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WP2.2: Global Landscape

The roadmaps of the different scientific domains using accelerators and
superconducting magnets in Europe, such as the ESFRI list and its international
equivalents, as well as the roadmaps of the major research laboratories worldwide
will be collected and analysed in order to identify the future trends and need. With
the additional input from the innovation market survey from WP4, synergies,
possible mismatches and potential for innovation will be described. All this will be
used to assess the workload, the capabilities and, whenever possible the priorities
of the European Technological Infrastructures, constituting Technological
Roadmaps, in the different technological domains identified in WP2.1!
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MNUCLEAR AND HIGH-ENERGY PHYSICS ‘

LIST OF RESEARCH INFRASTRUCTURES
NUCLEAR AND HIGH-ENERGY PHYSICS

NAME

CERN-LHC

EGO-VIRGO

FAIR

GANIL-Spiral2

FULL NAME

European Organization for Nuclear Research -
Large Hadron Collider

European Gravitational Observatory - VIRGO

Facility for Antiproton and lon Research

Grand Mational Heavy lon Accelerator [GAMIL),

Radioactive lon Production System in Line
of 2nd generation (SPIRAL2)

High Energy Stereascopic System
Kilometre Cube Meutrino Telescope

Large Synoptic Survey Telescope

Cherenkov Telescope Array

FAIR (2006)

Spirai2 (2006)

KM3NET (2006,
2016)

CTA(2008)
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ENERGY ‘ MATERIAL SCIENCES AND ENGINEERING ‘

LIST OF RESEARCH INFRASTRUCTURES

* WEST (T w) in ly . the h of member states, of
It develops the Tore Supra tokamak [built and d hich i hy andDEMO, the MATERIAL SCIENCES AND ENGINEERING
under the auspices of the EURATOM-CEA Association step that will follow ITER.
in the 1980s] as direct support for ITER with regards to
ITER, although di ific fr rks, it must Finally, the tothe producti wvia FULLNAME
be mentioned for its importance. Indeed, it must show fossil resources will here too support the energy and eco-
the control of fusion energy via ! H b storage
for over time of ay and of CO, will be inescapable. An infrastruc- European Synchrotron Radiation Facility
source and support industrial application. In the frame- ture is dedicated to this problem. It is:
work of nternational cooperation, ITER is currently under = ECCSEL [European Carbon dioxide Capture and Storage
constr inFrance, onthe Cadarache site and E Lab ry) which is deployed on a E level and European Spallation Source
is large portion of th i In addition, ‘which will be listed on the ESFRI roadmap. This is a dis-
there is a Euratom Fusion h progl inthe riby ith BRGM as the F hnode and Institut Max von Lave - Paul Langevin
framework of the Horizon 2020 programme, intended to pilot. ECSSEL will appear as a project.

'ORPHEE/Laboratoire Léon Brillouin
French national synchrotron facility
European X-ray Free Electron Laser

Federation of the accelerators for the studies
of materials under irradiation

Very high fieldFT-ICR mass spectrometer national
network

The National High Magnetic Fleld Laboratary
Laboratory for the Use of Intense Lasers
Transmission Electron Microscopy and Atom Probe
PETAwatt Aquitaine Laser

Magnetic Nuclear Resonance, Very High Fields

Researchlnfrastructure Interdisciplinary EPR
National Network

French national nanofabrication network

Sclence
LIST OF RESEARCH INFRASTRUCTURES

ENERGY
FULL NAME ESFRI

Solar Thermal Research Infrastructure EU-SOLARIS
for Concentrated r Power (2010}

Wi{Tungsten) Enwvironment for Steady-state

Tokamaks
Project s X ; & g e SEL (2008)
Project S0lar PHotovoltaic Research Infrastructure
Project ;:::zzgt'g::;:”ﬂm"j amics snd Marine Marinerg-i (2016)
N -
51 B
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DE L'ENSEIGNEMENT SUPERIEUR
ET DE LA RECHERCHE

Research infrastructures
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e www.enseignementsup-recherche.gouv.fr
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Nuclear and High Energy Physics

“

CERN E;npean Organization for Nuclear
ol CERN
CERN - LHC Particle accelerator LHC at CERN
Large naticnal accelerator of heavy ions
TGIR GANIL-Spiral 2 (project Spiral 2 included — laboratories
part
TGIR FAIR Facility for Anfiproton and lon Research
European Gravitational Observatory
TGIR Y {project VIRGO included)
Astronomy with a Neutrino Telescope
IR ANTARES and Abyss environmental research

Material and Engineering Sciences

Full name

European Synchrotron Radiation
Facili
European X-ray free electron laser

European neutron source - Institut
Laue Langevin

Orphée reactor. Excluding LLB part
(Laboratoire Léon Brillouin)

3rd generation synchrotron radiation
source

High-density energy lasers - CEA/
CESTA

Network of accelerators for material
iradiation

Laboratoire des champs magnétiques
intenses

Laboratory for the use of intense
lazers

National network for electronic
microsocopy (fransmission and atomic

network of interdi
RPE (paramagnetic electronic

Network of nanotechnology centres
Network of high-field NMR
European llation source
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E S F Rl European Strategy Forum

on Research Infrastructures
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Technology Infrastructures

* The European network of capabilities
in this area is a key to implementing
new Rl projects

* Enabling technologies include
* Particle accelerators
* Imaging detectors
* Electronics
* Magnets
* Cryogenics
* Lasers
* Computing and
data-intensive science
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—__ACCELERATORS-

FoRAMERICAS FUTURE

THE BENEFITS OF PARTICLE
ACCELERATORS FOR SOCIETY

Physicists have been inventing new types of accelerators
to propel charged particles to higher and higher energies
for more than 80years. Today, scientists estimate that more
than 30,000 accelerators are in operation around the
world—in industry, in hospitals and at research institutions.
The following benefits are just a few examples on a growing
list of practical applications.

DNA research: Synchrotron light sources
allowed scientists to analyze and define how

Semi-conductors: The semi-conductor Pharmaceutical research:

industry relies rator technology to beams from synchrotron light
impl ips, making them scientists to analyze protein stru: quickly the ribosome translates DNA information
more effective in consumer electronic ing to the development into life, earning them the 2009 Nobel Prize

id lead to

0 treat major diseases such as in Chemistry. Their researc

proc s such as computers, smart phones
and MP3 players. malaria and AIDS the development of new antib:
Clean air and water: Studies show that blasts Nuclear energy: Particle accelerators have the Cancer therapy: When it comes to treating

cle accelerator are an potential to treat nuclear waste and enable certain kinds of cancer, the best ay
use of an alternative fuel, thorium, for the bea e beam. | tals use particle

of electrons from a p:

e way to clean up dirty water, sewage

energy. ac or technology
of patients per year, with few
onal treatme

e and polluted gases from smokestacks.

Medical diagnostics: Accelerat article accelera- than trad

to produce a range of ra

are needed Shrink wrap:

es for medical shrinkable

lm that keeps such items as turkeys, produce

diagnostics and treatments that are routinely
applied at hospitals worldwide in millions of and baked goods fresh and protects board

procedures a games, DVDs, and CDs.
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Oetzi, the lceman, a unique and well preserved mummy from the
end of the Neolithic period, discovered in the Alps in 1991. Radioiso-
tope dating with “C established the age not only of the mummy but
also of many often-minute artifacts associated with his equipment,

and food; and of flora and fauna at the site. /moge court esy
of the South Tyrol Museum of Archaeology, www.iceman. it

lerators for 5 y and Defense

4

Accelerators are
central to a number
of current proposals
to develop cargo-
inspection technigues.

Computer animation of the field inside
a superconducting accelerator resonator

now ubiquitous in the accelerator world. The current need is for development
of a fieldable device for testing with defense and security partners.

Relativistic electron beams can generate high- power electromagnatic
radization at various frequencies for directed-energy-specific missions.
Examples include free electron lasers, highly directional gamma-ray beams
through Compton scattering, and millimeter-wave to terahertz radiation.

Free electron lasers can in principle achieve megawatt average power levels
and optical beam guality and wavelengths required for security and defense
purposes. In the mid-1990s, the highest average-power FEL had achieved only
1 watts. The Navy, 25 a user of the FEL at DOE's Thomas Jefferson National
Accelerator Facility achieved 2.2 kW, and a subsequent upgrade in 2006 demon-
strated 14kW at 1.6microns, a wavelength of particular interest to the Navy.

Free electron laser-based directed energy can expand to a wide range
of missions. With increased efficiency and decreased weight, for example, FELs
might serve as airborne platforms. With appropriate R&D, such goals appear
achievable. Most such improvements would feed back to the basic science
programs, potentially leading to lower-cost FEL systems and associated energy-
recovery-linac light sources.

A megawatt-class FEL will require several critical accelerator R&D
developments. Credible designs exist for two of these: a high-quality ampere-
class electron gun and continuous wave injector that can operate for weeks,
and ampere-class SRF cavities with higher-mode suppression using high-tem-
perature superconducters. However, demonstration of these designs requires
funding. At the conceptual level with simulations, researchers are currently
exploring a third critical element, megawatt-level RF couplers. Complete
system madeling is underway; but bringing thesa efforts to the point of comparison
to the actual performance of, for example, future 100-kW prototypes, will require
major efforts.

Cargo Inspection and interregation

Security priorities of the last decade have turned to deterring the threat from
subnational organizations. Some of these deterrents rely on identifying small
quantities of special nuclear material in shipping containers through a
signature reaction induced by radiation. Accelerators are a natural choice for
producing well-characterized beams of radiation and are central to a number
of current proposals to develop active interrogation techniques.

“Standing off” at a distance from the object under inspection by using
electromagnetic radiation, including that from accelerators, is of significant
interest in security and defense. The recent developments in terahertz radiation
at FELs show potential for active interrogation with desirable standoff distances
for cargo, improvised explosive devices and biological investigations.

Other interrogation technigues use neutron and proton beams ranging from
tens of keV to tens of GeV with radiographic sensitivity to a variety of materials.
Standoff with GeV protons to induce fissionwill require milliamperes beam currents,
high gradient and high temperature superconducting technologies, as well as
compact devices that laser-driven accelerator technology may make possible.

Researchers have proposed more exotic radiography using the Low interaction
rates of muons to achieve significant standoff. Such propesals would build on
developments for muon colliders and neutrine factories, the subject of R&D for
possible future basic-science facilities.

Replacement of radioactive sources and materials

In the 1970s, accelerator-based gamma-ray radiation therapy replaced radioiso-
tope-based devices in the United States and Western Europe. However, in much
of the rest of the world, *Co-based teletherapy units are still very commaon,
with over 10,000 in service, according to the International Atomic Energy Agency.
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FI16-56-05
ESFRI [t
Working Group on Innovation
Report to ESFRI
(March 2016)
This final report is p d to ESFRI ding to the date which was given in
2013 (and extended in June 2015) to the Working Group on Innovation and following the
lusions of the di. ion of the interim report presented at the 537 meeting of the

Forum held in Lisbon on the 12% of June 2015. It is focused on the main objectives which
were defined by the Forum (see the Terms of Reference of WG INNO, in Annex 1),
namely to ibute to the develop of a strategy aimed to strengthen and improve
the relations between Research Infrastructures and Industry and to promote the potential
for innovation of Research Infrastructures in all its aspects. All sections of the report are
concentrated on these issues. Examples of good practices are given in text boxes. 4 set of

I and dati has been drawn to the attention of Research
Infrastructures managers and ESFRI in the perspective of the further implementation of
the ESFRI Roadmap.

The group held 8 ings in which rep ives of the various categories of
keholders were ively invited to participate and to present their experiences,
needs and expectations.

ACCESSTO
INNOVATIVE
TECHNOLOGIES

IMPROVES ENABLES
“TT™  "ACCESS"

"KT"

TECHNOLOGICAL EXCELLENT

DEVELOPMENTS RESEARCH

DRIVES

Figure 1. The virtuous circle of innovation

18/01/2017

AMICI Kick-off Meeting

Societal
Impact

Scientific and
Technological

Impact

Economic
Impact

Figure 2. Interactions between Els and their surrounding
techno-scientific, socio-economic and societal environment
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Current practices in industrial cooperation and innovation during the construction
phase [from the survey of ESFRI Landmarks (zo0135)] - [z]

The “in-kind contribution” approach for building the ESS Neutrons

ESS will be built on a green-field site, achaJ]eu,ge\\«lm:hbrmgsthhltgrealpomual ﬁorsomety as
well as for science. Furthermelm.ﬁx:and vill be required to build this
nmquefamhly,winch]sthebﬁlofﬁshnd.“’ithmthemsh’udmuoffss a significant amount
willbeR&Dre]abed,whlch hasah:ghpoteuhalﬁurmnmahmﬂwwnstmchon\\a]]genmte
growth and jobs, adv t and fuel i l in the region and across the
EU. With ESS being built as a collaborative project, thegruwtheﬁmvﬁllbesha:edbetweeutbe
Tegion (Oresunr]), the host countries fSweden and Denmark) as well all as the ESS Partner
Countries. Most ﬂ:enec&ssaryskil]sﬁm developmenlneedhobexmpcrhedthmughm-kmd
contributions (IKC) from parti institutes and il ber States. The IKC
approach is intended to foster collaborations between nahonal academia and industry,
representing the entire supply chain.

While the and i ion of IEC is challenging for a project isation, it also
provides significant and highly desirable advantages for the ESS itself as well as the member
countries. Access to frontier fechnology that enables the realisation of ESS would otherwise be

nnaﬂmmble,as“eﬂexpeneuwdtechmcalmdsaenhﬁcpemomelmdmmumque
facilities and i MBaverylmportmtsom-emcmtcdrwermthatﬂm

ion of ESS fuels national i potential, ity tional GDP of
all of the Member States for the long term. This will increase eachwnnhfsmﬁcma] and cross-
national capacity and help create jobs and growth.
Industry as a supplier for the construction of the EUROPEAN XFEL
ﬁedevdopmeutofmeufthehemnologiﬁthai matthehearl oftheHmpea.uXFE.L,l.e

in close
vnthmdustry 'l"hcneedhawuplestaheo{ﬂ:eaﬂmatmalsandpromses,developedmapubhdy
funded with mass crf only ible in an ind:
environment, made TT a sine-gua-non condition for of large

facilities, Overmmtha.nzoyears &eESMdemdemﬂMahmwﬂhamMng
Eu.ropean mmpcrnem (led byDESY_l m collaboration with industry, developed and refined the
of 2 km of summd.uctmg RF cawt:.es of extremely
demandmgspem.ﬁcahms;&samnlturftheDFSY dersk in the t of
superconducting RF, Emmpeanmdnsuylstodayamarhetleaderandahkﬂysnppherufmupm
using this technology in Europe and in other continents,

Further les are in the electronics d i (1]vmhtheextenmcfthel\-hmTCA.45tanda:d
of tel ications to electn hard: for the control of complex equipment (such as the
Eurcpean XFEL accelerator), by the DESY confrols division in collaboration with industrial
partners (to be adopted by the Eurcpean Spallation Source in Lund (SE) as well); and (n] vnth

:xmsnrhanfacadmsandmduslnal]a]nra@mml}ermany itzerl ’amillaly

sensors and data handling el ics for i tive MHz frame isition rate d under
the impulse from the European XFEL.

SEA's global cooperation

There are several ways mpmmntlnn of TT and KT along with the Square Kilometre Array (SKA)
project devel t. For i ., the UK g has created the “Newton Fund Programme™
wlnch 15 admsmhedbythekoyalﬁcademyuff.n@neermg with the aim to develop science and
that p: and welfare of developing
countries, Luthe same time, the South Aﬁ'wanguvmment has launched the “SKA Youth into
Science and Engineering project” which has awarded, since o005 up to date, bursaries in the areas
of astronomy, including PhDs, MScs and postdoctoral fellowships.
The University of Manchester, on whose site the SKA HQ is based, is developing a collaboration
programme with Chinese Acad of Sci for the exch of scientists that will link the
construction of FAST (Five hundred meter Aperture Spherical Telescope) in China with the
development of the SKA project that will help China enhance its capabilities in development of key
components of receivers for science observation. The extremely low noise amplifiers (LNAs),
Phased Array Feeds (PAF) and analogue-to-digital converters (ADCs) are among those that have
been identified. In addition, SKAO Office has also provided opportunities by offering secondment
programme to several Member States, such as a three-year exchange programme with Japanese
radio scientists, the yearly-based exchange programme with Chinese secondment on signal system

Open Innovation at IMEC

IMEC's experience is an example of a new “precompetitive space” created around the RI where “must-have
technological platforms” are offered to industry in a working mode. Effectiveness is firstly due to the fact to be
in the same place and work together on shared objectives. The aim is to join: PhD research; hchmlogy
platforms and core business. This model focuses on bilateral ized “Industrial Affiliation

(ILAP) where the industrial partners rotate around IMEC rather than using a consortium approach. A specific
precompetitive research IP model is used; noticeable is the power of using a unique IP fingerprint.

Finer resolution of IP

landscape developed

in IIAP approach
Program based approach

Integration of techno bfe cycle
-integration of vaive cham

OPEN INNOVATION

Project-based R&D outsourcing

“Must-have”

Technology Core Business

Platforms

©.g. PhD research

-Pre_competitive platforms & IP sharing
- Fast technological evolubon
 High added value for # nodes in Value Chain No IP sharing
+ Costly platform development & need
for cost sharing
+ Need for de-risking
+ Need for early insight & fundamental understanding
of dferent technology platiorm options
+ Muxed research teams & short leaming cycles
* Crucial for underpinning Core Business

IMEC’S PRECOMPETITIVE RESEARCH IP MODEL

+ Partner obtains co-ownership (with
imec) on results o which partner has
contributed* (R1)

Co-owned (shared) IP {R1)

partner A
Shared =]

ng:pl'!glmy P
=) * Partner gets a royalty free, non-

exclusive, license without
sublicensing rights on results

flicensed) IP ¢ |
N\ gh Partnerd g:?nma(ed by imec or other partners in
X \\ \ the program; (Program Affiliation fee

A\ Fsieaﬂy) without contribution of the
. artner (R17);
B
[ NAP RED program P
i * Partner gets a royal
( Program RE’“"““’L exclusive, license wif hou( <.uhlvcensmq
\ (RO, (Foreg! nghts on imec’s background (R0)

necessary for exploitation of the

7 results of the program (one time
/Q \\(// Program entry fee)
%

» For each partner there 1S possibility to

\\; ] PR generate propneng results (R2) as
part of separate R&D project, through

partner D application of R1 outcome onto
company specific context (in the core
business)

1IAP: IMEC Industrial Affiliation Program type of resuls should be agrees upfront]
imec ewec o g means 8 recut wlear

cactnbutce foe the suones 01 imes

IMEC acts as a service, not for problem solving or TT stuffs, but for research programmes, properly funded.

‘modelling and outreach communications.

ESFRI WG INNO_REPORT TO ESFRI (MARCH 2016)

Alwmbas‘dewbymmmdmmd”butmmhauumdudwpa)sthfuﬂwd Mainly big industries
are involved, but also SMEs have been network.

d by means of an

0 ESFRI WG INNO_REPORT TO ESFRI (MARCH 2016)

18/01/2017
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WHAT IS A LARGE RESEARCH INFRASTRUCTURE?

The principles that define a large research infrastructure can be stated as follows:

» it must be a tool or a device that has unique characteristics identified by the
scientiic community that makes use of it as required for conducting high-level
research activities. The targeted scientific communities can be national, Euro-
pean, or international, according to the case;

» it must have governance that is identified, unified and effective, and strateqgic
and scientific bodies for steering;

» it must be open to any research community that wants to use it, accessible
based on peer-reviewed scientific excellence; it must therefore have suitable
evaluation bodies;

» it can conduct its own research, and/or provide services to one (or several)
communities of users that integrate the stakeholders of the economic sector.
These communities can be present on the site, conduct work there on a one-
off basis, or interact remotely.

Moreover, research infrastructures will in the future have to be able to:

» produce a multi-annual budget schedule as well as a consolidated budget that
incorporates the full costs;

» make the data produced available, either immediately, or after an embargo
period corresponding to the international practices of the field involved.
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Work Packages Timeline

YEAR 1 YEAR 2 YEAR 3
M2 hd | M5 | MB | M7 M18|n19 M23 W27 [M28 M30

Work Package 1: Management, coordination and dissemination (CEA)

WP1.1 Project management (CEA] 1|01l MLS __EE

WP1.2 Organization of the participation of industry (INFN) 012

WP1.3 Administrative and financial project management (CEA) 015

WP1.4 Communication and outreach activities (IF}-PAN) MLl ML4 D17
Work Package 2 : Strategy (CNRS)

WP2ikeyrechnologicalaressenes) | L 1 I T T 1T T T T T T T 1T T T T T [ ¢

WP2.2 Global landscape (CEA)

WP2.3 Accelerator and SC magnet Tl sustainability (L) Mzl ]
Work Package 3: Cooperation (DESY)

WP3.1 Definition of eligibility criteria (CEA) 03l

WP3.2 Networking and coordination model (IFJ)-PAN) pa2

WFP3.3 From cooperation to collaboration (DESY) M3 03
Work Package 4 : Innovation (STFC)

WP4.1 Industry survey - accelerator technologies (STFC) M4 b4l

WP4.2 Industry survey - magnet technologies (CEA) 042

WP4.3 Good practices and barriers to engagement between industry and Tis (INFM) D43
Work Package 5 : Industrialization (INFN)

WPE.1 Professional training and apprenticeship |CEA) M5 E_E

WP5.2 Harmaonisation - Material and components reference (CHRS)

WPZ.3 Harmonisation - Cryogenic safety procedures (KIT) 053

WPS.4 Developing prototyping in industry (INFN) | 055|

Figure 3: Gant chart of the project



