
members through the collaborative Web tool. Agenda and draft 
minutes of board meetings available in document management 
system. Consortium agreement signed. Work schedule docu-
mented. Press release on project launch issued by CERN. 

M3.1 Mining the Future 
FutureCC-BY-ND chal-
lenge call open (C) 

3,4,5 7 Application open for submission on Web. Geology data down-
loadable from Zenodo (Green, open data). Evaluation board of 
international experts established. GDPR and IP rules available 
at the call website. Press release issued by CERN and MUL. 

M2.1 Product Break-
down Structure (C) 

2,3,4 8 Structured document of collider elements in tabular form pub-
licly released on Zenodo (Green, open data). 

M5.1 Research opportu-
nities captured (R) 

1,5 8 Physics research opportunities documented as presentations 
(Green, Indico). Contributions for Open Access proceedings 
with SN (Gold) approved. User community survey on research 
priorities launched. 

M1.2 Progress reviewed 
during annual FCC 
Week meeting and 
conference (R) 

All 12 Agenda and draft minutes of board meetings available in docu-
ment management system. Work progress reviewed and aligned 
in the form of a workshop with presentations on Indico site 
(Green). Contributions for Open Access proceedings publica-
tion with SN (Gold) approved. 

M4.1 Structure for cost 
estimates and fund-
ing needs (S) 

1,2,3,4,5 17 Structured document in tabular form with initial cost estimates 
and investment profile available via collaborative Web tool.  

M5.2 Experimental phys-
ics goals captured 
(R) 

1,5 20 Experimental physics goals documented in form of presenta-
tions on Indico (Green). Contributions for Open Access pro-
ceedings publication with SN (Gold) approved. User commu-
nity survey on R&D topics, priorities and collaboration poten-
tials considering geographical distribution and topical comple-
mentarity launched. 

M5.3 Design report 
structure estab-
lished (C) 

1,2,3,4,5 24 Design report structure set up in the collaborative writing envi-
ronment. Section descriptions and production schedule availa-
ble in document and chapter editor e-group set up. 

M1.3 Progress reviewed 
during annual FCC 
Week meeting and 
conference (R) 

All 25 Agenda and draft minutes of board meetings available in docu-
ment management system. Work progress reviewed and aligned 
in the form of a workshop with presentations publicly available 
on Indico (Green). Contributions for Open Access proceedings 
publication with SN (Gold) approved. 

M5.4 Research pro-
gramme consoli-
dated (S) 

5 32 Draft of the physics research programme as collaborative effort 
of the engaged user community available in the form of presen-
tations on Indico (Green). Contributions for Open Access pro-
ceedings publication with SN (Gold) approved. 

M5.5 Tool support for 
collaborative pub-
lishing workflow 
available (C) 

All 33 Agreed and tested publishing process with SN, available for use 
with a collaborative writing tool. 

M1.4 Progress reviewed 
during annual FCC 
Week meeting and 
conference (R) 

All 37 Agenda and draft minutes of board meetings available in docu-
ment management system. Design report progress review and 
consolidation of contents in the form of a workshop with 
presentations on Indico (Green). Contributions for Open Access 
proceedings publication with SN (Gold) approved. 
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3.2.6 Effective project coordination meetings 
The following figure outlines the regular coordination meeting schedule facilitating coordination of the co-operating 
work packages. The schedule is set up in a way that permits members of different work packages to participate in 
meetings that require the engagement of several work packages. The Executive Board (EB) meets once per month 
on Friday to coordinate the work scope and contents. The Project Coordination (PC) also meets once per month to 
tackle project office and controlling related topics. The schedule will be adapted according to the project’s needs and 
the project handbook will include the up-to-date planning (D1.1). 

Week Monday Tuesday Wednesday Thursday Friday 

1 Collider 
design  Communications Physics Executive 

Board 

2 Injector 
design  Excavation 

materials  Project 
Coordination 

3 IR and MDI 
design  Territorial 

optimisation Experiments  

4 Booster 
design  Socio-economic 

impacts, funding   

Figure 24: Example project coordination meeting schedule (subject to adjustment according to evolving needs). 
3.2.7 Risks 
This section gives an overview of critical risks relating to the project implementation and the risks that objectives 
may not be achieved together with corresponding mitigation measures. The risks include references to linked objec-
tives so that the mitigation measures to limit the impacts on the project objectives are made explicit. 
Table 3.2b: Critical risks for implementation 
Description of risk 
(linked objectives) 

Affected 
WPs 

Mitigation measures 

Deliverables and milestones are 
delayed due to coordination in-
efficiencies and increased ad-
ministration (O1-O5). 

All 
WPs 

Separation of scientific/technical work and socio-economic/territorial 
project feasibility is built into the project organisation through separate 
coordinators and deputies. A full-time administrator with extensive EU 
project experience performs all monitoring and reporting with the fi-
nance and legal services coordinators, beneficiaries and with the WP 
and task leaders. An experienced project assistant with configuration 
management and technical documentation skills manages all technical 
documentation for the consortium. Regular meetings with video-con-
ferencing support at task, work package and consortium level with a 
Kanban organisation at project level, monitored by the coordinator en-
sure adequate communication throughout the project. An early bottom-
up warning scheme timely escalates potential delays and gives the pos-
sibility to act with the highest relevant expertise as quickly as possible 
(see section 3.2.1). 

The project deviates from the 
original goals (O1-O5). 

UK beneficiary experiences 
funding difficulties due to the 
Brexit process (O1, O4, O5). 

1,2,5 The UK government has guaranteed funding for all successful compet-
itive UK bids to Horizon 2020 that are submitted before UK leaves the 
EU, if there is a no-deal Brexit119. 

Estimated amount of personnel 
or skills not adequate for tasks 
(O1-O5). 

All 
WPs 

The beneficiary contributions are complementary, but in case of skills 
or personnel shortage or withdrawal of a key participant, the composi-
tion of the consortium permits re-allocation of funds to mitigate this 
risk. Should the issue persist, CERN will engage additional resources 
or contract a suitable supplier to complete the works. 

Unilateral withdrawal of a key 
participant (O1-O5). 
Unforeseen change of manage-
ment team during the project pe-
riod (O1-O5). 

All 
WPs 

All managerial positions have a deputy. In addition, work package 
leaders are instructed to coach and build up skills within their teams 
from the beginning that permit rapidly adapting to the situation by as-
signing managerial tasks to other team members. 

                                                   
119 https://www.gov.uk/guidance/horizon-2020-funding-after-brexit  
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Socio-urbanistic or environ-
mental constraints impede 
developing a workable particle 
collider design (O1, O2). 

2,3 The target performance goals of the particle collider are lowered and 
compensation actions for socio-urbanistic and environmental topics 
are developed together with French and Swiss partner authorities until 
an acceptable solution is found through a collaborative risk-manage-
ment process. The particle collider circumference is adjusted until a 
suitable layout and placement is identified and the implementation im-
pacts are documented. 

Experimental verification of 
beam optics not possible due to 
particle accelerator 
unavailability (O1). 

2 Facilities are made accessible to this study free-of-charge on a best ef-
fort basis by CERN, DESY, INFN and KIT. In case of unavailability, 
a subset of investigations can be carried out at the KARA light source. 
Further organisations such as BINP (Russia), ESRF (France), KEK 
(Japan) and SLAC (DOE lab in the US) may be contacted by the con-
sortium to plan alternative measurement campaigns. 

Creation of an experimental 
physics user community for con-
struction and operation periods 
progresses slowly or stalls 
(O2, O4). 

5 Project management asks the expert and relationship promoters and 
members of the international advisory committee to work with the par-
ticipants in charge of engaging a user community to analyse the rea-
sons and to formulate requirements according to which the functions, 
performance and organisation of the RI have to be adjusted. The find-
ings will be documented as input to the next European Strategy for 
Particle Physics Update process. 

Insufficient socio-economic im-
pacts identified or impacts can-
not be adequately quantified 
with sufficient level of 
confidence (O3, O5). 

4,5 A Technological Competence Leveraging120,121 project will be added 
in deliverable D4.4 to continue working for an RI design that is sus-
tainable after the project period. This method was successfully used in 
the CERN coordinated EASITrain H2020 project to address a similar 
issue. The technical/scientific parts are not affected. 

Stakeholder engagement 
ineffective (O2, O4). 

4,5 Identify, which of the three congruence elements (task, responsibility, 
expertise) are insufficient to effectively engage stakeholders. Engage 
power and process promoters to focus on those stakeholders for which 
the available resources fit. Document what is missing to engage the 
stakeholders who have not been reached. 

“Mining the Future FutureCC-BY-

ND” challenge does not result in 
excavation materials use-case 
with innovation potentials (O5). 

3 The reasons are published as part of the challenge results (D3.2). The 
award budget is re-invested in developing the excavation materials 
management plan (D3.4) to develop the conventional use cases in 
greater detail with a view to increasing efficiency. 

Publication workflow not avail-
able in time for the collaborative 
development of the main deliv-
erable (O1). 

All 
WPs 

Fall back to a manual workflow. Strengthen the office and editorial 
team to process changes and the publishing of a print-ready design re-
port using additional matching funds from CERN.  

 
  

                                                   
120 P. Keinz, P. and R. Prügl, “A user community-based approach to leveraging technological competences: An exploratory case 
study of a technology start-up from MIT”, Creativity and Innovation Management, 19(3), 269-289, 2010. 
121 E. Danneels, “The process of technological competence leveraging”, Strategic management journal, 28(5), 511-533, 2007. 
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3.3 Consortium as a whole 
3.3.1 Consortium description 

 
Figure 25: Map of beneficiaries and contribution of non-academic sector. 

The consortium in this project has deliberately been compiled to achieve a fine blend of different competencies in 
order to achieve complementary coverage of the topics that are requested in this call. It would not be possible to 
deliver a comparable level of quality with a smaller consortium. In a green-field project the size of the consortium 
could be considered a management risk, but in this specific case, all beneficiaries already have a record of past and 
currently active collaboration agreements with CERN. The risk list in section 3.2.6 includes a specific item on this 
topic. This project includes substantial matching resources and profits from committed involvement of partner or-
ganisations and therefore the consortium size corresponds well to the overall project budget outlined in section 3.4.1. 
Figure 26 shows how the beneficiaries collaborate to cover the work towards the project goals. All beneficiaries 
actively contribute to non-technical objectives 3, 4 and 5 which focus on sustainability, engagement and innovation. 
Organisations that are experts in the particle accelerator and physics domains carry out work for objectives 1 and 2, 
where technical scientific work prevails. Beneficiaries with socio-economic and engineering skills contribute or are 
informed so that they can efficiently carry out their tasks required to achieve the other objectives. 

 
Figure 26: Matrix, showing the collaboration of all beneficiaries to work towards the project goals. Grey marks 
indicate where organisations take lead roles. Organisations marked with * are non-academic beneficiaries. 
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3.3.2 Industrial and commercial involvement 
This project involves non-academic parties from a very early stage in order to pursue an “Open Innovation” model 
(see section 3.2.3). In this project SN analyses the benefits that are generated from scientific products and aims to 
develop an approach that leads to high-impact through scientific, technical and engineering publications during the 
next project phase. This work also includes the development of a workflow that shortens the gap between the tech-
nical writer and open publication through the use of collaborative, cloud-based authoring tools. TMFS, a leading 
producer of edutainment products is at the core of developing a communication strategy and plan for the new RI 
project. This work can lead to the development of new communication products after the project. It will include work 
to identify ways to engage citizens directly in the science of the project and to integrate all strata of society. Cerema 
is a non-academic, French public entity with the mission to accompany development projects, fostering innovation 
in the regions. Cerema acts as the link between research, industries and service providers that are needed to advance 
the development of the project and to help creating added economic value from the activity. There are many examples 
including for instance, engaging urbanists, architects, environmental engineering companies in the development of 
the infrastructure, integrating renewable energy sources, making use of waste heat and so on. Latitude Durable is a 
Swiss SME that coordinates the territorial development in the canton of Geneva (Switzerland). Through this project, 
the company will gain experience in large-scale projects and will be internationally exposed, helping the company 
to increase their role as a point of reference when it comes to consultancy for infrastructure projects. It will establish 
a network of companies and consultants that are needed in the subsequent project preparatory phase for developing 
individual segments such as environmental impact assessment, architectural and urbanistic planning of the surface 
sites, connection to the regional infrastructures. CSIL, the centre for industrial studies in Italy develops methods for 
the socio-economic analysis of this research infrastructure. The increase of their expertise in the area of large-scale 
and international projects and the creation of new data sets and tools will strengthen their competitiveness with re-
spect to other economic impact assessment companies. This type of consultancy is becoming ever more important, 
given that decisions call for precise risk forecasts in a competitive global economy and total cost-benefit analysis 
plays an ever more important role when it comes to considering the ecological footprint of investment projects. 
This project plans to develop plans for co-construction with industrial partners of a new research infrastructure. 
For this purpose, existing links with companies that are part of the CERN hosted FCC study will be strengthened and 
links with new companies will be created through dedicated industry sessions during the annual meetings. Activities 
in the Big Science Forum, information to the Industrial Liaison Officers at CERN and to key project members will 
raise the awareness among a wide range of industrial and commercial organisations of the opportunities that this 
project creates. 
3.3.3 Partner organisations including other countries and companies 

 
Figure 27: Partner organisations participating in this project (3 government agencies, 2 academic institutes). 
Russia’s participation with BINP as a partner in the particle collider design is ensured through a separate funding 
line. This institute is considered a key participant, with more than 50 years of expertise in e+e- particle colliders and 
its very recent design of a Super Charm Tau factory122, another high-luminosity particle collider using the crab-waist 
collision scheme. BINP has participated in the Cremlin123 project (Connecting Russian and European Measures for 
Large-scale Research Infrastructures) WP 7 on exploiting complementarities in the area of high-luminosity lepton 
particle accelerators. BINPs participation as partner is a direct result of this activity. BINP participates through beam-
beam simulations and parameter optimisation, contributes to the interaction region design, works on precise energy 
calibration based on resonant depolarisation and Compton backscattering and brings in their experience in particle 
accelerator subsystem design. 

                                                   
122 Web site of the Super c-tau factory project at BINP, https://ctd.inp.nsk.su/c-tau/  
123 H2020 Cremlin project, GA 654166, see http://www.cremlin.eu  
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The United States of America participates as a partner with the Department of Energy Office of Science, a gov-
ernment body that coordinates fundamental research and high-tech innovation activities and that operates several 
national research laboratories. This organisation will take a leading role in building the science strategy, facilitating 
the engagement of the nation’s physics researcher community in the development of the research programme at the 
future lepton collider and embedding such a programme in the national landscape of research facilities and priorities 
in cooperation with the National Science Foundation (NSF). This activity is accompanied by the identification of 
potentials for leading and participating in activities to conceive plans for experiment detectors that a new particle 
collider research infrastructure can host. The office will be active in the studies to identify regional impact generation 
through participation in a collider project and in experiment detector projects. This includes the creation of links with 
potential industrial partners of all sizes, high-tech development poles that cover project relevant topics beyond par-
ticle accelerators and detectors and the involvement in citizen engagement strategies and plan developments. 

The regional delegation for research and technology (DRRT) represents the French Ministry for Research and 
Innovation in the region. It actively participates in the optimisation of the research infrastructure layout and place-
ment by contributing with a rich set of territorial development and planning documents as well as with experts that 
have access to the detailed geographical and urbanistic information systems of the region. The office also operates 
the region’s open data infrastructure, which provides valuable information for the management of excavated materi-
als for generating socio-economic impacts and to implement a circular economy. The office will also coordinate the 
government institutions in the region in the fields of higher education, research and innovation for complementary 
expertise as needed. 

The Swiss canton of Geneva (Republique et canton de Genève, EdG) will participate in working groups to further 
develop the administrative processes and schedule for the preparation of a research infrastructure construction project 
starting before the end of the next decade. It will contribute with experts and access to territorial development and 
planning documents as well as with the existing geographical and urbanistic information systems. The geology, 
ground and waste service of the cantonal environment office will also participate in the development of the excava-
tion materials management plan. 

The University of Oxford in the UK (UOXF) physics department in the UK will participate as partner. Scientifi-
cally, the university will contribute to the development of the feedback system to keep the beams at the interaction 
points precisely aligned during collisions. UOXF will also work with the consortium to enthuse other scientists about 
the project, to raise an awareness for the engineering challenges and the exciting science that this new research 
infrastructure will be able to deliver. In this activity, UOXF will participate in the identification of in-kind contribu-
tions to the project with a focus to best match the UKs expertise and with the aim to create regional economic impacts. 

Writelatex Limited operating as Overleaf is a company that builds and operates collaborative authoring tools to 
increase the effectiveness of delivering scientific dissemination products. The company will participate as a partner 
in this project to work with SN and CERN to conceive a workflow spanning the entire lifecycle from writing to 
publishing of scientific articles, collection of articles and books. The goal of this process is to create an innovation 
in the field of scientific dissemination. This project presents the motivation and first proof-of-concept case. 
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3.4 Resources to be committed 
3.4.1 Budget overview 
The estimated overall budget for this project is 8.59 M€ out of which 2.99 M€ are EC funding and 5.60 M€ are 
matching resources. Management costs are budgeted at 3% of the requested EC contribution. 
The budget estimate follows the H2020 financial rules, including personnel costs based on average gross monthly 
salary costs, travel, material and other direct costs, and a fixed overhead of 25%. Tables 3.4a and 3.4b present the 
expected resources required per Work Package (WP) for the duration of the project, including person-months (PM), 
the total WP budgets and the requested EC contribution. PM estimates assume that the allocated persons exploit 
potential synergies with other projects and research activities and also apply the results obtained by this project for 
other projects within their organisations. CERN is not requesting any EC funding and therefore these person months 
will not be reported (see also Table 3.4a). 
Table 3.4a: Summary of total staff efforts budgeted in the total costs of the project. Person-months corresponding to 
the matching funds especially the numbers for CERN indicated in brackets will not be reported to the EC at the time 
of financial reporting. 

# Short name WP 1 WP 2 WP 3 WP 4 WP 5 Total PM per Participant 
1 CERN (60) (84) (96) (60) (12) (312) 
2 CEA 2 48 0 0 0 50 
3 Cerema 2 0 21 3 0 26 
4 CETU 2 0 24 2 0 28 
5 CNRS 2 20 0 22 4 48 
6 CSIL 2 0 0 26 0 28 
7 DESY 2 108 0 0 0 110 
8 IFJPAN 1 4 0 0 29 34 
9 INFN 2 86 0 0 0 88 
10 KIT 1 33 0 0 0 34 
11 LD 1 0 18 0 0 19 
12 MUL 2 0 21 0 1 24 
13 SN 1 0 0 6 12 19 
14 TMFS 1 0 0 0 18 19 
15 ULIV 1 0 0 0 11 12 
16 USC 1 0 0 30 0 31 

Total PM 83 383 180 149 87 882 
 
Table 3.4b provides an overview of the estimated total effort and cost items per WP according to the H2020 finance 
rules including matching funds together with requested EC contribution. 
Table 3.4b: Estimated effort and costs per work package (WP) including matching funds. 

WP 
Effort 
(PM) 

Personnel 
costs (€) 

Equipment and 
other direct costs (€) 

Indirect 
costs (€) 

Total 
costs (€) 

Requested EC 
contribution (€) 

1 83 498 768.00 640 000.00 284 692.00 1 423 460.00 97 614.00 
2 383 1 966 744.00 103 750.00 517 624.00 2 588 118.00 1 283 525.00 
3 180 1 347 482.00 264 000.00 402 871.00 2 014 353.00 619 640.00 
4 149 816 888.00 171 752.00 247 160.00 1 235 800.00 463 647.00 
5 87 510 402.00 557 900.00 267 076.00 1 335 378.00 535 425.00 

Totals 882 5 140 284.00 1 737 402.00 1 719 423.00 8 597 109.00 2 999 851.00 

Direct costs make up 6.87 M€ (sum of personnel costs, travel, equipment, goods and services and events) and 
1.72 M€ are indirect costs (25% of H2020 fixed overheads). Other direct costs making up the 1.74 M€ are mainly 
allocated for the organisation of workshops, conferences, consultancy services and contracts for impact studies, pro-
duction and publishing of proceedings and the design report volumes, communication services and travel costs. Apart 
from Cerema, IFJPAN, LD, SN, TMFS for whom a 100% funding rate applies in this project, other direct costs are 
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covered by matching funds. In addition, the particle accelerator facilities for the experimental verification of the 
beam optics at DESY, INFN and KIT are made available for the project free of charge by the respective organisations. 
Much work builds on top of research and development that has been and are carried out in the frame of other EU and 
nationally funded projects (see also section 1.3.4), thus avoiding duplication of effort and funding. For the technical 
and scientific activities in this project, the EC funding contribution will be used to hire early stage researchers and 
engineers. Consequently, this project will also directly generate socio-economic impact through training in a highly 
international and intersectoral activity. An adequate number of senior staff members with long-term experience in 
the relevant topics is planned by all beneficiaries to ensure that the project can be successfully carried out and to 
effectively coach the new personnel. 
3.4.2 Budget distribution 
Table 3.4c below shows the resources that the individual beneficiaries commit, highlighting the matching resources 
made available in this project. 52% of the total costs are committed by CERN (4.43 M€), 48% by the European 
members (4.16 M€) of the consortium. The EC contribution (2.99 M€) to the total costs represents 35%. Contri-
butions from French, Russian, Swiss, UK and US partners are not explicitly quantified. Their participation is, how-
ever, crucial to ensure that the development of the research infrastructure is progressing in line with the territorial 
boundary conditions and to reliably develop opportunities for regional benefits. With an ever-growing number of 
users at CERN124, now 1 150, the US is considered a key contributor in developing and operating the particle exper-
iments at the collider, therefore representing an essential ingredient to ensure the long-term sustainability of such a 
facility. Russia is considered a reliable and stable partner with more than 1 100 users today at CERN. 
In case of BREXIT without agreement between the EU and the UK, the funding of ULIV is assured by the UK 
government.  
CERN supplies key services free-of-charge to the consortium that include, but are not limited to, general office 
administration. 
Table 3.4c: Overview of total costs per beneficiary including matching funds and EC requested contribution. 

# 
Short 
Name 

Personnel 
costs (€) 

Other direct 
costs (€) 

Total direct 
costs (€) 

Indirect 
costs (€) 

Total 
costs (€) 

Requested EC 
contribution (€) 

1 CERN 2 271 312.00 1 277 500.00 3 548 812.00  887 203.00 4 436 015.00 0   
2 CEA  213 878.00  17 250.00  231 128.00  57 782.00  288 910.00  188 910.00 
3 Cerema  231 478.00  20 250.00  251 728.00  62 932.00  314 660.00  314 660.00 
4 CETU  155 904.00  10 500.00  166 404.00  41 601.00  208 005.00  108 005.00 
5 CNRS  299 562.00  75 000.00  374 562.00  93 641.00  468 203.00  302 265.00 
6 CSIL  164 360.00  93 000.00  257 360.00  64 340.00  321 700.00  197 695.00 
7 DESY  486 256.00  37 500.00  523 756.00  130 939.00  654 695.00  474 695.00 
8 IFJPAN  98 800.00  12 700.00  111 500.00  27 875.00  139 375.00  139 375.00 
9 INFN  274 874.00  33 750.00  308 624.00  77 156.00  385 780.00  285 780.00 

10 KIT  211 830.00  11 250.00  223 080.00  55 770.00  278 850.00  178 850.00 
11 LD  132 730.00  8 250.00  140 980.00  35 245.00  176 225.00  176 225.00 
12 MUL  123 448.00  37 500.00  160 948.00  40 237.00  201 185.00  101 185.00 
13 SN  139 728.00  12 000.00  151 728.00  37 932.00  189 660.00  189 660.00 
14 TMFS  148 028.00  15 200.00  163 228.00  40 807.00  204 035.00  204 035.00 
15 ULIV  69 768.00  72 000.00  141 768.00  35 442.00  177 210.00  85 910.00 
16 USC  118 328.00  3 752.00  122 080.00  30 520.00  152 600.00  52 600.00 

Total 5 140 284.00 1 737 402.00 6 877 686.00 1 719 422.00 8 597 108.00 2 999 850.00 
 
  

                                                   
124 CERN Personnel Statistics 2018, March 2019, see https://cds.cern.ch/record/2677223  
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3.4.3 Eligible costs for reimbursement 
The rules for participation in H2020 stipulate that the funding rate for R&I actions is in principle 100%, although it 
may be possible for individual participants to request a lower funding rate. In order to comply with this principle and 
to simplify the financial reporting for the beneficiaries to the EC and in case of audits, in Annex 2 of the Grant 
Agreement (Estimated budget for the action), the consortium presents a reduced budget, which corresponds to the 
EC contribution of each beneficiary (see Table 3.4d). CERN does not request any EC contribution and only includes 
its personnel costs. Therefore, the estimated budget in Annex 2 for the beneficiaries requesting EC contribution 
will be 2.99 M€. The difference between the full costs of the project and the EC requested contribution are matching 
funds, which will be followed project-internally by the project management. These matching funds will not be de-
clared to the EC at the time of the financial reporting. Detailed quantification of the French, Russian, Swiss, UK and 
US partners are not included. They are estimated to represent a contribution of about 150 person-months. 
Table 3.4d: Overview of the project budget based on eligible costs by beneficiary for Annex 2 of the Grant Agreement. 

# 
Short 
Name Country 

Personnel 
costs (€) 

Other direct 
costs (€) 

Indirect 
costs (€) 

Total estimated 
costs (€) 

Requested EC 
contribution (€) 

1 CERN IEIO 0.00 0.00    0.00 0.00 0.00 
2 CEA FR  151 128.00 0.00    37 782.00  188 910.00  188 910.00 
3 Cerema FR  231 478.00  20 250.00  62 932.00  314 660.00  314 660.00 
4 CETU FR  86 404.00 0.00    21 601.00  108 005.00  108 005.00 
5 CNRS FR  241 812.00 0.00    60 453.00  302 265.00  302 265.00 
6 CSIL IT  158 156.00 0.00    39 539.00  197 695.00  197 695.00 
7 DESY DE  379 756.00 0.00    94 939.00  474 695.00  474 695.00 
8 IFJPAN PL  98 800.00  12 700.00  27 875.00  139 375.00  139 375.00 
9 INFN IT  228 624.00 0.00    57 156.00  285 780.00  285 780.00 

10 KIT DE  143 080.00 0.00    35 770.00  178 850.00  178 850.00 
11 LD CH  132 730.00  8 250.00  35 245.00  176 225.00  176 225.00 
12 MUL AT  80 948.00 0.00    20 237.00  101 185.00  101 185.00 
13 SN NL  139 728.00  12 000.00  37 932.00  189 660.00  189 660.00 
14 TMFS AT  148 028.00  15 200.00  40 807.00  204 035.00  204 035.00 
15 ULIV UK  68 728.00 0.00    17 182.00  85 910.00  85 910.00 
16 USC ES  42 080.00 0.00    10 520.00  52 600.00  52 600.00 

Total 2 331 480.00 68 400.00 599 970.00 2 999 850.00 2 999 850.00 
 
3.4.4 Explanation for the CERN matching funds for other direct costs 
Table 3.4e indicates the budget for other direct costs that CERN allocates in this project, but for which no EC con-
tribution is requested. This budget is not reported in the table in section 3 of the proposal administrative forms. 
Table 3.4e: CERN’s other direct cost items excl. overheads. No EC contribution is requested for these costs and they 
are not reported in section 3 of the proposal administrative forms. 
1/CERN Cost (€) Justification 
Other goods 
and services 

640 000.00 

Organisation of the kick off meeting and annual international conferences with typi-
cally 500 participants. These events feature plenary meetings, parallel tracks, advi-
sory meetings, industry workshops and keynotes from policy makers. Co-funding 
helps to keep the registration fees low to attract a large number of scientists and en-
gineers, in particular early stage researchers with limited budgets. 

187 500.00 Contracts for environment and urbanistic studies. 
75 000.00 Contracts for socio-economic data gathering, software and databases, consultancy. 

112 500.00 Contracts for production, editing and publishing of proceedings and CDR. 
112 500.00 Contracts for design, creation and maintenance of Web and on-line contents. 
150 000.00 Graphic design, project-related communication products and engagement activities. 

Total 1 277 500.00  
 
 


