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Abstract

A sizeable community of the French national funding agency IN2P3/CNRS has been
involved since two decades in the developments addressing a linear electron-positron collider
at the energy frontier. The latter has become a concrete project named International Linear Collider
(ILC), anticipated to be hosted by Japan. The maturity of the project allows considering its realisation
in the coming decade. This document suggests to examine closely the opportunity for Europe
to join the international consortium necessary to realise the ILC project, having in mind that
its part of the machine construction cost will amount to about 20 % of the total investment and that
this will exploit the industrial know-how developed for the XFEL light source and its spin-offs.

The purpose of this document is to summarise the main achievements, expertise, on-
going activities and forthcoming plans of the nine research teams of IN2P3/CNRS involved
in accelerator and detector R&D as well as in physics studies for the ILC project in Japan.
The latter has undergone steady progress since the previous European Strategy update, ending up with
a situation where an opportunity to realise the collider in a few years from now may arise. Some of
the most recent steps of the project supporting this expectation are recalled in this document, thereby
setting the landscape backing up the strong wish of the IN2P3 research teams to see the ILC in Japan
emerging as one of the top priorities in the upcoming European Strategy for particle physics.

The authors of the document act as liaison of the IN2P3 laboratories presently involved in the ILC
project. The latter is addressed at the national level through the (Linear Collider Committee (CCL) [1]),
where the project evolution and important ILC related issues are discussed.
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1 GENERAL REMARKS

The perspective of an electron-positron collider producing a wealth of Higgs bosons and top quarks
and providing access to scarce final states and faint effects not accessible in proton-proton collisions,
is considered since years as a major priority for future particle physics. The absence of sign of
new physics at LHC strengthened this need, with a pressing trend to scrutinise the Higgs boson
characteristics with a sensitivity to minute deviations from the SM predictions and the capacity to
unravel their origin.

Since the new energy scale of the physics beyond the SM is not yet known, the possibility to
adapt the collider to the TeV scale is of prominent importance, which calls for a linear design, with
the benefit of polarised beams. Being linear, the facility may take advantage of the evolution of any
acceleration technology.

The International Linear Collider (ILC) is proposed to meet this need. It is a linear electron-
positron machine delivering polarised beams at collision energies in the 200-500 GeV range, extend-
able to about 1 TeV, with luminosities ranging typically from 1 to 5 ·1034cm−2s−1, depending on
the collision energy and machine optics.

Nine laboratories of the French funding agency IN2P3 at CNRS are involved in the development
of such a collider, sometimes since two decades. They have been contributing to all aspects of the
effort allowing such a machine and its well suited experimental concepts, to emerge from initial ideas
until mature designs backed up with real size proof of principles incorporating fundamental aspects
of industrialisation. The activities at IN2P3 encompass physics prospects and have been leading the
development of the Particle Flow Analysis (PFA) concept. The teams remain in regular contact via
a national committee Comité Collisionneur Linéaire [1], which ensures information exchange and
organises yearly a national workshop dedicated to the ILC and CLIC projects.

The purpose of this document is to review the contributions of the IN2P3 community to the
ILC project and thereby its variety of expertise and the strength of the teams preparing for the
construction of the ILC in Japan. To settle the landscape of these activities and prospects, some
prominent aspects of the general situation of the ILC project are recalled, including major political
steps involving French governmental representatives.

The document is organised as follows. It starts with an overview of the ILC machine focusing
on its maturity as well as on the related expertise of IN2P3 teams and of the French industry. The
description is backed up by the European XFEL realisation, used as a flagship illustration of this
expertise. The next section summarises anticipated physics performance and mentions some major
contributions from IN2P3 teams. A section follows, addressing the experimental concept and the
prominent detector R&D realisations of the IN2P3 teams. The prospect of the IN2P3 community
for ILC is addressed in the next section. The latter starts with a short overview of the overall
ILC project status as perceived by the IN2P3 community, based on regular contacts with Japanese,
French and German political and governmental representatives. A final section summarises the
document contents and concludes on the strong wish of the community that the ILC becomes a top
priority of the upcoming European roadmap for particle physics. The document has one Appendix,
which contains a short statement calling for the realisation of the ILC, signed up by a list of staff
particle physicists and research engineers, not necessarily involved in the ILC project.
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2 STATUS OF THE ACCELERATOR

2.1 Overview

ILC is based on a 1.3 GHz superconducting RF (SCRF) accelerating technology which was predom-
inantly developed in Europe. As a main outcome of the international effort toward its feasibility,
where IN2P3 teams were strongly involved, its Technical Design Report was published in 2013 [2],
showing that such a machine could indeed be built in near future with the novel detectors providing
the necessary breakthrough performance. To achieve the latter, it is particularly advantageous that
the beam particle bunches are grouped in . 1 ms long bunch trains, separated by ∼ 200 ms. The
resulting machine duty cycle (∼ 1/200) is exploited in the detector design to suppress the power
consumption, making it possible to achieve unprecedented detection granularity.

The innovative SCRF technology was first applied to the 17.5 GeV Linac of the XFEL facility
at DESY [3], which became the most brilliant light source worldwide. With its 1.3 km long Linac
composed of ∼ 100 ILC-like cryomodules, XFEL acts as a real size demonstrator of an ILC Linac
corresponding to ∼ 1/10 of its full length. The infrastructure has started operation with its first
users in September 2017 and is successfully running since, with a growing number of secondary lines
and consecutive users involved in various domains of industry and research in biology and material
science.

The achievement of the XFEL project acknowledges the successful industrialisation of the SCRF
technology and its costing realism. As a result, the technological advances provided by the SCRF
R&D for the ILC and XFEL are now being used to realise other facilities based on SCRF Linacs,
such as the ESS in Europe and the LCLS-II in the USA and, later on, SHINE in China. R&D
to achieve gradients higher than 35 MV/m and lower loss rates by means of N2 infusion and less
expensive surface preparation techniques are ongoing and could be applied in the next generation of
SCRF cavities.

Finally, it is worth noting that the technological evolution driven by the XFEL project has
already been transfered to commercial markets (e.g. new MRI equipment), illustrating how particle
accelerators and their technologies irrigate society by impacting standards of living and wellbeing.

2.2 Contributions of the IN2P3 teams to the accelerator R&D

IN2P3 has played a central role in accelerator technology R&D and industrialization process, in
particular for the power couplers used to connect the SCRF accelerating cavities to their power
sources. The expertise of IN2P3 also manifested itself in achieving nanobeam sizes and nanometer
beam stabilization at the ILC test facility called ATF2 in KEK. Besides these activities, IN2P3 is
also involved in the R&D on high intensity positron sources and on high precision polarimetry.

2.2.1 XFEL couplers

In the framework of the French contribution to the XFEL project, LAL-Orsay was in charge of the
development, production and RF processing of the entire set of 800 power couplers needed to equip
the 100 cryomodules of the XFEL Linac. The tasks of the laboratory consisted in the industrial
monitoring and quality control of 670 couplers produced on two European industrial sites (Thales
and R.I.) and their consecutive RF conditioning, together with 150 additional units fabricated on a
third production site (CPI, USA). The conditioning process and all the preceeding preparation steps
were performed in a 70 m2 ISO5 clean room located at LAL-Orsay, connected to an RF station and
equipped with baking ovens and all the required equipment for mass production. This infrastructure
was designed to allow the treatment of 8 couplers at the same time, resulting in an ascertained weekly
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rate of up to 12 couplers transferred to Irfu-CEA (Saclay), where all cryomodules were assembled
before being sent to DESY for installation [4].

2.2.2 Final Focus System monitoring and Machine-Detector Interface

Teams of LAL-Orsay and LAPP-Annecy are playing a leading role in the Final Focus System (FFS)
developments since more than ten years. They have elaborated high-precision instrumentation and
techniques allowing to achieve and monitor the required nanometer scale of the ILC beams at
the interaction point, an aspect of decisive importance for optimising and maintaining the ILC
luminosity. The core of the activity is taking place at ATF2 in KEK, built in 2005 to study the
feasibility of an ILC-type Beam-Delivery System (BDS), with two main goals: the first one is the
validation of the FFS local chromaticity-correction scheme used for the ILC and the achievement
of a vertical beam size at the Interaction Point (IP) of 37 nm; the second one is the achievement
of nanometer beam stabilisation including diagnostic development, feedback techniques and ground
motion studies.

The FFS based on the local chromaticity-correction scheme was successfully validated at ATF2
for the first time. Vertical beam sizes of 43 nm for 109 electrons per bunch have been obtained. A
feedback system has also been successfully developed to reduce the orbit jitter, both at the entrance
of the final focusing section of ATF2 and at the IP [5]. The activities of LAPP-Annecy concentrate
on the control and mitigation of beam vibrations by means of low noise Active Vibration Controllers.
The LAL-Orsay team participated in the development of the tuning techniques, the construction of
the IP Beam Position Monitor system for IP feedback as well as in critical beam halo and collimation
studies. The work has been guided by studies of the Machine Detector Interface that includes effects
of e.g. the detector solenoid on the beam. The layout of the interaction region and innermost
parts of the detector has been optimised taking into account beam-beam effects at the IP, especially
Beamstrahlung induced backgrounds and biases on the ILC luminosity measurement, by extensive
use of the Guinea-Pig software tool.

2.2.3 Positron source

LAL-Orsay has a long standing tradition and expertise in the development of unpolarised positron
sources, acquired through numerous studies and installations (ACO, DCI, SuperACO, LEP, CLIC).
Recent investigations led to a novel concept, named hybrid positron source, based on channeling
radiation [6]. The R&D is still on-going and a new series of experimental data taking has started
recently at SuperKEKB. The activity does not address directly the present baseline option for the
ILC, which relies on a SC helical undulator producing polarised positrons. However, the know-how
and resources concentrated at LAL-Orsay represent a very valuable contribution capacity to the
design and construction for the ILC positron production system.

2.2.4 Compton polarimetry

LAL-Orsay has contributed since the HERA times to the R&D on Compton polarimetry. Its team
has built a Compton polarimeter at HERA providing a relative precision of a few permil. In collab-
oration with KEK, the team also built a pulsed laser Compton scattering experiment at the ATF
Damping Ring to produce gamma-rays [7]. Presently, the team is in charge of the optical system
of local Compton gamma (ELINP) and X-Ray (THOMX) sources. Its know-how is thus nominally
suited to ILC, where beam polarisation measurements are foreseen at the permil level, based on
Compton polarimeters.
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3 PHYSICS MOTIVATION AND EXPECTED PERFORMANCE

3.1 Overview

The ILC physics program [8] envisages high precision measurements of all fundamental particles
accessible in its kinematical range, whether standard or exotic. It aims in particular at detailed
studies of the Higgs boson and the top-quark, as well as searches and studies of new particles. It
also allows for high-precision measurements of key electro-weak parameters and tests of QCD. It
benefits in many cases from a relatively modest irreducible background, several orders of magnitude
lower than at LHC. The SM being a chiral theory, tests and searches for BSM physics will benefit
greatly from beam polarisation.

The more than 20-30 years long program of ILC is expected to start with the Higgs study at a
collision energy of 250 GeV [9], where e+e− collisions offer a unique opportunity to study two-body
final states composed of a Z and a Higgs boson produced back-to-back. They are very efficiently
selected from the Z-boson decay products combined with precisely known kinematical constraints,
and don’t rely on the Z recoil products. The latter can be safely attributed to the Higgs boson
independently from its decay channels, would they be invisible or exotic. Since the final state
originates from a well constrained process (Higgs-strahlung), direct access to the Higgs total width
is provided as well as to its couplings to the Z boson, to elementary fermions and possibly unknown
particles (e.g. composing Dark Matter), while the recoil mass to the Z-boson provides a direct high-
precision measurement of the Higgs mass.

By moving to higher collision energies, the couplings to the W-boson and top-quark can be de-
termined directly. Overall, depending on the decay channel, the precision expected on the couplings
ranges from a few permil to a few percent. Ultimately, the strength of the Higgs boson’s nonlinear
self-interaction is anticipated to be determined within about ± 10 %. Most studies will be repeated
with various beam polarisations to modulate the spin and CP components entering the observed
final states. The combination of all coupling measurements will provide a pattern anticipated to
shed light on the properties of BSM physics, since different BSM models predict different patterns of
deviations from the SM prediction. This in contrast with LHC, where the couplings are embedded
in the measured cross-sections and branching ratios and require some prejudice to be extracted.

Besides its Higgs boson program, the ILC offers the potential to discover the onset of new physics
by means of measuring electroweak couplings in 2-fermion processes, taking full advantage of beam
polarisation. In particular, the poorly constrained electro-weak couplings of right handed fermions,
can be scrutinised in order to remedy this fundamental flaw in our current knowledge. The program
will start at 250 GeV and will incorporate the top quark at higher collision energies, as many models
consider the (right handed) heaviest quark as the main messenger to new physics. A centre of mass
energy of 500 GeV is ideal for determining the electroweak top quark couplings to the per mil level,
including couplings that violate CP. The anticipated precisions are one to two orders of magnitude
better than expected from the full LHC program. Moreover, a scan at the top pair production
threshold will permit to determine the bare (MS) mass of the top quark to a precision of about
40 MeV. Finally, the ILC offers the possibility to detect Flavour Changing Neutral Current decays
of the top quark (e.g. t → cH), with branching ratios . 10−4.

Completing the search of BSM physics in the Higgs and top sectors, direct searches of new
particles are possible, in particular those predicted to have only electroweak interactions. Their
searches at the LHC will therefore be limited by low rates relative to strong interaction induced
processes, and by large backgrounds. The ILC will identify or exclude these particles unambiguously
up to masses at least as high as the beam energy. Many models contain in particular partners of the
Higgs boson. They are difficult to detect at the LHC because of their expected low energy release
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and production rate. ILC, however, can search for them in a direct and definitive way.

More generally, if new particles are discovered, either at the LHC or at the ILC, the ILC will
be able to measure their quantum numbers unambiguously and determine their couplings to the
percent level, taking advantage of the beam polarisations. The sensitivity of e+e− collisions to
the new underlying symmetry reaches in this case up to several TeV or tens of TeV due to the
interference of the new gauge boson(s) with the SM ones. Such studies incorporate the question of
whether a new neutral, weakly interacting, particle discovered at particle accelerators might compose
the Dark Matter of Universe. ILC will also constrain or discover new interactions at higher mass
scales through pair production of quarks and leptons, W and Z bosons, and top quarks.

3.2 Contributions from IN2P3 teams

IN2P3 physicists made major contributions to the Higgs characterisation based on the Higgs-
strahlung process [10], by realising an original event selection leading to a precise and direct mea-
surement of the Higgs width, mass and couplings to the Z-boson, which became a reference for the
TDR of the ILC machine and for the DBD of the ILD detector concept (see 4.1). Another impor-
tant contribution at 250 GeV is the measurement of electro-weak asymmetries in bottom-quark pair
production [11], which allows to search for anomalous gauge couplings with enhanced sensitivity, in
particular to right handed bottom quarks made possible by beam polarisation. The study drives the
design optimisation of the vertex and inner tracking systems for ILD and motivated the revision of
particle ID capabilities. Another reference analysis addressed the top-quark electro-weak couplings
at 500 GeV [12]. It demonstrated that vector, axial-vector and tensorial couplings can be derived
from the observed top-pair production cross-section, forward-backward asymmetry and slope of the
helicity angle asymmetry. Exploiting the beam polarisation, the precisions anticipated improve those
achievable at LHC by one or two orders of magnitude.

4 DETECTOR DEVELOPMENT

4.1 Overview

IN2P3 teams have been among the most active contributors to the ILC project since the beginning.
Essentially 9 laboratories (CPPM, IPHC, IPNL, LAL, LLR, LPCC, LPNHE, LPSC, OMEGA),
represented by up to ∼ 50 physicists and engineers are currently involved in detector developments
and related physics studies. The teams had a prominent impact on the ILD design described in
the Detector Baseline Document (DBD [13]) accompanying the machine TDR. Activities continued
after the DBD publication, and contributed a sizeable number of publications (> 50), PhD defences
(> 15) and invited talks at international conferences (> 100) since 2013. Though the developments
performed are optimised for the ILD concept, they are generic enough to suit any general purpose
detector that may emerge from an international consensus at the origin of an ILC experiment.

Most of the detector R&D effort at IN2P3 went into calorimetry, which required strategies pro-
moting very compact and high granularity detection technologies in combination with very low
average power read-out micro-circuits complying with power pulsing. Major issues have been ad-
dressed in the CALICE Collaboration [14], composed of more than 300 members coming from more
than 50 institutes of which 7 belong to IN2P3 and were among the initiators of CALICE.

Another important IN2P3 contribution addressed the challenge of very high precision and low
material budget vertex and inner tracking detectors. Here the technology of CMOS pixel sensors
was pioneered and validated as well as the concept of ultra-light double-sided ladders.
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Beside these technology oriented activities, IN2P3 members played a prominent role in the de-
tector integration and costing as well as in the international Linear Collider Collaboration (LCC)
and in the ILD management.

4.2 IN2P3 contribution to EM calorimetry

The R&D concentrated on optimised and cost-effective silicon sensor systems, on the designs of a low
power, pulsed, integrated readout electronics and of an effective thermal management, compatible
with dead-zone free self-supporting composite structures combining tungsten and carbon fibres.

IN2P3 teams pioneered an innovative design based on pixellated silicon diodes interleaved with
tungsten plates as passive material [15]. The first SiW-ECAL prototype, featuring 30 layers and
10 mm-wide pixels, was successfully tested at DESY, FNAL and CERN. Running together with the
CALICE hadronic calorimeters (AHCAL and DHCAL), it delivered the proof of concept of Particle
Flow (PF) calorimetry. The next step was the realisation of a so-called technological prototype, which
addresses the main technological challenges on a real scale: auto-triggering embedded Very Front-
End electronics, compactness, reduced power consumption through power pulsing and running in
conditions close to those expected at the ILC. With a 4-fold increase in granularity, it also provides
data to deeply study the PF and provide input to tune the Monte Carlo programs. The success
of the effort resulted in adapting the SiW-ECAL concept to the CMS experimental set-up for its
upcoming upgrade of the endcap region (HGCAL).

4.3 IN2P3 contribution to Hadron calorimetry

The HCAL prototyping was governed by the need for an efficient and precise reconstruction of
neutral hadron showers. With stainless steel as conversion material, IN2P3 teams developed original
designs using gaseous detectors for the read-out [16], which offer high segmentation, with signal
encoding on one or two bits only.

A vigorous R&D addressed the use of RPCs which would offer negligible dead zones and an
homogeneous response over large areas, which they allow equipping very cost effectively. A tech-
nological prototype was constructed and tested on beam to confirm that highly-granular gaseous
hadronic calorimeters are capable of measuring hadronic energy with good resolution while provid-
ing an excellent tracking tool for PFA. The prototype was composed of 48 active layers essentially
designed at IPNL. Each is made of a 1 x 1 m2 large and 3 mm thick GRPC, equipped with nearly
10,000, 1 x 1 cm2 large, read-out pads. The latter were connected to 128 channel read-out chips
providing 3 read-out thresholds, called HARDROC, designed at OMEGA. The prototype, with its
460,000 read-out channels, has been extensively tested on beam and demonstrated the added value
of the concept. Its success has led the CMS collaboration to propose RPC detectors equipped with
a readout system similar to the one developed for the ILC to equip two of the large forward muon
stations. This application will serve as a full scale demonstrator for its use at the ILC. Besides the
variant based on the RPC technology, an alternative concept was also developed at LAPP, based
on the MicroMegas read-out technology, which established that chambers with the required large
dimensions, spatial resolution, and low material budget could be fabricated and operated with the
targeted read-out performance.

4.4 Combined calorimetry and PFA validation

These approaches were compared to alternatives developed by other ILD or CALICE teams. The
relative merits of the different ECAL and HCAL options were evaluated using combined test beam
campaigns. The data recorded were processed with PF algorithms. The targeted energy and topology
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resolutions were demonstrated to be reachable, however not yet in power pulsed mode. Several new
tools taking advantage of the high-granularity have been developed by the IN2P3 teams, in particular
the PF algorithm ARBOR [17], which allows for simulation adjustments. The demonstration of the
PFA approach with real data by the ILC community was a major motivation to apply granular
calorimetry for the upgrades of the LHC experiments.

4.5 IN2P3 contribution to Vertexing and Tracking

Besides calorimetry, a long standing effort was performed to develop highly granular and thin, low
power, pixelated devices adapted to the requirements of an ILC vertex detector. Monolithic CMOS
pixel sensors (CPS) were pioneered at IN2P3 for this purpose and were shown to offer a unique
trade-off between granularity, read-out speed and material budget [18]. The technology was first
proven to best fulfil the requirements of the STAR vertex detector, which ran successfully with 50
thin, < 4 µm resolution CPS from 2014 to 2016 [19]. This groundbreaking technology was next
applied to the upgrade of the Inner Tracking System of the ALICE experiment, indicating that it
can be considered for pixelated inner trackers as well. Numerous other spin-off applications came
out, including other LHC experiments and domains outside of particle physics.

The micrometer precision and particularly low material budget of CPS were exploited to develop
the concept of high precision ultra-thin double-sided ladders providing well defined mini-vectors for
any traversing charged particle. The assets of this technological approach were used in the context
of the BEAST-II environment at SuperKEKb, where two ladders, each featuring 8 million pixels,
were running to investigate the beam related background during the SuperKEKb commissioning.

5 OUTLOOK

Most of the IN2P3 teams contributing to the ILC project are also involved in other e+e− collider
programmes (CEPC, CLIC) via specific machine, detector or physics topics. Both CLIC and CEPC
benefited quite significantly from the experience and achievements obtained via the ILC effort and
close relationships ensuring an efficient transfer of knowledge. CEPC oriented partnerships provide
also a rather convincing understanding that the scientific case and the technical level required to
launch the construction of the CEPC machine in China are closely related to the evolution of the
ILC project, with which it appears to be in strong synergy and scientific complementarity.

Overall, the ILC community of IN2P3 has gathered enough pieces of evidence that only the ILC
project has the necessary maturity to start construction in the next decade with the mandatory
associated highest energy upgrade potential in the long term, exploiting at best any of the more
advanced technology that could become mature later on (see for instance [20]). This point of
view was progressively elaborated via close relationships and steady interactions with the Japanese
community. Several IN2P3 teams were actually associated from the beginning to the initiative and
efforts of the Japanese particle physics community for the ILC project. They witnessed how, backing
up this effort, a growing manifestation of interest to host the ILC in Japan emerged at the political
level, starting in March 2008 [21]. Detailed studies of the project are under way since the TDR
publication, driven by the Ministry of Research (MEXT), a Federation of & 150 Diet members,
and by regional authorities. MEXT has recently ended its evaluation process, backed-up by the
Japanese Science Committee, providing an essential ingredient for the official declaration by the
Japanese government.

The site envisaged to host the ILC in the North of Honshu Island (Tohoku district) has been
investigated in depth since a couple years. Its adequacy is getting ascertained in more and more
details. Geological studies have already established the possibility to dig a straight tunnel over more
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than 50 km, which provides perspectives of energy upgrades ranging well above 1 TeV, using the
most advanced technology available at the appropriate time.

Financial considerations in Japan have resulted in a downscaling of the project definition to
its 250 GeV design (ILC250). Several committees have evaluated again the project, including the
Japanese JAHEP [22], the German KET [23], the LCB and ICFA [24]. All have concluded that
ILC250 should be constructed as soon as possible, supporting the idea that the collision energy
required for the next step of the collider operation would naturally come out from its 250 GeV
running and the HL-LHC operation. Independently, the study of the top-quark properties may be
considered as a strong motivation for an energy upgrade beyond the pair-production threshold.

To build up their own understanding of the interest of European countries for the ILC project,
Japanese authorities have decided to approach them in a bilateral framework including the ILC as
part of a shortlist of topics of mutual interest. First steps were taken at the occasion of the IEEE
NSS/MIC conference organised by IN2P3 and Irfu in Strasbourg in October 2016, where Japanese
Diet members made oral presentations and met European funding agency and political authorities.
Next, the Linear Collider Worldwide workshop LCWS-17, which took place in October 2017, again
organised by IN2P3 and Irfu in Strasbourg, was the occasion of interactive declarations of Japanese,
French and German Parliament members on the ILC. A follow-up was decided, leading to visit plans
of French and German authorities in Japan in 2017 and 2018 and of Japanese authorities in France
and Germany. The latter was the occasion for an 18 member-strong official Japanese Delegation
to come to Paris and Berlin. It was prepared on the European side by IN2P3 and Irfu physicists
in close contact with Japanese representatives. The Delegation was composed of Parliament and
MEXT members, major industry players, Tohoku district authorities and particle physics leaders.
Meetings took place with the Parliaments and Ministries of Research of both countries. During its
stay in Paris, the Delegation met the headquarters of CNRS and IN2P3 (as well as of Irfu), visited
LAL (and Irfu), where most of the French XFEL-related activities had taken place. A visit was also
organised at the XFEL cryomodule production centre of the THALES company.

Open discussions took place at the Parliaments and Research Ministries, which were based on
the Japanese suggestion that Japan would cover 60 % of the construction cost of the collider in-
frastructure, while North-America and Europe would each provide an in-kind contribution covering
20 % of the total cost. In this context, France may contribute with its industry for . 1/3 of the
European contribution. The project is therefore understood as an opportunity for the European
particle physics community, in particular when accounting for the magnitude of the investments as
compared to the scientific, technological and industrial (and societal) return. Moreover, the timeline
of the ILC will allow its operation in parallel to the LHC and its extensions, thereby bridging gaps
of machine stops at CERN. This aspect may become important from many aspects, including the
attractiveness of the scientific domain for students and its educational impact.

The achievements and expertise of the IN2P3 teams has prepared them to play a leading role
in the design and construction of the accelerator and detector as well as in preparing the physics
studies. A positive statement of the Japanese government on the ILC in due time is expected to
generate a wave of interest at IN2P3 similar to those foreseen in other countries2.

If the ILC project becomes a worldwide priority for particle physics, the ILC community at
IN2P3 is expected to grow progressively toward a typical size of 50 staff physicists, 10 post-docs and
20 PhD students, with 50–100 engineers taking part to the machine and detector construction, in
connection with the relevant French industry sectors. Strong contributions to the machine construc-
tion are anticipated for major components of the Linac and beam delivery system, complemented

2e.g. the German particle physics community (KET) has recently expressed explicitely its interest for the ILC.
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by contributions to the positron source. Several laboratories are expected to contribute, which have
not joined the ILC effort yet. This projection is incorporated in the IN2P3 roadmap, which may be
found in a separate document provided to the ESU groups by the IN2P3 Directorate [25].

Most of the contributions to the detector design and construction are anticipated to address the
calorimetry. The expertise in vertex detector and inner tracking system issues will stand as an other
subject of strong interest, as well as the overall detector system integration. These detector oriented
activities would naturally be complemented by event reconstruction (PFA) and physics preparation
tasks. IN2P3 contributions would also involve its national computing centre (CCIN2P3), which
operates already in an ILC oriented network with KEK and DESY.

6 SUMMARY AND CONCLUSION

After nearly a decade of LHC operation, the added-value of an e+e− collider is stronger established
than ever, and the possibility to realise such a machine opening new possibilities of searching for
physics beyond the SM was never as tangible as today. The ILC project in Japan is presently
supposed to start within financial boundaries coinciding with a collision energy limited to 250 GeV.
It is however anticipated to be constructed on a site allowing to increase the energy by an order of
magnitude at a later stage.

Up to ten IN2P3 teams have been working on the ILC project since many years. They played
a leading role in the machine, detector and physics preparation, up to the point where the project
was mature enough to be considered as realisable in the upcoming decade. Representatives of the
community also played an active role in bridging the gap between Japan and European countries
to initiate discussions on the ILC which would concretely address shares of responsibilities and
contribution sizes, as well as more delicate topics like intellectual property and shared governance.

The IN2P3 community involved in the ILC project considers the latter as a great opportunity
for particle physics, given the relatively moderate investment expected from Europe (1/5 of the
total cost) with a dominant in-kind contribution involving world leading high-tech industry having
produced key-components of the XFEL and consecutive infrastructures around the world. The
community is therefore strongly supporting the perspective of the ILC becoming a reality soon, and
expresses its will to contribute extensively for the best of the future of particle physics.

In conclusion, the community suggests to examine closely the opportunity
for Europe to foster the emergence of an international consortium aiming at the
realisation the ILC in Japan, assuming a contribution to the machine construction
of ∼ 20 % of the total investment, based on the industrialised technological know-
how driven by the XFEL facility and its spin-offs.
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