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Terms and Abbreviations 

ab
-1

 Integrated luminosity in terms of inverse attobarn. A measure for the density of particle collisions 

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. 

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.  

EE Environmental Evaluation including the process of environmental impact analysis 

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 

establishment and operation of research infrastructures with European interest. 

ESFRI European Strategy Forum on Research Infrastructures 

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 

IEIO International European Interest Organisation e.g. CERN and members of the EIROForum 

ILO Industrial Liaison Officer 
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Innovation Production, 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. 

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. 

Mining the 

Future
®
 

An EUIPO registered (filing number 1041151) innovation challenge competition. Licence and 

conditions for use of the concept are available in https://doi.org/10.5281/zenodo.3734914. 

Origin of 

Everything
®
 

An EUIPO registered trademark (filing number 018142053). Licence and conditions for use of the 

concept are available in https://doi.org/10.5281/zenodo.3741790. 

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, 

regulatory, 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 
explains everything about the subatomic world 

… except for the parts that it doesn't1. 

Therefore, understanding the “Origin of 

Everything
®
”

2
, of matter, energy and the inner 

working of the universe is a “science mission” 

for the 21
st
 century3,4,5. The starting point is to 

measure the properties of the Higgs boson, 
specifically 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 

environment 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, circular underground 

and surface infrastructure to host this facility 
will serve a world-wide research community 

until the end of the century. It will be designed 

to house an energy frontier particle collider 
that can extend the direct discovery reach by about one order of magnitude to the 100 TeV range after an operation 

phase of fifteen years. 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 performance 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 EUIPO registered EUTM, filing number 018142053 by J. Gutleber, available to this project 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 directly 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 5·10
12

 Z bosons, 10
8
 W pairs, 10

6
 

Higgs bosons and 10
6
 top quark pairs. The FCC-ee (Future Circular Collider electron-positron) offers 

unprecedented 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 period of 15 years, 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 

observation. In this context, the European Strategy for Particle Physics preparatory group recommended a 

decisive 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 

luminosities (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 

production (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 

following, 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 
requirements, cost, impact potentials are analysed and integrated in an overall research infrastructure (RI) design. 

Examples for machine performance requirements include the achievement of the integrated luminosity goals at 

the different 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 positions. 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 

project-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  preparat ion and administ rat ive processes

Infrast ructure const ruct ion

FCC-ee accelerator and detector R&D

FCC-ee const ruct ion & installat ion

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

FCC IS Concept  and design study

Operation

FCC-hh project  preparat ion

FCC-ee dismant ling, infrast ructure adaptat ions

FCC-hh accelerator and detectors R&D

FCC-hh const ruct ion & installat ion

Magnets R&D, prototypes, series product ion

Superconduct ing 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 

luminosity 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 

estimates, 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 

accelerators made available by CERN, DESY, INFN, KIT, BINP, KEK. 

Layout and placement of the infrastructure optimised as result of 

implementing 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 

infrastructure that delivers long-term service for a worldwide science 

community. 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 

detector projects ensure that the scientific user community exploits the 

facility from the start and defines the research services at international level. 
The collaboration 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-

private 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 

preparatory phase through information meetings, the delivery of a project 
scenario briefing book and the creation of a high-level advisory committee 

concerning 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 
contribute with innovation capabilities to technological leadership and how it 

can address specific societal challenges such as connecting economic and 

environmental 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 

impacts 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 

https://www.ecologique-solidaire.gouv.fr/sites/default/files/Théma%20-%20Guide%20d’aide%20à%20la%20définition%20des%20mesures%20ERC.pdf
https://www.ecologique-solidaire.gouv.fr/sites/default/files/Théma%20-%20Guide%20d’aide%20à%20la%20définition%20des%20mesures%20ERC.pdf
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 

fundamental physics11. A core group consisting of CEA, CERN, CNRS, DESY, KIT, INFN, ULIV and partners 

BINP, KEK and UOXF will design a machine that is optimised for the scientific user community and for long-

term sustainability (socio-urbanistic and environmental requirements, cost/benefit effectiveness, operational 

resource efficiency). 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, 

DANE at INFN, VEPP-4M at BINP, SuperKEKB at KEK, 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 engineering project consisting of underground structures and surface sites. 

This activity integrates data from different 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 emphasis 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 stakeholders from different societal groups that lead to win-win 
situations amongst science that wishes to engage, governments 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; community 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 integrated accompaniment to the construction; as well as 

exploiting the existing LHC infrastructures when not in use. 

CERN, CNRS, IFJPAN, ULIV and partners BINP, DOE and KEK 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 agencies about the relevance of this plan for Europe and the opportunities for organisations world-

wide to contribute to its creation (O4). This includes for instance, the development of co-construction scenarios 

with industrial 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 

actions 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 Future®”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 EUIPO registered EUTM, filing number 1041152 by J. Gutleber, available to this project for non-commercial use. 

http://fcc-cdr.web.cern.ch/
https://ri-paths.eu/
http://www.eiburs.unimi.it/
http://cds.cern.ch/record/2319300
http://www.higgshunters.com/
https://arxiv.org/pdf/1610.02214.pdf
https://bsbf2018.org/
https://www.eiroforum.org/


Future Circular Collider Innovation Study  V 8.0 (2021-07-12) 

GA 951754 FCCIS - Part B Page 11 of 100 

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 leadership, 

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 

facilities 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 
forecasts of Standard Model theoretical physics computations. This is the key research challenge that the new 

infrastructure will cover and which no other facility can address in a satisfactory way today. Experimental research 

at 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 
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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 

environmental 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 

concept, 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 

(Germany) 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), 

superconducting 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®”. 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 
experiments that the user community will conceive. The definition of the physics research programme and the 

presentation 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 

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. 

 

 
20 Zenodo is a CERN developed, hosted and operated catch-all repository for EC funded research, see https://about.zenodo.org  

https://about.zenodo.org/
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Conceptual work: 

[…] coherently integrate the new infrastructure into the European landscape […] with balanced territorial 

development. […] 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 

experimental 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 sustained 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 

infrastructures, 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 

organisational 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 

performance 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  

http://usersoffice.web.cern.ch/annual-statistics
https://greybook.cern.ch/greybook/researchProgram/detail?id=LHC
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 

observables, 10-fold more precise and 

model-independent Higgs couplings and 
high-statistics samples (5 x 1012 Z, 108 WW, 

106 HZ and 106 top pairs) to look far beyond 

precision electroweak and Higgs 
measurements, These technologies have 

been shown to work and will be combined in 

a novel particle collider: a double ring 
accelerator in a new 100 km long circular 

underground infrastructure with multiple 

experimental insertion regions will generate 

unprecedented luminosities in an energy 

efficient way. At higher energies, magnet 

“tapering”24 will compensate for the local 

beam energy differences and restore the 
ideal beam optics. Continuous top-up 

injection, from a full energy booster ring 

installed next to the collider, will lead to 

stable operation and maximum integrated 

luminosity. The availability 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 synchrotron 

radiation. Small emittances and low beta 
functions at multiple interaction points will 

lead to so far unreached luminosities. 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) and SuperKEKB (KEK) 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 colliders
25

. 

 
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  

Figure 5: Boundary (red polygon) for the study of a  
100 km long particle-collider in the Geneva area. The image shows an example 
FCC scenario (97.75 km long) and the existing Large Hadron Collider (blue) for 
comparison. 

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 
process. 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-

nationale.fr/video.8128431_5d8228854a561.1ere-seance--creation-du-centre-national-de-la-musique-cmp--competence-

judiciaire-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  

https://www.debatpublic.fr/
http://videos.assemblee-nationale.fr/video.8128431_5d8228854a561.1ere-seance--creation-du-centre-national-de-la-musique-cmp--competence-judiciaire-dans-les-comm-18-septembre-2019?timecode=13959000
http://videos.assemblee-nationale.fr/video.8128431_5d8228854a561.1ere-seance--creation-du-centre-national-de-la-musique-cmp--competence-judiciaire-dans-les-comm-18-septembre-2019?timecode=13959000
http://videos.assemblee-nationale.fr/video.8128431_5d8228854a561.1ere-seance--creation-du-centre-national-de-la-musique-cmp--competence-judiciaire-dans-les-comm-18-septembre-2019?timecode=13959000
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 amount 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 France
38

 

and 74% of those in Switzerland would support the decade-

spanning construction and 25 years operation of a new 

particle accelerator to perform research on phenomena that 

today’s physics model of Nature cannot explain. The per capita 

“Willingness To Pay” (WTP) value for such a project was 

determined using a bidding scheme process. The result was that 

taxpayers 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 contribution 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, 
however, 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 

demonstrated 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), VEPP-4M (BINP) and at SuperKEKB (KEK). However, a design 

with performance and efficiency 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/persoenlicher-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 willingness to pay for a new 

particle collider per person (“worth”). 

https://en.wikipedia.org/wiki/List_of_countries_by_research_and_development_spending
http://www.srf.ch/news/schweiz/persoenlicher-steuerrechner-wofuer-zahle-ich-steuern
https://srfdata.github.io/2019-02-steuern/
https://srfdata.github.io/2019-02-steuern/
https://www.aquoiserventmesimpots.gouv.fr/
http://cds.cern.ch/record/2635861
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Figure 8: Positioning of key elements in the FCCIS project on the Technology Readiness Levels scale39 (1: Formulate 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 

territorial 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, 

conferences, 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 study
40

 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 EuroCirCol
41

 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 

EuroCirCol 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 CHART
44

 (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 ESCAPE
45

 (European Science Cluster of Astronomy & Particle physics ESFRI research infrastructures) 

project 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 DRAGON
46

 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 RICAS2020
47

 study for storing energy using un-used underground structures and excavated materials 

addresses the climate change challenge with innovation in subsurface engineering. The project, coordinated by 

beneficiary 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 Thermodrill
48

 (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 

drilling 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. 

EASITrain
49

 (H2020 MSCA European Advanced Superconductivity and Innovation Training) focuses on 

advancing superconductivity, cryogenic refrigeration technologies and high-quality manufacturing of 

geometrically complex superconducting components with industrial partners. 

Link: Advances in superconducting thin-film radiofrequency cavities towards the cost-effective production of 

acceleration systems that can meet the FCC-ee performance requirements. 

 
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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The ARIES
50

 H2020 project develops European particle accelerator technologies and explores societal and 

economic 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 ILC
51

 (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 

constructed 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 CLIC
52

 (Compact Linear Collider) study focuses on a linear lepton collider with a single 
interaction 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 
complementary 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 

collaboration 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 CepC
53

 (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 

advance 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-Paths
54

 (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 

showcases 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 
benefits. Use of the methods developed collaboratively by CERN and CSIL in this project together with other 

participants to perform the FCC-ee impact study and to make it publicly available as a blueprint for other RIs. 

The ACCELERATE
55

 (H2020 EC co-funded project) project focuses on the development of legal and 

administrative 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. 

 
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  
55 H2020 Grant Agreement number 731112, http://www.accelerate2020.eu  
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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 
employment models, in-kind contributions and audit concepts, managerial competences of staff, commercial 

access procedures, training of early stage researchers and company personnel. 

The DAΦNE
56

 (Double Annular Φ Factory for Nice Experiments) particle collider pioneered the 

implementation of a novel collision scheme, called the “crab-waist”
 57

 to focus high-intensity bunches using 

nonlinear electromagnetic 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 JENNIFER2
58

 (Japan and Europe Network for Neutrino and Intensity Frontier Experimental 

Research) 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 

development 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 
demonstration systems59. It has been conceived for the demonstration of carbon capture and storage and innovative 

renewable 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. 

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 

 
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  

http://www.lnf.infn.it/edu/materiale/Dafne_eng.pdf
http://da.lnf.infn.it/projects/dafne/crab-waist/
https://cordis.europa.eu/project/rcn/218273
https://setis.ec.europa.eu/NER300
https://infoscience.epfl.ch/record/180231/files/EPFL_TH5430.pdf
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particle-collider based research infrastructure forward to a project scenario, sufficiently mature to permit 

policy 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 

working 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 
standard 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. 

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 

assessment, 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 

 
63 https://fcc-cdr.web.cern.ch 
64 M. Florio et al., “Exploring Cost-Benefit Analysis of Research, Development and Innovation Infrastructures : An 

Evaluation Framework”, EIBURS Working Paper 01/2016, https://www.csilmilano.com/docs/WP2016_01.pdf 
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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 

previous 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 

research infrastructure project reveals the net added 
value that the research infrastructure generates for 

students (Figure 11). The total net benefit can be 

forecast with an estimate for a time-profile of 
students involved 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 infrastructure 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 

determining 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 

technical 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 

policy makers and funding agencies through informal meetings concludes this phase. This activity provides 
feedback 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. 
Meetings with agenda and minutes take place at different consortium member locations, supported by a Web based 

 
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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Figure 11: Example for median annual earnings by age and education 
that will be parameterised with results from ongoing statistical surveys 
to forecast the socio-economic benefits of training in a research 
infrastructure project. 
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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 

communication 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 

communication 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 

balanced 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 

http://information-technology.web.cern.ch/services/fe/indico
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 
properties 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 
fundamental physics science, through particle accelerator technologies and eco-design of public infrastructure 

projects 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 engineering community to address this science challenge with regional 
development opportunities in all participating nations 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. 

Specifically, 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”. 

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 
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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 

elucidation 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 
infrastructure 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 

particle 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 

efficiency 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 
university is observing “caustics” (the envelope of 

light rays reflected or refracted by a curved object) to 

understand the behaviour of colliding particle beams 
and to develop novel algorithms to control them. She 

will lead the experimental verification of the particle 

collider’s performance enabling mechanisms at 
various particle accelerators worldwide. It is likely 

that her research will lead to a better understanding of 

physical phenomena in our daily lives.  

 

  

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

European Spallation Source (ESS), the International Thermonuclear Experimental Reactor (ITER) and the Square 
Kilometre 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 

sustainability 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-

enabling 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 resources 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 
infrastructure leads inevitably to a catalogue of 

innovation proposals with societal and economic 

added value potentials. The activity leads also to an 

advancement 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 

https://ec.europa.eu/energy/sites/ener/files/impact_of_the_iter_activities_in_the_eu-trinomics.pdf
http://fccweek2019.web.cern.ch/economic-session.htm
https://www.esfri.eu/sites/default/files/u4/ESFRI_Roadmap_2018_Proposal_Submission_Questionnaire_Public.pdf
https://ec.europa.eu/research/infrastructures/pdf/esfri/publications/esfri_scripta_vol2.pdf
https://www.eib.org/attachments/thematic/economic_appraisal_of_investment_projects_en.pdf
file:///C:/Users/john/H2020/,%20http:/www.oecd.org/sti/inno/CERN-case-studies.pdf
https://cds.cern.ch/record/2319300
https://cds.cern.ch/record/156911
https://ec.europa.eu/regional_policy/sources/docgener/studies/pdf/cba_guide.pdf
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has been made in understanding the quantitative economic impacts of fundamental research activities80,81. 

Traditional 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 

potentials 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® 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® 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  

https://cds.cern.ch/record/2635876
https://europa.eu/rapid/press-release_MEMO-14-450_en.htm
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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 

Everything
®
” in greater detail. This infrastructure will function as an attractor of 

the brightest minds, re-confirming Europe’s leadership in science and expanding 
Europe’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 

innovation potentials that emerge from a broad spectrum of activities related to the 
research 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 

organisational 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, 
nanotechnologies 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 

innovation chain of other particle accelerators. 

3 Mining the Future® 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 
engineering studies for 

a 100 km long 

underground 

infrastructure 

Cost-effective, smart tunnel inner lining and on-line characterisation of 
excavated 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 

benefit 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 
environmental impact 

assessment 

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  

http://www.esrf.eu/Apache_files/Upgrade/ESRF-orange-book.pdf
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3 Collider territorial 

layout and placement 

optimisation 

The implemented and documented method for the optimisation and risk 

management process can be used by projects with similar requirements. 

4 Socio-economic 

impact 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 

competitivity will be rooted in the strong inter-sectoral competencies and the 
experience 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 

support 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 

region (France) through the CNRS LAPP research centre, modernised 

electricity, telecommunications and transport networks, new cultural activities 
and opportunities for high-quality tourism around CERN and for the FCC sites, 

the development 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 technical 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 

handling 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 

geographically 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 

Service) 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 
societal, 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. 

Concepts will be documented that range from novel visualisation of physics 

processes through information and entertainment apps for mobile devices, 
travelling exhibitions and roadshows, documentaries and interactive 

TV/Internet experiences. Once openly published, the concepts can be further 

developed with different media producers and some of them may be further 

developed into revenue 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-

releases/springer-nature-becomes-largest-publisher-to-open-up-all-referen/12127658). 

https://blog.reedsy.com/largest-book-publishers/
https://group.springernature.com/it/group/media/press-releases/springer-nature-becomes-largest-publisher-to-open-up-all-referen/12127658
https://group.springernature.com/it/group/media/press-releases/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 

interested non-member states) and policy bodies (ECFA, 
ESFRI, STOA, RISE, Group of Chief Scientific 

Advisors, GSO, EIC) about the research, education and 

innovation capabilities, the development plans, the 

funding needs and about the quantitative socio-economic 
impact potentials of a new, particle-collider based 

research infrastructure of global interest. The 

technical work will create the development capacity, 
will demonstrate the effectiveness of the scientific 

programme and be evidence for the attractiveness of 

the ERA as the best place to implement such an 
infrastructure. It includes work to optimise the 

environmental compatibility, energy and resource 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® competition 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 administrative 

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, territorial 

optimisation of the project together with impact analysis on the EOSC. This project drives international 

cooperation 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 
Switzerland) 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 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 

 
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. 

http://cern.ch/join-fcc
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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, 

Overleaf 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 

committee 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 (D5.2) and the implementation, financing and in-kind 

contribution strategy (D4.4). The project will also inform about the benefits that this new research infrastructure 
can generate (D4.2) and how it will strengthen the development capacity, effectiveness and attractiveness of 

the ERA (D4.3). 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 design report (D5.6) give the policy bodies, notably the 

European Strategy for Particle Physics process, ECFA 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 

experimental 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 

organisations 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 

(D5.3, D5.5). The project has the potential to attract members from a world-wide community of more than 10 000 
physicists90 and many more technology and engineering experts to design, build and operate the research 

infrastructure.  

The 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 
companies 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 engineering to improve the particle accelerator efficiency; energy efficient cryogenics; waste-heat 

 
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 

Economics, 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 

http://www.swissshrimp.ch/
https://arxiv.org/pdf/1603.03654.pdf
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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 communications 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 

commercial 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 

construction 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 control of the environmental impacts (D3.1). 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, D3.3) 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 

stakeholders in the decision-making process, 
according to their powers and interests. This 

includes raising awareness, sharing of 

information, joint activities and transparency in 

the decision-making 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 stakeholder 
management aims to enhance the sustainability 

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 

unfolds in three directions: 1) build awareness 

among stakeholders for the project objectives and 
expected results, 2) build up capacity by actively 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 

international 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 scientists worldwide 

and with impact potentials for 

society and economy. 

Scientists, 

engineers, 

technology 
companies, funding 

agencies, members 

of strategy 
development 

bodies, policy 

makers and lay 

people. 

Develop a strategy (D5.1) and plan (D5.4) to 

communicate in simple terms a science mission to 

explore the “Origins of everything” to as wide an 
audience 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 

public authorities (D5.2), policy making bodies 
(D1.3), academic institutions (D5.5, D5.6), 

companies and individuals in the design and the 

construction preparatory steps through working 

meetings and face-to-face-meetings. 

Build up capacities and 

consensus-based support in 

scientific, technological, 

financial, organisational and 

administrative communities that 
are needed for the following 

phase towards construction. 

Executive 
management of 

universities and 

research centres, 

leading theoretical 
and experimental 

physicists, particle 

accelerator 
scientists, 

Disseminate FCCIS physics workshop and 
conference proceedings (M5.1, M5.3, M5.5) 

through internationally recognised publishing 

channels in cooperation with Springer Nature. 

Disseminate drafts of physics research 

programme and technology R&D roadmaps 

through workshops (D5.5, D5.6). 

Enlarge the future circular collider study 

community by defining focused R&D projects 

Figure 15: Stakeholder management model for the project. 
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technology research 

programme 
managers, 

executive 

management of 

companies. 

(D1.3, M3.1, D3.2, D3.4, D4.2, D4.3, D4.4, D5.4, 

D5.6) 

Turn best-effort driven activities into 

commitments through the creation of a 

governance structure and process for accelerator 

and experiment / detector proto-collaborations 

(D5.3, D4.4). 

Exploit the results of this 

project to trigger the 

immediate next steps towards 

construction.  

Science strategy 

makers and 
consultants, 

funding agencies, 

authorities of the 
host states at all 

levels. 

Inform about the conditions for the feasibility 

(D5.2), the regional benefit and territorial 

development opportunities (D4.3), the scientific 

and socio-economic impact potentials (D4.2) 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 (D5.2) 

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. 

Performance 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, M5.3, M5.5, 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 

define collaborative experiment and detector projects at the collider and to advance the associated R&D&I 

programmes. Theoretical and experimental particle physicists will define targeted follow-up research 

programmes and develop new computational software tools. Researchers can significantly increase their 
publication portfolio with high-impact articles and proceedings that will be produced on the way to the 

deliverables. 

Results Organisational framework for collaborative work (D5.3) 

Users Particle physics and particle accelerator communities 

Uptake of the results: Foundation for setting up proto-collaborations for the development of technical 
proposals 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 

construction 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 efficiency, 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 including 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 

uptake the results to develop pathways for impact generation. Economic researchers can use the results of 
regional 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 

concerning 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 documented 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 
separate the different molasse types on-line. Companies can use the results to develop smart tunnel boring 

machines. The Mining the Future® competition attracts academia and industry, potentially also individuals 

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 

management in subsurface engineering for further projects. Consortium members can use the results to spawn 

pilot projects to demonstrate the materials classification, separation and pre-treatment with engineering 

companies at high TRL levels. Consortium members will use the results to train early stage researchers. 

Results Transnational environmental evaluation 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 

impact 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 

during 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 

instance, 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, M5.4) 

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 

physics 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 increase 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 
accessible as “green publications” through open archives (e.g. 

arXiv.org, TechRxiv.org, Invenio powered Zenodo) 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 

conference proceedings through the cooperation with SN. 
Figure 16 depicts a comparison of the average output of 

H2020 projects 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. CERN, 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 and further partners 
without a specific target number. Through the participation of 

TMFS, the project will gain access to high-reach cross-cutting 

popular media95, technology and innovation media96. 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 dissemination goals of 
FCCIS compared to the EuroCirCol project and average of 
H2020 projects. 

1
0

.3

6.
5

8.
3

1
.7 4
.6

2
.6

3
5

0

3
5

3
1

66

2
1

3

5

4
0

5

3
5

10
0

6
5

2
0

0

5

0

50

100

150

200

250

300

350

400

450

500

Total

Reviewed artic
les

Proceedings

Artic
les

Others
Thesis

Per H2020 project
EuroCirCol (not final)
FCC RI DS (goal)

https://scoap3.org/
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/horizon-dashboard
https://www.redbull.com/se-en/theredbulletin
https://www.redbull.com/ch-de/innovator


Future Circular Collider Innovation Study  V 8.0 (2021-07-12) 

GA 951754 FCCIS - Part B Page 37 of 100 

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-

accessible 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 

implementation, 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 

collaboration agreement 

framework. 

The organisational structures, processes and resources to be 

put in place to initiate international collaborations for 
developing technical proposals so that eventually a user 

community of about 10 000 persons can exploit the collider from 

the beginning. 

1,4 Publicly available excavation 

materials management pan. 

Innovative excavated materials management plan handed over 

to host state authorities and made openly accessible at 
international 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. 

Examples of peer-reviewed 
journals include Industrial and 

Corporate Change, Journal of 

Economic Policy 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 

diplomacy 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 
international JACoW97 

conferences like IBIC, 

ICALEPCS, IEEE NAPAC, 
IPAC, JINST, SRF, IOP 

Conference 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, 

accelerator technology and particle detector related 
advancements, theoretical and experimental physics studies. 

Topics include collider performance optimisation, beam optics 

and lattice studies, emittance tuning, impedance mitigation, 
single-beam collective effects, top-up injection scheme, 

interaction region design, machine-detector interface design, 

background control, polarisation and energy calibration, 
luminosity measurement, beam diagnostics, 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 

researchers 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, 

General project-explaining articles covering a variety of 

scientific, technical, engineering and economics related topics 

reporting intermediate results emerging from the project. All 

 
97 The Joint Accelerator Conferences (JACoW) produce open access proceedings since more than 20 years, www.jacow.org  

http://www.jacow.org/
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Economist, CERN Courier, 

Science & Vie.  

consortium members are committed to write articles for these 

media, but acceptance of articles is subject to the editorial policies 

and reviews 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, 
information documents for 

EIROForum, 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 

strategy development process to be able to take a decision about 

construction 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® competition, 

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 
engineering, FZ. F. 

Ingenieurgeologie, BHM, AFTES 

congress, 

Swisstunnel congress. 

Engineering articles and peer-reviewed contributions as 
presentations about materials re-use, resource and cost-efficient 

tunnelling 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 

accessible 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 

excavation 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 
cooperation of partners EdG and 

DRRT concerning the 

administrative processes for a 

future RI project. 

Briefing information for funding agency executive management 

and government agencies concerning the administrative 

processes required in France and Switzerland for the 

preparation of the construction of a new research infrastructure in 

a transnational context (in French with translations to further 

official EU languages to be defined). 

3 Technical report on requirements 
for environmental impact 

assessment accessible on Zenodo. 

Publicly available requirements specification concerning the 

environmental impact assessment of a new transnational 

research infrastructure, considering the specifics of France (EU), 

Switzerland and the Espoo98 convention. 

3,4 Briefing booklet on regional 

development 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 

concerning 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  

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 

results with the impact and sustainability maximising 
recommendations targeting non-economics audiences in addition 

to the technical analysis published as an openly-accessible report 

on Zenodo, cross-linked on consortium organisation websites. 

5 Openly-accessible, reviewed FCC 

Week and physics workshop 

scientific 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 

numerous 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 

Innovation 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® 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 

involvement of regional authorities from Switzerland (EdG) and France (DRRT-AuRA) as partners facilitates the 
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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 

infrastructure 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. 
Examples 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, newspaper 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 

specified 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 

periodically asked to perform self-evaluations through a questionnaire concerning any upcoming tangible 

innovation 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 

Consortium 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 Centres
100

 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 Understanding
101

 continue to work under 

these conditions with respect to knowledge sharing with the international FCC study members. The Mining the 
Future® 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 identification 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 accessible 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 for NDAs and 
for proprietary licenses will be provided by CERN when a case with credible market potential arises. The 

 
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  

https://doi.org/10.1093/icc/dty029
http://knowledgetransfer.web.cern.ch/bic-network
http://cern.ch/join-fcc
https://ohwr.org/project/cernohl/wikis/home


Future Circular Collider Innovation Study  V 8.0 (2021-07-12) 

GA 951754 FCCIS - Part B Page 41 of 100 

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 implement 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 

particular this concerns all data that are needed to implement the Mining the Future® challenge competition 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 
evolution 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 Zenodo, at least. Scientific papers will be “green” openly published at Zenodo and as pre-prints on arXiv 

or TechRxiv. 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 (coordinator) and beneficiaries for the 
kickoff of the project, for the publication of the design report, for the 

Mining the Future® challenge launch and the results. 

Inform journalists and media 
representatives for the creation of 

contents and communication 

products. 

Inform scientifically and 

technically interested persons 

and laypersons. 

Creation and operation of a public web site with project information, 

background 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 
members 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 

interested 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 

access publications, meeting announcements) and with highlights of the 

progress in intersectoral work from consortium members. Regular 
contributions on noteworthy progress on acceleratingsnews.eu and the 

CERN bulletin 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 

consortium members. 

Improved travelling exhibition (Figure 18) in public spaces targeting the 

host states France and Switzerland (funded by CERN with contents 
contributions from all participants) to raise an interest of the science 

Engage uninterested laypersons, 

scientific and technically 
interested persons, regional 

 
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  

http://www.fccis.eu/
http://www.iprhelpdesk.eu/Fact-Sheet-IP-Management-H2020-Proposal-Stage
https://ec.europa.eu/info/law/law-topic/data-protection_en
https://odpp.web.cern.ch/
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mission, the opportunities for societal and economic growth and the 

implementation scenarios in the region as a common development with the 
territorial government 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. 

politicians, 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 

Media) to reach out to the youngest generation and to RedBulletin and 

Innovator 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. 
Parents of children will be 

informed as a secondary 

audience. 

Public events associated with the yearly FCC Weeks with the 

participation of nationally publicly known presenters and authorities 

reaching between 200 and 400 people. 

Scientifically and technically 

interested people, who wish to 
know more about the scope, 

goals and progress of the 

development 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 

requirements. The information includes a plan to close the gaps before a 

decision 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 

potentials for each contributing 
nation, creating a sense of 

ownership of the project. 

The Mining the Future® challenge is an innovation competition that 
engages 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 

release is issued for the publication of the result and an associated event 

with participation of stakeholders from industry and government 

representatives. 

Engage researchers and 
companies in the project, raise an 

awareness about the innovation 

potentials and the economic 

opportunities for industries. 

Create a sense of ownership 
among participating politicians. 

Engage domain-specific 

researchers by stimulating 
enthusiasm about a technical and 

societal challenge. 

Active participation in the Big Science Forum, EU industry day 

discussions, 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 industry associations and company executive management at 

CERN. 

Inform high-level stakeholders 

and industry representatives 

about the RI development 

scenario. Trigger actions to 
investigate policy options and 

what is needed to make progress. 

FCC Week conferences jointly organised with beneficiaries and 

partners in a different country each year, FCC Physics Week 
conferences organised by CNRS and ULIV in a different country each year, 

active participation 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 

international, cross-discipline 
network by engaging individuals 

in the work and in the definition 

of follow-up steps to develop and 

implement a new world-scale 

research 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 

Facebook, 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 

participants 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 

demographic 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 
feedback and adjusts the 

communication 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 
production in cooperation with a Youtuber/Blogger such as Seeker in 

2019, aiming to reach of 500 000. 

Inform scientifically or 

technically 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 
socio-economic implementation aspects to identify the needs for host-state 

support for the implementation phase. Develop plans to translate socio-

economic 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 

representatives of authorities in 
the work, create a sense of 

ownership, prepare co-

construction scenarios and use 

the territorial knowledge of the 
participants to develop regional 

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, the EIC and 

ECFA to develop plans on how the FCC RI can be best embedded in 

European’s research 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, 

opportunities for Europe and 
associated socio-economic 

benefits. 

Work towards creating an 

international 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 exhibition 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. Two of them (WP 1 and WP 5) are “horizontal”, providing the 

backbone for the three research-action work packages (WP 2, 3, 4). 

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 

management 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.
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3.1.2 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: 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 S O

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 K D1.1 C1 C2 C3 C4

T1.2 Finance, admin., reporting 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 EE 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 D4.2

T4.4 Regional, territorial benefits D4.3

T4.5 Impl., financing strategy D4.4

T5.1 WP coordination

T5.2 Project communication P P S N N N P N N P

T5.3 Dissemination support M5.4

T5.4 Design report editing M5.2 D5.6

T5.5 Engagement & comm. strategy D5.1 D5.2 D5.4

T5.6 Exploitation W1 W2 M5.1 W3 M5.3 D5.3 W4 M5.5 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, S = Web and social media presence through operational site and active social media channels

2021 2022 2023 20242020
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3.2 Management structure, milestones and procedures 

3.2.1 Project organisational structure 

The project’s governance structure is shown in Figure 20. It follows a vertical structure with the General Assembly 
(GA) being the highest decision-making body. The Executive Board (EB) coordinates the project and monitors the 

progress taking input from the Work Package Leaders (WPL) and the Project Coordinator (PC). The EB can also 

make recommendations for changes to the Description of Action (DoA) that have eventually to be authorised by GA. 

Day-to-day project management is performed by the WP1 team with the support of a project office. 

 
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. Implementing the subsidiarity principle, decisions 
are taken at the lowest levels at which the required expertise exists in order to enable rapid decision making. 

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 
organisation 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). 

The roles and working principles of the different project governance and management bodies as defined in this section 

will be laid out in detail in the Consortium Agreement (CA). 
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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 without voting rights). 

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) 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 a subset of the topics that are required for the research infrastructure design. 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 EB delegates day-to-day project management activities to the WP1 (Management) team. 

The Project Coordinator (PC) is the intermediary between the consortium members and the EC (funding authority). 

The PC performs the tasks assigned in the Grant Agreement (GA) and in the Consortium Agreement (CA). The PC 

is the primary responsible entity for the administrative and financial elements of the project. The success of its 
mandate relies on the support from all beneficiaries, CERN departments and services including those 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 

• Implementation of institutional and public communication as documented in the Description of Action 

• 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 
implement the project available to the consortium (e.g. collaborative web space, event management site, 

videoconferencing, 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. 

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. 
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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 

development project on a global scale. The ISC formulates high level goals and strategies on how to pursue them, 

considering 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 

executive managers and senior officials, leading to a well-balanced, world-wide geographical representation. The 

PL, deputy 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 representative. 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 

direction 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 members. IAC members may also attend the GA meetings, but they do not have voting 

rights. 

3.2.2 Decision-making principles 

An FCCWeek 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 (M1.1). The project handbook (D1.1) 

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 with the support of WP1 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. 

• WP1 manages the project on a daily basis. 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” concept105. 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”

106
, following what has been the best practice in 

innovation 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” model107 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 

 
105 H.W. Chesbrough, “Open Innovation”, Harvard Business School, 2003, ISBN 1-57851-837-7 
106 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  
107 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  

https://doi.org/10.1111/j.1467-8691.2007.00451.x
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 

innovations for other domains through continuous “Technology Competence Leveraging”, value-chain analysis, 

challenge-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® 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 

includes six people from project relevant innovation domains (Figure 23): 1) particle accelerator and detector 

technologies, 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 

innovation 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 meeting 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. 
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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 milestone 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 a review at the annual FCC Week meeting and conference (M1.2). 

 

3.2.5 Milestones 

Milestones are 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 represents 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. 

 

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 
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coordination 
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Project 
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4 
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impacts, funding 
  

Figure 24: Example project coordination meeting schedule (subject to adjustment according to evolving needs). 
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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 

organisations and therefore the consortium size corresponds well to the overall project budget outlined in section 
Error! Reference source not found.. 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. 

  



Future Circular Collider Innovation Study  V 8.0 (2021-07-12) 

GA 951754 FCCIS - Part B Page 53 of 100 

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 

technical 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 

respect 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. 
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3.3.3 Partner organisations including other countries and companies 

 
Figure 27: Partner organisations participating in this project (3 government agencies, 3 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 factory108, another high-luminosity particle collider using the crab-waist 
collision scheme. BINP has participated in the Cremlin109 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. 

The United States of America participates as a partner with the Department of Energy Office of Science, a 

government 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 

particle 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 

placement 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 

materials 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 excavation 

materials management plan. 

The University of Oxford in the UK (UOXF) physics department in the UK will participate as partner. 

Scientifically, 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-

 
108 Web site of the Super c-tau factory project at BINP, https://ctd.inp.nsk.su/c-tau/  
109 H2020 Cremlin project, GA 654166, see http://www.cremlin.eu  

https://ctd.inp.nsk.su/c-tau/
http://www.cremlin.eu/
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kind contributions 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. 

The High Energy Accelerator Research Organization (KEK) in Japan is one of the world's leading accelerator 

science research laboratories, using high-energy lepton and hadron beams as well as synchrotron light sources to 
probe fundamental the properties of matter and to develop future generations of accelerators. KEK will contribute to 

WP2 (Collider design) and will provide the possibility for FCCIS consortium members to participate in the beam 

commissioning studies at SuperKEKB. This will allow benchmarking beam-dynamics simulations, validating and 
optimising tuning procedures and diagnostics. Particle accelerator designers will gain valuable practical experience 

that is an essential ingredient for the development of a scalable and sustainable new high-performance collider. 
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4 Members of the Consortium 

4.1 Beneficiaries 

4.1.1 CERN 

Country: IEIO Participant number: 1 

Full name of the legal entity: 

European Organisation for Nuclear Research 

Description of legal entity and its main tasks: 

CERN is the world's largest particle physics research centre. It operates a vast complex of particle accelerators. 
Founded in 1954, the CERN International Organisation sits astride the Franco-Swiss border near Geneva. It was 

one of Europe's first joint ventures and now has 23 member states, 8 associate member states and 6 observers 

including the European Union. Over 600 institutes and universities around the world use CERN’s facilities. More 
than 10 000 scientists use regularly the services of the organisation to accomplish their research. CERN contributes 

to selected UN sustainable development goals, in particular good health and well-being, quality education, industry 

and innovation and infrastructure, peace and justice and strong institutions, partnerships for the goals. CERN 
implements the European Research Area goals with the CERN-EC Memorandum of Understanding in the areas 

of research and e-infrastructures, international cooperation, careers and mobility of researchers and open access.  

The history of CERN is marked by impressive achievements in the construction and operation of powerful particle 

accelerators operating at the high-energy frontier.  These included three of the world’s four highest-energy hadron 

colliders. In 2008 CERN brought the Large Hadron Collider (LHC), which is installed in a 27 km tunnel, into 
operation. With proton-proton collisions at 14 TeV, the LHC is the most powerful particle accelerator in the world. 

This infrastructure provided the possibility for the experimental confirmation of the Higgs-Englert mechanism, 

which was consequently recognised by the Nobel Prize in Physics in 2013. 

How does the legal entity’s profile match the tasks in the proposal? 

CERN has designed, developed, constructed and operated world-class particle accelerator infrastructures for 

particle physics research at the high energy frontier for 65 years. By its very nature as a Pan-European 

Organisation, with an international user community of more than 10 000 physicists, CERN has all the expertise 

and structures needed to establish and to lead large-scale global collaborations. In particular, CERN has a long and 
solid experience in managing EU Framework Programmes. Its administrative, legal, financial, procurement, 

international relations, safety and environment services have proven to be competent partners for efficiently 

processing any issue this consortium may have to face. 

Throughout its long history CERN has developed and maintained world-leading expertise in various fields of 

science, including accelerator physics, superconducting magnet systems, vacuum technology, beam collimation, 

superconducting radio-frequency systems, experimental facilities, and cryogenics, electronics and computing. 

CERN actively participates in all Work Packages of this project and is the coordinating institute of the international 

Future Circular Collider (FCC) study which, today, federates more than 130 organisations. 

Key person profiles who are carrying out the research activities: 

Michael Benedikt (male) is the coordinator of the FCCIS project leader and the head of the international FCC 
study. He is a professor at Technical University of Vienna (Austria). His previous experience includes the project 

lead of the EuroCirCol H2020 project and the deputy project lead of the EASITrain H2020 MSCA project. He is 

fellow of the APS. Until 2013, he led the Austrian ion therapy center project “MedAustron“. He received his Ph.D. 

in 1997 and the university teaching qualification in Austria in 2005. He also led the “Betabeam” design in the 
scope of the FP6 EURISOL study and the PS2 design study. His expertise includes design, construction and 

operation of research and medical accelerators as well as the coordination of large international studies and 

projects. 

Panagiotis Charitos (male) holds master’s degrees in astrophysics, media and communications, and philosophy. 

At CERN since 2012, he is the communication officer for the experimental physics department. From 2015 to 
2019 he served as chief editor of Accelerating News. He coordinated the H2020 EuroCirCol communication 

network and he leads the communication WP for the EASITrain MSCA ITN. He founded ROPI Publications, he 

was chief editor of Eurasia Publications, served as scientific editor at Travlos Publications and at the Crete 
University Press (CUP). He worked as assistant producer for the greek public broadcasting (ERT.SA, 2008 to 

2010), as consultant for the "Centre of Continuous Education & Training of the University of Athens" (2011 to 

2017) and acts as the scientific programme coordinator for the "Arts for the World Foundation" (Switzerland). 
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Tessa Charles (female) obtained her PhD from Monash University, Australia, for work conducted at the 

Australian Synchrotron. At CERN, she has contributed to the design of the e+e- Future Circular Collider since 
2017. She is a world expert on advanced methods of iterative optics corrections and emittance tuning for electron 

storage rings. In 2018, she was awarded a Victoria Fellowship. In 2019 she received the Greg LeBlanc Memorial 

Prize for a significant and original contribution to the International Particle Accelerator Conference.   

Johannes Gutleber (male) is the deputy project leader. He chairs the working groups with french and swiss 

government authorities and notified bodies concerning the research infrastructure scenario developments of CERN 
since 2017. His previous experience includes management positions in the EuroCirCol, EASITrain, ARIES and 

RI-PATHS H2020 projects. Until 2013, he was in charge of the ICT and control system projects of the 

“MedAustron” ion therapy facility project at CERN. From 1999 to 2008 he designed and developed the data 

acquisition software infrastructure of the Compact Muon Solenoid experiment at the Large Hadron Collider. He 
received his doctoral degree from the Technical University of Vienna (Austria) in 1999 and the diploma engineer 

degree in informatics from the same university in 1997. Mr. Gutleber worked at the Austrian Institute of 

Technology from 1991 to 1996 on active real-time databases for air quality management networks. He developed 
a nation-wide system to efficiently manage and dispatch the radionuclides that were produced in the ASTRA 

nuclear reactor. 

Volker Mertens (male) received his PhD in experimental particle physics in 1987 from the University of Bonn. 

Initially he worked at CERN in in electronics and computing, in the design of beam transfer lines and then served 

in various management roles. Since 2014 he is deputy head of the technology department that oversees about 450 
staff members and many more associated members of personnel. Between 2000 and 2008 he led the project to 

build the SPS-to-LHC beam transfer lines (5.6 km of tunnels and beam lines). Since 2015 he has been coordinating 

the “Infrastructure and Operation” aspects of the international FCC study, comprising civil engineering, 

cryogenics, electrical distribution, cooling and ventilation, geodesy and alignment, transport and logistics, safety 

and territorial implementation-related topics. 

Luisa Ulrici (female) is heading the radioactive waste section, responsible for the reception, treatment, 

characterization and elimination of radioactive waste produced in the particle accelerators and experiments. She 

is also project leader for the construction of CERN's radioactive waste treatment center. She graduated in physics 

at the university of Milan (Italy) and joined CERN in 1996 for her doctorate studies in health physics. She has 
been a senior physicist at CERN since 2010. She was appointed as an expert to reviews of international facilities 

(ELI - Prague, SLAC- USA) and was called by the IAEA to collaborate as expert for the decommissioning of 

particle accelerators and methodologies in decommissioning applications. From 2011 to 2017 she was also 

responsible for CERN's transport of radioactive goods service and of the analytical radiation protection laboratory. 

Anne-Laure Verdier (female) is a geomatics engineer in charge of managing the coherent evolution of the 
research infrastructure layout and placement together with all relevant stakeholders. Ms. Verdier integrates a 

diverse set of professional experience as seismic navigator, geographical information system engineer, specialist 

for off-shore infrastructure project optimization and biodiversity analysis that she gained in numerous projects 
around the globe. She holds an MSc. in mechanics and an MSc. in hydrography from ENSIETA Brest with 

complementary training in geomatics. 

Frank Zimmermann (male) graduated from Hamburg University (Germany) in 1993. At CERN, he has been a 

senior accelerator scientist since 1999. He is the deputy leader of the international FCC study. His earlier 

experience includes work at SLAC (USA, 1993-1998) and DESY (Germany, 1990-93). He is APS fellow, receiver 
of the EPS Accelerator Prize and is a SLAC Panofsky fellow. He coordinates several EC-supported accelerator 

networks (e.g. ARIES, CARE-HHH 2004-08, EuCARD & EuCARD-AccNet 2008-13, EuCARD-2 XBEAM).  He 

has made significant contributions to the designs of HERA, PEP-II, LHC, HL-LHC, NLC, CLIC, ILC, HE-LHC, 

VHE-LHC and LHeC. His expertise includes accelerator optics, beam dynamics, collective effects. 

Relevant publications, products or services: 

1. The FCC collaboration, “FCC-ee: The Lepton Collder”, Springer EPJ ST, 228(2), June 2019, 

https://doi.org/10.1140/epjst/e2019-900045-4 
2. The FCC collaboration, “FCC Physics Opportunities”, Springer EPJ C, 79(474), June 2019, 

https://doi.org/10.1140/epjc/s10052-019-6904-3  

3. M. Benedikt and F. Zimmermann, “The physics and technology of the Future Circular Collider“, Nature 

Reviews Physics, 1, March 2019, https://doi.org/10.1038/s42254-019-0048-0  
4. R. Tomas, M. Benedikt, M. Hofer, J. Keintzel and F. Zimmermann, “Towards Future Circular Colliders”, PoS 

(LHCP2018)268, 2018, https://pos.sissa.it/321/268/pdf  

https://doi.org/10.1140/epjst/e2019-900045-4
https://doi.org/10.1140/epjc/s10052-019-6904-3
https://doi.org/10.1038/s42254-019-0048-0
https://pos.sissa.it/321/268/pdf
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5. M. Benedikt and F. Zimmermann, “Towards future circular colliders”, Springer JKPS 69(6), 2016, 

https://doi.org/10.3938/jkps.69.893  

Relevant projects or activities: 

1. The international Future Circular Collider study hosted by CERN, launched in 2014 (fcc.web.cern.ch) 

2. EuroCirCol H2020 project (www.eurocircol.eu) 

3. EASITrain H2020 MSCA project (easitrain.web.cern.ch) 
4. ARIES H2020 project (aries.web.cern.ch) 

5. European Strategy for Particle Physics update process 2018-2020 (www.europeanstrategy.cern)  

Relevant significant infrastructure and/or technical equipment: 

Relevant management structures: CERN EU Project Office; Legal Service with extensive experience in 
international scientific collaborations and institutional law; Health-Safety-Environment unit with extensive 

experience in environmental management in an international environment; International Relations with active 

working structures with Swiss and French government bodies at regional and national levels. The finance and 

administrative process department (FAP) manages the financial aspects of EU projects and to develop funding 
scenarios for future projects at international scale. The industry, procurement and knowledge transfer (IPT) 

department provides essential support and advice on impact generation in EU projects and cooperates on the 

development for scenarios of future projects that aim at maximising the return of investment for the nations that 
participate in CERN’s research infrastructure projects. The Information Technology (IT) department together with 

partners world-wide designs and operates computing and communication infrastructures for research. The 

department strives to exploit cross-sectoral synergies and to provide efficient services for an ever-growing number 
of users in complementary research domains, for instance in the scope of the European Open Science Cloud. The 

Beams (BE) and technology (TE) departments develop and maintain state-of-the-art simulation software for the 

modeling of accelerator optics, beam dynamics, superconducting magnets, particle physics processes, particle-

matter interactions. The experimental physics (EP) departments hosts numerous large international collaborations 
to conceive, build and operate particle physics experiment detectors and computing infrastructures. The theoretical 

(TH) physics department is active internationally to advance the understanding of the fundamental principles that 

govern our universe and actively participates in the global strategy building process for physics research. CERN’s 
particle accelerator complex offers relevant operational experience and the possibility of performing pertinent 

beam experiments in the scope of this project. 

 

 

  

https://doi.org/10.3938/jkps.69.893
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4.1.2 CEA 

Country: France Participant number: 2 

Full name of the legal entity: 

Commissariat à l’Energie Atomique et aux énergies alternatives 

Description of legal entity and its main tasks: 

CEA is the leading French organisation for research, development and innovation in the fields of energy, defense, 

information technologies, communication and health. The fundamental research division (DRF) is involved in 

various physics and associated technology projects with about 1,700 permanent staff members. The Institute for 
Research into the Fundamental laws of the Universe (IRFU) within CEA-DRF, has more than 600 permanent staff, 

and performs research, including particle physics, nuclear physics and astrophysics. 

How does the legal entity’s profile match the tasks in the proposal? 

The IRFU holds a unique position in France for developing and constructing particle accelerators, cryogenic 
systems and superconducting magnets. It is based on a backbone of scientific skills and a large technological 

platform run by the “Accelerators, Cryogenics and Magnetism Division” (DACM), supported by the large System 

Engineering Division (DIS). IRFU is a key partner for the construction of international accelerators for 
fundamental research such as the LHC at CERN, E-XFEL at DESY (Germany), the FAIR complex at GSI 

(Germany), the SPIRAL2 accelerator at GANIL (France), the European Spallation Source (Sweden), and fusion-

related facilities (ITER in France, JT60SA and IFMIF in Japan). 

Regarding WP 2 (Collider design), based on the work in EuroCirCol, CEA will design the full energy booster and 

injection beam optics. CEA is experienced in using accelerator software codes (e.g. MAD-X and Guineapig), the 

design of colliders, the management of lattice files, and the optimisation of accelerator parameters.  

Regarding WP 3 (Integrate Europe), CEA will contribute by optimising the parameters and layout of the booster 

within the constraints from WP3.  

Regarding WP 4 (Impact & sustainability), CEA will contribute to the development of an economically and 
technically sustainable implementation plan of a future circular collider, bringing in their experience from the LHC 

project. CEA has already created possibilities to bring development to industry (like the integration of X-FEL 

cryomodules with ALSTOM, or licensing of ion sources with Pantechnik) and society (like the MRI Iseult). 

Regarding WP 5 (Leverage & engage), CEA will use the developed authoring process for editing reports and will 

give feedback as a beta-tester. CEA will promote the project on its web site. 

Key person profiles who are carrying out the research activities: 

Antoine Chancé (male) is a specialist in beam dynamics. He obtained his Ph.D. in Accelerator Physics at CEA 

Saclay in 2007. Currently he is in charge of beam optics for the EuroCirCol hadron collider. His previous 

experience includes the design of the storage ring for a neutrino source (2007-2012), studies of the impact of 
coiling errors on the field homogeneity for the NMR magnet of Iseult (2008), optics studies for the SuperB e+e- 

collider (2009-2010), development of the PIC code SolMaxP (2011-2012), optics studies of the interaction region 

for the High Luminosity LHC (2011-2014) and optics design for many other beam transport systems. He is 
currently the deputy leader of the EuPRAXIA work package “Electron Beam Design and Optimization” and is 

preparing commissioning of the SARAF2 linac. In 2013 he was awarded the Jean-Louis Laclare distinction by the 

Accelerator Division of SFP (French Physical Society).  

Barbara Dalena (female), physicist, graduated with a Ph.D. in experimental physics from Università degli Studi 

di Bari (Italy) in 2006. She has worked at CEA on beam dynamics since 2011and is currently working on nonlinear 
beam dynamics for the upgrades of LHC (Future Circular Collider and High Luminosity LHC). Her previous 

experience includes data analysis, commissioning and monitoring of scintillator detectors (2006-2008), 

deployment of a Grid storage element (2007-2008), beam dynamics simulations for the CLIC study and, in 
particular, interaction region beam dynamics studies (2008-2011). Since 2012 she has participated in machine 

development experiments on LHC for the HL-LHC project. 
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Relevant publications, products or services: 

1. A. Abada, A. Chancé, B. Dalena, et al., “FCC-hh: The Hadron Collider”, Eur. Phys. J. Spec. Top. 

(2019) 228: 755. https://doi.org/10.1140/epjst/e2019-900087-0 

2. A. Chancé, B. Dalena, et al., “Consolidated Lattice of the Collider FCC-hh”, in Proc. 10th Int. Particle 
Accelerator Conf.(IPAC'19), Melbourne, Australia, 19-24 May 2019, p 428-431, 2019. 

https://doi.org/10.18429/JACoW-IPAC2019-MOPMP004 

3. A. Simona, B. Dalena, et al., “High order time integrators for the simulation of charged particle motion in 

magnetic quadrupoles”, Computer Physics Communications 239, p 33-52, 2019.  
https://doi.org/10.1016/j.cpc.2019.01.018 

4. X. Li, A. Chancé, P.A.P. Nghiem, “Preserving emittance by matching out and matching in plasma wakefield 

acceleration stage”, Phys. Rev. Accel. Beams 22 (2), p 021304, 2019. 
https://doi.org/10.1103/PhysRevAccelBeams.22.021304 

5. B. Dalena, A. Chancé et al., “Dipole field quality and dynamic aperture for FCC-hh”, 9th Int. Particle 

Accelerator Conf. (IPAC’18), Vancouver, Canada, 29 Apr-4 May 2018, pp.MOPMF024, 2018. 

https://doi.org/10.18429/JACoW-IPAC2018-MOPMF024 

Relevant projects or activities: 

CEA has long experience with collaborations for European networks related to accelerator issues, such as H2020 

EuroCirCol (WP leader for beam-optics design), H2020 EASITrain MSCA, H2020 EuPRAXIA CEA has 
contributed to optics studies and plasma acceleration simulations), FP7 HiLumi DS, EuCARD and EuCARD2, 

IMCA, Nuvola (INFN activities), FP7 TIARA.  

Relevant significant infrastructure and/or technical equipment: 

CEA provides several high-performance, parallel and distributed computing clusters dedicated to multi-parameter 

computing like Iclust or to MPI processes like isipic.  

CEA provides and continues to improve in‐house developed software tools for beam dynamics like the TraceWin 

software or macros for dynamic aperture studies. 

 

  

https://doi.org/10.1140/epjst/e2019-900087-0
https://doi.org/10.18429/JACoW-IPAC2019-MOPMP004
https://doi.org/10.1016/j.cpc.2019.01.018
https://doi.org/10.1103/PhysRevAccelBeams.22.021304
https://doi.org/10.18429/JACoW-IPAC2018-MOPMF024
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4.1.3 CEREMA 

Country: France Participant number: 3 

Full name of the legal entity: 

Centre d'études et d'expertise sur les risques, l'environnement, la mobilité et l'aménagement 

Description of legal entity and its main tasks: 

Cerema is the major public institution in France for developing and capitalising on public expertise in the fields 

of planning, regional cohesion and ecological energy transition. 

As a multidisciplinary scientific and technical resource and expertise centre, Cerema assists in the development, 

implementation and assessment of public strategies, at national and local levels. It offers unique expertise in the 
areas of mobility, transport infrastructure, urban planning and construction, resource conservation, risk prevention, 

road and maritime safety and the ability to integrate these different skills in territorial projects. Cerema has a high 

level of expertise in the environmental and social integration of projects and knows how to provide project owners 

with an overall vision highlighting the main issues that will lead to the project's acceptability. 

So far, support in advising and managing the project took the form of several interventions on behalf of CERN 

and the State (SGAR) in 2017, 2018 and 2019, which resulted in two major progress reports, one concerning the 

financial aspects and the other the constraints for establishing the project in France.  

How does the legal entity’s profile match the tasks in the proposal? 

Regarding WP 2 (Collider design), Cerema knows about the territorial requirements and constraints that apply to 

the in the collider layout and placement. 

Regarding WP 3 (Integrate Europe), Cerema will work together with the other beneficiaries to identify the socio-
urbanistic and environmental constraints based on its experience in various large national projects. Together with 

CERN and LD, Cerema will compile the guidelines for the environmental impact assessment. This will lead to the 

fundamental policies that will govern the further evolution of this project. 

Through their national laboratory network, Cerema will facilitate the analysis of the excavated materials and will 
assist in developing an inventory of the capacities for their use. Cerema contributes the infrastructures to organise 

workshops, inform government and public stakeholders of the availability of materials as well as the possible uses. 

Cerema experts will assist in framing the "Mining the Future" call for projects and will be involved in the 

evaluation of the responses. 

Regarding WP 4 (Impact & sustainability), Cerema regularly develops territorial opportunities that large-scale 
infrastructure projects can provide and will contribute this knowledge. Cerema will leverage this experience to 

work with CSIL, CERN, TMFS to formulate socio-economic impact potentials with a focus on regional aspects. 

These potential impacts will be integrated by CSIL and CERN in a probabilistic socio-economic forecast model.  

Regarding WP 5 (Leverage & engage), Cerema, will bring their experience in the communication, institutional 

and public engagement policies for large-scale public construction projects. 

Key person profiles who are carrying out the research activities: 

Pierre Boillon (male) is a divisional engineer in public works with more than 20 years experience in the field of 

road and traffic engineering. He has solid expertise in the management of major infrastructure projects. He has 

provided project management assistance for major road and motorway projects since 2015 using multi-thematic 
analysis to avoid, reduce or compensate impacts, in order to provide territories with optimum acceptability and 

real benefits. In his career, he has redefined the principles imposed on motorway concession companies in terms 

of service areas and rest areas and he has redesigned the Guide to the Development of Main Roads (ARP).  

Amandine Bibet-Chevallier (female) joined Cerema in 2015. For her PhD in Economics from the Ecole des 

Mines Paris Tech, she specialised in energy economics and sustainable development with work applied to the 
fields of transport and construction. Her main missions are the management of national projects, running the 

"Economy of buildings and real estate assets" network and the production of tools and methods. She focuses on 

global cost, third-party financing and new economic approaches. She is project manager for various missions 

related to the FCC, both for the SGAR Rhône Alpes and for CERN.  

Noémie Simand (female) has a multidisciplinary university background (geography, land use planning, urban 
planning), has developed skills at the interface between territory and buildings. After working on public housing 

policy, she moved to operational urban planning and developed expertise in urban planning, architecture and 

project governance. For the past 4 years, her position as Project Manager for Building Use Quality has enabled 
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her to develop skills in building programming and real estate asset management. Her broad expertise has led her 

to participate in FCC-related missions for both SGAR Rhône Alpes and CERN. 

Relevant publications, products or services: 

1. D. Chanal, A. Bibet-Chevallier, “CERN's Future Collider Project - Report on studies on the impact on the 

State of financial procedures and commitments”, Cerema 2018. 

2. D. Chanal, A. Bibet-Chevallier, “Study of a future circular collider - Constraints and opportunities for its 
establishment in France”, Cerema 2018. 

3. “Methodological guide - The impact study - Transport infrastructure projects”, Cerema 2016. 

4. P. Boillon, “Redefinition of the RCEA development program in the Blanzy-Montceau and Jeanne-Rose 

sector”, Cerema (2015-2017). 

5. P. Boillon, “Ten thoughts on mobility in peri-urban areas”, collection Essentiels, Cerema 2012. 

Relevant projects or activities: 

Cerema participated in several EU funded projects such as Aeolix, Built2spec, Dense, Modales, Mysmartlife, 

Nature4cities, Safer-LC, Sums-up and Surface within H2020 framework. 

In the field of spatial planning and cohesion, Cerema's expertise is focused on territorial strategies, land 

management and digital technology for the benefit of the territories. 

In line with the climate plan announced on 6 July 2017, Cerema contributes to the implementation of the energy 

transition and the fight against climate change in France. 

Cerema develops approaches in the field of mobility and transport, from knowledge of mobility to intelligent, 
collective and individual transport systems, social, environmental and health approaches, logistics, safety, inland 

waterway and maritime transport and studies in these fields. It concentrates on the maintenance and sustainability 

aspects in the field of transport infrastructure. It is involved in standardisation and the development of regulations 

and it disseminates best practices.  

Cerema analyses environmental issues in land use planning and the management of of natural resources and the 

promotion of the circular economy in regional infrastructure projects.  

Cerema is involved in improving knowledge, integrating risk management of natural and anthropogenic risks in 

public policies, reducing the vulnerability of buildings and infrastructures, controlling and assessing protection 

systems, preventing and supporting crisis management. 

Cerema works on the reduction of nuisances to the population in the scope of public construction projects. 

Cerema supports the actors involved in the development of public housing from design to operation, maintenance 

and re-use. 

Relevant significant infrastructure and/or technical equipment: 

Cerema can rely on a wide range of tools which facilitate efficient processing of the data required for studies and 

work. These include Autocad Map 3D for cartographic design; Covadis, TerraVision 3D, Autopiste, QGIS2 and 

Girabase for topographical analysis and design and a wide variety of other open software tools. 

Cerema manages a GDPR compliant geographical data infrastructure. This includes IGN's “Large-Scale 
Repository”, INSEE data and other repositories to which Cerema has access as an institution with public service 

missions. All data bases are integrated with open data platforms of the French government. 

Digital terrain models, aerial and satellite ortho-photographs are also shared in synchronised servers at 4 locations. 

This data is mapped, analysed, geoprocessed and visualised with the following tools: PostgreSQL, QGIS, 

ArcView, ArcInfo and R, with a user community of 70 assistants and researchers. The proprietary Cerema data 

platform for publishing data and dynamic maps completes the access to and enhancement of, internet publications. 
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4.1.4 CETU 

Country: France Participant number: 4 

Full name of the legal entity: 

Centre d’Etudes des Tunnels 

Description of legal entity and its main tasks: 

CETU is a notified body of the French Ministry for Ecological and Solidarity Transition (MTES). It was founded 

in 1970 and is responsible for all technical aspects of tunnels from design to asset management relating to 

equipment or civil engineering. 

CETU’s missions are to establish national technical guidelines and recommendations, provide technical advice on 
projects, advise the regional and local offices of the Ministry on tunnel-related issues, represent the state in national 

and international bodies, conduct engineering studies and provide expertise, monitor the state-of-the-art in 

underground works, take part in the creation of European standards and disseminate knowledge and best practices 

in the field of underground works. 

Its multidisciplinary teams focus on six main research areas: tunnel fires, environmental issues and sustainable 

development, integration of human and organisational factors in tunnel design and operation, asset management 
and road tunnel operation policies, technical and economic risks related to tunnel construction, analysis and 

management of risks during operation. 

How does the legal entity’s profile match the tasks in the proposal? 

Regarding WP 2 (Collider design), CETU contributes its experience in the reduction and re-use of excavation 

materials for the optimisation of the underground and surface site placement. CETU’s experience in past 

infrastructure projects (e.g. Ligne Nouvelle Provence Côte d’Azur railway line and the Saint Béat road tunnel), its 

knowledge of other ambitious projects (e.g. Turin-Lyon railway link and the Grand Paris Express), participation 
in national (e.g. the French tunneling and underground space association) and international bodies (e.g. the 

International Tunneling Association, AFTES) makes it well suited to this work. CETU contributes its geological 

and geotechnical expertise, particularly with regard to the investigation and identification of the different rock 

facies and with the body of knowledge that is captured by the AFTES recommendations. 

Regarding WP 3 (Integrate Europe), CETU will help elucidating the legal requirements and levers needed to 
develop a successful strategy for the use of the excavated materials. Because it is involved in the national processes 

about regulatory developments relating to excavated materials, CETU will act as an interface between the regulator 

and the project stakeholders. CETU will also contribute its experience in establishing excavation materials 
management and project risk management plans. 

Regarding WP 4 (Impact & sustainability), CETU contributes its experience as participant in specification bodies 

at the national level (e.g. the Environment & Energy Management Agency, the General Directorate for Risk 

Prevention of the MTES) and internationally (the standardisation commission AFNOR-P01E which is the mirror 
of the European and International standardisation commissions) to develop eco-design and to work towards the 

implementation of a circular economy. Its involvement in research and standardisation permits CETU to contribute 

to the definition of the social and economic reference framework for impact analysis. CETU will participate in the 
committee that will award the “Mining the Future” prize for the most credible and most economically viable 

pathway for re-use of molasse.  

Regarding WP 5 (Leverage & engage), CETU will contribute its experience from several large-scale projects to 
develop a communication strategy and the institutional and public engagement policies. Considering its large 

national professional and associative networks and the regular engagement in the development and update of 

recommendations and technical reference frameworks and international bodies, CETU is a key partner in France 

when it comes to the management of excavated materials in a sustainable way. 

Key person profiles who are carrying out the research activities: 

Laetitia D’Aloia Schwartzentruber (female), PhD, is project leader of sustainable development, in charge of the 

strategic research programme of CETU dealing with tunnels and sustainable development. She is the research 

manager in the field of concrete mix design and specification, fire resistant concretes, Life Cycle Assessment 
(LCA). She is the head of the “Underground works and sustainable development” working group of AFTES, vice-

animator of the “Life Cycle asset management” working group of the International Tunneling Association 

(AITES-ITA) and in charge of the environment topic in the French national research programme “Ville d’idées - 
Ville 10D” (design of underground space for a sustainable urbanism). She participates in the French 

Standardisation Committee AFNOR/P01E “Sustainable development for construction”. She also teaches in 
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universities and was co-laureate of the research Prize awarded by the French National Federation of Public Works 

(FNTP) in 2005 and the annual Prize of the French Civil engineering Association (AFGC) in 2017.  

Agnès Cherrey (female), DEA (diploma of advanced studies) in soil science has 10 years experience in 

engineering consulting as environmental studies officer, as well as 10 years experience at DREAL (a public body) 
as a referent for inspectors of classified installations (“polluted sites and soils" and then "quarries"). She assists 

the Sustainable Development Project Manager in tunnel eco-design and excavated material management. 

Eric Premat (male), PhD, is the deputy manager of CETU. He is the deputy government representative in the 

European committee on road tunnel safety (2004 European Directive), member of PIARC working group on 

"Complex underground infrastructures", and the Vice President of ITA-COSUF (ITA technical Committee on 

Operational Safety for Underground Safety).  

Florent Robert (male), PhD, is the head of the Department of Construction Methods, Procurement Contracts and 
Execution. He is the head of the New Digital Technologies in Tunneling AFTES working group and he represents 

France in the “Information Modeling in Tunneling” ITA working group. He is involved in the French national 

research project “Modelling Interoperable Information for Sustainable Infrastructures”, and is a member of the 

project team to develop Industry Foundation Classes for tunnels. He also teaches in universities. 

Relevant publications, products or services: 

1. C. Gaillard, J. Kasperski, “Comment le management des risques permet-il de consolider le modèle géologique? 

Le cas du doublement de tunnel de Ponserand”, Bulletin of Engineering Geology and the Environment, 
Volume 74, Issue 3 (2015), Page 803-813. 

2. J. Kasperski and C. Gaillard, (2016), “Managing geological risks in underground works: a way of identifying 

potential hazardous events”, GEOSAFE, Xi'an (China). 
3. L. D’Aloia Schwartzentruber, F. Robert, “Management and use of materials excavated during underground 

works”. World Tunnel Congress WTC’2019, 6-8 May 2019. Naples, Italy. 8p. 

4. L. D’Aloia Schwartzentruber, M. Rabier, “Life Cycle Assessment (LCA) applied to tunnels: potential 

environmental impacts of construction materials”, International Symposium on Life Cycle Assessment and 
Construction. July 10-12, 2012, Nantes, France. 

5. L. D’Aloia Schwartzentruber, “The new guidelines of the French working group GT41 ‘Underground works 

and sustainable development’ ”, World Tunnel Congress WTC’2017, 12-14 June 2017. Bergen, Norway. 8p. 

Relevant projects or activities: 

CETU is an advisory body to the French General Directorate for Infrastructure, a permanent support centre for 

local authorities and is a team of experts serving tunneling professionals. 

CETU is involved in the working groups and the drafting of documents and recommendations which are related 

to “excavated materials” and “Life Cycle Assessment (LCA)” in France.  

CETU has been involved in many national large-scale infrastructure projects on the following topics: excavated 

materials, geological investigations, environmental impact assessment and risk assessment. 

CETU’s experts, who will be also involved in the present project, have recently contributed to the Conceptual 

Design Report of the Future Circular Collider on the topic of management of excavated materials. 

CETU has participated in several EU funded networks and projects: FIT, UPTUN, TUNCONSTRUCT, 

NEWCON and currently participates in the SUVEREN and UTHREAT international projects. 

Relevant significant infrastructure and/or technical equipment: 

CETU is equipped with the basic office productivity software and and collaborative communication facilities to 
perform the activities needed in this project. CETU uses specific tools including QGIS, GDM, GABI, 

ECOINVENT, OPENLCA, D-tunnel and E-tunnel. CETU has several journal subscriptions in the field of transport 

infrastructures and all relevant topics in connection with underground works. It also has online access subscriptions 

to Sciencedirect and Sagaweb (European standards) that greatly ease the literature-based research. 
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4.1.5 CNRS 

Country: France Participant number: 5 

Full name of the legal entity: 

Centre National de la Recherche Scientifique 

Description of legal entity and its main tasks: 

The National Centre for Scientific Research (CNRS) is a government-funded research organisation, under the 

administrative authority of France's Ministry of Research. CNRS's annual budget represents a quarter of French 

public spending on civilian research. As the largest fundamental research organisation in Europe, CNRS carried 
out research in almost all fields of knowledge, through its eight research institutes. It also has two national 

institutes: the National Institute of Earth Sciences and Astronomy (INSU); and the National Institute of Nuclear 

and Particle Physics (IN2P3) the latter being concerned with the FCC project. 

The aim of IN2P3 is to coordinate, promote and unify research activities in the fields of nuclear physics, particle 

and astro-particle physics, as well as the development of the associated instrumentation and cutting-edge 
technologies. These activities are conducted in close collaboration with leading academic institutes and 

universities. IN2P3 is responsible for running several major national facilities including particle accelerators. It 

also supports several international facilities (e.g. CERN, EGO-Virgo, etc.). IN2P3 has several additional missions: 
enabling other scientific domains to benefit from its competencies. IN2P3 comprises a limited number of large 

laboratories (such as LAPP) and infrastructures or technological platforms which facilitate the pooling and 

optimisation of its resources and competencies. 

LAPP (Laboratoire d’Annecy de Physique des Particules) is a combined CNRS and Université Savoie Mont Blanc 

unit with more than 150 people. The laboratory is very actively involved in several large international 
collaborations working on accelerator-based projects (ATLAS and LHCb at the LHC, CLIC and FCC) in neutrino 

physics (DUNE, STEREO and SuperNEMO) and astroparticle experiments (EGO-Virgo, AMS, H.E.S.S., CTA 

and LSST). The location of LAPP, 50 km from CERN, and the presence of the theory laboratory LAPTh on the 

same campus, makes it a very attractive research place for scientists contributing to particle physics in this project. 

How does the legal entity’s profile match the tasks in the proposal? 

Involved in many R&D and construction programmes for large research infrastructures in particle and astro-

particle physics, CNRS-LAPP’s skills cover technologies in micro-electronics, complex mechanical structure 

design and optimisation, mechatronics and scientific computing. CNRS-LAPP fields of excellence are accelerator-

based experiments, detectors and collider control systems. 

Regarding WP 2 (Collider design), LAPP will contribute with its experience in the design of the stabilisation and 

positioning system for the interaction region elements. It will participate in the development of beam feedback 

systems to mitigate the effects of vibrations. The mechanical simulations of the magnets, their supports and active-

passive control solutions in the MDI area are in LAPP’s domain of expertise .  

Regarding WP 3 (Integrate Europe), LAPP contributes as regional knowledge pole with its experience of operating 
facilities and ensuring the cooperation with territorial authorities, academic institutions and companies in the 

Haute-Savoie department. This work is essential in order to conceive plans to strengthen and exploit the territorial 

economic development potentials through high-tech activities. 

Regarding WP 4 (Impact & sustainability) LAPP will participate in the socio-economic impact assessment studies. 

For this purpose, LAPP will analyse the potentials of an evolution of the laboratory into a technology pole for the 
FCC. With respect to computing and data communications, LAPP which is leading the H2020 ESCAPE project, 

will assess the pathways to create synergies between operating a particle-physics research infrastructure and 

opportunities to share the ICT services with other academic partners and stakeholders, thus generating a value for 

society which can be quantified.  

Regarding WP 5 (Leverage & engage), LAPP will contribute to the development of the FCC communication 

strategy. Through specific communication activities (travelling exhibition, public information sessions, 
engagement of schools), LAPP will help testing different approaches and thus contribute to the development of a 

strategy and plan, which fully accounts for the different stakeholder groups in the French territory. LAPP will 

contribute to building up a user community to ensure that such a research infrastructure can be sustainable in the 

long-term. 

 

  



Future Circular Collider Innovation Study  V 8.0 (2021-07-12) 

GA 951754 FCCIS - Part B Page 66 of 100 

Key person profiles who are carrying out the research activities: 

Laurent Brunetti (male) received an engineering degree in control science from the Conservatoire National des 

Arts et Métiers, France. He joined CNRS-LAPP as a research engineer in 2007 after five years as automation 

engineer in industry. He has been co-responsible for the camera loading, locking and positioning system of the 
HESS Cherenkov Telescope in Namibia and he has been in charge of vibration control and instrumentation 

developments for the CLIC linear collider project. He has been head of the Future Collider R&D team at LAPP, 

providing expertise in vibrations analysis and control since 2013. The team is in charge of the CLIC and ATF2 

final focus stabilisation projects and is involved in vibrations measurement and analysis (for ATF2 and 

SuperKEKB) and in beam control. He is also a lecturer at the Université Savoie Mont Blanc. 

Agnès Dominjon (female) is a researcher at CNRS-LAPP and assistant professor at Université Savoie Mont 

Blanc. Her main scientific activity is the applied physics of optics and electronic systems, instrumentation and 

sensors. From 2007 to 2013 at IPN Lyon, she conceived a new hybrid photon detector (HPD) called ebCMOS 

(electron bombarded CMOS) which has been used for quantum dots or fluorescent cell tracking in medical imaging 
and for sub-marine bioluminescence observation at a depth of 2500 m. From 2013 to 2017 at the National 

Astronomical Observatory of Japan at Tokyo, she worked on microwave kinetic inductance detectors (MKID) for 

astronomical mm- and sub-millimetre wave observations, such as CMB B-mode polarisation search. She 
constructed the sensors in a dedicated clean room and calibrated them down to 100 mK. AT CNRS-LAPP she 

joined the Future Collider R&D team where she is studying beam stabilisation solutions integrating the mechanical 

vibration sensor with optical interferometer methods. 

Maurizio Serluca (male), graduated as particle physicist in 2006 at University of Rome “Sapienza” on 

experiments and simulations of the Free Electron Laser for the SPARC project at INFN-LNF in Frascati (Italy). 
After completing his PhD in 2011, he worked for three years at the University of Manchester (UK) on the LHC 

and HL-LHC collimation systems. His research has produced a novel description of the single diffraction 

dissociation, producing a global fit to the all available experimental data for the first time. From 2015 to 2017 he 

has worked at CERN as senior fellow on the optics and beam dynamics for the Proton Synchrotron (PS). In 
particular, on the design of the new injection system for the LHC Injector Upgrade (LIU) project. He has also 

contributed simulations and worked in the CERN control room to increase the beam brightness in the LHC injector 

chain. He joined CNRS-LAPP in 2017 where he works on the development of collimation simulations for FCC-
hh and simulation of the impact of vibrations on beam parameters and machine performance of ATF2, superKEKB 

and FCC-ee. 

Relevant publications, products or services: 

1. G. Balik, B. Caron, D. Schulte, J. Snuverink, J. Pfingstner, “Integrated simulation of ground motion mitigation, 
techniques for the future compact linear collider (CLIC)”, Nucl. Inst. and Meth. in Phys. Res. A: Accelerators, 

Spectrometers, Detectors and Associated Equipment 700 (2013) 163-170. 

https://doi.org/10.1016/j.nima.2012.10.031 
2. G. Balik, et al., “Sub-nanometre active seismic isolator control”, Journal of Intelligent Material Systems and 

Structures 24 (15) (2013) 1785-1795. 

3. G. Balik, B. Caron, B. Aimard, L. Brunetti, G. Deleglise, “Vibration control using a dedicated inertial sensor”, 

IEEE Sensors Journal, Volume 18, Issue 1, 428 – 435, 2018. 
4. B. Bolzon, “Etude des vibrations et de la stabilisation à l'échelle sous-nanométrique des doublets finaux d'un 

collisionneur linéaire”, PhD thesis, Université de Savoie, 2007. 

5. Authors and co-authors of “Ground motion” and “MDI stabilization” sections of the CLIC Project 

Implementation Plan report as well as of the FCC CDR, 2018. 

Relevant projects or activities: 

CNRS-LAPP has experience in European networks such as EuCARD, E-JADE and R&D collaborations related 

to accelerators issues such as: CLIC, ATF2 and SuperKEKB  

FCC-hh: simulation development for collimation insertions design and performance evaluation for FCC-hh with 

collimator and machine imperfections. 

Relevant significant infrastructure and/or technical equipment: 

Specific sensors for vibrations and seismic measurements (Guralp seismometers, Wilcoxon accelerometers), 
infrastructures for real-time and embedded control systems (DSPACE, CRio NI), dynamics analysis systems 

(Pulse Brüel and Kjaer). 

https://doi.org/10.1016/j.nima.2012.10.031
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4.1.6 CSIL 

Country: Italy Participant Number: 6 

Full Name of legal entity: 

Centro Studi Industria Leggera Societa' Cooperativa 

Description of legal entity and its main tasks: 

CSIL is an employee-owned research institute and consulting company founded in Milan in 1980, specialising in 
applied economic research, evaluation of and support to economic development policies, strategies, programmes 

and decision-making processes. CSIL has been involved in several studies, technical assistance and training 

activities implemented for various services of the European Commission, the European Parliament, international 
banks, international organisations and national government agencies. CSIL carried out a number of comparative 

country analyses, reviews of policy frameworks and public expenditure planning and impact assessments to help 

understand the coherence and soundness of public interventions, as well as ex-ante, interim and ex-post evaluations 

to assess the economic and social effects of a policy, a programme, projects or individual measures.  

CSIL has a strong track record in the development and application of sound methodologies for socio-economic 

impact analysis. Its approach is characterised by the synergetic use of quantitative and qualitative methodologies. 

How does the legal entity’s profile match the tasks in the proposal: 

Regarding WP 2 (Collider design), CSIL will contribute their experience by establishing a cost overview and 
investment profile that will facilitate the creation of socio-economic impacts from the beginning. CSIL will provide 

support to the cost estimation by providing the methodological reference for costing research infrastructures 

according to the recently developed ESFRI guideline, emphasising the long-term perspective to ensure 
sustainability. CSIL will support the development of various probabilistic scenarios, based on the various cost 

assumptions produced by the consortium.  

Regarding WP 3 (Integrate Europe), CSIL contributes its multi-year experience of analysing CERN’s socio-

conomic impacts to consider positive impacts in the placement optimisation. In particular, the following aspects 

will be investigated: i) innovation stemming from excavated materials; ii) impacts from the territorial development 
plans; iii) the effects on the local agglomeration caused by the creation of collaborative links between firms and 

research institutes near to CERN and other hotspots throughout Europe.  

Regarding WP 4 (Impact & sustainability), CSIL contributes to the establishment of a suitable socio-economic 

impact analysis model, studies. It will document benefits that a future particle collider project can generate and 

identify condition for maximising the impact and long-term sustainability. This work will significantly expand the 
studies carried out as a collaborative effort by CERN, UNIMI and CSIL between 2013 and 2019. This work will 

result in a plan to design, build and operate the collider and its experiments with long-term sustainability in mind. 

CSIL will provide the basis to establish a long-term strategy for the project funding and operation.  

Regarding WP 5 (Leverage & engage), CSIL will contribute its experience in government and EU policy body 

meetings for the development of a communication and engagement strategy. In particular, the analysis of the main 
factors that determine the citizens’ interest in the project and their willingness to either visit or contribute will 

provide information about the most appropriate communication and engagement strategy. Also, the analysis of the 

benefits for industry and young researchers will help develop plans to involve a wider and diverse set of users. 

Key person profiles who are carrying out the research activities: 

Massimo Florio (male) is professor at the University of Milan (Italy), founder of CSIL and Honorary President of 

CSIL's Scientific Committee. His main research interests are in socio-economic impact assessment, cost-benefit 
analysis, industrial and regional policy, infrastructure economics, regulation, privatisation and public enterprise. 

He is an acknowledged expert in the evaluation of EU policies, programmes and projects. He has coordinated and 

supervised evaluation research and advisory work for the European Commission, the European Parliament, the 

EIB, the OECD, the World Bank and other institutions.  

Silvia Vignetti (female) is partner and director of the Evaluation Unit at CSIL. She holds a degree in Economics 
from Bocconi University. During her 20 year career, she has specialised in EU funded interventions and evaluation 

of projects and programmes, regional development and cost benefit analysis. She has managed evaluation and 

research projects on behalf of European and national institutions as well as in coordinating large and international 
teams. Silvia is currently involved in the H2020 RI-PATHS project (Grant agreement N. 777563) aimed at 

developing a comprehensive framework describing the socio-economic impact of research infrastructures. She is 

also currently working on the evaluation of the future socio-economic impact of a pan-European digital research 

infrastructure for heritage science (E-RIHS).  
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Emanuela Sirtori (female) has a Master’s Degree in Economics (University of Milan) and she is part-time PhD 

fellow in Economics of Technology, Innovation and Development (UNU-MERIT). She joined CSIL in 2009, 
where she is currently a partner and senior researcher in the field of industrial policy, research and innovation 

policy, regional development and small business economics. Over the years, Emanuela has been involved in 

various evaluation studies on behalf of the European Commission, the European Parliament, the European 

Investment Bank, CERN and others. A specific area of expertise of Emanuela is the evaluation of the socio-
economic impact of RTD investments. She has been appointed by DG Connect as external expert in charge of 

reviewing the proposals and progress of e-infrastructure projects funder under the H2020 topic EINFRA-12-2017.  

Relevant publications, products or services: 

1. M. Florio, “Investing in Science: Social Cost-Benefit Analysis of research Infrastructures”, The MIT Press, 

forthcoming 2019, https://mitpress.mit.edu/books/investing-science 
2. S. Vignetti, J. Angelis, E. Griniece, A. Reid, “Charting Impact Pathways of Investments in Research 

Infrastructures”, in Stay tuned to the future: Impact of Research Infrastructures for Social Sciences and 

Humanities, edited by B. Maegaard and R. Pozzo, 2019, pages 33-43. 

3. P. Castelnovo, M. Florio, S. Forte, L. Rossi, E. Sirtori, “The economic impact of technological procurement 
for large-scale research infrastructures: Evidence from the Large Hadron Collider at CERN”, Research 

Policy, 2018, 47:9, ISSN 0048-7333. 

4. M. Florio, F. Giffoni, A. Giunta, E. Sirtori, “Big-Science, Learning and Innovation: Evidence from CERN 
Procurement”, Industrial and Corporate Change, Volume 27, Issue 5, 1 October 2018, Pages 915–936. 

5. M. Florio, S. Forte, E. Sirtori, “Forecasting the Socio-Economic Impact of the Large Hadron Collider: a 

Cost-Benefit Analysis to 2025 and beyond”, Technological Forecasting & Social Change, 2017, 112: 38-53. 

Relevant projects or activities: 

Between 2013 and 2015, in the framework of the research project funded by the European Investment Bank 

University Sponsorship programme (EIBURS), CSIL has developed a cost benefit analysis model to assess the 
potential future net social benefits generated by research, development and innovation (RDI) investments 

(http://www.eiburs.unimi.it). The model was tested on two large Research Infrastructures: the Large Hadron 

Collider (LHC) at CERN and the Centre for Hadron therapy in Pavia (Italy).  

CSIL has recently developed guidelines for ESFRI on how to collect and estimate cost data of European Research 

Infrastructures and is currently partner of the H2020 INFRASUPP project which aims to improve and test an 

integrated model for the socio-economic impact of research infrastructures.  

Relevant significant infrastructure and/or technical equipment:  

CSIL is equipped with the basic office productivity software and collaborative communication means to perform 

the activities foreseen in this project. In addition to the usual software, CSIL relies on a wide range of in-house 

developed tools for efficient and effective statistical data processing. 

CSIL has access to major economics and statistics data sources such as for instance Orbis. They also rely on various 

resources, such as the digital libraries of the University of Milan, Bocconi University and University of Maastricht. 

CSIL researchers also have a broad knowledge of online resources covering all geographical areas and, when 

needed, they activate relevant journal subscriptions.  

  

https://mitpress.mit.edu/books/investing-science
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4.1.7 DESY 

Country: Germany Participant number: 7 

Full name of the legal entity: 

Deutsches Elektronensynchrotron 

Description of legal entity and its main tasks: 

DESY is one of the world’s leading accelerator centres. Research at DESY explores from the interactions of 

elementary particles and the response of new types of nanomaterials to biomolecular processes. DESY’s unique 

research tools generate the world’s most intense X-ray light, accelerate particles to record energies and open 

completely new windows into the universe. 

DESY is not only a magnet for more than 3 000 guest researchers from over 40 countries every year, but also a 

coveted partner for national and international cooperations. The research centre offers specialised training for a 

large number of professions. 

DESY cooperates with industry and business to promote new technologies that will benefit society and encourage 

innovation. This also benefits the metropolitan regions of the two DESY locations, Hamburg and Zeuthen. 

How does the legal entity’s profile match the tasks in the proposal? 

DESY’s fields of excellence are accelerators and experiments for high energy and nuclear physics, development 

and operation of accelerators and colliders, accelerator controls, high-performance scientific computing, 

synchrotron radiation sources and experiments and astro-particle physics. 

Regarding WP 2 (Collider design), based on its long-time experience DESY will manage the optics control and 

emittance tuning work and will contribute to the tasks on impedance and the beam-detector interface. The ongoing 
work on the PETRA IV accelerator at DESY will help establish the realistic set of machine errors for the FCC. 

The correction algorithms and simulations can be benchmarked on the existing PETRA-III machine and/or 

possibly at ESRF. The concept of the global orbit feedback system will be developed and specifications for BPMs 

defined. Building on is analysis if the experiment vacuum chamber for HL-LC, DESY will contribute to the design 

of the experimental chamber and the RF cavities of the FCC, as well as the establishing a full impedance model.  

Key person profiles who are carrying out the research activities: 

Ilya Agapov (male), has a degree in Mathematical Physics from Moscow State University (2001) and a Ph.D. in 
Electrical Engineering from the University of Rostock (2005). His main areas of expertise are beam dynamics, 

synchrotron radiation, simulation software development as well as operation and design of accelerators. He has 

worked at CERN, Royal Holloway University London, and DESY. His research activities included beam physics 

at HERA, ILC design, LHC commissioning, beam and FEL physics at the European XFEL and beam physics at 

PETRA III. He is currently responsible for the PETRA IV storage ring design and beam physics.  

Rainer Wanzenberg (male): Diploma degree in Physics (1987) and a Ph.D. in Physics (1990) both from 
University of Hamburg, Germany and is currently Senior Scientist for the development and operation of PETRA 

III. He has more than 25 years of experience in accelerator R&D and is a member of the ICFA Beam Dynamics 

Panel and International Programme/Advisory Committees of several workshops and he participated in the EU-

funded FP7 HL-LHC Design Study.  

Ralph W. Assmann (male): Leading Scientist for accelerator R&D with more than 20 years of experience in 
accelerator research, construction and operation. He had roles as primary investigator (PI) on the first SLAC 

experiment on plasma acceleration (E157), was project leader for design/construction of a part of LHC, and was 

LHC machine coordinator. He has had various roles as coordinator and PI of European projects and networks and 
supervises 10 PhDs and more than 10 post-docs. Coordinator of the HORIZON2020 EU Design Study 

EuPRAXIA. Commitments in ARIES: Contributions to WP1 as deputy coordinator of ARIES. Coordination of 

the European Network on Novel Accelerators (WP5).  
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Relevant publications, products or services: 

1. I. Agapov, G. Geloni, S. Tomin and I. Zagorodnov, “Ocelot: A software framework for synchrotron light 

source and FEL studies”, Nucl. Instr. and Meth. in Physics. Research A, 768, pp. 151-156 (2014). 

https://doi.org/10.1016/j.nima.2014.09.057  
2. I. Agapov, R. Brinkmann, J. Keil and R. Wanzenberg, “Noninterleaved round beam lattice for light sources”, 

Phys. Rev. Accelerators and Beams 21, 5 (2018). https://doi.org/10.1103/PhysRevAccelBeams.21.051601 

3. M. Dohlus and R. Wanzenberg, “An Introduction to Wake Fields and Impedances”, in Proc. CAS-CERN: 

Intensity Limitations in Particle Beams, Geneva, Switzerland, 2015, ed. W. Herr, CERN-2017-006-SP 
(CERN, Geneva, 2017).   

4. Y.-C. Chae and R. Wanzenberg, “Status of Impedance Modeling for the PETRA IV”, in Proc. IPAC'18, 

Vancouver, BC, Canada, Apr. 2018, pp. 1423-1426. https://doi.org/10.18429/JACoW-IPAC2018-
TUPMF071.  

5. R. Wanzenberg, E. Metral, B. Salvant, and O. Zagorodnova, “Calculation of Wakefields and Higher Order 

Modes for the Vacuum Chamber of the CMS, ATLAS, ALICE and LHCb Experiments for the HL-LHC”, in 

Proc. IPAC'17, Copenhagen, Denmark, May 2017. https://doi.org/10.18429/JACoW-IPAC2017-WEPIK066 

Relevant projects or activities: 

DESY operates PETRA III, a 6 GeV synchrotron radiation facility with presently world-record emittance. Since 

2016 DESY has been pursuing the design of a fourth-generation synchrotron light source with ultra-low emittance, 
which is expected to go in operation in 2027. 

DESY has a long experience with collaborations for European networks related to accelerators issues, such as FP7 

projects EuCARD and EuCARD2, FP7 TIARA and HORIZON 2020 EuPRAXIA, ARIES, ERC-Synergy Grant 

AXSIS and the Gordon and Betty Moore Foundation Project ACHIP. 

Relevant significant infrastructure and/or technical equipment: 

• Experience with the HERA collider facility 

• PETRA III light source and PETRA IV design for experimental beam optics studies 

• Simulation code development, such as OCELOT  

• Workshop and ancillaries required to develop and prepare prototypes. 

 

 

  

https://doi.org/10.1016/j.nima.2014.09.057
https://doi.org/10.1103/PhysRevAccelBeams.21.051601
https://doi.org/10.18429/JACoW-IPAC2018-TUPMF071
https://doi.org/10.18429/JACoW-IPAC2018-TUPMF071
https://doi.org/10.18429/JACoW-IPAC2017-WEPIK066
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4.1.8 IFJ PAN 

Country: Poland Participant number: 8 

Full Name of legal entity: 

Instytut Fizyki Jadrowej Polskiej Akademii Nauk 

Description of legal entity and its main tasks: 

The Henryk Niewodniczański Institute of Nuclear Physics Polish Academy of Sciences (IFJPAN) is an independent 

research organisation formed in 1955. It is the largest research institute of the Academy of Sciences. In 2017 it was 

awarded the HR Excellence in Research award by the EC. In the recent evaluation of national research units, the IFJ 
PAN received the highest possible mark. Its core activities include theoretical and experimental research in particle 

physics, astrophysics, nuclear physics, condensed matter physics, interdisciplinary research concerning the societal 

applications of physics (e.g. the National Centre for Hadron Radiotherapy-Cyclotron Centre Bronowice). The 

institute employs 600 people and trains more than 120 early stage researchers annually. 

How does the legal entity’s profile match the tasks in the proposal: 

Regarding WP 2 (Collider design), IFJ PAN will define theoretical and experimental physics requirements to ensure 

that the performance of the machine matches the physics research requirements. Following the design process, the 
institute will formulate and initiate the theoretical physics research programme which will allow the particle collider’s 

capabilities to be fully exploited by the experiments. 

Regarding WP 4 (Impact & sustainability), IFJ PAN, with their excellent knowledge of Poland’s research and high-

tech development landscape, will contribute to the identification of regional development and socio-economic benefit 

scenarios. 

Regarding WP 5 (Leverage & engage), IFJ PAN will increase capacity by building user communities that will work 

together to develop and operate the infrastructure in a sustainable way. For this purpose, IFJ PAN takes an active role 
in running working meetings at the interface of the experimental studies and the theoretical calculations and scenarios. 

This activity is a pre-requisite for the design of the detectors and the analysis code, to ensure the most successful 

exploitation of the physics discovery potential of the collider. 

Key person profiles who are carrying out the research activities: 

Marcin Chrząszcz (male), is an assistant professor, with international experience at CERN, University of Zurich, 

DESY, INFN Pisa. Currently he is a member of LHCb, Gambit, BaBar, GAMBIT and FCC-ee collaborations. He 

has experience in detector development, experimental analysis and phenomenological studies and in convening 

international working groups. 

Tadeus Lesiak (male) is full professor and the research director of the IFJ PAN. He was a member of CRYSTAL 
BALL, DELPHI, Belle and currently LHCb and FCC-ee. For the past 10 years he has been responsible for the PhD 

program at the IFJ PAN. Currently he is the Polish representative of RECFA. 

Jihyun Bhom (female) is a post-doc at IFJ PAN, currently working on the LHCb experiment. Previously a member 

of ALICE and STAR collaborations participating in both data-analysis and detector development.  

Relevant publications, products or services: 

1. M. Chrząszcz, et. al., “A frequentist analysis of three right-handed neutrinos with GAMBIT”, 

arXiv:1908.02302. 

2. C. Bobeth, M. Chrząszcz et. al., “Long-distance effects in B->K* ll from Analyticity”, arXiv:1707.07305. 

3. LHCb Collaboration, “Angular analysis of B->K*mumu decay using 3fb of integrated luminosity”, 

arXiv:1609.04736 
4. M. Chrząszcz et. al., “TAUOLA of tau lepton decays – framework for hadronic currents, matrix elements and 

anomalous decays”, arXiv:1609.04617 

5. GAMBIT Collaboration, “Global fits to GUT-scale SUSY models with GAMBIT”, arXiv:1705.07935 
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Relevant projects or activities: 

1. European XFEL at DESY, Germany, 2009-2015. Testing of 840 radiofrequency cavities, 103 magnets and 

103 cryomodules as in-kind contribution. Currently deeply involved in the European Spallation Source (ESS). 

2. LHC at CERN, 2005-2014. Design and construction of measuring devices, development of measuring and 

testing methods, electrical and device interconnection testing at more than 1600 superconducting circuits. 

3. H2020 JENNIFER, 2015-2019. Participation MSCA-RISE project on a Japan and Europe Network for 

Neutrino and Intensity Frontier (BELLE II) Experimental Research 

4. H2020 AIDA 2020, 2015-2019. Participation in the CERN coordinated project on Advanced European 

Infrastructures for Detectors and Accelerators. 

5. Future Circular Collider study, 2016-now. Participant in the international FCC study hosted by CERN, 

performing theoretical physics studies and development of Monte Carlo simulation software to determine the 

sensitivity of the collider to physics observables and processes. 

Relevant significant infrastructure and/or technical equipment:  

Relevant for WP 2:  Around 400 researchers, PhD programme encompassing 90 students. The IFJ PAN developed 

a local cloud computing facility funded by the EU, that is currently widely used by researchers at the institute. It 
also has a direct access to the largest super-computer in Poland: Prometheus, which is currently ranked 103 in the 

TOP500 world super-computers.  

Relevant for WP 4: There are two industrial liaison officers; one devoted to CERN and the second to ESS. At the 

local universities (Jagiellonian University, University of Science and Technology and Cracow University of 

Technology) there are officers of technology transfer and regional economy development who collaborate closely 

with IFJ PAN. 

Relevant for WP 5: At the IFJ PAN there is a long-standing tradition of organising conferences, workshops and 

collaboration meetings. These include: EPS 2009, European Strategy for Particle Physics 2012, Quark-Matter 

2021. In addition, IFJ PAN has organised the Epiphany conference for 25 years. In terms of collaboration meetings 

IFJ PAN has hosted: DELPHI, ZEUS, FCAL, GAMBIT. 

IFJ PAN possess an auditorium with a capacity for 150 participants and five meeting rooms with a capacity ranging 

from 20 to 70 participants. Krakow has a large conference centre.  

IFJ PAN as a holder of HR logo is fully adapted for the needs of handicapped persons.  
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4.1.9 INFN 

Country: Italy Participant number: 9 

Full name of the legal entity: 

Istituto Nazionale Fisica Nucleare 

Description of legal entity and its main tasks: 

The National Institute of Nuclear Physics (INFN), is the major Italian research organisation dedicated to the study 

of the fundamental constituents of matter, conducting theoretical and experimental research in the fields of sub-

nuclear, nuclear and astro-particle physics. 

Fundamental research in these areas requires the use of cutting-edge technologies and instrumentation, which 
INFN develops both in its own laboratories and in collaboration with industrial partners. The research is conducted 

in close collaboration with leading academic institutes and universities. The INFN workforce includes about 2000 

employees, almost 2000 university employees and about 1300 young researchers. Researchers are grouped in 19 

units and 4 National Labs, and have been making significant contributions to advances in nuclear and sub-nuclear 

physics, all over the world since 1951. 

How does the legal entity’s profile match the tasks in the proposal? 

INFN’s fields of excellence are high energy and nuclear physics accelerators and experiments, development and 

operation of accelerators and colliders, accelerator controls, high-performance scientific computing, synchrotron 

radiation sources and experiments, astro-particle physics and free electron lasers.  

Regarding WP 2 (Collider design), Laboratori Nazionali di Frascati (LNF) has many years of experience in 

designing and running accelerators. The backgrounds from the DAΦNE accelerator have been successfully 

reduced and kept under control and this experience is relevant for task 3.3. Detailed studies have been performed 

for new facilities, such as SuperB and τ-charm factory. Similar studies will be carried out for the frontier hadron 

collider. 

Regarding WP 4 (Impact & sustainability), INFN has a tradition of working with economists from the University 
of Milan and the Centre for Industrial Studies in Milan on the impact potentials of large-scale research 

infrastructures. These activities include the cost benefit studies on the LHC, the HL-LHC and the national centre 

for hadron therapy (CNAO). INFN also has core-expertise in numerous key enabling technologies for a future 
lepton collider, such as superconductivity. INFN’s participation in the CERN coordinated EASITrain MSCA 

focuses on superconducting radiofrequency systems and their industrial impact potentials.  

Key person profiles who are carrying out the research activities: 

Manuela Boscolo (female): Degree in physics and PhD in applied electromagnetism and electrophysical science 
and she is a senior technological researcher at LNF in the field of particle accelerator physics and technology. M. 

Boscolo was the INFN coordinator of the EU funded project EuroCirCol and is also coordinating the FCC-ee 

machine detector interface study group.  Her primary expertise is in the field of beam induced backgrounds in 
electron-positron colliders and related lifetime estimates. She is also expert in beam dynamics for high brightness 

electron linacs. She is of the main proponents of the novel low emittance positron-driven muon collider LEMMA. 

Luigi Pellegrino (male): Graduate engineer in mechanics, PhD in energetics. He has been at LNF since 1992. 

From 2012 onwards has been head of the mechanical engineering group in the accelerator division. He coordinates 

the design, testing, installation and alignment of accelerator components like RF structures and magnets. 
Contributed to the design and construction of the accelerators DAΦNE and SPARC (INFN Frascati), CNAO 

(Pavia-Italy), STAR (Rende (CS) – Italy). Experienced in thermomechanical simulation and accelerator’s fluid 

systems design, commissioning and operation. 

Mikhail Zobov (male): The technological research director of the LNF; more than 36 years working experience 

in the field of accelerator physics and technology in several international laboratories and universities such as 
Russian Research Nuclear University (MEPhI), KEK and INFN. Dr. Zobov was the LNF INFN coordinator of the 

EU funded project High Luminosity Large Hadron Collider Design Study (HiLumi LHC) and presently he is the 

INFN coordinator of the EU funded project CREMPLINplus. His primary expertise is in the field of beam coupling 

impedance and related beam instabilities as well as in beam-beam effects.  
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Relevant publications, products or services: 

1. M. Boscolo and P. Raimondi, “Monte Carlo simulation for the Touschek effect with the crab- waist scheme”, 

Phys. Rev. Special Topics –Accel. and Beams Vol. 15 (2012) 104201-16.  

 https://doi.org/10.1103/PhysRevSTAB.15.104201 
2. M. Boscolo, H. Burkhardt, M. Sullivan, “Machine detector interface studies: layout and synchrotron radiation 

estimate in the future circular collider interaction region”, Phys. Rev. Accel. Beams 20 (2017) no. 1, 011008. 

https://doi.org/10.1103/PhysRevAccelBeams.20.011008 

3. K. Oide et al., “Design of beam optics for the Future Circular Collider e+e−-collider rings”, Phys. Rev. Accel. 
Beams 19 n. 11, 111005 (2016). https://doi.org/10.1103/PhysRevAccelBeams.19.111005 

4. M. Boscolo, “Machine detector interface for the e+e- Future Circular Collider”, PoS EPS-HEP2017 (2018) 

530 6pp.  https://doi.org/10.22323/1.314.0530 
5. M. Boscolo et al., “Low emittance muon accelerator studies with production from positrons on target”, Phys. 

Rev. Accel. Beams 21 (2018) no.6, 061005. https://doi.org/10.1103/PhysRevAccelBeams.21.061005 

Relevant projects or activities: 

INFN has much experience with collaborations for European networks related to particle accelerators, such as 
Eurocircol, Easitrain, FP7 HiLumi DS, EuCARD and EuCARD2, FP7 TIARA, ARIES, EupraXia, ELI-NP, 

Eurofel. 

The LNF has a long history in accelerator physics and presently they host DAΦNE for high energy and nuclear 

research, and SPARC for FEL and PWFA R&D. The LNF Accelerator Division participated in the design and 

commissioning of CNAO, as well as CTF3.  

INFN supports many R&D activities ranging from R&D in high field magnet design (Genova and LASA) to RFQ 

in Legnaro as well as beam dynamics topics crucial for future collider R&D. 

INFN achieved a 30% reduction in power requirements for DAΦNE through a combination of machine parameter 
tuning, magnet re-shaping, modifications to the RF and cooling plants and automation. A heat recovery system for 

the cooling has also been introduced. 

Relevant significant infrastructure and/or technical equipment: 

• DAΦNE collider facility for experimental beam optics studies 

• Simulation code developed for the interface between DAΦNE main rings and the experimental apparatus 

(KLOE, FINUDA, SIDDHARTA) 

• Workshop and ancillaries required to develop and prepare prototypes 

• Metrology equipment (laser trackers for alignment, CMM, stretched wire bench for magnet characterisation) 

• Simulation codes (Ansys for mechanical engineering, OPERA for em fields, HFFS for RF) 

• 3D CAD (Autodesk Inventor) 

• Beam optics and beam dynamics software 
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4.1.10 KIT 

Country: Germany Participant number: 10 

Full name of the legal entity: 

Karlsruher Institut für Technologie 

Description of legal entity and its main tasks: 

The Karlsruhe Institute of Technology (KIT) is the research university in the Helmholtz Association. KIT aligns 

its research fields with the long-term challenges of society in order to develop sustainable solutions. The focus is 

on energy, mobility and information. Further focuses are climate and environment, man and technology as well as 
elementary particle and astro-particle physics. With around 9 300 employees, including more than 4 500 in science 

and teaching, and over 25 000 students, KIT is one of the largest research and teaching institutions in Europe. 

KIT’s research covers the complete range from fundamental and applied research to close-to-industry and from 

small research partnerships to long-term large-scale research projects. The development of viable technologies 

and their use in industry and society are the cornerstones of KIT’s activities. The Accelerator Technology Platform 
at KIT (ATP) combines accelerator-relevant infrastructures, technologies and research to advance accelerator 

science and technology. Technological developments range from high-throughput beam diagnostics systems to 

superconducting undulators and high temperature superconducting magnets. Within a multi-disciplinary 
environment with a strong engineering tradition, ATP researchers strive to understand fundamental processes to 

make compact and energy efficient accelerators. As a part of the infrastructure portfolio of the ATP, KIT operates 

accelerator test facilities and the Ferninfrarot Linac- und Test-Experiment (FLUTE). 

How does the legal entity’s profile match the tasks in the proposal? 

Regarding WP2 (Collider design): KIT’s accelerator research and development experience encompasses advanced 

beam dynamics studies, novel beam diagnostics, and technologies for future accelerators. KIT has developed novel 

beam diagnostics systems featuring streaming and continuous data acquisition. KARA features the world’s first 

and only setup for electro-optical sampling and spectral decoding in a storage ring, thus pioneering high data rate 

diagnostics techniques. 

Key person profiles who are carrying out the research activities: 

Anke-Susanne Müller (female) is professor for accelerator physics and head of the Institute for Beam Physics 
and Technology (IBPT) with more than 20 years of experience in linear and nonlinear beam dynamics and 

diagnostic techniques at electron accelerators. 

Gudrun Niehues (female) is a senior scientist at IBPT and responsible for the electro-optical fs-laser-based bunch 

diagnostics and beam instrumentation with more than 10 years of experience in laser technology and diagnostic 

techniques. 

Relevant publications, products or services: 

1. S. Bielawski et al., “From self-organization in relativistic electron bunches to coherent synchrotron light: 

observation using a photonic time-stretch digitizer”, Scientific Reports 9, 10391 (2019) 

2. S. Funkner et al., “High throughput data streaming of individual longitudinal electron bunch profiles”, Phys. 

Rev. Accel. and Beams 22, 022801 (2019). https://doi.org/10.1103/PhysRevAccelBeams.22.022801 
3. L. Rota et al., “KALYPSO: Linear array detector for high-repetition rate and real-time beam diagnostics”, 

Nucl. Instr. & Meth. in Physics Research A 936, 10 (2018). https://doi.org/10.1016/j.nima.2018.10.093 

4. B. Kehrer et al., “Synchronous detection of longitudinal and transverse bunch signals at a storage ring”, Phys. 
Rev. Accel. and Beams 21, 102803 (2018). https://doi.org/10.1103/PhysRevAccelBeams.21.102803 

5. P. Schönfeldt et al., “Towards near-field electro-optical bunch profile monitoring in a multi-bunch 

environment”, in Proc. 8th Int. Particle Accelerator Conf. (IPAC'17), Copenhagen, Denmark, May 2017, paper 

MOPAB055, pp. 227-230. https://doi.org/10.18429/JACoW-IPAC2017-MOPAB055  

Relevant projects or activities: 

1. H2020 EuroCirCol project 

2. H2020 ARIES project 

3. Future Circular Collider study hosted by CERN 
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Relevant significant infrastructure and/or technical equipment: 

1. Karlsruhe Research Accelerator (KARA), http://www.ibpt.kit.edu/kara for experimental beam optics studies 

2. Ferninfrarot Linac- und Test-Experiment (FLUTE), http://www.ibpt.kit.edu/flute  

3. Magnet Characterization Facilities: CASPER I + II, LASMagLab, http://www.ibpt.kit.edu/mcf  
4. The Accelerator Technology Platform (ATP) comprises several institutes and several hundred scientists: 

http://www.ibpt.kit.edu/atp  and the ALFA accelerator facilities: www.ibpt.kit.edu/alfa  
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4.1.11 LD 

Country: Switzerland Participant number: 11 

Full name of the legal entity: 

Latitude Durable 

Description of legal entity and its main tasks: 

The company's purpose is to provide the following services:  

• expertise, advice, coordination, strategy and project implementation;  

• management, piloting and support in project management;  

• sustainability assessment of projects, action plans, public policies, approaches and processes, using 
sustainability assessment tools and methods;  

• risk assessment;  

• assistance to the project owner 

in the fields of  

• sustainable development, the environment;  

• territorial and infrastructure planning, spatial planning, urban planning, construction;  

• administrative procedures and processes related to the above-mentioned areas.   

How does the legal entity’s profile match the tasks in the proposal? 

LD’s field of excellence is the assistance for construction projects in the canton of Geneva based on its extensive 
experience in coordinating cantonal and federal offices with technical suppliers, in particular to ensure the projects’ 

compatibility with urbanistic and environmental requirements. LD has analysed the landscape of required and 

possible administrative processes at cantonal and federal levels in view of developing a process and schedule that 
can lead to a construction permit for a new particle collider’s underground and surface site infrastructure on Swiss 

territory. In this project, LD will engage in the next logical step to develop the highest priority processes in detail, 

to facilitate their setup and to coordinate government offices at cantonal and federal levels with state services, 

private consultants and technical companies to set up the preparatory phase of construction on Swiss territory.  

Regarding WP 2 (Collider design), LD will advise the accelerator design team with respect to layout and placement 
constraints on Swiss territory, analyse the compatibility of the design with the availability of natural resources and 

will document necessary territorial developments with respect to technical infrastructures.  

Regarding WP 3 (Integrate Europe), LD will contribute with its expertise in the Swiss environmental impact 

assessment framework, collaborating with CERN and partners in France to define an environmental impact 

assessment framework. For the placement optimisation, LD will coordinate partners that bring in complementary 
technical expertise, covering from urbanistic planning offices and territorial development agencies to specialised 

companies for the socio-urbanistic impact assessment and development of mitigation. This process will lead to a 

seamless blending of the surface sites in the region. For the management of excavated materials, LD will 

participate in the development of an innovative materials management approach, in particular considering the 

compatibility of the environmental impact and the materials use cases on Swiss territory.  

Regarding WP 4 (Impact & sustainability), LD’s participation in the socio-economic impact assessment will focus 

on the cultural value that a new research infrastructure can generate in the region, on the regional industrial 

spillover including the shared use of the infrastructure between public entities and local companies, as well as the 

value of excavated materials. LD will contribute its expertise on land value and the cost of environmental 

mitigation.  

Regarding WP 5 (Leverage & engage), LD will contribute to the development of the communication strategy 
focusing on the stakeholder engagement on Swiss territory and the needs with respect to public consultancy 

processes. In this process, LD will participate in the development of a plan for societal engagement activities. LD 

will contribute to the effective exploitation of this project by working closely with cantonal and federal notified 
bodies to develop a scenario which is compatible with the territorial requirements and by explaining the project 

scope, goals and impacts of the research infrastructure project.  
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Key person profiles who are carrying out the research activities: 

Maude Sauvain (female), trained as a geographer specialising in environment and sustainable urban planning, 

she has solid experience in a private company (CSD) through which she has developed environmental skills in an 

urban environment and produced environmental impact reports. This experience was then put to good use by the 
public service of the State of Geneva as an environmental engineer in the environmental impact assessment service 

and she is now responsible for this sector of activity. In this context, she has been able to develop and perfect 

specific skills in environment and urban planning, coordination between public policies, management of the 

balancing of interests and coordination work between the various stakeholders at the level of the canton of Geneva 

and Grand Genève. In 2018 she created her own company to assists development projects.  

Relevant publications, products or services: 

1. "Analyse des procédures administratives sur le territoire suisse pour de futurs projets d’accélérateurs", 

contractor study and report developed for CERN, 2019.  
2. “Évaluation des effets sur l’environnement pour les plans et programmes", published by  the Office fédéral de 

l’environnement (OFEV), study and report developed during affiliation of M. Sauvain with the "Service de 

l’environnement et des risques majeurs du canton de Genève", 2018. 
3. "Stratégie cantonale des espaces publics", project management assistance, Etat de Genève, Office de 

l’urbanisme, Service des Interfaces CEVA, in partnership with Triporteur (Project under construction 2018 -

2020).  
4. "Etude pour l’intégration des services écosystémiques dans les évaluations environnementales stratégiques", 

Etat de Genève, Service de l’environnement et des risques majeurs, in partnership whith UNIGE.  

5. Training assistance in the areas of environtmental and transport policy, module  "pollution de l’air due aux 

activités de transport", during affiliation with ENABEL, Agence Belge de développement, Alger, Algeria, in 

partnership with BTEE SA, 2018.  

Relevant projects or activities: 

LD has experience with the administrative processes of construction projects in the canton of Geneva, for instance 

in the “Cool city” project and as member of the “Ecole de Pont-Rouge” review committee in Lancy, Geneva. 

LD has participated in spatial planning at cantonal and at federal level. 

LD has developed alternative scenarios for administrative processes related to the access of land for the FCC 

construction in Switzerland in 2017 and 2018. 

Relevant significant infrastructure and/or technical equipment: 

Not applicable. 
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4.1.12 MUL 

Country: Austria Participant number: 12 

Full name of the legal entity: 

Montanuniversität Leoben 

Description of legal entity and its main tasks: 

Montanuniversität Leoben is a university in Austria known for its research focused on the “added value chain”, 

concerning the extraction of raw materials and their processing, material & product development, production 

processes, manufacturing, building components/plants up to recycling and landfill. The various research areas of 
MUL embrace R&D for SMEs and for industry as well as for public institutions. Additionally, MUL participates 

in setting-up of national competence centres, laboratories, research studios as well as taking part in a large number 

of national, European and international research projects. 

How does the legal entity’s profile match the tasks in the proposal? 

The Chair of Subsurface Engineering at Montanuniversität Leoben is part of the Department “Mineral Resources 

Engineering”. A broad variety of research in the fields of geotechnics and underground engineering is carried out 

by the laboratory’s civil, mining and tunneling engineers, usually in close collaboration with industry. The fields 
of experience cover tunnel design strategies, tunneling methodologies, safety in tunnels during construction and 

operation as well as the refurbishment of tunnels.  

Regarding WP 2 (Collider design), MUL’s international leadership in subsurface engineering serves the 

optimisation of the collider design with respect to feasibility, schedule and cost optimisation. It helps to reduce the 

quantity and optimises the types of excavated materials based on the selection of the tunneling technology. 

Regarding WP 3 (Integrate Europe) MUL’s activities of comparing and evolving regulatory and legal frameworks 

for subsurface engineering projects at an international level serve the development of a suitable plan for the 
management and use of excavated materials. MUL will leverage its extensive experience in large-scale engineering 

projects for the work on an environmental impact assessment framework in a transnational context and to establish 

a project-wide risk management framework. 

Regarding WP 4 (Impact & sustainability), MUL integrates this project with other EC and nationally funded 

projects that aim to create industrial and societal impact in the area of effective tunneling and use of excavation 
materials. Depending on the lithology, excavation material can be reused, for example, as aggregates for concrete 

and in purification processes. MUL provides a variety of geotechnical, mineralogical and elemental analysis 

instruments which will be used to produce data from the geological and geotechnical results. The findings and 
experience in this sector are available as input for the overall quantitative socio-economic impact assessment and 

for the development of regional impact.  

Regarding WP 5 (Leverage & engage), MUL brings the experience of communicating with government officials 

and the public about large scale civil engineering undertakings, in particular, nuisances and environmental impacts. 

MUL seamlessly links this project with other international activities on generating innovations in tunneling and 
excavation re-use domains with a focus on a continuously optimised and circular economy. MUL will run the 

“mining the future” challenge, aiming to engage researchers, companies and innovators in Europe to conceive 

novel approaches to make use of excavated materials.  

Key person profiles who are carrying out the research activities: 

Robert Galler (male) is a mining engineer specialising in geotechnics and tunneling who graduated from 

Montanuniversität Leoben (MUL), Austria. In 1997 he obtained a PhD in TBM technologies. From 1997 to 2007 

he worked with Geoconsult, an international company in the field of underground construction. From 2001 to 2004 

he was head of the underground construction division with about 50 employees and, as such, project manager for 
several underground projects like the technical refurbishment of the Perneck-Obereck gypsum mine. From the end 

of 2004 until becoming professor at MUL he was head of GEOCONSULT Innsbruck and in this role, he was 

project manager for the Brenner Base Tunnel. From 2009 to 2012 he was the scientific leader of the Austrian 
research project “Re-use of tunnel excavation material” focusing on the laboratory tests required. He has further 

experience in several international research projects e.g. the European research project “UPTUN – upgrading of 

existing tunnels”, the EU-FP7 research project DRAGON and the HORIZON 2020 projects RICAS2020 and 
THERMODRILL. Robert Galler has been a member of the management board of the Austrian Society for 

Geomechanics (ÖGG) since 2000 and since 2005 he has been the Austrian representative in the International 

Tunnelling Association and head of the editorial board of the journal “Geomechanics and Tunnelling”. 
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Nina Gegenhuber (female) is a geophysicist with a focus on petrophysics. In 2011 she obtained a PhD in Applied 

Geosciences and qualified as a lecturer in 2018. Her research places emphasis on the determination of 
petrophysical parameters of rock for the estimation of elastic properties and the study of mineralogic and elemental 

rock composition. She participated in many research projects such as Thermalp, Transenergy, Mintherm which 

have been supported by national research funding organisations, as well as carrying out petrographic coded 

correlations in petrophysics. 

Relevant publications, products or services: 

1. R. Galler, “Tunnel excavation material - waste or valuable mineral resource? - European research results on 

resource efficient tunnelling, Tunnels and Underground Cities: Engineering and Innovation meet 

Archaeology, Architecture and Art:”, Proceedings of the WTC2019, Naples, Italy, 3-9 May, 2019. Band 1. pp. 
23  

2. H. Erben, “Real-Time Material Analysis and Development of a Collaboration and Trading Platform for 

Mineral Resources from Underground Construction Projects”, PhD-thesis supervised by Galler, R., 
Montanuniversität Leoben, 2016  

3. R. Galler, “Development of Resource-Efficient Tunnelling Technologies: Results of the European Research 

Project DRAGON, Cross Alpine Corridors”, Brenner Congress 2015. pp. 55-59  
4. R. Galler, “Potential of tunnel excavation material: Potential des Tunnelausbruchmaterials”, Geomechanics 

and tunnelling, 2015, 8, 4, pp. 290  

5. F. Dertnig and N. Gegenhuber, “Elastic rock parameters – the influence of mineral composition, porosity and 

microstructure”, 80th EAGE Conference & Exhibition 2018, Copenhagen  

Relevant projects or activities: 

FP7: DRAGON 

H2020: RICAS2020, THERMODRILL 

FFG: Recycling von Tunnelausbruch (engl.: Re-use of tunnel excavation material) 

Relevant significant infrastructure and/or technical equipment: 

Relevant for WP 4: MUL has a geotechnical laboratory for e.g. uni- and triaxial strength tests, LCPC, Cerchar 

tests, sieve analysis and several other. It owns additional laboratories providing mineralogical and elemental 

analysis using e.g. x-ray fluorescence, x-ray diffraktometer, analytic chemistry, etc. 

Relevant for WP 5: MUL has a 1:1-scale underground construction research & development centre ZAB-Zentrum 
am Berg with 4 km of underground structures. The ZaB encompasses two two-lane road tunnels and two single-

track railway tunnels. ZaB will serve as an ideal internationally well-known setting for the “Mining the Future” 

award event. 
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4.1.13 SN 

Country: The Netherlands Participant number: 13 

Full name of the legal entity: 

Springer Nature 

Description of legal entity and its main tasks: 

Springer Nature (SN) is a global publisher dedicated to helping authors share their discoveries, enabling 

researchers to find, access and understand the work of others and supporting librarians and institutions with 

innovations in technology and data. It has a leading role in open research and is a powerful advocate of the highest 
quality and ethical standards in research. Springer Nature was formed through the merger of Nature Publishing 

Group, Palgrave Macmillan, Macmillan Education and Springer Science+Business Media. The company has 

almost 13 000 staff in over 50 countries. Its brands are some of the most trusted and respected in their fields. 

Springer was founded by Julius Springer in 1842, Macmillan founded in 1843 and Nature first published in 1869.  

How does the legal entity’s profile match the tasks in the proposal? 

Regarding project communication, SN has access to broad in-house and external communication networks and 

channels. Its communications team will work closely with the consortium to support outreach and engagement for 
the project. Whilst coverage cannot be guaranteed due to editorial independence, all relevant opportunities will be 

explored and the communications team will be available to discuss relevant and newsworthy opportunities. For 

suitable topics the communications team will devise a targeted press campaign selecting the relevant suite of 
resources (PR, blogs, social media etc.) to support both outreach and engagement. Such communications outreach 

can include a combination of editorial content, social media engagement, press releases and custom media.  

Regarding the development of an integrated publishing workflow, SN has both the in-house knowledge in 

designing and programming manuscript handling systems and the expertise in partnering with companies. SN will 

work with the consortium members to design, develop, and deliver an integrated end-to-end workflow to support 

the team with a collaborative authoring, editing, review and publishing space.  

Regarding the economic impact analysis of publications, SN is works with Digital Science. Their scholarly 
analytics platform “Dimensions” and the online conversation tracking tool “Altmetric” provide a useful data 

environment for this task. In this work, SN colleagues act as supervising consultants for the subject matter as well 

as a fusion centre to streamline cooperation with the experts that belong to the various SN associated companies.  

Key person profiles who are carrying out the research activities: 

Elisabeth Mol (female), Springer Nature B.V. Netherlands – Manager, Elisabeth Mol is the Vice President of the 

Mathematics, Physical and Applied Sciences Journals Division at Springer Nature. Previously, she was responsible 

for Springer’s Physics and Astronomy Book and Journal Group. She started her publishing career as publishing 

editor in mathematics in 1997 at Kluwer Academic Publishers, now part of Springer Nature. This was immediately 
after obtaining her PhD in soft condensed matter at Utrecht University, based on research performed at the FOM 

Institute AMOLF in the Netherlands.  

Thomas Spicer (male), Springer Nature UK, - Deputy Manager, Thomas Spicer is the Editorial Director for 

Physics and Astronomy Journals at Springer. Having studied physics at Imperial College London and the IAC in 

Tenerife, he joined Institute of Physics Publishing in 1996, working on both journal development and book 
acquisition. In 2005 he co-founded Canopus Academic Publishing Ltd, a UK-focused publisher producing 

textbooks and research monographs across the physical sciences. He joined Springer in 2012 and now manages a 

team covering all aspects of pure and applied physics, together with a growing list of partner society journals in 

South Korea. 

Katherine Arundell (female), Springer Nature UK, (WP5.4), Katherine Arundell is Head of Innovation within 
the Researcher Experience team at Springer Nature. Previously the Head of Researcher Experience for the Nature 

Research Open Access journals and a member of the launch team for the multidisciplinary open access journal 

Scientific Reports (various positions up to senior management team from 2010 to 2017) she began her career in 
2008 at Nature Publishing Group working on a portfolio of academic and society journals. Katherine holds a B.Sc. 

(hons) in Zoology from the University of Durham.  

Andrea Melendez-Acosta (female), Springer Nature UK, (WP5.4), is the Head of Researcher Experience for 

Journals at Springer Nature. She is responsible for representing the needs of authors across teams, departments 

and functions. She began her STM publishing career in 2007 at the open access publisher BMC and proceeded to 
look after an international team developing and growing academic and society titles. She has a BSc in Genetics 

from University College London and an MSc in Science Communication from Imperial College London. 
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Relevant publications, products or services: 

1. 300 000 articles published per year in 3 000 journals (among them 700+ fully OA) and 13 000 books  
2. 700 000+ peer reviewers in the SN network  

3. Largest scientific job website Nature Careers and valuable training opportunities with Nature Masterclasses  

4. Award-winning journalistic content that brings research to a broad audience  

5. >7 million views of research articles using sharing tool SN SharedIt  

Relevant projects or activities: 

1. SCOAP3 (Sponsoring Consortium for Open Access Publishing in Particle Physics): Springer Nature has 

ongoing contracts with SCOAP3 regarding two of its high-energy journals  
2. Service “In Review” opens up the submission, review and editorial process for authors and allows for early 

sharing.  

3. Collaboration between Research Gate and Springer Nature on extended pilot to deliver seamless discovery and 
an enhanced reading experience.  

Relevant significant infrastructure and/or technical equipment: 

SN possesses all infrastructures for mass production of journals, books covering the entire lifecycle from authoring 
to publishing. Infrastructures comprise offices, machinery, all relevant services and a global IT support 

infrastructure. SN will provide a consultancy team, systems for article submission and review, editing services and 

all relevant technical equipment for typesetting and publishing the main deliverables of the project. Springer 
Nature also possesses the logistics infrastructure to ship large volume publications in a timely fashion and to offer 

products via world-leading on-line stores. 
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4.1.14 TMFS 

Country: Austria Participant number: 14 

Full name of the legal entity: 

Terra Matter Factual Studios GmbH 

Description of legal entity and its main tasks: 

Terra Mater Factual Studios, founded in 2011, are based in Vienna, Austria. The production unit is a subsidiary 

company of Red Bull and specialises in premium factual programming for TV, multimedia platforms and theatrical 

release. Core genres are nature, science and history presented in blue-chip primetime series and specials. The 
production company also brings together a wide array of genres and styles to create exciting new factual and 

entertainment formats. TMFS produce stories For the big screen that are highly relevant and strongly rooted in 

reality: from classical feature documentaries to wild drama, where nature plays the main role, further on to fiction 

films, where real stories are the basis for the scripts. 

TMFS’ diverse portfolio contains more than 200 hours, honoured by almost 250 international film festival awards 
and 300 nominations. In 2017, its feature documentary ‘The Ivory Game’ was on the Academy of Motion Picture 

Arts and Sciences’ Shortlist for the Oscars. TMFS’ latest coup was the prestigious Audience Award at Sundance 

Festival 2019 for its feature documentary ‘Sea of Shadows’. 

How does the legal entity’s profile match the tasks in the proposal? 

Terra Mater Factual Studios is part of one of the world’s most powerful networked media production houses. Its 

vast experience in media production make it a perfect match for the task of developing a communication strategy 

and plan for a global science mission spanning almost a century. TMFS has experience in handling major 
international projects, taking into account diverse cultural preferences and identifying the unifying elements. 

Together with its partners, the company can scale its range of services to practically any scale. 

Regarding WP 3 (Integrate Europe), TMFS with its corporation offices in France and Switzerland will study the 

characteristics of the region in which the research infrastructure will be placed in order to develop the 

communication and engagement strategy. This permits the topics which are of highest priority for the regional 
population and economies to be identified. TMFS will engage institutional stakeholders at European level in 

building the foundation and thus contribute significantly to integrate the project in the European political, socio-

economic and scientific landscape. 

Regarding WP 4 (Impact & sustainability), TMFS will use its experience in popular science documentaries and 

public engagement via print, social, audio-visual media and events for science, technology and innovation. For the 
socio-economic impact analysis, TMFS will participate in building the model for the cultural value of a future 

research infrastructure and will bring their practical experience as a leading company in successful sci-tech and 

innovation communication. The plan of communication actions and products targeting the pre-construction and 

construction phases of the project will be focused on impact optimisation, both in terms of stakeholder engagement, 

fostering an understanding and acceptance in the population and raising the awareness in funding agencies. 

Regarding WP 5 (Leverage & engage), TMFS will develop a communication strategy for the preparatory and 

construction phases using a multi-lateral media approach, spanning moving images, print and social media.  

Key person profiles who are carrying out the research activities: 

Markus Mooslechner (male), WP3, is an internationally experienced science communicator and project manager 
with over two decades of media experience.  His core competencies include science communication, development 

of innovative media formats, project management, public speaker and author. Markus Mooslechner is the author 

of the award-winning documentary film “Supersapiens”, various science documentaries and award-winning TV 

series. Before joining Terra Mater Factual Studios, Markus worked as editor-in-chief and moderator of the 
Austrian TV science magazine "Newton" at the Austrian Broadcasting Corporation (ORF). Before that, he worked 

as a live reporter and editor for several editorial offices, including the ORF's daily news programme. Markus began 

his career as a radio editor and newsreader. He has a university degree (University Graz, Austria and Williams 
College, USA) and a deep interest and fascination for science in all fields. Markus regards his live reporting at the 

LHC startup in 2008 as one of his favorite and moving experiences.  

Claudia Wagner (female), is a project manager at TMFS. She studied in Vienna and Stockholm and holds a BA 

in Scandinavian Studies and an MA in theatre, film and media studies, focusing on Swedish cinema and 

contemporary theories of media. As project manager, she is able to combine planning, arranging and coordinating.  
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Relevant publications, products or services: 

• Production services for documentaries and feature films and digital channel assets 

• Print media production services (e.g. Red Bulletin published in 7 countries, 4 languages, 1.75 Million print 
run per month, 5 Million monthly readers; Innovator, 9 issues in D/A/CH per year, 142 000 print run per issue; 

Benevento Publishing, 3 Countries D/A/CH, 400 000 books sold per year; Terra Mater Magazine, 6 issues in 

A/D/CH per year, 45 000 print run per issue) 

• Web contents production and social media contents management 

• Communication project management including consultancy services 

• Media training facilities and courses 

Relevant projects or activities: 

1. H2020 MSCA ITN EASItrain (ongoing), in charge of training Early Stage Researchers to communicate their 

research effectively to non-scientists 

2. “Mission to the Moon”, Germany’s first private mission to the moon. Project management since 2018 with 
partners Audi, Vodafone, Omega, On, Red Bull Mediahouse, https://mission-to-the-moon.com  

3. “The Ivory Game”, the 2016 undercover documentary resulted in Ivory ban in China. UN Screenings in 

Vienna, New York, Geneva, https://www.terramater.at/cinema/the-ivory-game/  
4. “Sea of Shadows”, the feature documentary thriller resulted in actual policy changes in multiple countries. UN 

Screening in Geneva, New York, Vienna, Scientists World Conference 2019, 

https://www.terramater.at/cinema/sea-of-shadows/  

5. Eyes of the Atacama 
6. David Attenborough’s Light on Earth 

7. International cinema documentary about an arctic national wildlife refuge preservation project, forthcoming 

8. International cinema documentary about sea mammal captivity industry (against European Court rulings), 

forthcoming 

Relevant significant infrastructure and/or technical equipment: 

1. Terra Mater Factual Studios, headquaters, Vienna, Austria 

2. Red Bull Mediahouse, offices in Austria, Switzerland, France, Germany 
3. Innovator Magazine with local offices in Vienna, Munich, Baar, Salzburg 

4. Red Bulletin with local offices in USA, UK, France, Germany, Switzerland, Austria 

5. Red Bull Mediahouse Workbench, global project management platform 

 

  

https://mission-to-the-moon.com/
https://www.terramater.at/cinema/the-ivory-game/
https://www.terramater.at/cinema/sea-of-shadows/
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4.1.15 ULIV 

Country: United Kingdom Participant number: 15 

Full name of the legal entity: 

University of Liverpool 

Description of legal entity and its main tasks: 

A member of the Russell Group of major research-intensive universities in the UK, the University of Liverpool 

has an outstanding international reputation for innovative research. Currently around 25,000 students are enrolled 

into more than 400 programmes spanning 54 subject areas at its 3 faculties, including Health and Life Sciences; 

Humanities and Social Sciences; and Science and Engineering.  

A rich variety of research is performed at Liverpool, including particle physics, nuclear physics and condensed 

matter physics. Moreover, the University is a key partner in the Cockcroft Institute, an international centre of 

excellence for accelerator science and technology. Embracing academia, government and industry, it is unique in 

providing the intellectual focus, educational infrastructure and the essential facilities for innovating tools for 

scientific discoveries and wealth generation.  

The Liverpool accelerator science group develops, optimises and exploits national and international scientific 
accelerator facilities and generates ideas for future accelerators and beam diagnostic techniques that allow novel 

experimental studies and applications. Strategy is developed in conjunction with the Cockcroft Institute and STFC 

in alignment with national priorities. It is focused on three thematic areas: frontier accelerators, novel accelerators, 

and accelerator applications.  

The Liverpool accelerator science group has been the driving force behind large scale European networks in 
accelerator science and technology for many years. Around 100 Academic Fellows have been trained across 

Europe through DITANET (beam diagnostics), oPAC (Optimization of Particle Accelerators), LA3NET (Laser 

Applications at Accelerators), OMA (Optimization of Medical Accelerators) and AVA (Accelerators Validating 

Antimatter physics). 

How does the legal entity’s profile match the tasks in the proposal? 

Regarding WP 2 (Collider design), ULIV contributes with their experience of the beam diagnostics systems, 

developing recommendations for R&I activities during the design phase to fully exploit the performance of the 
particle collider for physics research and pave the way for developing products and services with applications in 

industry and society.  

Regarding WP 3 (Integrate Europe), ULIV brings in their knowledge on sensors and instrumentation for online 

materials analysis and characterisation. 

Regarding WP 4 (Impact & sustainability), ULIV will contribute with its experience in training projects (e.g. 

MSCA, university teaching, engagement of schools and impaired people in science) to the parameter establishment 

and modeling of the socio-economic impact analysis for the training/education, industrial spillovers, cultural goods 
and scientific product domains. ULIV will contribute its market insight in the areas of sensor technologies, 

electronics, mechatronics and software developments which are all beam diagnostics related. ULIV will also use 

its connection into the North-West of England and the UK in general to assess the specific requirements for R&D. 

ULIV will collaborate closely on funding scenarios and the development of a strategy for in-kind contribution.  

Regarding WP 5 (Leverage & engage), ULIV will help with its domain-specific network to build a user community 
that can fully exploit the R&I from the project start. For this purpose, ULIV will organise and host two workshops 

that focus on theoretical and experimental particle physics. ULIV will contribute to the development of a global 

communication and stakeholder engagement strategy, benefiting from their extensive experience gained in 
numerous relevant EU projects. This includes participation in conceiving ways to engage the general public, as 

well as technically minded people in a new R&D project. Furthermore, ULIV will contribute to a beam diagnostics 

technology gap analysis that will provide a basis for defining and launching R&I activities with high impact 

potential, beyond particle accelerators and particle physics. Key areas include, open access mechatronic and 

electronics designs, as well as open access software for use across different sectors.  
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Key person profiles who are carrying out the research activities: 

Carsten P. Welsch (male) is Full Professor and Head of the Physics Department at the University of Liverpool. 

He is an expert in the development of advanced beam instrumentation and beam dynamics studies for frontier 

accelerators and light sources, medical and laser applications, as well as novel accelerating techniques.  

Joseph Wolfenden (male) is currently undertaking a PhD in Physics - “Novel radiometric imaging diagnostics 

for charged particle beams”. He is skilled in both simulation and analysis programming tools (e.g. Zemax, 
hardware interface, general software development). He has extensive practical experience in both running and 

participating in a range of optical and THz novel diagnostic experiments; including both transverse and 

longitudinal profile measurements. He has worked in both, single-site collaborations (e.g. KEK, CERN, CLARA, 

Diamond Light Source) and international multi-site research projects (e.g. Eupraxia, AWAKE). 

Relevant publications, products or services: 

1. A. Kainz, et al., “Noninvasive 3D Field Mapping of Complex Static Electric Fields”, Phys. Rev. Lett. 122, 

244801 (2019). https://doi.org/10.1103/PhysRevLett.122.244801 
2. J. Wolfenden, et al., “A novel simulation and analysis algorithm for high resolution optical transition radiation 

imaging”, Optics Express 27(3), pp. 2988-2999 (2019). https://doi.org/10.1364/OE.27.002988 

3. E. Adli, et al., “Acceleration of electrons in the plasma wakefield of a proton bunch”, Nature (2018). 

https://doi.org/10.1038/s41586-018-0485-4  
4. V. Tzoganis, et al., “Design and first operation of a supersonic gas jet based beam profile monitor”, Phys. Rev. 

Accel. Beams 20, 062801 (2017). https://doi.org/10.1103/PhysRevAccelBeams.20.062801 

5.  M. Fernandes, et al., “Non-perturbative measurement of low-intensity charged particle beams”, 

Superconductor Science and Technology, Volume 30, Number 1 (2016) 

Relevant projects or activities: 

1. H2020 EuroCirCol project 

2. DITANET – Diagnostic Techniques for particle Accelerators – a european NETwork (215080), EU 
Framework Programme 7  

3. oPAC – optimization of Particle ACcelerators (289485), EU Framework Programme 7  

4. HLLHCUK – development of gas jet –based diagnostics for the High Luminosity LHC, STFC  
5. AWAKE –UK, R&D into optical diagnostics for non-invasive beam characterization, STFC  

Relevant significant infrastructure and/or technical equipment: 

• Beam diagnostics laboratory at the Cockcroft Institute featuring several experimental setups for beam profile 

monitoring using silicon sensors or supersonic gas jets;  

• Laser laboratory at the Cockcroft Institute for R&D into optical techniques for profile, pulse length and 
emittance measurements, as well as phase space tomography  

• Access to the on-site VELA and CLARA accelerators  

• Access to HPC clusters in Liverpool and Daresbury  

• ULIV has a communications office in the physics department with dedicated space for the development of 

new outreach and communication material and a repository of outreach material from previous projects that 

will immediately benefit this study.  

 

  

https://doi.org/10.1103/PhysRevLett.122.244801
https://doi.org/10.1364/OE.27.002988
https://doi.org/10.1038/s41586-018-0485-4
https://doi.org/10.1103/PhysRevAccelBeams.20.062801
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4.1.16 USC 

Country: Spain Participant number: 16 

Full name of the legal entity: 

Universidad de Santiago de Compostela 

Description of legal entity and its main tasks: 

The University of Santiago de Compostela (USC), founded in 1495 is among the top ten Spanish universities in 

the international (ARWU, QS, SIR, Reuters, Nature Index, Webometrics) and national (U-ranking) university 

rankings. The education, research and social commitment of the USC has allowed the definition of a new 
institutional strategy based on specialisation, scientific excellence and impact of results. As a result, two main 

projects (Campus Vida and Campus do Mar) have been awarded the International Campus of Excellence 

recognition. In addition, two new projects (Campus Terra and Campus da Cidadanía) are being developed. This 
strategy contributes to the development of a new model of sustainable economic and social growth based on talent, 

innovation and internationalisation. 

The specialities of the two campuses, in Santiago de Compostela and Lugo, complement each other. The university 

has more than 2 000 professional and research personnel (about 38% female), over 26 000 students each year, and 

more than 1 000 people working in administration and services (about 8% supporting research activities). 

Research groups have participated (and work) in more than 200 projects under the various European Union RTD 

Framework Programmes and Initiatives including Training Networks of Marie-Curie and more than 30 of their 
individual fellowships hosted by USC. The research teams from the USC have more than 20-years’ experience in 

the financial and administrative management of EU projects and subsidies from other entities, and they are also 

responsible for the management of USC’s knowledge transfer. 

The Economics and Law Research Group (ECO-IURIS) is composed by 4 faculty members, 3 master students, 2 

PhD students, and 1 technician. Their researchers are experts in analysing the spill-overs of research in terms of 

efficiency, environmental impacts, cost-benefit and multicriteria techniques.  

How does the legal entity’s profile match the tasks in the proposal? 

Regarding WP 2 (Collider design), based on its experience in various infrastructure studies USC will participate 

in the cost estimation of the research infrastructure. 

Regarding WP 3 (Integrate Europe), USC will contribute with key performance indicators for social acceptability 

of large-scale projects to come to a good territorial integration of the project. 

Regarding WP 4 (Impact & sustainability), based on its core expertise, USC will conduct an analysis of the socio-
economic impacts of open data and software. The study aims at understanding the importance of current 

technologies in the LHC programme and will make a forecast of the benefits for society for the FCC programme. 

Regarding WP 5 (Leverage & engage), based on its involvement in socio-economic impact studies, USC will 

contribute to the development of narratives for the development of the communication strategy and plan. 

Key person profiles who are carrying out the research activities: 

María Luz Loureiro (female) is professor in the Department of Economic Theory. Her research area is 
environmental economics.  She obtained her PhD from Washington State University (USA). She has 90 

publications, including refereed journal articles, book chapters and conference papers. Currently, she is involved 

in three SUDOE projects with tasks similar to those of this proposal. 

Xosé Antón Rodriguez (male) has specialised in econometric analysis, measurement of productivity and 

efficiency of innovations, modelling and analysis techniques applied to the tourism sector, and sustainable 
development of the exploitation of non-renewable natural resources and modeling of new energy sources. He 

teaches econometrics at the Faculty of Economics and Business. He has received several research prizesand he 

has published papers in leading journals, such as Annals of Tourism Research, Tourism Management, Tourism 

Economics, Energy Economics, Applied Economics PLoS ONE and Resources Policy.   

Irene del Rosario Crespo Garrido (female) is an economist specialising in marketing and business/project 
management. She has worked at CERN since 2017 in the frame of the H2020 RI-PATHS project, carrying out 

socio-economic impact assessment studies. She conducted a study on the cultural effects at CERN. 
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Relevant publications, products or services: 

1. D. Rahmani, M. L. Loureiro, “Why is the market for hybrid electric vehicles (HEVs) moving slowly?”, PLoS 

ONE 13(3): e0193777. https://doi.org/10.1371/journal.pone.0193777 

2. X. Labandeira, M.L. Loureiro, “Energy Efficiency in the Retail Sector: A Field Experiment”, (working paper 
Economics for Energy, U. Vigo, 2019). 

3. X.A. Rodriguez, Y.H. Elasraag, “Assessing the Total Factor Productivity of Cotton Production in Egypt”, 

PLoS ONE 10(1): e0116085, January 2015. https://doi.org/10.1371/journal.pone.0116085 

4. E. Ojea, M.L. Loureiro, M. Alló, M. Barrio, “Ecosystem services and REDD: estimating the benefits of non-
carbon services in worldwide forests”, World Development 78, 246-261, 2016.  

https://doi.org/10.1016/j.worlddev.2015.10.002 

5. L.C. Rodrigues, J.C.J.M. van den Bergh, M.L. Loureiro, P.A.L.D. Nunes, S. Rossi, “The cost of Mediterranean 
Sea warming and acidification: a choice experiment among scuba divers at Medes Islands, Spain”, Environ 

Resource Econ (2016) 63: 289. https://doi.org/10.1007/s10640-015-9935-8 

Relevant projects or activities: 

1. Tackling Marine Litter in the Atlantic Area; INTERREG-SUDOE (2018-2021), European Project. Clean 
Atlantic aims to protect biodiversity and ecosystem services in the Atlantic Area by improving capabilities to 

monitor, prevent and remove marine litter. USC’s work looks at the role played by economic incentives on 

marine litter collection.  
2. Preferences, attitudes and policies towards climate change: an economic view with BIG DATA 

(BIGCLIMATEDATA); Spanish Ministry of Science and Technology (2016-2019). The main objective is to 

assess environmental preferences, awareness and concerns about climate change based on worldwide social 

big data (in two languages: Spanish and English). 
3. Coordinated Atlantic coastal operational oceanographic observatory (MyCOAST); INTERREG-SUDOE 

(2017-2020), European project. The aim of MYCOAST is to enhance the capability of risk management 

systems in the Atlantic region by improving co-operation between, observational and forecasting systems, and 
end users. 

4. EPyRIS Estrategia conjunta para la protección y restauración de los ecosistemas afectados por Incendios 

Forestales; INTERREG-SUDOE (2018-2021), European Project. The main goal is to assess a coordinated 
strategy for protection and restauration of ecosystem services affected by wildfires. Cost-benefit analysis and 

multi-criteria techniques are employed. 

5. Economics of Prevention Measures addressing coastal hazards. Different prevention measures for coastal 

hazards are evaluated based on cost-benefit analyses, and environmental assessments. 

Relevant significant infrastructure and/or technical equipment: 

• Sata is a statistics software to analyse, manage, and produce data visualisations. It is primarily used by 

researchers in the fields of economics, biomedicine, and political science to examine data patterns.  

• LIMDEP is a complete econometrics and statistics software package for the analysis of: Linear regression, 

Nonlinear regression, Logit and probit, Loglinear models, Panel data, Ordered choice, Stochastic frontier and 

DEA, Discrete choice and multinomial logit, Sample selection, Treatment effects, Count data including 
Poisson and negative binomial and much more. 

• Nlogit provides programs for estimation, simulation and analysis of multinomial choice data, such as brand 

choice, transportation mode, and all manner of survey and market data in which consumers choose among a 

set of competing alternatives. 

 

  

https://doi.org/10.1371/journal.pone.0193777
https://doi.org/10.1371/journal.pone.0116085
https://doi.org/10.1016/j.worlddev.2015.10.002
https://doi.org/10.1007/s10640-015-9935-8
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4.2 Associated partners 

4.2.1 DRRT-AuRA 

Country: France 

Full Name of legal entity: 

Délégation Régionale à la Recherche et à la Technologie, Auvergne-Rhône-Alpes 

Description of legal entity and its main tasks: 

The regional delegation for research and technology (DRRT-AuRA) represents the French Ministry for 

Research and Innovation in the region, assisting the prefect in the execution of national policies. As such, it 

coordinates the government institutions in the field of higher education, research and innovation. 

DRRT-AuRA works in synergy with all the state services, for instance with the coordination centre for franco-

swiss, urbanistic and cultural policies, and the office for franco-swiss interregional infrastructure and transport 

matters.  

The delegation is in charge of implementing inter-ministerial and territorial regional or interregional project 
developments and takes part in European regional development programmes, coordinates actions among 

different ministries, monitors the regional services, and implements any nationally decided territorial reforms 

in the region. Eight agents work in the small and agile structure, most of them being highly qualified 

researchers at senior level. 

How does the legal entity’s profile match the tasks in the proposal? 

Since 2016, the delegation has participated in working meetings with CERN and French state representatives 
aimed at identifying the necessary administrative processes for a future particle collider construction project 

in the region. Through this activity, the delegation has gained an understanding of the project. 

Its high level of scientific expertise and direct access to French Ministry for Research and Innovation makes 

it a perfect level for the project, while access to immediate inter-ministerial information at the SGA, as well 

as access to the detailed geographical and urbanistic information system makes this office a highly valued 
partner. In addition, the office also operates the region’s open data infrastructure, which provides valuable 

data for the optimisation of the collider layout and the management of excavated materials. 

Key person profiles who are carrying out the research activities: 

Jean-Michel Jolion, PhD (male) is the regional delegate for research and technology in the Auvergne-Rhône-

Alpes region. He is Full Professor at the largest engineering school in the region (INSA-Lyon), but moreover, 
has been involved in higher education and research political affairs for over two decades. Recently he was 

active in the minister’s cabinet for about 5 years. 

Guillaume Stahl, PhD (male) is his deputy for the Grenoble region, including French territories around 

Geneva. He is a researcher at the biggest research institute in the field of molecular biology in France (CNRS). 

Previously he was the scientific attaché at the embassies in Copenhagen and Tunis for over 6 years, and has 

coordinated relevant projects (e.g. ESS and ERIC). 

Relevant publications, products or services: 

1. Rapport d’études sur les impacts pour l’État en matière de procédures et d’engagement financiers, projet 

de future collisionneur circulaire du CERN, March 2018. 

2. Recherche et Territoires : une contribution à la réflexion préparatoire à la future loi de programmation 

pluriannuelle pour la recherche, June 2019. 

3. Diagnostic Territorial, Site du regroupement académique : Communauté Université Grenoble Alpes, 2018. 

Relevant projects or activities: 

1. Public regional data catalogue (www.data.gouv.fr) and D@TARA (www.datara.gouv.fr) 

2. Contrat de Plan Etat-Région : a multi-million euro R&I programme spanning 6 years from 2015-2020 

3. Transpolis: installation of a closed experimental circuit established for autonomous vehicles testing 

Relevant significant infrastructure and/or technical equipment: 

DRRT is the central point of contact in the region for any public project development in the science domain, 

and for France/Switzerland transnational projects. DRRT makes its office available to collaborate with and 

consult the consortium, opens its network to actively establish working relationships with relevant national 

organisations including academic institutes and provides access to their databases to facilitate study of the 

socio-economic impact of the project. 

http://www.data.gouv.fr/
http://www.datara.gouv.fr/
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4.2.2 EdG 

Country: Switzerland 

Full Name of legal entity: 

République et canton de Genève 

Description of legal entity and its main tasks: 

The state of Geneva (EdG), represented by the president’s office (see attached letter), participates in this 
project through the “Département du territoire, direction du développement urbain, Office de l’urbanisme, 

republique et canton de Genève“ (DT). The department steers the territorial development of the canton of 

Geneva. It works for a well-mastered and sustainable development of Geneva through coherently integrating 
the public policies for construction, energy, environment and housing. It oversees the design and 

implementation of major development projects, supports urbanistic planning and architecture competitions 

and assists project leaders in problem resolution processes. The office of urbanism contributes to the 

development and implementation of a rational policy for the use of land, the development of the economic, 
societal and cultural activities. The office is in charge of maintaining an attractive living framework and ensure 

that the natural and urban environment are valued. 

How does the legal entity’s profile match the tasks in the proposal? 

The office has participated in working meetings with CERN since 2018, aiming to identify the administrative 

processes required for a future particle collider construction project in the region. Through this activity, the 
planning office has gained an understanding of the project’s aims, scope and scale. Its access to a rich set of 

territorial development and planning documents as well as access to the detailed geographical and urbanistic 

information system makes this office a highly valued partner for the development of an optimised particle 

collider infrastructure placement scenario that is compatible with the regional constraints and which can be 

well integrated into future territorial development plans. 

Key person profiles who are carrying out the research activities: 

Vincent Delabrière (male) is the director of the urban development department of the office of urban planning 

of the canton of Geneva. 

Roberto Grecuccio (male) is the head of the Rhône-Aéroport sector department at the urban development 

department of the cantonal planning office. 

Mikaël Meyer (male) is a project manager at the development department of the cantonal planning office. 

Relevant publications, products or services: 

The directorate of development regularly assists its partners in the preparation of projects and their legal and 

procedural follow-up. The governance structure defines the urbanistic planning office as the appointed support 

office for the international organisations in the region for their development policy making and construction 
projects. The office is guided by the aims to respond to the needs expressed and the goals to reconcile the 

development of international organizations and the cantonal spatial planning strategy. 

Relevant projects or activities: 

1. Creation of 84 new neighbourhoods between 2014 and 2018 with priority to housing, protect the canton's 

natural areas, build quality public spaces, reduce commuting movements.  

2. SITG is the territorial geographical information system that the office provides. The tool allows people to 
consult the projects, implementing transparency of validated data and participatory democracy.  

3. Example housing projects: the Cherpines district (4 500 housing units, 2 500 jobs), Bernex (5 700 housing 

units and 5 700 jobs), Communaux d'Ambilly (2 600 housing units). The ambition is to provide 50 000 
housing units by 2030 with mixed neighbourhoods in order to reduce travel while preserving the quality 

of life that characterises this canton.  

4. Lake Geneva Express, a rail infrastructure linking Geneva to its urban area, offering a high-capacity 

alternative between the densest districts. The project was accompanied by urban requalification policy, 

promoting multi-modularity (high service level bus connections, tram, bicycle station, P+R). 

Relevant significant infrastructure and/or technical equipment: 

The office is developing the regional plan for CERN's development on Swiss territory together with CERN. 

For this purpose, the office makes its experts and its professional network available. The office is developing 

the territorial plans and is maintaining information about construction and planning activities in the territorial 
information system (SITG). The office uses these information sources in the common activities with the 

project consortium. 
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4.2.3 UOXF 

Country: United Kingdom 

Full name of the legal entity: 

The Chancellor, Masters and Scholars of the University of Oxford 

Description of legal entity and its main tasks: 

The University of Oxford is the oldest university in the English-speaking world and has been one of the world’s 

most influential universities for centuries. Oxford University Physics Department conducts world-leading research 

in particle physics, accelerator science, astrophysics, condensed matter physics, atomic and laser physics, 
theoretical physics and the physics of planetary atmospheres, climate and earth sciences. It has 120 permanent 

academic staff, 20 long term research fellows, 200 postdoctoral researchers and 160 technical and support staff. 

There are 720 undergraduate and more than 300 graduate students in the department. The John Adams Institute 

(JAI), a joint venture with the physics department, is one of only few institutes of accelerator science worldwide. 

How does the legal entity’s profile match the tasks in the proposal? 

Oxford University physics department’s fields of excellence include particle detectors and accelerators, and in 

particular research and development for next-generation colliders and beamlines, including expertise in beam 

dynamics and beam instrumentation, feedback and control systems.  

Regarding WP 2 (Collider design), UOXF will contribute to the development of the IP collision feedback system 

with the goal of keeping the beams in collision to within 0.05 σ.  

Regarding WP 4 (Integrate Europe), UOXF will contribute to the development of in-kind contributions for the 

accelerator and detectors in order to best match the ability of collaborators to contribute to the project. 

Regarding WP 5 (Leverage and Engage), UOXF will contribute to making other scientists and non-scientists from 

the general public enthusiastic about the project, its engineering and construction scope and the exciting science 

that it will be able to deliver. 

Key person profiles who are carrying out the research activities: 

Philip Burrows (male), Professor of Physics and Interim Director of the John Adams Institute. He has 30 years’ 

experience in particle physics detectors, accelerator design, beam instrumentation, diagnostics, feedback and 

control, and beam physics. In the past 20 years he has supervised more than 10 post-doctoral researchers, 20 PhD 
students, and 6 engineers in his beam feedback research projects at SLAC, KEK and CERN. He has led in 

numerous large international collaborations including several large-scale EU FP6, FP7 and H2020 projects. He is 

currently Spokesperson of the CLIC accelerator collaboration and Chair of the KEK Accelerator Test Facility 

(ATF) International Collaboration Board. 

Brian Foster (male), Donald H. Perkins Professor of Physics and Alexander von Humboldt Professor Emeritus 

of the University of Hamburg is a leading experimental particle physicist. He was Spokesperson of the ZEUS 
experiment at DESY, Hamburg for four years and for many years was European Director for the International 

Linear Collider. In these roles, he gained enormous experience in project management and detector and accelerator 

design and planning as well as governance models. He also has extensive experience with public engagement, 
having held several major grants. For almost fifteen years, he has given lectures that highlight the role of the Large 

Hadron Collider in continuing Einstein’s goals. These have now been given at 160 events to worldwide audiences 

totalling around 24 000. In addition, he has made many contributions to the press and broadcast media. 

Relevant publications, products or services: 

1. R. J. Apsimon et al, “Design and operation of a prototype interaction point beam collision feedback system 

for the International Linear Collider”, Phys. Rev. Accel. Beams 21, 122802 (2018).  

https://doi.org/10.1103/PhysRevAccelBeams.21.122802  
2. D.R. Bett et al, “Real-Time Beam Orbit Stabilisation to 200 Nanometres in Single-Pass Mode Using a High-

Precision Dual-Phase Feedback System”, in Proc. IPAC'19, Melbourne, Australia, May 2019, pp. 4049-4052. 

https://doi.org/10.18429/JACoW-IPAC2019-THPRB096 

3. R.J. Apsimon et al, “Performance of a high resolution, low latency stripline beam position monitor system”, 
Phys. Rev. ST Accel. Beams 18, 032803 (2015). https://doi.org/10.1103/PhysRevSTAB.18.032803 

4. T. Behnke et al., “The international linear collider technical design report - volume 1: Executive summary”, 

arXiv:1306.6327 
5. B. Foster: Documentary for BBC Radio 4, “Einstein’s Fiddle” –  Broadcast first in December 2007 and many 

subsequent repeats. 

https://doi.org/10.1103/PhysRevAccelBeams.21.122802
https://doi.org/10.18429/JACoW-IPAC2019-THPRB096
https://doi.org/10.1103/PhysRevSTAB.18.032803
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Relevant projects or activities: 

UOXF/JAI has a long experience of participating in European collaborations relating to advanced accelerators: 

FP6 (ELAN, Eurotev), FP7 (EuCARD, HiGrade, TIARA) and H2020 (EJADE, ARIES, EuPRAXIA, EuroCirCol). 

Relevant significant infrastructure and/or technical equipment: 

- All-analogue ultra-low latency beam feedback prototypes built, deployed and tested with beam at the Next 
Linear Collider Test Accelerator (NLCTA) at SLAC in the US. 

- Low-latency digital beam feedback prototypes built, deployed and tested with beam the ATF/ATF2 final-

focus test facility at KEK in Japan. 
- Beam arrival-time stabilisation feed-forward system built, deployed and tested with beam at the Compact 

Linear Collider Test facility (CTF3) at CERN. 

- Workshop and ancillaries required to develop and prepare hardware prototypes at UOXF and JAI. 
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4.2.4 Writelatex Limited DBA Overleaf 

Country: United Kingdom 

Full Name of legal entity: 

Writelatex Limited DBA “Overleaf” 

Description of legal entity and its main tasks: 

Overleaf is a startup and social enterprise that builds modern collaborative authoring tools for scientists, to help 
make science faster, more open and more transparent. The primary product is an online, real time collaborative 

editor for papers, theses, technical reports and other documents prepared with the LaTeX markup language. 

How does the legal entity’s profile match the tasks in the proposal? 

Overleaf has seen rapid adoption across science and research and now supports a community of over four and a 

half million authors worldwide. This community includes major institutions such as Stanford and Caltech, with 

Overleaf becoming an integral part not only of research collaborations but also of undergraduate teaching. A 
number of large international companies and labs use Overleaf, and the platform is also in use by major 

publishers: for example, supporting collaboration on IEEE’s member platform, and making the journal 

submission process smoother for LaTeX authors across many academic publishers. Overleaf was founded by two 
mathematicians who were inspired by their own experiences in academia to create a better solution for scientific 

collaboration and communication. 

Key person profiles who are carrying out the research activities: 

John Hammersley (male) is co-founder and CEO. After completing a PhD in mathematical physics at Durham 

University in 2008 he went on to help launch the world's first driverless taxi system now operating at London's 

Heathrow Airport. He was named as one of The Bookseller’s Rising Stars of 2015, and is a mentor and alumni 

of the Bethnal Green Ventures startup accelerator in London. 

John Lees-Miller (male) is co-founder and CTO of Overleaf. He is also a Docker Captain, and writes very 

popular technical articles on his personal blog. Previously, he read computer science and then did a PhD in 

engineering mathematics on how to operate fleets of driverless cars efficiently, and he helped design and build 

the world's first driverless taxi system, the Heathrow Pod, at London's Heathrow Airport. 

Relevant publications, products or services: 

1. Main Overleaf website: https://www.overleaf.com 
2. CERN community access: https://home.cern/news/announcement/cern/cern-community-can-now-access-

overleaf-and-sharelatex 

3. Overleaf for institutions: https://www.overleaf.com/for/universities   
4. The Connected Culture of Collaboration Report (2017): 

https://figshare.com/articles/The_Connected_Culture_of_Collaboration_Report/4702642  

5. John Hammersley’s list of publications: 

https://scholar.google.co.uk/citations?user=XRAqTnMAAAAJ&hl=en  

6. John Lees-Miller’s list of projects and publications: https://jdlm.info/ 

Relevant projects or activities: 

1. Overleaf is an institutional member of the TeX User Group (https://tug.org/instmem.html), and supports the 

wider LaTeX community. 

2. Overleaf provides a comprehensive wiki for learning LaTeX at: https://www.overleaf.com/learn  
3. Overleaf is part of Digital Science (https://www.digital-science.com/), who have a mission to help make 

research more efficient so there’s more time for discovery. 

Relevant significant infrastructure and/or technical equipment: 

Overleaf serves a community of over 4.5 million users and over one hundred institutional customers. It uses cloud 

technology to respond quickly and seamlessly to increases and decreases in load. The application's architecture 

follows well established best practices for cloud-hosted web applications, and Overleaf supports single sign on 
via OAuth2 with Google and ORCID. Support for SSO via SAMLv2 is coming soon. Overleaf practices 

continuous delivery for all of its products and services, supported by extensive automated unit and integration 

testing, zero down-time deployment (in most cases), comprehensive monitoring of errors and performance, and 

careful use of feature flagging to introduce new features gradually and safely without user disruption. 

 
  

https://www.overleaf.com/
https://home.cern/news/announcement/cern/cern-community-can-now-access-overleaf-and-sharelatex
https://home.cern/news/announcement/cern/cern-community-can-now-access-overleaf-and-sharelatex
https://www.overleaf.com/for/universities
https://figshare.com/articles/The_Connected_Culture_of_Collaboration_Report/4702642
https://scholar.google.co.uk/citations?user=XRAqTnMAAAAJ&hl=en
https://jdlm.info/
https://tug.org/instmem.html
https://www.overleaf.com/learn
https://www.digital-science.com/
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4.3 International partners 

4.3.1 BINP 

Country: Russian Federation 

Full Name of legal entity: 

Budker Institute of Nuclear Physics of Siberian Branch Russian Academy of Sciences 

(Институт ядерной физикиимени Г. И. Будкера СО PAH) 

Description of legal entity and its main tasks: 

The Budker Institute of Nuclear Physics (BINP) is the largest academic institute of the Russian Federation and 

centre for high-energy physics with particle accelerators. It is located in the Siberian town of Novosibirsk. The 

nuclear and particle accelerator physicist Gersh Budker founded the institute in 1958. BINP main research areas 
include high-energy physics, accelerator physics (e+e- colliders, electron cooling techniques, linear accelerators, 

etc.), nuclear energy, synchrotron radiation generation and utilisation, etc. Currently the following facilities are 

in operation at BINP: e+e- colliders VEPP-4M (beam energy up to 6 GeV) and VEPP-2000 (round beams, beam 
energy 1 GeV), FEL with the world record power in the THz radiation region, SR source VEPP-3 and two open 

traps for plasma research. The total staff of BINP now is around 3 000 including 1 000 workshop staff and 

engineers in a workshop equipped with modern technologies to manufacture a wide range of accelerator 

equipment. 

How does the legal entity’s profile match the tasks in the proposal? 

BINP has been involved in future circular collider concept developments from 2014. Building on more than 50 
years of expertise in electron and positron accelerators and the very recent design of a new on site collider, BINP 

is an essential partner for performance optimisation of the beam optics, in particular to obtain high beam 

luminosities and precise energy calibration. 

BINP is also a pole for the Russian high-energy and particle physics community, which is active in numerous 

research programmes worldwide (e.g. the LHC and its high-luminosity upgrade). Therefore, BINP will be a key 
partner to conceive particle physics experiments, detectors and national research programmes that a future 

circular collider infrastructure can host. 

Considering its dual expertise as the largest particle physics and high-tech development pole in the Russian 

Federation, BINP is the ideal partner to explore the potential national benefits of participating in a future 

international research infrastructure programme. 

Key person profiles who are carrying out the research activities: 

Evgeny Levichev (male) graduated from Novosibirsk State Technical University and entered BINP in 1980. In 
1998, he defended Ph.D. in Physics and Doctoral Dissertation in 2004. He has been the BINP Deputy Director 

(Accelerators) since 2005. His main fields of ctivity are accelerator physics and technology. He was (and is) 

involved in such accelerator projects as VEPP-4M, Siberia-2, ALBA, PETRA III, DAFNE, NSLS II, Super 

Charm-Tau Factory and the FCC. 

Dmitry Shatilov (male) has a degree in Physics from Novosibirsk State University and a Ph.D. in Physics from 
BINP. He has worked at BINP since 1989, mainly for the VEPP-4M and VEPP-2000 colliders. His main scientific 

activity is beam dynamics, simulation of beam-beam effects. He developed a tracking code Lifetrac, which was 

used at the VEPP-4M, VEPP-2000, DAΦNE, FCC-ee, Tevatron and LHC colliders.  

Anton Bogomyagkov (male) has a degree in Physics from Novosibirsk State University and a Ph.D. in Physics 

from Budker Institute of Nuclear Physics (2007) specialising in accelerator physics. Since then he has been 
working at Budker Institute of Nuclear Physics holding a position of Leading Scientific Staff from 2017. His 

work is mostly related to nonlinear dynamics in circular accelerators and storage ring lattices with low emittance. 

Ivan Koop (male) has a degree in Physics from Novosibirsk State University (1971), Ph.D. in Physics and 

Mathematics (1976) and a Doctor degree in Physics and Mathematics (2001). He has worked continuously at 

BINP, Novosibirsk, Russia. His main scientific activity is beam physics, collider optics design (VEPP-2M, 

VEPP-2000), and beam polarisation issues. 
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Relevant publications, products or services: 

1. D. Shatilov, E. Levichev, E. Simonov, M. Zobov, “Application of frequency map analysis to beam-beam 

effects study in crab waist collision scheme”, Phys. Rev. ST Accel. Beams 14 (2011).   

https://doi.org/014001. 10.1103/PhysRevSTAB.14.014001 

2. A. Bogomyagkov, E. Levichev, D. Shatilov, “Beam-beam effects investigation and parameters optimization 

for a circular e+e− collider at very high energies”, Phys. Rev. ST Accel. Beams 17 (2014) 041004. 

https://doi.org/10.1103/PhysRevSTAB.17.041004 

3. I.B. Vasserman, I.A.Koop et al., “Comparison of the Electron and Positron anomalous magnetic moments: 

Experiment 1987”, in Phys. Lett. B 198:302-306, 1987.   

https://doi.org/10.1016/0370-2693(87)91515-2  

Relevant projects or activities: 

1. Design of the electron-positron Super Charm Tau Factory at BINP, a particle collider operating at 2 to 5 GeV 
with unprecedented high luminosity of 1035 cm-2s-1. 

2. Participation in the H2020 Cremlin project, connecting Russian and European measures for large-scale 

research infrastructures with a particular focus of lepton colliders. 
3. Participation in the international Future Circular Collider (FCC) study with key developments in the areas of 

novel high-field superconducting magnets, beam-beam studies for lepton colliders, positron source 

developments, beam polarisation studies and optics software developments (all launched in mid-2019). 

Relevant significant infrastructure and/or technical equipment: 

Electron-positron colliders VEPP-4M and VEPP-2000 for experimental beam optics studies in this project. 

Beam-beam simulation software Lifetrac ream, workshop with 1000 staff, RF-, vacuum-, magnet development 

and tests labs, Siberian Synchrotron Light User Office, Siberian Mass Spectrometry User Office. 

 

  

https://doi.org/014001.%2010.1103/PhysRevSTAB.14.014001
https://doi.org/014001.%2010.1103/PhysRevSTAB.14.014001
https://doi.org/10.1103/PhysRevSTAB.17.041004
https://doi.org/10.1016/0370-2693(87)91515-2
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4.3.2 DOE 

Country: United States of America 

Full Name of legal entity: 

U.S. Department of Energy, Office of High Energy Physics in the Office of Science 

Description of legal entity and its main tasks: 

The U.S. Department of Energy’s Office of High Energy Physics (DOE) supports the Nation’s basic research to 
understand how our universe works at its most fundamental level through a programme that advances the frontiers 

of scientific discovery and the development of new accelerator, detector, and computational tools. The Office has 

responsibility to ensure exceptional scientific and technical productivity is delivered, both in its national and 
international programmes, through collaborative research programs carried out at 10 of the 17 DOE national 

laboratories across the United States as well as world-class scientific facilities at home and abroad. Efforts by 

DOE include, but are not limited to, advancing scientific research through the use of the most powerful 

supercomputers and with participation in global computing centres and networks such as the Worldwide Large 
Hadron Collider (LHC) Grid (WLCG). DOE acknowledges discovery science as an enduring foundation for 

technological innovation, economic progress, and the ever-increasing quality of life. Ensuring that the leading 

scientific minds use transformative science and technology solutions at world-class facilities forms an integral 

component of DOE’s mission to serve the nation. 

How does the legal entity’s profile match the tasks in the proposal? 

DOE coordinates the participation of its national laboratories in the project. In particular, Fermi National 

Accelerator Laboratory (FNAL), Lawrence Berkeley National Laboratory (LBNL), Brookhaven National 

Laboratory (BNL), Thomas Jefferson National Accelerator Facility (JLAB), SLAC National Accelerator 

Laboratory (SLAC), and Argonne National Laboratory (ANL) plan to contribute to the design of the high-
luminosity lepton collider and the long-term strategic R&D programme towards the next generation energy 

frontier hadron collider. DOE intends to explore the potential engagement of additional national laboratories, 

DOE-supported universities, and/or other U.S. organisations according to the needs of this project. 

DOE intends to take a leading role in the science strategy building, facilitating the engagement of the Nation’s 

particle physics community in the development of the research programme at the future lepton collider and 
embedding such a programme in the national landscape of scientific infrastructure facilities and priorities. These 

efforts are accompanied by intellectual leadership and participation in activities to conceive plans for 

technologically advanced particle physics experiment detectors to take advantage of the full capabilities at a 

future collider. 

The Office intends to be active in the studies to identify regional impact generation through participation in a 
particle 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 particle 

accelerators and detectors, and the involvement in citizen engagement strategies and plan developments. 

Key person profiles who are carrying out the research activities: 

Abid Patwa (male) – Energy Frontier Program Manager and Special Assistant for International Programs at the 

DOE Office of HEP. In these roles, manages the portfolio of experimental research activities at DOE national 
laboratories and U.S. universities to advance scientific results using data collected at particle colliders. He leads 

the establishment of international cooperative arrangements between DOE and prospective international partners 

to advance collaboration in science and technology for High Energy Physics. Serves as the U.S. representative 

on the European Strategy Group for the 2020 European Strategy for Particle Physics. 

LK Len (male) – General Accelerator R&D Program Manager and Point of Contact for U.S.-Japan and U.S.-
China Joint Committees on High Energy Physics. Under these roles, manages portfolio of accelerator R&D at 

DOE national laboratories and universities to advance technological thrust in advanced accelerator concepts, 

accelerator and beam physics, superconducting and normal conducting radio frequency accelerator systems, 
superconducting magnets and materials, and particle sources and high-power targets. Serves as the executive 

secretary for the U.S.-Japan and U.S.-China HEP Joint Committee meetings.  

Eric Colby (male) – Senior Technical Advisor to the DOE Office of HEP and Accelerator Stewardship Program 

Manager. In these roles, advises the DOE Associate Director of Science for HEP on accelerator technology and 

its applicability to the goals of HEP, coordinates investments in accelerator R&D across the U.S. Government, 
and manages a portfolio of accelerator R&D with broad impacts on federal and commercial applications. Serves 

as the DOE representative on the FCC International Steering Committee. 
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Relevant publications, products or services: 

1. “Strategic Plan for U.S. Particle Physics in the Global Context”, report of the U.S. Particle Physics Project 

Prioritization Panel (P5), at https://www.usparticlephysics.org  

2. U.S. High Energy Physics Advisory Panel (HEPAP) reports, at https://science.osti.gov/hep/hepap  

3. Accelerator Protocol III between the Department of Energy of the United States of America and the European 

Organization for Nuclear Research to the Co-operation Agreement concerning Scientific and Technical Co-

operation in Nuclear and Particle Physics, 2015, at https://www.state.gov/wp-content/uploads/2019/02/15-

1218.3-CERN-Sci-Co-Accel-P-III.pdf  

Relevant projects or activities: 

1. Participation in EuroCirCol H2020 project, key contributor to deliverable D5.4, “Manufacturing Folder for 

Reference Design Dipole Short Model”, see http://cern.ch/eurocircol/Pages/Dashboard.aspx   

2. Agreement between CERN and JLAB on the cooperation in superconducting radiofrequency technologies 

for a future circular collider, FCC-GOV-CC-0051, 2016 

3. The U.S. Magnet Development Program, 2016, see also http://usmdp.lbl.gov  

Relevant significant infrastructure and/or technical equipment: 

DOE Office of HEP supports the Fermilab accelerator complex and accelerator test facilities that include state-

of-the-art superconducting radiofrequency test facilities, cryomodule test stands, magnet test stands, beam test 

facilities; SLAC FACET-II (Facility for Advanced Accelerator Experimental Tests), NLCTA (Next Linear 
Collider Test Accelerator); LBNL BELLA (Berkeley Lab Laser Accelerator), Superconducting magnet group; 

ANL AWA (Argonne Wakefield Accelerator); and BNL ATF (Accelerator Test Facility); DOE Office of HEP 

also supports the LHC and associated WLCG Tier-1 computing facilities at FNAL and BNL, as the U.S. host 

laboratories for the CMS and ATLAS experiments, respectively, and the DOE national laboratories and DOE-
supported universities for contributions to the HL-LHC accelerator and the HL-LHC ATLAS and CMS detector 

upgrades. 

  

https://www.usparticlephysics.org/
https://science.osti.gov/hep/hepap
https://www.state.gov/wp-content/uploads/2019/02/15-1218.3-CERN-Sci-Co-Accel-P-III.pdf
https://www.state.gov/wp-content/uploads/2019/02/15-1218.3-CERN-Sci-Co-Accel-P-III.pdf
http://cern.ch/eurocircol/Pages/Dashboard.aspx
http://usmdp.lbl.gov/
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4.3.3 KEK 

Country: Japan 

Full Name of legal entity: 

The High Energy Accelerator Research Organization 

Description of legal entity and its main tasks: 

The KEK research center in Tsukuba was founded in 1971 as “National Laboratory for High Energy Physics.” 
In 1997 it was combined with Institute of Nuclear Study (INS, since 1955) and with the Meson Science 

Laboratory (since 1988), both from the University of Tokyo, under the new name “High Energy Accelerator 

Research Organization”. 

KEK is one of the world's leading accelerator science research laboratories, using high-energy lepton and hadron 

beams as well as synchrotron light sources to probe the fundamental properties of matter and to develop future 
generations of accelerators. With state-of-the-art infrastructure, KEK is advancing our understanding of the 

universe that surrounds us, its mechanisms and their control. Over 600 scientists, engineers, students and staff 

perform research activities on the Tsukuba and Tokai campuses. 

The 50-year history of KEK is marked with impressive achievements in the construction and operation of 

powerful linear and circular accelerators. The asymmetric B factory KEKB, together with PEP-II at SLAC, 
provided the first experimental observation of CP violation in the B-meson system, which has contributed to the 

award of the 2008 Nobel Prize in Physics to the two Japanese physicists Makoto Kobayashi (KEK) und Toshihide 

Maskawa. 

A more advanced collider, SuperKEKB, was recently constructed and is being commissioned. It aims at 40 times 

higher performance than the former KEKB, relying on collisions of low-emittance beams with a large crossing 
angle and continued top-up injection. An FCC-ee style virtual crab waist scheme has successfully been 

implemented in the Summer of 2020. 

How does the legal entity’s profile match the tasks in the proposal? 

KEK has constructed, and is presently commissioning, the world’s highest luminosity collider, SuperKEKB, a 

second-generation asymmetric B factory, which features many of the elements of the proposed future circular 

e+e- collider, such as a large crossing angle, a “virtual” crab waist collision scheme – recently introduced and 
successfully demonstrated –, a vertical beta function at the collision point of less than 1 mm, top-up injection in 

presence of a short beam lifetime, etc.  

Regarding WP2 (Collider design), KEK will provide the possibility for FCCIS experts from CERN, or elsewhere, 

to participate in the beam commissioning studies at SuperKEKB. This will allow FCCIS to benchmark beam-

dynamics simulations, validate and optimize tuning procedures and diagnostics, gain valuable practical 
experience, and help SuperKEKB achieve its design performance. KEK’s interface to this collaboration will be 

the KEK Multinational laboratory partnership programme no. 1 (MNPP-01).  

KEK experts will support visits from FCCIS members to KEK to participate in the beam commissioning and also 

assist in feeding key lessons from the design and commissioning of SuperKEKB back into the design of future 

circular colliders. The beam studies at SuperKEKB will be an important complement to the FCCIS beam studies 
planned at the DAFNE and VEPP-4M colliders in Italy and Russia, and at the PETRA-III and KARA storage 

ring light sources in Germany. 

Key person profiles who are carrying out the research activities: 

Prof. Makoto Tobiyama (male), Head of KEK Accelerator Division IV, is the Project Manager of MNPP-01 

and one the accelerator leaders of SuperKEKB; he will coordinate the visits from CERN and FCCIS members to 

KEK and ensure a smooth interface with KEK staff. 

Prof. Kazuro Furukawa (male), Head of KEK Accelerator Division V, is the coordinator of the SuperKEKB 
injector complex, and an expert in linacs, positron sources and controls, graduated from Tohoku university in 

nuclear physics. 

Dr. Naoko Iida (female), graduated from Nara Women’s University, an expert of the SuperKEKB and 

SuperKEKB injectors, in particular for the themes of emittance preservation and transfer lines. 

Prof. Katsunobu Oide (male), graduated with Ph.D. in Physics from Tokyo University in 1980, former Director 

of KEK Accelerator Laboratory., previously involved in KEK-PS, TRISTAN, JLC/NLC, FFTB, KEK-ATF, 

KEKB, and ILC projects; he will provide unique expertise in optics development, dynamic aperture optimization, 

and the crab-waist collision scheme, for both SuperKEKB and future colliders. 

Prof. Kazuhito Ohmi (male), more than 25 years of experience. Expertise with beam instabilities and SC 
wigglers, contributed to design, commissioning and/or operation of KEK-PF, TRISTAN-MRSOR, KEKB, and 



Future Circular Collider Innovation Study  V 8.0 (2021-07-12) 

GA 951754 FCCIS - Part B Page 99 of 100 

J-PARC; he will provide expertise on strong-strong beam-beam simulations and beam-beam effects, 

complementing the studies performed by Dr. Dmitry Shatilov of BINP. 

Prof. Toshiyuki Mitsuhashi (male), graduated from Gakushuin University, more than 30 years of experience 

with beam diagnostics with visible optics and X-rays e.g. for KEK-PF, TRISTAN, KEKB, SPEAR3, Australian 
Synchrotron, ALBA, J̶̶̶̶̶̶̶̶̶˗PARC and LHC; world expert in beam instrumentation, visible optics and X-ray 

diffraction; he will implement, and test with beam, at SuperKEKB, the novel method of measuring extremely 

small vertical emittances based on an X-ray interferometer. 

Relevant publications, products or services: 

1. K. Ohmi, Beam and photoelectron interactions in positron storage rings, Phys. Rev. Lett. 75 (1995) 

1526-1529  
2. K. Ohmi, F. Zimmermann, HeadTaail instability caused by electron clouds in positron Storage rings, 

Phys. Rev. Lett. 85 (2000) 3821-3824  

3. J.W. Flanagan, K. Ohmi, H. Fukuma, S. Hiramatsu, M. Tobiyama, E. Perevedentsev, Observation of 
vertical betatron sideband due to electron clouds in the KEKB LER, Phys. Rev. Lett. 94 (2005) 054801  

4. K. Oide et al., Design of beam optics for the future circular collider e+e− collider rings, Phys. Rev. 

Accel. Beams 19, 111005 (2016) 
5. K. Akai, K. Furukawa, H. Koiso, SuperKEKB Collider, Nucl. Instrum. Meth. A 907 (2018) 188-199 

6. Y. Ohnishi, Report on SuperKEKB Phase 2 Commissioning, Proc. IPAC’18 (2018) 

7. E. Mulyani et al., First measurements of the vertical beam size with an X-ray beam size monitor in 

SuperKEKB rings, Nucl.Instrum.Meth.A 919 (2019) 1-15 
8. K. Ohmi, CEPC and FCCee parameters from the viewpoint of the beam–beam and electron cloud 

effects, Int. J. Modern Physics A 34,1940001 (2019) 

9. Y. Suetsugu et al., Mitigating the electron cloud effect in the SuperKEKB positron ring, Phys. Rev. 

Accel. Beams 22, 023201 (2019) 

Relevant projects or activities: 

1. Beam operation and beam dynamic studies for KEK Photon Factory, KEKB, J-PARC, ATF-DR, ATF II, 

and cERL  

2. SuperKEKB design and commissioning 

3. Other projects within European Framework Programmes – HiLumi DS, AIDA, EuroCirCol 
4. Contributions to LHC design, construction, commissioning and exploitation, and to the HL-LHC upgrade 

5. Design studies and system developments for the ILC 

Relevant significant infrastructure and/or technical equipment: 

The organisation will participate with relevant management structures such as the KEK Administration Bureau, 

the KEK Accelerator Laboratory, and the KEK Multi-national Partnership Laboratory. 

The KEK Accelerator Laboratory consists of 7 divisions. It is responsible for the design, construction and 

operation of leading-edge particle accelerators, including for SuperKEKB and its injector complex. 

KEK, in particular its Accelerator Theory Group, develops and maintains state-of-the-art simulation software for 

the modelling of electron-cloud effects including various possible mitigation schemes, as well as of beam 

dynamics and beam optics. The KEK vacuum group performs laboratory surface measurements. 

Participation in this project as a partner creates the possibility for consortium members to participate in beam 

experiments and accelerator commissioning at SuperKEKB. 
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4.4 Third parties involved in the project (including use of third party resources) 

 

BINP, DOE and KEK are linked to Beneficiary 01 CERN as International Partners. They are involved in the 

project, especially in WP2 activities. These 3 entities are not claiming EU funding. 

 

Does the participant (CERN) plan to subcontract certain tasks  No 

Does the participant (CERN) envisage the part of its work performed by linked third parties No 

Does the participant envisage the use of contributions in kind provided by third parties 

(Article 11 and 12 of the General Model Grant Agreement) 

No 

Does the participant envisage that part of the work is performed by International Partners 

(Article 14a of the General Model Grant Agreement)? 

Yes 

KEK will participate in WP2 and will provide the possibility for FCCIS experts from CERN, or elsewhere, to 
participate in the beam commissioning studies at SuperKEKB. This will allow FCCIS to benchmark beam-

dynamics simulations, validate and optimize tuning procedures and diagnostics, gain valuable practical experience, 

and help SuperKEKB achieve its design performance. KEK's interface to this collaboration will be the KEK 

Multinational Laboratory Partnership Programme no. 1 (MNPP-01). 

 

KEK experts will support visits from FCCIS members to KEK to participate in the beam commissioning and assist 

in feeding key lessons from the design and commissioning of SuperKEKB back into the design of future circular 
colliders. The beam studies at SuperKEKB will be an important complement to the FCCIS beam studies planned 

at the DAFNE and VEPP-4M colliders in Italy and Russia, and at the PETRA-Ill and KARA storage ring light 

sources in Germany. 

 

BINP is an essential partner for performance optimisation of the beam optics, in particular to obtain high beam 

luminosities and precise calibration, while DOE coordinates the participation of its national laboratories in the 

project (i.e., SLAC, FNAL, BNL, JLAB...). SLAC is contributing to study coordination, machine-detector 
interface, beam dynamics and impedance evaluation; FNAL is contributing to beam polarisation; BNL and JLAB 

are contributing to radiofrequency systems, final-focus magnet design, and beam diagnostics. BINP carries out the 

beam studies at VEPP-4M, especially related to energy calibration. 

 

5 Ethics and Security  

5.1 Ethics 

This project does not involve any ethical issues. 

5.2 Security 

This project will not involve activities or results raising security issues. 

This project will not involve ‘EU-classified information’ as background or results. 

 


