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NEWS FROM FCC STUDY 

TIME TO INSPIRE

FCC feasibility study comes into focus

CERN’s fastest-growing collaboration is solidifying an
ambitious proposal to tackle the big questions at the
heart of particle physics.

To address the many outstanding questions in
fundamental physics, including those brought into
sharper focus by the discovery of the Higgs boson,
there is no scientific instrument yet conceived with

power comparable to a particle collider. Reflecting this, the 2020 update to the European
Strategy for Particle Physics set an electron-positron collider as the highest-priority facility
after the LHC, along with the investigation of the technical and financial feasibility of a future
energy-frontier proton-proton collider in a new 100 km tunnel as a potential second step.
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In order to progress one leading proposal to realise this
strategy, this year’s Future Circular Collider (FCC)
Week took place online from 28 June to 2 July,
attracting 700 participants from all over the world to
debate how best to operate an electron-positron collider
and then a proton-proton collider in a new 100 km
circumference tunnel in the Geneva region. The
meeting tackled ongoing work on a feasibility study

next strategy update in 2027.
A brief report in CERN Courier magazine discusses, the
collaboration’s progress with placement studies,
accelerator physics R&D and the minimisation of the
project’s potential ecological impact.
The full programme of the FCC Week 2021 and session
recordings are available on Indico: https://indico.cern.ch/e/fccw2021

FCC-ee overview: new opportunities set new challenges

In a recent paper (arXiv:2106.13885v1) submitted for
publication in EPJ Plus Special Issue: A future Higgs
and Electroweak factory (FCC): Challenges towards
discovery, A.Blondel and P. Janot, give an overview of
the ideal conditions offered by a circular lepton collider
like FCC-ee (luminosity, centre-of-mass energy
calibration, possibly monochromatisation) for the study
of the four heavy particles of the Standard Model with a
flurry of opportunities for precision measurements
sensitive to new physics trough its quantum effects,
searches for rare or forbidden processes, and the
possible discovery of feebly coupled particles. 
Moreover, FCC-ee is the perfect springboard for a 100

TeV hadron collider (FCC-hh), for which it provides a great part of the infrastructure. The
complementary and synergistic physics programs of these two machines offer a uniquely
powerful long-term vision.
The work for the particle physicists is thus clearly cut out: design the experimental setup
and prepare the theoretical tools that can, demonstrably, fully exploit the FCC-ee
capabilities. Experimentation at FCC-ee is both relatively easy and extremely demanding.
The experimental conditions are clean, with essentially no pile-up, well-defined and
controllable centre-of-mass energy, benign beamstrahlung and synchrotron radiation
effects. The challenges arise from the very richness of the program, with 5.1012 Z (including

being  prepared for the end of 2025,  in  time  for  the
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1.5 1011 muon pairs and tau pairs and 1012 b and c quark pairs), 3.108 W pairs, and 106 ZH
and t¯t events. Matching the experimental and theoretical accuracy to the statistical
accuracy, and the detector configuration with the variety of channels and discovery cases
sets another considerable task for the experimental and theoretical community.
You can read the full paper here: https://arxiv.org/pdf/2106.13885.pdf and follow the
relevant sessions that took place during the FCC Week 2021 to find out more information.
You may also read a recent CERN Courier report on “FCC-ee: beyond a Higgs factory”.

Hints for lepton flavour non universality and the quest of new physics

A tension in the anomalous magnetic
moment of the muon (g-2)μ, an effect
originating only from quantum
fluctuations (called loop-level), has
prevailed since 2006 and has very
recently been confirmed by the muon g-2
experiment at Fermilab. Furthermore,
since 2014 the LHCb experiment at

CERN, supported by measurements of the Belle experiment at KEK, accumulated signs for
BSM physics in decays of B mesons (quark bound-states involving a heavy bottom quark)
involving leptons in the final state. Again, this has recently been confirmed by the
measurement of the ratio R(K), in which LHCb reported for the first time evidence for LFUV
new physics. Interestingly, all these observations show that electrons and muons behave
unexpectedly differently, such that a correlation between the B meson decays and (g-2)μ
seems plausible. Finally, a tension in nuclear beta decays (a form of radioactive decay) was
observed, which, as recently shown, can as well be interpreted as a sign that electrons and
muons are more different than predicted by the SM, and also the CMS experiment at CERN
observed more very high energetic electrons than expected. Altogether, this poses the
question if lepton, in particular muons and electrons are more different than expected within
the SM after all. 
Intriguing hints for the violation of LFU have been accumulated within recent years which
challenge the SM though more data within the next couple of years could offer a more
clearer picture. At present, the highest priority is clearly the corroboration of the BSM hints
with additional, more precise data, which is in fact ongoing at a number of experiments
worldwide. However, even if only one of these anomalies was confirmed, this would prove
the existence of new particles at scales that could not only be probed directly at the LHC or
a future collider such as the proposed FCC, but would also have an impact on other
precision observables, allowing for complementary determinations of the new particle’s
properties. Furthermore, a future electron–positron circular collider with a sufficiently high
energy to produce large quantities of Z bosons like the proposed FCC-ee, should be able to
observe the predicted deviations from the SM expectations in several ways: first, most
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anomalies, in particular (g − 2)μ, predict effects in Z decays. Second, the 1013 Z bosons
expected (e.g., for the FCC-ee, would produce an unprecedented number of heavy b
quarks and τ leptons). This would allow for precise tests of the anomalies and correlated
observables for which effects are expected, but currently not detectable due to limited
statistics.
Moreover, another recent paper accepted for publication in Physical Review Letters explors
how two kinds of leptoquarks that could explain the muon anomaly would affect the rare
decay of the Higgs boson into muons, of which the ATLAS and CMS experiments
recently obtained the first indications. The authors argue that one of the two kinds of
leptoquarks increases the rate at which this Higgs decay takes place, while the other one
decreases it. “The current measurements of the Higgs decay to muons are not sufficient to
see this increase or decrease, and the muon anomaly has yet to be confirmed,” says
Crivellin. “But if future measurements, at the LHC or future colliders like the proposed
FCCs, display such a change, and the muon anomaly is confirmed, it will be possible to
pick out which of the two kinds of leptoquarks would be more likely to explain the muon
anomaly.
Read more HERE.

Collider Diaries

The Future Circular Collider at CERN could be the biggest scientific endeavour humanity
has ever undertaken. Working on this project is the dream of countless scientists and
engineers. 
Collider Diaries follows the lives of 5 scientists and engineers who, supported by the EU-
funded H2020 MSCA EASITrain project, have contributed to the FCC study working on the
development of superconducting and cryogenics technologies.
The short films take a behind-the-scenes look at Dorothea, Vanessa, Maxime, Alice and
Aisha, 5 of the EASITrainers, as they talk candidly and personally about science, their work
for FCC and reflect on the lessons from being members of a global collaboration. 
The series launched on July 12th with a new episode airing every 2 weeks throughout the
summer of 2021. The Collider Diaries is brought to you by Terra Mater Factual Studios in
collaboration with the Future Circular Collider Study at CERN. 
Another innovation of Collider Diaries is the fact that the videos were sustainably produced
and certified under the UZ76 Green Producing criteria of the Austrian Ecolabel -
https://cutt.ly/JmWoYgY 

The emissions for mobility have been offset via ClimatePartner -
https://fpm.climatepartner.com/tracking/15770-2106-1002/en?
utm_source=%28direct%29&utm_medium=climatepartner.com
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Mining the Future

The EU-funded FCC Innovation Study (FCCIS) will
deliver a design and implementation plan for the new
research infrastructure, consisting of a circular tunnel
with a circumference of 90 to 100 kilometres and up to
12 surface sites.
The construction of the underground structures for the
FCC would generate about 9 million cubic metres of
excavated material – about three and a half times the

Cheops pyramid. In line with the EU Circular Economy Action Plan and following the best
practices adopted by both of CERN’s Host States (France and Switzerland), the FCC
project calls for a strategic approach to the management of excavated materials.
The FCCIS is running the international competition “Mining the Future”, which takes up the
challenge of turning the main excavation material, a soft sedimentary rock called molasse,
into a resource.
The contest was launched earlier this spring and the deadline for submissions is the 31st of
October. Proposed technologies and processes must have been demonstrated at
laboratory scale before submission. This international contest is open to individuals, non-
profit organisations such as universities and research centres, companies and consortia
from any nation that is associated with the EU Horizon 2020 programme.
Further information about the competition, guidelines and the online application form can be
found at miningthefuture.web.cern.ch.
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TIME TO SHARE RESULTS

Reviewing the FCC Site Studies & Placement 
A major FCC layout and placement
review was held on 7 and 8 June 2021,
bringing together members of the FCC
International Advisory Board,
representatives of the host states and
technical experts to review progress and
confirm the methods applied. The goal of
the meeting was to review the progress
of placement studies, confirm the applied

methods and guide future choices for the project in order to meet the rather strict timeline of
the FCC feasibility study that should conclude before the end of 2025. Specifically the goal
is to identify the preferred layout (including the location of the ring and the surface sites) by
the end of this year in order to move forward with the identification of geologically high risk
areas during 2022 along with the preparation of site investigations contracts which will take
place from 2023 to 2025. 
In order to optimize the ring placement the team has adopted the Avoid – Reduce –
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Compensate methodology which is
compatible with the French and Swiss
legal framework as well as with the EU
directives. This iterative approach is
based in 3 steps: i) Avoid as much as
possible any impacts upstream of the
project, ii) Reduce the impact of the
remaining unavoidable impact and iii)
Compensate for any residual impacts
after applying the first two steps. Based
on this approach, the team has analyzed hundreds of scenarios while striving to meet the
requirements for top performance and scientific excellency of the new Research
Infrastructure, hosting two different colliders (FCC-ee & FCC-hh) in a staged approach up to
the end of the 21st century.
In finding the right balance, it should be noted that a number of constraints are been taken
into account including territorial constraints, environmental risks, geological and
topographical data as well as the availability of networks and services that are key for
operating this infrastructure (transport network, energy and water infrastructure, pipelines,
a.o.).
The review confirmed the adopted methodology and affirmed the value of examining the
territorial constraints from an early stage. There is also a shared consensus that the new
infrastructure should have between 8 and 12 surface sites and further iterations would allow
concluding on the final number. Based on existing data the most suitable scenarios foresee
a ring with a 89km to 91km circumference. Furthermore, the review revealed the need to
proceed with site investigations to provide fresh data as existing information from maps and
previous surveys have been exhaustively analysed. In addition, the verification of territorial
feasibility depends on direct feedback from local authorities on the possibility and
willingness to host surface sites.
The results of the recent placement review were presented in detail during the FCC Week
2021 in a joint presentation by V. Mertens (CERN), J. Gutleber (CERN) and P. Bouillon
(CEREMA) that can be found HERE.

FCC-ee SRF System
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A review for the FCC-ee SRF system
was held in April 2021. The scope of the
review was to review the design and
proposed technological solutions for the
FCC-ee SRF system that should
compensate for 100MW of synchrotron
radiation power losses in the different
operating modes of the FCC-ee. 
In the FCC CDR the optimum frequency

for the RF cavities lies in the range of 400-800 MHz for the collider and 800-1500 MHz for
the booster. The FCC CDR foresees a staged RF system, with low-impedance single cell
400 MHz Nb/Cu cavities for Z running, that are replaced by 4 cell Nb/cu cavities for W and
Higgs operation, and augmented by 5 cell 800 MHz bulk Nb cavities at the top energy. For
the latter mode of operation, the RF cavities are shared between the two beams, which is
possible since the number of bunches is low.
Following the CDR, an alternative approach for the
Slotted Waveguide Elliptical (SWELL) cavity has been
proposed based on 2-cell cavities at a single frequency
in the 600-650 MHz 
range, which could allow for easier 
installation and more flexible operation. The review
endorsed the proposed R&D strategy on SRF, as a key
component of the FCC-ee collider, while suggesting
possible synergies with other projects like the Electron-
Ion Collider (EIC) . 
A recent publication on ZENODO [DOI:10.5281/zenodo.5031953] details the design and
motivation for a promising cavity design concept for FCC-ee: the superconducting Slotted
Waveguide Elliptical cavity (SWELL).
Developments on the FCC-ee SRF system were extensively discussed during the FCC
Week 2021. Among the many interesting talks you can find a review of the FCC-ee SRF
baseline system by Franck Peauger (CERN) on the SWELL Cavity Development by Igor
Syratchev (CERN) and an overview of the EIC RF system and synergies with FCC-ee by
Robert Rimmer (JLAB). Finally you can also find the closing plenary talk on SRF
developments by O. Brunner: HERE.

FCC-ee Injection System
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A group of international experts reviewed the FCC-ee injector regarding optimum layout and
optimum linac operation mode, with a focus on operational stability, reliability, and
availability as central requirements on the injector, as well as  sufficient flexibility,
considering the specific needs of the collider, especially for top-up injection. In particular,
the following points deserve attention: (1) pre-injector layout, (2) linac operation mode, (3)
positron production, and (4) pre-injector operation for collider top up and filling from zero.
The injector complex must provide a beam for top up injection in the two collider rings
supporting a beam lifetime of 40-70 min. Continuous top-up injection from the BR is also
required. Goal is to maintain the collider beam lifetime limits within the ±3% current drop
(±5% for the Z pole). It must also allow for a fairly rapid filling from zero (alternating
bootstrapping injection), within at most half an hour. 
The baseline described in the FCC-ee CDR considers a 6 GeV linac, with at most 2
bunches per pulse, with a repetition rate of up to 200 Hz. In this scheme, portions of the
same linac were used for multiple purposes, similar to the SuperKEKB
injector, acceleration of electrons and positrons to the pre-booster injection energy of 6
GeV, acceleration of electron bunches for positron production, and acceleration of the
produced positrons to the damping-ring injection energy of 1.54 GeV.
Since the FCC-ee CDR publication alternative scenarios for the injection system have been
developed. An overview was given during the FCC Week 2021 by Paolo Craievich
(PSI) HERE. A number of talks covered related topics, in light of the recent review,
emphasizing the technical feasibility of the proposed alternative injection schemes that will
be further reviewed under the FCC feasibility study.

The FCC Global Conductor Development program bears fruit
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A key enabler for FCC-hh is the
availability of 16 T arc dipole magnets on
an industrial scale. Over the last two
decades Nb3Sn high-field-magnet
technology has made great strides
forward, thanks to ITER conductor
development, U.S. and European R&D
activities for an LHC upgrade, and the
U.S. high-field magnet core development
program. The FCC collaboration
has launched a global Conductor

Development Program, with the involvement of industry and laboratories worldwide and the
support of the H2020 EU-funded EuroCircol and EASITrain projects, centered on the
development of Nb3Sn wires meeting the requirements of the superconducting magnets for
the FCC-hh. The FCC conductor development programme has been closely linked to the
high-field magnet development programme. You may read more in a previous CERN
Courier article and in Soren Prestemon's (LBNL) presentation on the global plans for a
high-field accelerator magnet R&D: HERE
The FCC conductor development programme sets a two-staged approach: supporting
industrial partners in achieving reliable production of internal tin Nb3Sn wire with a
performance comparable to the HL-LHC specification (stage 1), and prioritizing increases in
the high-field critical current performance (stage 2). Industrial wire development projects are
in progress with Kiswire Advanced Technology (KAT) in South Korea and TVEL in Russia,
and activities with Bruker EAS and Luvata are planned. In addition, Japan Superconductor
Technology (JASTEC) and Furukawa Electric are participating in the context of a joint
collaborative program with KEK in Japan and in collaboration with the universities of Tohoku
and Tokai.
These activities are also supported by characterization and analysis at CERN and by TU
Wien, and more fundamental studies of thermodynamics and diffusion at TU Bergakademie
Freiberg. In addition, laboratory-scale studies of novel alloys and internal oxidation methods
are in progress in the University of Geneva, and the Applied Superconductivity Center of
the National High Magnetic Field Laboratory (Florida State University). Finally, high-
temperature superconductors such as MgB2, BI-2212 and iron-based superconductors at
CNR-SPIN (Genoa, Italy) are also pursued in the framework of this program. Some of these
activities were discussed during the EASITrain dedicated sessions of the FCC week
2021.Last month, TVEL in Russia in cooperation with Bochvar Institute and Chepetsky
Plant (ChMP) completed the technology development and production of a qualifying batch
of 50 km of niobium-tin wire. The achieved performance for this wire is a record for the
Russian Federation superconductor industry (Jc= 3000A/mm2 at 12T) and demonstrates
the success of the adopted approach. The result is an important step in the long way to the
industrialization of 16 TeV Nb3Sn magnets for FCC-ee, reminding the value of a diverse
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collaborative environment like the one created for the FCC Global Conductor Development
programme. TVEL and the other participants of the FCC conductor development
programme will continue their efforts to improve the wire performance and mature the
technology and associated costs paving the way for the efficient construction of a post-LHC
energy frontier collider at CERN. 

TIME TO PUBLISH

Open Access Publishing

Remember to publish your work Open Access and help disseminate the results of our work
thus giving access to more fellow scientists around the world to read it. Moreover, the
greater visibility achieved with OA also allows to reach potential collaborators more easily.
Additionally, your data will be available to educators and the general public raising
awareness about the fantastic opportunities offered by the FCC project.
The FCC collaboration has adopted an Open Access publication scheme that is in line with
the requirements of the EU-funded Horizon 2020 projects and the recent European
Strategy for Particle Physics Update.
When publishing, please always follow the two Golden rules: 

Project members should upload their publications on the FCC Zenodo communities. 
https://zenodo.org and they are responsible for archiving all their technical scientific report
on Zenodo or archive repositories. List of publications is part of the periodic and final
reports to the EC.
If you feel unsure about the available Open Access options please contact
FCC.Secretariat@cern.ch 
This policy also complements CERN’s existing Open Access policy, which mandates that all
CERN research results are published in open access.
Did you know? CERN previously pioneered Open Access to scientific literature with the
SCOAP3 consortium, a global partnership of libraries, funding agencies and research
institutions from 46 countries and intergovernmental organisations, which is now the largest
open access initiative in the world. In addition, CERN collaborates with many organisations,
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such as the European Commission and UNESCO, on its efforts to promote open science
practices beyond particle physics.

Recent papers
All FCCIS-related publications can be found on ZENODO:
https://zenodo.org/communities/fccis/?page=1&size=20
The table with the recent and upcoming Milestones & Deliverables you can find here: 
https://twiki.cern.ch/twiki/bin/view/FCC/FCCISDeliverables

TIME TO COLLABORATE

Last spring saw the formation of the FCC Global
Collaboration (FGC) Working Group convened
by Emmanuel Tsesmelis (CERN) who presented
the ongoing activities of the group during the
FCC Week 2021.  
The goal of the new group is to ensure that the
FCC Collaboration which counts more than 150
institutes from 34 countries today, will continue
to evolve in a global  two-way and integrative

process, while being geographically balanced and topically complementary. 
A distinct characteristic of the FCC project is its openness to areas beyond conventional
accelerator R&D (environment & sustainability; education & training, knowledge transfer to
society; & public engagement) and in areas that are non-core activities for CERN (geology,
geodesy, logistics & material science).
The new working group prepares the foundations for industrial research and contributions
via national laboratories, institutes and universities. Moreover, CERN is engaging in
discussions with potential major partners as part of the FCC Feasibility Study for such a
global project being hosted at CERN.
Finally, it works closely with the FCC Physics, Experiments & Detectors (PED) Informal
Forum of National Contacts (FCC-PED-INFC) supporting the bottom up approach of the
first. Gregorio Bernardi (CNRS/IN2P3) offered a report on the status of FCC-PED-INFC
activities aiming to engage the local and national physics communities, widespread the
physics opportunities along with key detector R&D lines and take account their comments
and suggestions in shaping a global user community for a post-LHC research
infrastructure. 
You may find more information in E. Tsesmelis' presentation HERE and G. Bernardi’s
HERE.
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EASITrain Final Event Invitation
 

After four years of research and collaboration,
the EASITrain Project is close to an end. We
would like to share the innovations and results
achieved though this project, as well as our
vision for the future, during the final event which
will be help online on 21 September from
13:30 to 17:30. The event will be open for all
interested parties. We're looking forward
to seeing you there.

More information and registration on: http://cern.ch/EASITrainFinalEvent 
 

Remember to Acknowledge EU funding

If more than one H2020 project contributes towards a publication, this should be
acknowledged and reported by both projects but only one should claim costs.
Furthermore, if a given publication reports the specific project results, the EU funding
should be acknowledged. Two possibilities:

1. If results from several projects are discussed, all of them should be mentioned in the
acknowledgement

2. If the publication is "peer-reviewed", the OpenAcess rules, as reflected under Article
29.2 of the Grant Agreement, need to be respected.

Do not forget to acknowledge your publications (journals, articles, conference papers,
presentations, internal notes etc.) with the relevant mention and with the EU flag:

"The Future Circular Collider Innovation Study (FCCIS) project has received funding from the European Union's

Horizon 2020 research and innovation programme under grant No 951754."

You can download the European emblem (low and high resolutions, EPS and PDF vectors)
HERE.
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