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1.  Project objectives and summary

The main objective of the CARE project is to generate a structured and integrated
European area in the field of accelerator research and related R&D. The program
includes the most advanced scientific and technological developments relevant to accelerator
research for Particle Physics. It is articulated around 3 Networking Activities and 4 Joint
Research Activities.

The aim of the Networking Activities is to foster and strengthen the European knowledge to
evaluate and develop efficient and cost effective methods to produce intense and high-energy
electron, proton, muon and neutrino beams as recommended by the European Committee for
Future Accelerator (ECFA). They will carry comparative studies on the various techniques,
establish collaborative and prioritised R&D programs aimed at improving the exiting
infrastructures and technical roadmaps toward their longer-term evolution and the
construction of new facilities of worldwide interest. The participants will integrate their
infrastructures, establishing a European technological platform for accelerator research
allowing one to develop joint R&D projects and to foster strong and effective collaborations.

The Joint research activities aim at developing critical and/or beyond the actual state-of-the-

art components and systems to upgrade the infrastructures. They include the developments of:

e Superconducting cavity and RF technology

e Photo-injector technology, in particular for two-beam acceleration technique

e Normal and superconducting structures for the acceleration of very high-intensity proton
beams as well as challenging beam chopping magnets

e The technology for constructing very high magnetic field and high density currents
magnets

Twenty two contracting participants and a large number of associated institutes (including
industrial partners and SMEs) participate in this unprecedented integrating effort, including
accelerator physicists involved in Nuclear Physics accelerators, Free Electron Lasers and
Neutron Spallation sources.

Finally, in order to implement a strong and efficient dissemination plan, a Web-based
platform has been developed from the site of the ECFA-European Steering Group for
Accelerator R&D (http://esgard.lal.in2p3.11).
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2.  Overall description and fundamental objectives of the 13

The CARE project represents an innovative and unique opportunity in Europe as it will
involve almost all of the European expertise and know-how in accelerator physics and related
technologies and would allow one to address most of the issues relevant to particle
accelerators. Thus, it will provide an integrated service to the entire European particle physics
community and could provide on the long-term an integrated service for other communities
(such as Nuclear Physics, FEL, and Neutron Spallation) as well. The CARE project is
considered as very high priority in Particle Physics by European Committee for Future
Accelerator (ECFA).

The framework of CARE integrates the subjects, the infrastructures and the expertise.

a The subjects
» On-going and new studies on all types of used and planned accelerator will be
integrated, in line with the recommendation and priorities set forward in the ECFA
report on the “future of accelerator-based physics in Europe” (ECFA/01/213):

= Electron linear accelerator and collider

* Neutrino (muon) beams

= High-energy/high-intensity proton accelerators

0 The infrastructures
» It will include all the relevant infrastructures allowing one to develop an overall

efficient R&D program for accelerators and establish the first step toward a

European Technological Platform to carry research on accelerator. The proposed

activities are articulated around:

o Large Scale Facilities, including the existing or in construction state-of-the-art
accelerators (CERN accelerator complex including LHC, DESY accelerator
complex as well as those from LNF, RAL, PSI, GSI),

o Large-scale accelerator test facilities (CTF at CERN, TTF at DESY)

e Specialized large and medium size infrastructures allowing one to develop and
test specific accelerator concepts and components (LNF, RAL, PSI,
CEA/Saclay, CNRS-IN2P3/Orsay).

The following table shows the existing (or in construction) accelerator facilities located at
the laboratories participating to the CARE project. The vast majority of these
infrastructures are unique in Europe. A large number of them would be improved with the
outcome of the CARE research activities.

Laboratory Accelerator Description
STFC-RAL ISIS Accelerator complex for the neutron and muon facility
CERN PS, SPS, Proton accelerator complex
LHC
CNGS Neutrino Beam
CTF3 Two beams electron linear accelerator test facility
DESY IP;%RXA, Electron and proton accelerator complex
TTF, X-FEL | Electron superconducting linear accelerator test facility
and free electron laser
FZR ELBE Electron linear accelerator
GSI SIS, ESR Heavy ion accelerator complex
INFN-LNF DAPHNE Electron-Positron collider
PSI SINQ Accelerator complex for the neutron and muon facility
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Similarly, the next table shows the existing (or in construction) specialized test facilities
relevant for the CARE project

Laboratory Facility Description
STFC “Unnamed” Cryogenic facility for mechanical measurement
IPHI 3 MeV High Intensity Proton Injector
RF stand 700 MHz RF test stand for pulsed SC cavity testing
(1 MW)
CEA Cryholab Horizontal Cryogenic test stand
W7X Superconducting magnet test facility
“Unnamed” Cryogenic facilities for thermal, mechanical and
electrical characterization
Test Beam 3 MeV test stand for chopping tests and beam tests
CERN RF stand 352 MHz RF test stand for cavity testing (120 kW)
FRESCA Superconducting wire and cable test facility
CNRS- NEPAL Test stand with photo-injector
Orsay “Unnamed” Coupler test laboratory
CHECHIA Horizontal Cryogenic test stand
DESY “Unnamed” Superconducting Magnet Test Facility
PITZ Photo-injector test facility
FZJ “Unnamed” Superconducting cavity test stand
GSI “Unnamed” Superconducting Magnet Test Facility
UNILAC Accelerator for beam tests and diagnostics tests
INFN-Ge | “Unnamed” Superconducting wire test facility
INFN-Mi | “Unnamed” High-Field Superconducting wire test facility

a

The expertise
» Most (if not all) European expert involved in the conception, design,
development and construction of accelerator for particle physics (and to a large
extend for nuclear physics and advanced light sources such as FEL) are
participating to the CARE project.

As a consequence, the outcome of the CARE project will

a

Considerably strengthen the European expertise and know-how in this field far beyond
the sole capacity of the largest research centres (CERN and DESY) to carry forefront
accelerator R&D.

Help many European Institutes and Universities develop their competences in contact
with the best experts in Europe, ensuring the long-term sustainability of accelerator
R&D. Many of the activities in CARE are at (or beyond) the state-of-the-art
technology.

Further the contact and the involvement of industry in R&D activities (12 companies
are participating to the CARE activities).

Establish the basic development work allowing the future strategic decisions to be
made on sound technological basis. CARE will provide the necessary technological
inputs to ECFA.

Identify the common issues relevant to other fields, contact these communities and
propose common activities
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2.1 The CARE activities and their integration

The three Networking Activities (NA) aim at fostering and strengthening the European
knowledge to generate, evaluate and develop efficient and cost effective methods to produce
intense and high-energy electron, proton, muon and neutrino. They will carry comparative
studies on the various techniques, establish collaborative and prioritise R&D programs aimed
at improving the existing infrastructures and at establishing technical roadmaps toward their
longer-term evolution and the construction of new facilities of worldwide interest.

The participants will provide access to unique and indispensable infrastructures establishing
the European technological platform for accelerator research allowing one to develop Joint
Research Projects and to foster strong and effective collaborations.

The following table shows the different type of particle beams, infrastructures and projects
and their relevance for the 3 Networking Activities (N1, N2, N3).

Networking Existing or in Test facility Specialized test facilities Accelerator
. ele i dium Project
Activities construction large | Or meciur
scale accelerators | Size facilities
N1: Electron TTF(DESY)
Linear
accelerator CTF(CERN) TESLA, CLIC
Network Photo-Injector test facilities
N2: Beams for (CNRS-Orsay,DESY)
European “Cryolabs”
Neutrino ISIS(RAL) (CEA,CERN,DESY,FZJ)
Experiments CNGS(CERN) SINQ(PSI) “Super conducting SPL, NuFact
(superBeam IPHI(CEA) magnet
BBeam -bea;n) test stations”
s (STFC,CEA,CERN,DESY,GSI,INFN-
N3: High-E Ge,INFN-Mi
’ ;'Igigh‘nergy LHO(CERN) : SuperLHC
IntensityHadron HERA(DESY) IPHI(CEA) VLLC )
Beams SIS (GSI)

The four Joint Research Activities (JRA) aim at developing critical or beyond the state-of-
the-art components and systems allowing one to upgrade the infrastructures. They include

e SRF: The development of the superconducting cavity technology for the acceleration of
electrons with gradient exceeding 35MV/m and the development of the subsequent
necessary superconducting RF technology.

e PHIN: An R&D program for improving the technology of photo-injectors, in particular to
match the severe requirements necessary for demonstrating the 2 beam acceleration
concepts.

e HIPPIL: The integrated developments of normal and superconducting structures for the
acceleration of very high-intensity proton beams as well as challenging beam chopping
magnets.

e NED: The development and mastering of the technology for reaching very high magnetic
field (>15T) and high current densities (>1500A/mm?).

All together 22 participants and a number of associated laboratories or institutes (including 12
industrial companies) will participate in these activities establishing an unprecedented
integrating effort in this field.
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The Joint Research Activities are relevant and of extreme importance for the networking
activities. The following table shows this relation and illustrates the overall integration of the
CARE program.

N1: Electron Linear N2: Beams for European Neutrino N3: HE/HI Hadron
NA .
Accelerator Network Experiments Beams
JRA (ELAN) (BENE) (HEHIHB)
Existing projects TTF CTF CNGS ISIS, SINQ HERA, SIS, LHC
Future projects TESLA CLIC SuperBeams | B-beams u-beams SLHC/VLHC
SRF X X
PHIN X X
HIPPI X X X X
NED X X X X

In fact the R&D projects are not only essential to the improvement of the existing
infrastructures and the development of upgrade programs but will also establish the
foundation for new ones. Conversely the existing infrastructures are necessary to understand
beam dynamics and properties, to validate ideas through dedicated machine developments and
to test prototypes. The Research and Development carried in the JRAs will be presented and
discussed in the networking activities. The achievements in the JRAs are likely to influence
the studies in the Networking Activities, leading to new ideas, which in turn will generate
new research directions. General meetings, common workshops and Dissemination Board
activities will ensure an effective exchange of information. Furthermore, specialized joint
workshops will be organized when several aspects of networking and joint research activities
are common (ex. beams diagnostics and instrumentation, high field magnets needs for
accelerators, etc...)

Accelerator Research requires access to several types of infrastructure. Since most of the
interested parties in Europe are members of CARE, the participants decided that a formal
request for transnational access was not necessary at this stage and that an agreement amongst
the partners to provide the necessary access allowing one to carry the proposed program was
sufficient. At a later stage, the management of CARE might set up a study group to
investigate whether a proposal for transnational access to infrastructures for accelerator R&D
would be useful.

2.2 Integrated provision of infrastructure related services
2.2.1. Networking activities
The main services provided by the research infrastructures under consideration in CARE are:

To develop the most advanced accelerators for carrying frontier research in physics

To provide accelerator beam time for research programs and technical developments

To develop and provide the most advanced test infrastructures

To provide a centre of excellence where the smaller institutes and universities can find
support for enhancing their own expertise and know-how.

The three networks in their ensemble will integrate a very wide spectrum of research and
development activities in accelerator science. They will evaluate and compare different
methods to reach higher intensities and energies with several types of probes (electron,
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proton, muon and neutrino). The CARE networking activities will improve the coordination
of those efforts done in many laboratories, institutes and universities in Europe, including
industrial companies. Globally, these efforts aim at

L.

1l

1il.

1v.

Increasing the understanding of accelerator science and enlarging the pool of expertise

In the networks, a lot of exchange of information and knowledge will take place between
experts as well as between experts and newcomers in the field. The direct consequences
will be an increase of the general level of competence and a high quality training of the
individuals starting to work in the field. The encouragement to make and publish thesis
works on accelerator topics and the gain of skills about accelerator operation will directly
result from the team-works done and from the access to R&D infrastructures. The increase
of the pool of experts and the level of expertise (such as for beam dynamics) will lead to
the improvement of the operation of the accelerators (better optics and beam controls
leading to better beam stability and properties). An additional expected effect of these
activities is to attract young people into accelerator physics and technology, and to
provide them with the kind of environment, which instigates them to continue in this line
of activities. The networks are providing forums for information exchange for the
European Industries interested to provide accelerator components as well as, at the other
end of the chain, for the High Energy Physics community looking for inputs to plan its
activities and define its priorities. To promote even further the former aspect, dedicated
Industry Days will be organized.

Establishing centralized technical database and code repositories

Networking activities will set up databases on test equipments and specific specialized
technical information. Convenient and centralized access to this information will make it
easier for the users to carry their research and development and eventually access to costly
test equipments. Similarly, easily accessible and well documented software for studying
beam dynamics and transport will be very useful to the community.

Comparing different options for improving existing facilities and for designing new ones

A substantial part of the networking activities is aimed at defining the optimal technical
choices and the essential R&D efforts to be undertaken. After investigating the technical
limitations of present research accelerators, the networks will explore and propose ways to
surpass their present performance. Most of the ideas and related improved techniques,
which will be addressed, are likely to be used to improve the operation and/or upgrade the
accelerators (for example at CERN, DESY, LNF, GSI, and RAL). Furthermore, some of
these ideas will be immediately experimented in the accelerator test facilities (such as TTF
and CTF), not only for validating them but also for improving these infrastructures, which
are indispensable to make progress on accelerator science and making possible the
construction of new accelerators.

Stimulating, discussing and evaluating novel acceleration techniques and developing
common R&D programs

The proposed program of activities will also allow the investigation of the lines of
accelerator R&D, which are already recognized as important for the future, such as linear
collider studies. They will serve to establish and discuss what has to be dealt with and
tested before any conceptual and/or technical design could be suggested. These activities
will also provide the necessary input for defining and establishing a consistent work-plan
aiming at developing novel techniques of acceleration likely to open new ways towards
very high accelerating-gradients and consequently beam-collision energies. Indeed for the
first time in Europe, a more global and coordinated approach will be carried out, targeted
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toward novel acceleration techniques. These studies will be imbedded within other
approaches. The interaction between the different techniques is likely to be very
stimulating and productive. In particular, coordination toward an integrated experiment to
demonstrate GeV acceleration in 10cm will be set up, possibly leading to the proposal for
a design study of a European test facility. These activities might prepare the long-term
evolution of the European infrastructures.

A direct impact can be expected on the services provided by the research infrastructures from
the four points above. In summary, it should manifest itself in

e Better operation of the existing infrastructures thanks to a better exchange of expertise and
knowledge and by putting in common most advanced beam codes on particle acceleration,
and transport. A code maintenance and distribution team will be formed.

e Better reliability and better beam properties leading to improved access

e Altogether more running time and better experimental condition can be expected, i.e. a
better service provided by the infrastructure.

e More efficient and coordinated use of the available infrastructure for accelerator R&D
e Higher intensity and/or energy beams leading to improved research opportunities
e Prepare the long-term evolution of the European infrastructures

Finally, the expected additional resources coming from the European Commission will incite
more people and more laboratories to work in and contribute to these activities, which will in
turn induce an increase of the investments by local authorities on accelerator development and
test infrastructures. These resources will also stimulate the participation of EU industrial
partners into the projects and the initiatives to lower the costs of basic accelerator
components.

2.2.3 Joint research activities

The proposed joint research activities cover the most critical and pressing issues, which need
to be addressed as of today for producing better (higher quality, higher intensity, higher
energy) beam for particle physics. Mastering the technologies, which are proposed, will lead
to maximizing the impact on the related infrastructures. This is best summarized in the
preceding table, which shows the relevance of the 4 Joint Research Activities with respect to
the infrastructures. It is clear from this table that for each infrastructure several JRAs are
useful in contributing to optimise the overall impact.

As an example of how the ensemble of JRAs may maximise the potential of a given
infrastructure, we could consider the ensemble of the three JRAs, which have an impact on
TTF/TESLA. The importance of JRA1 to TESLA has already been discussed above. JRA2 on
photo-injectors is also of direct relevance to TTF/TESLA and TTF-VUV laser. Linear
colliders and coherent light sources both require high brightness-low emittance electron
beams in order to achieve the luminosity (LC) and brilliance (FEL) necessary for their
exploitation. As a result they both employ photo-injector guns as an electron source, which is
the very subject of JRA2. The application of JRA4 to TESLA is the very specific need for
strong super-conducting magnetic elements, which find an application in the so-called final
focus region upstream of the interaction point of collider.
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In the very same way, a set of the proposed JRA will maximize the impact for producing
intense Neutrino Beams and High-energy/High-Intensity Hadron Beams as they address series
of most critical issues relevant to such infrastructures.

In summary, the integrated provision of the infrastructure related services is ensured owing to

» The CARE participants and their commitment (i.e. the vast majority of relevant
infrastructures for accelerator research are participant of CARE)

» The CARE management and the coordination of subprojects, which are undertaken by
senior staff physicists of the large infrastructures laboratories (CEA, CERN, CNRS-
Orsay, DESY, INFN-LNF)

» The Governing Board, in which representatives of the large infrastructures laboratories
are present

» The program of the Networking and Joint Research Activities, which integrates and
optimises the use of the equipment and technical resources.

2.24 Impact on the level of performance of the infrastructures concerned.

The CARE program will directly allow one to raise the level of performance of the
infrastructures.

> The program of the Networking and Joint Research Activities, which integrates and
optimises the use of the equipment and technical resources.

> Networking Activities will compare and determine the best ways to upgrade the
infrastructures both on the medium-term and on the long-term, for example with:
¢ An increase of luminosity of LHC by a factor of ten and of its energy by about a
factor of two
+ Anupgrade of the CERN complex to increase very significantly the neutrino flux
An improved access to technical information on the infrastructures through specific
technical databases

» Joint Research Activities will design, construct and test prototypes for accelerator
components, which will be directly or indirectly used to improve the infrastructures.
For example, on could expect

¢+ A 50% increase of the energy of TTF and better operation of the facility (better
stability, efficiency and beam properties)

¢ Anupgrade of the CTF complex to demonstrate the 2 beam accelerator concept

* An increase of a factor 2 on the neutrino flux to Gran Sasso,
A very significant increase of the proton flux for the fixed target experiment at
CERN both for particle physics and nuclear physics with ISOLDE.
A more robust operation of the LHC and

¢ The possibility to increase its luminosity and, on a longer-term, its energy

In summary, a very significant increase of the performance of the European infrastructures for
particle physics and for accelerator research in general is expected.

10
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2.3 Long term sustainability and structuring effect

As shown above, one of the main objectives of the CARE project is to structure the European
area on accelerator research. The prospects to achieve such an ambitious goal are rather
bright. This optimism is based on the fact that the entire particle physics community adheres
to and supports this initiative (even at the worldwide level with non-EU participation and the
support of the International Committee for Future Accelerator). Indeed,

1. All parties have a strong interest, motivation and commitment to CARE as it allows
them to both strengthen their individual and collective expertise on the long-term.

2. The structure set in place will allow both extensive communication and wide
dissemination of knowledge to take place, which is likely to continue after the
completion of the CARE program.

3. A European Steering Group for Accelerator R&D (ESGARD), which includes
representatives from all major high-energy infrastructure laboratories, has been set up
to oversee and monitor the European accelerator R&D activities relevant for particle
physics. The foundation of this committee can be considered already as a first step
toward ensuring the long-term sustainability of the collaborative effort put in place for
CARE. It can be partly attributed to FP6. Discussions are underway to expand it to
other fields such as Nuclear Physics, Free Electron Laser. This committee will launch
other initiatives such as Design Studies over the next years.

4. Most Joint Research Activities involves trans-field collaboration as well as industrial
partnerships. They are the seed for extending or generating future collaborations.

5. CARE offers an ideal framework for establishing specific collaborative arrangements.
Examples are already on their way, such as the IPHI project and a joint venture
between industrial partners on the development of high performance superconductor
cable. It is reasonable to expect that more such initiatives will be triggered, as people
will collaborate more closely.

6. Several proposals for common European test platform are to be expected from the
networking activities (for example: a Target Test Area and a Collector Test Facility in
N2)

7. Most of the Joint Research Activities are likely to lead to collaborative agreements to
upgrade existing infrastructure (TTF, CTF, CERN proton injector are good
examples).They may even in some cases be the seed for the construction of new
infrastructures. Finally, CARE will offer an ideal framework for developing the
concept of Global Accelerator Network.

Overall the CARE project is promising to establish a unique and durable interaction
e Amongst European accelerator physicist including connections with non-European
partners
e Between accelerator and particle physicists
e Between different research field
e Between researchers and industrial partners

CARE will ensure the emergence of new ideas, new projects and new collaborations in a
coordinated way. Hence, it will provide all the ingredients for the long-term sustainability of
the collaborative effort in the field of accelerator research, which it has initiated

11
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ANNEX I - DESCRIPTION OF WORK for CARE - Contract number: RII3-CT-2003-506395

7. Management of the I3

The Management of CARE

The CARE consortium is composed of 22 legal entities (public research entities operating
research infrastructures and universities) representing a scientific staff of more than 600
people. The management structure of the consortium will, at the same time, ensure a wide
participation of this entire scientific community and keep an efficient decision-making
process.

The management organizational structure is summarized in the attached diagram. Its key
bodies include the Governing Board, the coordinator assisted by the management team, the
steering committee, the Dissemination Board and the CARE Council. They are detailed
below.

e The GOVERNING BOARD (GB) is the arbitration and strategic decision-making body.
It is composed of 1 representative per Contractor, i.e. 22 members. The CARE coordinator
and the ECFA chairman are non-voting members of the Governing Board. Meetings will
take place once a year. The Governing Board is competent to decide, upon the Steering
Committee proposals, on political and strategic orientation of the Project, significant
modification of the work to be done (i.e. decision to abandon a research program),
approval of the Consortium budget and of the financial allocation of the European funds,
rescheduling of an activity, exclusion of a defaulting participant...

e THE CARE COORDINATOR (CC) is from the Commissariat a I’Energie Atomique
(CEA) working in the DSM/DAPNIA Department. He will be responsible for the overall
management of the CARE Project and for the day-to-day operation, both for scientific
actions and for administrative, financial and legal management. He will also be the
intermediary between the Consortium and the Commission and fulfil its duties in
accordance with the EC Contract. The Coordinator chairs the Steering Committee, is
member of the CARE Collaboration Council and of the Dissemination Board and is a non-
voting member of the Governing Board.

e A MANAGEMENT TEAM (MT) will assist the CARE Coordinator. It includes:

- A Technical/Administrative Deputy Coordinator assisted by accounting staff

- A legal advisor (part time) from the CEA Legal Department

- A Deputy coordinator for Dissemination matters, who will chair the Dissemination
Board and be the link between the Coordinator and the Dissemination Board. He will
supervise the reports and deliverables for the Commission.

- A web master specialist

e The SUBPROJECTS and their Management

The CARE Project includes 7 SUBPROJECTS:
- 3 for carrying out Networking Activities (NA)
- 4 for carrying out Joint Research Activities (JRA)

A Subproject Coordinator(s) who is assisted by a Deputy leads each Subproject. The
Subproject Coordinator manages and coordinates the work within the Subproject on a day-to-
day basis. Each Subproject is structured by Work Packages (WP), having their own and
defined tasks, under the supervision of a Work Package Leader.

¢ Subproject Steering Committee (SSC)

Following the same model than the CARE Steering Committee (see below), each
subproject has his own Subproject Steering Committee composed of the Subproject
Coordinator, his deputy and the Work Package leaders. Each Subproject Steering
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Committee will meet at least four times a year to review and manage the activities
conducted within the Subproject. In case of a deadlock situation, it will refer to the CARE
Steering Committee for arbitration.

¢ [External Scientific Advisory Committee (ESAC)

An External Scientific Advisory Committee, which will meet once per year, is set up for
each subproject. Composed of renowned experts, it will review the Subproject activities,
establish a link with other field for which these activities are relevant and with similar
activities being carried out outside of Europe.

The STEERING COMMITTEE (SC) is composed of 11 members: the Coordinator,
who will chair the meetings, the technical/administrative Deputy Coordinator, the 8
Subproject Coordinators (JRA1 has two subproject coordinators) and the Heads of the
Dissemination Board. Each member has one vote; the decisions are taken upon a simple
majority.

The Steering Committee is the central management body of the Consortium in charge of
managing the whole Project. It meets at least three times a year. It oversees and reviews
the work progress and decides on overall technical matters, submit proposals to the
Governing Board, prepare the Consortium budget and the allocation of funding to be
submitted to the Governing Board, consolidate the reports received from the Subprojects
and prepare the reports and deliverables to be submitted to the Governing Board for
approval and then sent to the Commission. The Steering Committee has also an arbitration
role in case of deadlock situation within a Subproject or between a Subproject and a Work
package.

The DISSEMINATION BOARD (DB) is composed of 9 members: the chair elected by
the CARE Council, the 7 Subprojects Deputies and the Coordinator. Meetings will take
place at least 3 times a year. The Dissemination Board is responsible for the dissemination
of the Knowledge, for ensuring the quality of publication and is the arbitration body for
intellectual property issues arising from the Project. It is also in charge to ensure an
appropriate protection of the Knowledge. The participation of deputies’ coordinators from
the Subproject allows efficient and complete information of the Dissemination Board.

Once a year, all representatives of the community of researchers and scientists involved in
the Project, including subcontractors and associated partners, will meet at the CARE
COLLABORATION COUNCIL. This consultative and advisory body on organizational
and scientific matters advises both the Steering Committee and the Governing Board on
Project orientation, the operation of the Consortium and its outcomes. This annual
meeting is a place of communication and exchange for the whole scientific community.

A very important element in the operation of the CARE consortium will be the

Yearly CARE general meetings

These meetings will be organized in the large infrastructure laboratories. A different place
will be chosen every year and the dates and the location of the meeting will be announced 6
months in advance.

These meetings are essential events for the CARE project and will contribute

To enhance the exchange of information and stimulate lively scientific discussions

To disseminate the achievements of CARE amongst the participants but also to the
international community

To review all organizational and scientific matters
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This meeting integrates one of the yearly-scheduled Networking meetings and therefore 5
days are normally needed. Indeed, during the first 3 days, the networking activities will hold
parallel sessions, possibly with joint sessions on specific topics. During the networking
session, specific discussions with the Joint Research Activities will be set up. The 2 last days
will be devoted to plenary sessions, where all activities will make a status report, as well as
general discussion sessions.

The participants plan to hold at a kick-off meeting financed by the participating institutes at
the end of 2003 at CERN.
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ANNEX I - DESCRIPTION OF WORK for CARE - Contract number: RII3-CT-2003-506395

Plan for using and disseminating knowledge

Particular attention will be devoted to the dissemination of the knowledge acquired in the
CARE activities. It includes the monitoring of the worldwide activities relevant to the work
being carried out in CARE, thanks to the participation of non-EU partners in the networking
activities and to the External Scientific Advisory Committees in each Joint Research Activity.
The plan for the dissemination of the knowledge is articulated around 5 main axes

1. Written CARE documentations

2. Web based activities

3. Creation and maintenance of specific database

4. Promotion of conference/workshop talks and contributions

5. Identification of Spin-offs and development of Outreach Activities

In general, the detailed definition and the reviewing of the Plan for Use and Dissemination of
the knowledge issued in the CARE project will be the task of the Dissemination Board (DB).
The plan will be submitted to approval to the Governing Board. The DB will then assist the
CARE Steering Committee in its implementation. The initial DB membership (which may be
extended at a later stage as appropriate) includes 9 persons:

e A Chairperson, elected by the CARE Collaboration Council

e The deputies of the 3 NA and 4 JRA coordinators

e And the CARE Coordinator, as an ex-officio member

Although the first task of the DB will be to define the detail of the dissemination plan, it is

expected that it will include the following goals and means:

1. Ensuring the quality and the distribution of the publications in scientific review,
contributions to and proceeding of conferences and workshops, CARE general meetings
and workshops, CARE-notes and reports, books... To this end, the DB will be in charge
of
- Drafting the publication policy to be submitted for approval to the Governing Board
- Defining and regularly updating the list of eligible authors for scientific documents as

appropriate
- Organizing the internal reviewing of the publications and rehearsal of speakers

2. Developing Web based activities: a web site (http://esgard.lal.in2p3.fr) has already been
created and has been used intensively in preparing the CARE projectl. It includes already
much information relative to the CARE activities. Recently, a centralized archiving Web-
based mailing system has been set up, allowing one to subscribe to the different CARE
activities and thus be up to date on all development. This site will be developed further by
including in particular
- Information related to the Project in the web,

- Postdoctoral and thesis opportunities

- Indicators of the impact of the Activities. For example the number of publications,
preprints, reports and their citations in other publications, presentations at the
conferences, number of thesis, number of access to the CARE web site...

3. Providing centralized repositories, directories and databases such as
- Database of electronic addresses of the CARE members
- CARE-note and Report repository with search engine
- Scientific and technical specific databases

4. Promoting actively talk and contribution at conferences and workshops, including the
reporting activities at a higher level (ECFA, ICFA, EPS...).

5. Identifying the possible spin-off from the intellectual and technical developments and set
up a team for developing outreach activities.
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To achieve its objectives, the DB may set up, as appropriate, ad-hoc task or review
committees with specific and limited in time tasks (for example a committee to review a paper
to be submitted for publication, or to organize a rehearsal of a presentation at a conference...)

It will also carry specific communication actions in the name of the Consortium and, in
case of any problem, refer it to the Steering Committee for arbitration. For example several
Industry days will be organised during the 5 years of the project.

The Dissemination Board will submit an annual report to the Steering Committee and to
the Governing Board.
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8.  Description of each activity of the I3 (including its outline implementation plan)

8. N1 Activity N1: Electron Linear Accelerator Network (ELAN)
8.N1.1  Description and objectives of the activity

Major accelerator centres in the world, CERN and DESY in Europe, SLAC and FNAL in the
USA, KEK in Japan, have been active during the last 10 years on R&D in view of building a
500 GeV - 1TeV electron-positron Linear Collider (LC). A timely construction of a
worldwide LC, overlapping with LHC operation, is recognized as the highest scientific
priority in particle physics after LHC in Asia (ACFA), Europe (ECFA) and North America
(HEPAP) and at the political level by OECD.

While in the USA there is a structure which allows one to coordinate accelerator activities by
providing centrally manpower and financing, this is not the case in Europe. CARE provides
an excellent opportunity to strengthen the structure of European activity for the next 5 years.

e The first objective of the ELAN network is to coordinate the R&D on electron
accelerators at the European level, and to foster the participation of new groups in
the various European countries to the worldwide effort.

At present TESLA, the project based on superconductivity (SC), is acknowledged as the most
advanced, cost effective and ready to be built to reach 500 GeV with very high luminosity.
The development of this technology being validated at the TESLA Test Facility (TTF) at
DESY aims at low cost, reliability and increase in gradients to reach 800 GeV.

For the longer term, a new approach replacing the discrete power sources (klystrons) by an
auxiliary accelerator (two-beam scheme) is under development at CERN in the CTF3 facility.
The goal is to achieve a very high accelerating field, 150 MV/m. The major challenges will be
to generate the required RF power and to transport the beam through the cavities operating at
very high RF frequency.

e The second objective of the ELAN network is to evaluate the various technologies
for improving the present test facilities, to set the priorities, and to define a roadmap
for future electron accelerators and colliders.

An international panel chaired by G. Loew has issued a report (ILC-TRC report) ranking for
the various projects the remaining necessary R&D studies in the proposed technologies. It
will serve as a reference to this network.

Although there are different technologies being considered, there is a large overlap between
the various schemes studied. Moreover, many accelerator physics issues are equally important
for linear colliders and linac-based radiation sources like the free-electron lasers (FEL)
operating in the X-ray range. We think that optimal efficiency can be reached by combining
these efforts, by creating the appropriate tools to collect informations and by evaluating the
accelerator simulation software tools.

e The third objective is to enhance the present synergy and avoid the duplication of
work.

Beyond consolidating and improving existing technologies, a large part of the activity will be
to evaluate and promote innovative concepts, in contact with groups specialized in
complementary techniques such as laser-plasma acceleration.

The network will also investigate potential applications for the the Superconducting RF (SRF)
and Photon-Injector (PHIN) Joint Research Activities, as well as synergies with linac-based
FEL and synchrotron light sources.
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8.N1.2 Participants in the activity

The 16 contracting participants and the 26 associated institutes of this network are listed in
Tables 8.N1.2a and 8.N1.2b, with their involvement in the work packages described below.
They represent 11 countries plus the international laboratory CERN, including large institutes
such as STFC, CEA, DESYor INFN and small universities, fulfilling the goal assigned in
FP6: dissemination of knowledge and expertise from large to medium size laboratories and
institutes.

Table 8.N1.2a: List of contracting participants

Number [Participant |[LTECNC| LTECSC| BDYN INSTR ANAD
1 CEA X X X
3 |CNRS X X X X X
CNRS-Orsay X X X
CNRS-CPHT X
CNRS-LULI X
CNRS-LAPP X X
CNRS-LOA X X X
CNRS-LPGP X
CNRS-LCP X
5 |DESY X X X
7 |[FZJ X
8 |FZR X
10 [INFN X X X
INFN-LNF X X
INFN-LNL X
INFN-Mi X
INFN-Na X
INFN-Ro?2 X
11 |TEU X
12 |TUL X
13 [IPJ X
14 |WUT-ISE X
16 |CSIC X X
CIEMAT X
IFIC X
\LEII X
17 |CERN X X X
19 [PSI X
20 |STFC X X X X X
21 |ICL X X X
22 |UMA X X
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Table 8.N1.2b: List of associated institutes

Number| Institutes | LTECNC|LTECSC| BDYN INSTR ANAD |Associated to
1 HEPH X CERN
3 RWTH X DESY
4 |TUBE X X CERN
5 MBI X DESY
6 |TEMF X DESY
7 |UDUSS X CERN
8 MPQ X CERN
9 |FZK X DESY
10 |UROS X DESY
11 |UWUP X DESY
17 |TUEI X CERN
18 |GOLP X CERN

21 |UPSA X CERN
25 |ETHZ X CERN
30 |UAD X UMA
34 |LANC X X UMA
35 |QMUL X X UMA
36 |[RHUL X X UMA
37 |UCL X UMA
38 |ULI X X UMA
39 |UOX X X ICL

42  |[USTRAT X UMA
55 |[E2V X X STFC
56 |TMD X X STFC
57 |DAN X X STFC
58 |TECUK X X STFC
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8.N1.3 Outline of the implementation plan for the full duration of the activity
(including milestones and deliverables)

The objectives of ELAN will be achieved by:
e a series of general and specialized meetings and workshops in conjunction with the
JRA activities whenever possible
e the development of a Web site
e the development of databases and code repositories

The activity of ELAN has been shared in 5 work packages. In most cases the first objective is
to collect all available information to establish the ‘state of the art’ in the field and to identify
the present limitations.

. WP1: Normal Conducting Linac Technology (LTECNC)

LTECNCI: Study of high gradient accelerating structures

LTECNC2: Power transfer structures

LTECNC3: RF power sources

LTECNC4: R&D on drive beam generation in CTF

LTECNCS: Study on precision alignment

LTECNCS6: Electron source (in collaboration with JRA on photo injector)

. WP2: Super conducting Linac Technology (LTECSC)
o LTECSCI: Cavities
o LTECSC2: Magnets
o LTECSC3: Material research and fabrication methods

. WP3: Beam dynamics (BDYN)
o BDYNI: Emittance preservation
o BDYN2: Luminosity stabilization
o BDYN3: Tuning algorithms
o
o

0O O O O O O

BDYN4: Orbit control
BDYNS: Simulation code development

. WP4: Instrumentation and diagnostics (INSTR)
o INSTR1: Beam position monitors
o INSTR2: Beam size and bunch length monitors
o INSTR3: Feedback systems

. WP5: Advanced and Novel Accelerator Development (ANAD)
o ANADI: Ultra-short pulse electron injectors
o ANAD?2: Ultra-high gradient extended plasma wave
o ANAD3: Beam diagnostics and delivery for plasma based accelerators
o ANADA4: Integrated experiment

These work packages are dealing with tightly connected issues, such as beam emittance
preservation, which will be coordinated by WP3. Another important issue will be to ensure
that the R&D work benefits to both proposed LC technologies. Luminosity stabilization will
also require a tight connection between WP3 and WP4. Feedback systems for alignments of
the linacs are common items for WP1 and WP2.
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8.N1.3.1 Deliverables
The Main Deliverables (MD) of ELAN are:

1. MD: Development of a Web site to centralize and disseminate the information
relevant to the fields covered by ELAN.
2. MD: Development of databases and code repositories.
3. MD: The final report of the ELAN activity including:
e Priorities of R&D with eventually proposals of JRA or DS needed in the fields
covered by ELAN ;

e The status of the state-of-the-art at the time of the final report, on LTECNC,
LTECSC, BDYN, INSTR and ANAD.

e Possible synergies between different techniques of acceleration.
Intermediate Deliverables (ID) will also be provided by:
e The proceedings of the workshops
e Progress reports on the various activities
e The annual report of the ELAN network

8. N1.3.2 Milestones

The milestones (MS) will be constituted by the yearly ELAN general meetings, the
specialized work package meetings or workshops, and courses (dissemination of knowledge)
held during the 5 year period of the CARE project. They will also include the deployment of
Web sites and code repositories with continuous updating.

The following tables summarize the ELAN deliverables and milestones.
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ANNEX I - DESCRIPTION OF WORK for CARE - Contract number: RII3-CT-2003-506395

8.N1.4 Expected outcome

The first outcome of ELAN will be participation to the gathering of a community and
launching of a Design Study in view of a TeV Linear Collider in the next months.

Generally speaking ELAN should have the following impacts:

Better coordination of R&D efforts on electron accelerators (integrating effect), at the
European level but also within countries (promoting new centres of competencies)
Additional resources from the European Community will mobilize new laboratories,
new people and will encourage increased investments from local authorities

Raising the level of competence in electron accelerators: training by experts,
participation to research infrastructures, exchanges

Stimulating effect on European industry

Lowering the cost of basic accelerator components which will allow one to develop
these instruments in a wider environment (e.g. XFEL)

Coordination of efforts between accelerator experts and laser plasma specialists
working on new sources and new schemes of acceleration

Improved instrumentation in accelerator physics

Another expected important output will be proposals for new JRA needed for ther Linac R&D
and possibly a Design Study to test new ideas on acceleration techniques.

8.N1.4.1 Measuring the impact of the network activity

A measure of the success and impact of the network activity will be given by the number of:

documents on new ideas proposed for operating and improving infrastructures
new initiatives for R&D to solve the problems encountered

publications and the frequency of quotation of these publications

proposed Ph/D theses arising from the network

new collaborations among the participants

proposed design studies arising from the network
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8. N2 Activity N2: Beams in Europe for Neutrino Experiments (BENE)
8. N2.1 Description and objectives of the activity

The recent discovery of neutrino (v) transitions is one of the most important results in physics
in the last ten years and has generated considerable interest worldwide. Much remains to be
discovered about neutrino oscillations and this will require dedicated neutrino beams

The present European experimental programme (CNGS, CERN Neutrino beam to Gran
Sasso) aims at validating the existing results and will begin data taking in 2006. To go beyond
and fully exploit the physics potential of neutrino oscillations requires the realization of one
or more new neutrino facilities, with higher beam power, better defined spectrum and flavour
composition, allowing experiments with higher statistics and reduced systematic errors, in
optimal conditions of beam energy and distance from the source.

e The first objective of the BENE network is to establish a roadmap to upgrade the
current CNGS facility and for the design and the construction of new ones.

In the short term, the improvement of the performances of the approved program CNGS
facility will be vigorously investigated. For the longer term, since 1998 contacts have been
established between laboratories and universities around Europe with the goal of preparing
and carrying out the R&D and the studies necessary to propose the next major neutrino
facility by the time of the start-up of LHC. The three facilities presently considered are:

1) a conventional but very intense muon-neutrino beam (Superbeam) of the CNGS type, using
a new high power proton accelerator;

i1) a Neutrino Factory, in which the neutrinos are produced by the decay of muons in a storage
ring;

iii)a Beta Beam, in which electron-neutrinos are produced by the decay of radioactive nuclei
in a storage ring.

e The second objective is to assemble a community capable of sustaining the
technical realisation and the scientific exploitation of these facilities.

To compare the physics reach of these approaches and to monitor the rapid evolution of the
field, it is important to coordinate and integrate accelerator and particle physics studies,
leading to a comparison of the technologies, costs, risks, and physics results.

e The third objective is to foster a sequence of prioritized and coordinated initiatives
capable to establish and propose the necessary R&D activities.

By achieving these objectives, BENE will create a strong network of accelerator and particle
physicists working together to build a coherent programme to study the physics of neutrino
oscillations in Europe. The network will also investigate synergies of each approach with
other domains of particle and nuclear physics as well as potential applications for the High-
Intensity Pulsed Proton Injector (HIPPI), the Superconducting RF (SRF) and the Next
European Dipole (NED) Joint Research Activities.

8. N2.2.  Participants in the activity

The 13 contracting participants and the 21 associated institutes of this network are listed in
Tables 8.N2.2a and 8.N2.2b, with their involvement in the work packages described below.
They represent 11 countries plus the international laboratory CERN including large institutes
such as STFC, CEA or INFN and small universities, fulfilling the goal assigned in FP6:
dissemination of knowledge and expertise from large to medium size laboratories and
institutes.
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Table 8.N2.2a: List of contracting participants

Participant
number

Participant

PHYSICS

DRIVER

TARGET

COLLECTOR

NOVEL NEUTRINO
BEAMS

1

CEA

X

X

X

2

UCLN

3

CNRS

CNRS-Orsay

X
X

allal ol le

CNRS-
LPNHE

CNRS-
CENBG

CNRS-IPNL

o IR B R Pl Bl o

CNRS-LPSC

S

GSI

=

FZJ

TUM

10

INFN

INFN-LNF

INFN-Ba

allalial e

INFN-Ge

SIS

INFN-GS

INFN-LNL

INFN-Mi

INFN-Na

INFN-Pa

SNBSS

INFN-Pi

INFN-Tr

INFN-Ro3

< |

INFN-To

16

CSIC

UBa

IFIC

UAM

17

CERN

18

UNI-GE

b |5 e 33 [ 3| 3] 3] 3| 3] 3] 3] 3| 3

19

PSI

20

CCLCR

=

21

ICL

=

ol Bl k'l el Ko
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Table 8.N2.2b: List of associated institutes

Pi‘lr::;g’:r“t Participant | PHYSICS|DRIVER | TARGET | COLLECTOR NOVEﬁgfﬁg RINO Ass"t“(:ated
13 UnO X X X X X CERN
15 IPUL X FZJ
16 NRG X FZ]
22 UNI-Bern X UNI-GE
23 UNI-Neuchatel X UNI-GE
26 PIUZ X X UNI-GE
27 BAT X X ICL
28 BRU X X ICL
29 CAM X ICL
31 DUR X ICL
32 EDIN X ICL
33 GLA X X ICL
35 QMUL X ICL
38 ULI X X ICL
39 UOX X X X ICL
40 SHEF X X X ICL
41 SOTON X ICL
43 SUSS X ICL
44 FNAL X X X X X CERN
45 LBL X X CERN
46 BNL X X X X X CERN
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8.N2.3 Outline of the implementation plan for the full duration of the activity

(including milestones and deliverables)

The objectives of the BENE network will be achieved by

regular general and specialized meetings and Workshops
the development of a Web site
the development of common databases and code repositories

The work has been organized in five work packages covering the subsequent topics:

WP1: Physics demands on v accelerator facilities (PHYSICS).

O O O O O O

PHY1: establish the widest consensus on general neutrino physics requirements
PHY?2: define the ultimate scientific reach of the present and future upgrades of CNGS
PHY3: “ “ of conventional Superbeams

PHY4: “ “ of Neutrino Factories

PHYS: “ “ of Beta beams

PHY6: provide recommendations for each option on beam energy, baseline, beam
structure, composition, flux and monitoring in view of minimizing the systematic
errors

PHY?7: formulate a strategy of measurement of all oscillation parameters based on the
four options PHY2-3-4-5 and synergic combinations among them.

WP2: High Power proton drivers (DRIVER).

O

DRIl: compare the merits of Superconducting Proton Linacs and Rapid Cycling
Synchrotrons
DRI2: evaluate the impact of both on the performance of the CNGS and of future
Superbeams

o DRI3: propose a choice, based also on the HARP data presently being analysed
o DRI4: evaluate approaches to intense H- ion sources, high power injectors
o DRIS: assess HIPPI results on Fast beam choppers and Normal & Super Conducting

O

Accelerating Structures
DRI6: provide a recommendation on technologies for all driver components.

WP3: High power targets (TARGET).

o

o O

O O O O O

[©)
@)

TAR1: examine the various solutions (molten metal jet, multiple helium cooled
granular targets and rotating metal bands) being proposed for a multi-MW target
TAR2: study pulsed heating, high radiation levels and mechanical stress from thermal
shock waves

TAR3: integrate designs with those of the surrounding pieces of equipment, including
the collector and the beam dump

TAR4: address safety, radioactive disposal, remote handling and maintenance issues
TARS: select one or a few viable solutions.

WP4: High power collection systems (COLLECTOR).
COLT1: assess the unprecedented challenges of thermo-mechanical stresses and fatigue
COL2: “ “ of radiation damage
COLS3: study implementation of high repetition rate of electrical discharge
COLA4: define optimal integrated target & collection for Superbeams (horns)
COLS: “ “ Neutrino Factories (solenoids)

WPS5: Novel Neutrino Beams (NOVEL NEUTRINO BEAMS).
NNBI: collect and disseminate knowledge.
NNB2: promote further initiatives and funding prospects in these novel sectors
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o NNB3: focus specifically on the front stage of a Neutrino Factory (the muon beam,
produced from the solenoidal pion decay channel) examining specific muon ionization
cooling schemes

o NNB4: focus in detail on options for the end stage of Neutrino Factories for muon
acceleration (Recirculating Linac and Fixed Field Alternating Gradient accelerators)
and storage

o NNBS: produce a road-map for both a high and a low energy Beta-beam facility in
Europe, assessing results from several technical tests planned at existing facilities.

8.N2.3.1 Deliverables
The Main Deliverables (MD) of the BENE network are:

1. MD: Development of a Web site to centralize and disseminate the information relevant
to BENE and its Work Packages
2. MD: The final report of the BENE activity, including
e The worldwide studies relevant for improving performance of the CNGS and
achieving superior neutrino facilities beyond it
e The status of the state-of-the-art at the time of the final report, on PHYSICS, DRIVER,
TARGET, COLLECTOR and NOVEL NEUTRINO BEAMS.
e A priority list of the required R&D and a roadmap for carrying them over
e A global road map specifying the optimum neutrino oscillation programme for Europe
and the path to design and construction of the superior neutrino facilities required

In addition, a series of Interim Deliverables (ID) will be provided. They will be constituted by
e Proceedings or Summaries of the topical meeting and workshops
e Proposals for Design Studies and R&D
e the 18 month Interim Report
e the annual report of the BENE network

8.N2.3.2 Milestones

The milestones (MS) will be constituted by the various general BENE meetings, and the
specialized meeting or workshops held during the 5 year period of the CARE project. Europe
will host the International NuFact Workshop in 2005 and 2008. These dates are considered
also to be milestones for the BENE programme. So will be important steps in the deployment
of the Web sites.

The following table shows an outline of the BENE deliverables and milestones.
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8.N24 Expected outcome

Such a coherent and coordinated European program on neutrino beams will involve the large
majority of the European experts in the field.

It will bring an unprecedented collaboration between accelerator and particle physicists.

It will provide the critical mass necessary to develop an attractive and ambitious program

allowing in due course to design and construct cutting-edge infrastructures.

It will thus strengthen the European role in this sector.

The expertise and skills of each participant will be enhanced by the contact with worldwide

experts and improved communication.

Dissemination of knowledge will be one of BENE’s main concerns. We plan to apply for a

Marie Curie fellowship for a postdoc who, in addition to participating to the BENE studies,

would strengthen our effort in:

+ the centralization, maintenance, upgrade and distribution of common simulation
software

+ the development of the BENE Website,

+ including the management of the BENE documentation.

The knowledge will be shared through active participation to international worldwide
conferences and workshops. Very limited resources are presently available in Europe for
neutrino initiatives, due to the difficulties of LHC funding. The EC support requested here
will add a decisive value in view of the strategic goal of producing a timely European
initiative and leadership in the fundamental area of neutring science.

8.N2.4.1 Measuring the impact of the network activity

Appropriate ways and parameters to monitor the impact of BENE will be the number of

1) participants to Muon Weeks and BENE Workshops

2) documents and tools produced

3) new collaborations among participants

4) novel ideas proposed to improve operation and performance of existing infrastructures
and of R&D

5) design study proposals generated by BENE. The approval of each proposal by a host
laboratory will require the favourable assessments of a peer review panel and will
provide direct evidence of the network impact.

6) quotations of BENE documents.
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8.N3 Activity N3: High-Energy High-Intensity Hadron Beams (HEHIHB)
8.N3.1  Description and objectives of the activity

In 2007, the large hadron collider (LHC), currently under construction at CERN, will push the
frontier for high-energy particle physics to unprecedented limits. It will provide particle
collisions with centre of mass energies (14 TeV) and beam intensities approximately one
order of magnitude above those at existing hadron colliders. This increase in performance
required a total development time of more than 20 years from the first conceptual design until
its final completion. At the time of the first design proposals, the required technologies for
constructing and operating the LHC machine and its pre-injectors were not yet available and
had to be developed after most of the machine parameters had been determined. Such a design
and construction process is only possible:

+ if the technical limits are well understood,
+ if the experience from the construction and operation of existing machines indicate how
the remaining obstacles can be overcome.

Planning for hadron colliders with specifications well above those of the LHC requires the
identification of the main issues and carrying the related necessary R&D.

e The first objective of the HEHIHB network is to set the framework, and develop a
coordinated program for accelerator R&D and experimental studies in existing
machines relevant for achieving High Energy and High Intensity Hadron Beams

The construction of the LHC is done in an international collaboration involving a large
number of major international laboratories like CERN and CEA in Europe, FNAL, BNL and
LBNL in the USA and KEK in Japan. Preparing the roadmap for future high-energy and high-
intensity hadron beams requires a similar or larger collaboration of international laboratories.
The major High-Energy Physics laboratories in the USA are currently setting up a program
for inter-laboratory collaborations towards a future high-energy hadron collider with
applications for funding by the DOE (US-LARP = US LHC Accelerator Research Program).

CARE provides an excellent opportunity for generating a similar structure within Europe that
can facilitate the collaboration between US and European laboratories over the next 5 years.

e The second objective is to integrate and coordinate the relevant studies on High
Energy and High Intensity Hadron Beams done at the major laboratories as well as
the smaller laboratories and universities.

These studies can help deciding which technologies provide viable options for such a project.
The HEHIHB network work will also investigate potential applications for the Next European
Dipole (NED Joint Research Activity) and High-Intensity Pulsed Proton Injector (HIPPI Joint
Research Activity).

Finally after achieving the previous objectives,

e The third objective is to establish a road map towards the improvement of the
performance of existing hadron beam facilities in Europe and the realization of
High-Energy High-Intensity Hadron colliders.

It is worthwhile noting that studies towards high-energy high intensity hadron beams can also
have a wide range of applications and hence the network will contribute actively to the
dissemination of the gathered information.
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8.N3.2. Participants in the activity

The 10 contracting participants and the 13 associated institutes to this network are listed in
Tables 6.N3.2a and 6.N3.2b. They represent 13 countries plus the international laboratory
CERN including large laboratories such as STFC, CEA, DESY or INFN, and small
universities, fulfilling the goal assigned in FP6: dissemination of knowledge from large to
medium size laboratories and institutes.

Table 8.N3.2a: List of contracting participants

Participant| 4 inant AMT ABI APD
number
1 CEA X
4 GSI X X X
5 DESY X X
10 INFN X X
INFN-Ge X
INFN-LNF X
INFN-Mi X
INFN-Na X
INFN-Sal X
11 TEU X
15 WUT X
16 CSIC X
CIEMAT X
IFIC X
17 CERN X X X
19 PSI X
20 STFC X
Table 8.N3.2b: List of associated institutes
Participant| Participant AMT ABI APD Associated to
2 ESRF X CERN
4 TUBE X CERN
6 TEMF X DESY
9 FZK X DESY
12 ENEA X CERN
14 KEK X CERN
19 JINR X CERN
20 ITHEP X CERN
21 UPSA X CERN
24 CRPP X CERN
44 FNAL X X X CERN
45 LBNL X X X CERN
46 BNL X X X CERN
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8.N3.3 Outline of the implementation plan for the full duration of the activity

(including milestones and deliverables)

The objectives of the HEHIHB network will be achieved by

a series of general and specialized meetings and workshops
the development of the a Web site
the development of common database and code repositories

The work has been organized in three work packages covering the subsequent topics:

e  WPI1: Advancements in accelerator magnet technologies (AMT).

o O O O O

AMTI1: Study the Stability and Quench Limit of LHC-ultimate and LHC-upgrade
AMT?2: Definition of magnet specification for an SPS upgrade

AMTS3: Definition of magnet specification for a booster ring in the LHC tunnel
AMT4: Comparison of High-Field Magnet Designs and their applications

AMTS: Optimisation of the overall cost of the magnets system for a high-energy
hadron collider

e  WP2: Novel Methods for Accelerator Beam Instrumentation (ABI).

O
O

ABI1: Studying tools and diagnostic systems for luminosity monitoring and steering
ABI2: Studies on the applicability of a wire compensation for long range beam-beam
interactions

ABI3: Studies on advanced transverse beam diagnostics

ABI4: Implementation of fast feedback loops for orbit, coupling and chromaticity
control

ABIS: Studies on advanced beam halo diagnostics

ABI6: Studies leading to remote diagnostics and maintenance of instrumentation
devices

e WP3: Accelerator Physics and Synchrotron Design (APD).

O O O O O O

o

APDI1: Interaction Region design for an LHC luminosity upgrade

APD2: Optics design for booster synchrotrons in the SPS or LHC tunnel

APD3: Impedance calculations for new experimental beam pipes and booster systems
APD4: Generation of a structured list of intensity limits for the LHC operation
APDS: Studies on electron cloud effects for very high-intensity bunches

APDG6: Studies on measurement procedures for non-linear machine parameters
APD7: Advanced theoretical studies on halo formation and loss mechanisms

8.N3.3.1 Deliverables
The Main Deliverables (MD) of the HEHIHB network are:

1. MD: Development of Web site to centralize and disseminate the information relevant to
HEHIHB

2. MD: Development of centralized database and code repositories.

3. MD: A final report including

The worldwide studies relevant for achieving High Energy High Intensity hadron
beams beyond those provided by the LHC

The status of the state-of-the-art at the time of the final report on AMT, ABI and APD.
A priority list of the required R&D and a roadmap for carrying them over

A road map towards the realization of High-Energy High-Intensity Hadron colliders

In addition, a series of Interim Deliverables (ID) will be provided. They will be constituted by

the proceedings of the topical meeting and workshops
the annual report of the HEHIHB network

67



ANNEX I - DESCRIPTION OF WORK for CARE - Contract number: RII3-CT-2003-506395

8. N3.3.2 Milestones

The milestones (MS) will be constituted by the various general HEHIHB meetings, and the
specialized meeting or workshops held during the 5 year period of the CARE project. It will
also include important steps in the deployment of the Web sites, databases and code
repositories.

The following table shows an outline of the HEHIHB deliverables and milestones.

68



69

‘sjudwdo[oAdp jouSew SuoONPuUOd

(1ea£ pag-pud) saseqejep Jo uondjdwo) an
Jodns 01 paje[a1 sanIAnoe 3uro3uo
(189K PIE-pIUI) UOIO[S OSEQEIEP SUIUUNY SIN oY) UO pue ‘S9[qe)) puk S}PUSeIN DS I0J
< > poLIdd | saseqeiep pPaseq JOUIdNUI JO UOT)RIOUID)
sarpmys pasmnbai
doysyj1op [eardo pIg Jo s3uIpaasolq ai o Joj dews peoI B JO UONBIJUSS puB
u31S9p JudIRIIp dredwod 03 sidRwered
doysom LNV [eo1do pig SIN JLIOW A3Y Y} puB SIdPI[[0D daninj oy}
< > pPoLIdd | JI0J SO[OBISQO UIRW O} JO UOTIBOIIUSP]
doysyiop [eordo] pug Jo s3uIpasooid al SQ1pMYs paxnba1 oy 10y dew
peOI © JO UONRIdUAS pue p[aly pasind
doyssyiop LAV [eordog], T SIN Jo/pue p[oy YSIH JO UONBIdUT oy}
< > POLId | J10J S9[JL)SQO UTew dY) JO UOIBIIINUIP] >
dogsyjom dl $159) [RIUOWLIdAXS pue saIpnys pasmnbax M
[0 151 JO $5UIped0id o Jo dewpeol & Jo uonIuUOp pue
doysxyiom LNV [eordog 1s] SIN' | Surqeo pue [eueiew U0 papadu ssarford
< — pord JO sanssI urew Y} Jo UoneIFIUIP]
‘(300foxd 13p1]00 2IMINg
Modoy dl pue sanssI u3ISIp jJougew ALy MO|
pue 1ouSew poy Y31y ‘9[qes 9§ ‘39)
SIN ‘sdoysyrom pajedIpap 1Y) 10§ dudNbIS
1191} pue $o1d0) JUIWLIdIAP [[1M IST]
Gy | POLIOJ | Auronid oy, “sonyuonid Jo 381y ysijqelsy
"SSUII22UL [PRUUD dY) O] UOIIPPD Ul ‘SI1d0] JU2A2[J1p Y] 10f pap1dap aq JjIm SaIpP dOYSYLOM PUD WdY) SS2APPD 0] PaYys1qpisa 2q Jjim sdoysy.iom
[po1doy ¢ fo 1S1] D puv 125 2q JjIn uv]d Y40M pPaIpA3aJuUl U “(***0J2 SINSST UOYDIPD.L UOAJOLYIUAS ‘SoNSS1 US1Sop joudvuL pjarf moj ‘sonssi udisop jousvul
p1aY~y31y “3-3) uoPUIPLO0D PUD UOIDAIUL L2SUOLS D SULIINbA SaNSS1 YJIN 1S1] (314014 D dUlfop pup SSNISIp JIM dnoad [y oyl 4vaA 3s.41f ay) Sutan(g
yodoy [euly NS P an
1odoy [enuuy woday renuuy woday renuuy 1odoy [enuuy dl 93parmouy| JO UONBUTWASSI(]
Sunoow [eur 3unoow [enuuy 3unoow [enuuy 3uneow [enuuy | U [BNUUY SIN "SANIAOR GHIHAH (B JO MIIADY v
< =) POLId]
[SETEYN PRLLY € I8 X FETZIN [ 18X yse], dm

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




0L

doyssropeordo], ai sarpnjs parmbai
3G JO s3u1peadoid oy Joj dews peol & Jo uoniuygad (q
doysyzom-do] g SIN | sa19838qO UTRW 213 JO UONEOIYNUP] (B
Ay poL_d SL
doysyiop[eordog, ai so1pnys paxmnbai
)y JO S3UIpaaooid oy Joj dews peol & Jo uonuygad (q
doysyzom-do iy SIN | sa19838qO UTRW 213 JO UONEOIYNUP] (B
< > poL_d YL
doyssyrop[eordoy,
pIg Jo s3UIpasooId al sorpns paxmbor
doysyzom oy Joj dews peoi & Jo uonuygad (q
do, p1g S S9[0B)SqO UIeW JY} JO UOnBINuUap] (B
< > poL_d €L
doysyrop[eordoy, >
puc dl sarpms paimbaz =
JO s3uIpaasoId o 103 dews peol e Jo uonuyga (q
doyssgom dog, pug SIN | soporisqo urew oY) Jo uonesynuapy (e
< > poLdd Al
doys>prom [eordog, dl so1pmys parinbal
1ST JO S3uIpe2d0Id o 10J dew peoi e Jo uontulya( (q
doysyzom do], ST | SIN | so[oeisqo urew Y Jo uoneoynuapy (e
D — poL_d ‘1L
Hodoy al
SIN NI |
G| DOLIOJ | AJ1I01Id JO SUOTIIUIFOP PUE UOISSNISI(]
(CI-1.1) so1doy jua.2ffip 2y 410f pap1oap aq ]I $s21pp dOySY.L04f Y] SS2APPD O] PaYyS1]qDIsd
aq Jjim s3ugaaul [pnuun ayj 03 uoIPpPY Ul Sdoysy.Lom [pa1doj ¢ fo 1511 v pup Jas aq Jjim uv]d Y40M PaID.132JUl U UOIDUIPA00I PUD UONODADJUL LDSUOAIS D
3urinba.a sanss1 ypin 3s1] A311014d v 2uLfop )10 I “S2INIISUL Y] Ul WDAS0Ad ([P Y SUIOSUO dY) SSNISIP PUD MI1A24 [JIM J M [V Y} Suipooul 841 s11 SuLnCg
G IBdX i p 18X i € 1B i 7 I1edX i I 183X i i yse dM

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




IL

"SQUOISI[TW MAU A[qISSOd JO UOIIULFI(T “SHWI]
Hoday dl | £ysuoyur jo 3S1] paIMONNS JSIL]'SUONOIYIUAS 191S00q
pue 1noAe[ Y[ 1oy suondo ugisop sondo Jo uonmuyd(J
< > PO | -syrewyouaq Ayronrd-ySiy o sNsaI Jo UONLIuawWNIO(]
Hodoy ail
Axoyisodoy *K101150d21 90D Paseq qom JO UoIedl)
Ipo) an “PAYSI[qeISA SHSB) JO AILIOLI{ “SINSAI ISIT]
— pouog >
yodoy ai "SUOISUQ)X? PUB SYIBWYOUIQ IP0J 10J [esodoig M
*K103150d21 9p0d
— POL_d | ¢ wo juowoaie pue sonuoud Jo IS 91 JO UONIUL(]
QMMMMMV Qm\m S9pOd uoneWIs JunsIxa Jo an3ofeie)
DoLog SAIPMIS (I V HUWNIOP 0} 1S AM Y} JO UONRAL)
"SSueaul [pnuUD Y3 0] UONIPPDY Ul ‘so1doy JuaLaffip ayj 40f pap1oap aq JjIM SaIvp
doysyiom puv wayj sSa4ppo 0] paysiqoisa aq Jjim Sdoysyiom pa1doy € 40 7 0 181] D puv 32 aq JIIN uvjd y10m paipL3ajul U “U31SaP UOAJOAYIUAS 12]SO0q A0/pUb S102[f2
2411021100 ‘USSP Y[ UO 32 ‘UOYDUIPA00D PUD UOIIDADIUT L23UOLIS D SUldINDa.L Sansst yjim 381] Q14014d v autfop puv ssnosip jjim dnoud qJy ayi 4vad 3541 ayy Suringg
S IBIX i P 18X i € I8 i 718X i I 1edx i i yse] dM

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




s3urpaosord

al

doysyaop "dog, €

SIN

<

poLdg

ordoy pajoafas ¢ uo doysyIop A[qIssod

S3uIPa201g dOySyI0 A\

dal

doyssyaop [eordo], pul

SIN

<

>

poLdg

o1do) pa3o9[as puC UO doyssyaop

S3uIpaad01gd doysIo g

dal

doysspom [eardoy 1

SIN

poLdg

o1doy pajodfas [ uo doysyiom

sonupudp wvaq ayj fo $103fJo 2411021100 ay3 puv u3isap so1ndo ayj 40f sanyigpdpd

2UDMPADY JU2LIND Y] Aq pasodunr spruil] Qisounun) puv AJ1Suajul wvaq Jua.Lind ayj Juduwnoop op isiif s1 sdoysyiom asayj fo wip oy ‘Sdoysyioy ¢ 40 7 Jo $a1i9§

G IBaX i p 18X

€ 18X i

LT

se]

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY

adv




ANNEX I - DESCRIPTION OF WORK for CARE - Contract number: RII3-CT-2003-506395

8. N34 Expected outcome

One of the main expected outcomes is that the community will be ready to launch a Design
Study on the LHC Luminosity and Energy upgrade in due time.

The proposed network will have:

¢ Identified the most efficient solutions for future high-energy high-intensity proton beams.

+ Set the priorities

¢ Set the organizational framework for these studies

¢ Created the appropriate tools to collect information and evaluate the various software
codes

Furthermore, the network will help in spreading the knowledge and expertise available at the
laboratories with operating accelerators to smaller institutes and Universities that can’t
maintain their own accelerators.

The HEHIHB network will help in bringing together different communities such as high-
energy physics (HEP) and fusion physics and facilitate the exchange of technical expertise
between them (e.g. shared research on high-field superconducting magnets).

Finally, coordinating the research studies related to high-energy and high-intensity hadron
beams and integrating laboratories on a European-wide scale in Europe will also lead to the
following outcomes:

* Expose small laboratories and institutes to the frontiers of high-energy accelerator research

¢ Offer new training and job opportunities for young people in particular within Universities
and small laboratories raising the European level of competence and its sustainability

* Provide improved techniques and competence for the operation of existing accelerator
facilities and thus a more efficient use of the existing infrastructure

¢ Set a framework similar to the one being set up by the US laboratories, enhance the
synergies and facilitate the collaboration between European and US laboratories

+ Stimulate the exchange of knowledge and expertise between research laboratories and
industry and thus provide a stimulating effect on the European industry

¢ Open the door for very high-energy physics after the LHC, contributing to ensure the
future of High Energy Physics in Europe and in the World

8.N3.4.1 Measuring the impact of the network activity
A measure of the success and impact of the network activity will be given by the number of:

e Documents describing the current expertise in high-energy high-intensity hadron beams.

e Documents describing the identified limitations for pushing beam intensities and energies
above those currently at hand in existing machines.

o Documents describing new ideas for operating and improving the existing infrastructure.

e Documents describing new initiatives for R&D work for solving the identified limitations
for the beam intensities and energies.

e New collaborations among the participants and inter laboratory sharing of existing
facilities.

e Design studies for future machines and equipment that can increase the achievable
intensities and energies in hadron beams.

e Proposed new Ph.D theses arising from the network.
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8. R1 Activity JRA1: Superconducting Radio Frequency (SRF)
8. R1.1 Description and objectives of the activity

Superconducting accelerating systems have been in use successfully for electron and heavy
ion accelerators. Although the SRF (Superconducting Radio Frequency) technology has
reached a state of maturity, substantial improvements are required to exploit the intrinsic
potential of the superconducting material. Great effort was started within the framework of
the international collaboration TESLA. The superconducting test accelerator TTF and all
necessary infrastructures for the preparation of superconducting resonators were set up and
have been in operation for several years. A remarkable increase of the accelerating gradient
was achieved. Further improvements up or near to the maximum intrinsic properties of the
superconducting Niobium material are expected by consequent continuation of the R&D
effort. In SRF, a joined European R&D activity is proposed for the development of novel
cavity fabrication and preparation techniques and for the development of cheaper, more
reliable ancillary RF components (tuners, couplers etc....). This will result in prototype
components to be tested under realistic operating conditions in the TTF linac and it will result
in the improvement of the performance of this infrastructure. New SRF accelerator projects
like TESLA and the superconducting X-ray FEL will directly benefit from these expected
improvements.

The basic objectives of the proposed research activity are

e to increase the accelerating gradient from 25 to 35 MV/m and

e to increase the quality factor from 5 x 10° to 2 x 10"°,

e to improve the reliability, operating performance and availability of the
superconducting accelerating system and

e to achieve a cost reduction of the SRF cavities and their associated components. .

The main steps towards these goals are

implementation of electro-polishing for better surface quality (roughness <1um),
exploration of new fabrication methods such as vacuum arc coating,

improving the methods for quality control (sensitivity),

developing improved input couplers,

developing new cold tuner systems,

improving the reliability of RF components and developing low-cost prototypes,
performing integrated tests of cavities, couplers, tuners, under development

NANENENENENEN

The objectives mentioned above are treated within 10 work packages, which are described in
more detail in the section on the implementation plan. An eleventh work package will cover the
management of SRF.
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Work Package Full name Short name
WPI1 Management and Communication M&C
WP2 Improved Standard Cavity Fabrication ISCF
WP3 Seamless Cavity Production SCF
WP4 Thin Film Cavity Production TFCP
WP5 Surface Preparation Sp
WP6 Material Analysis MA
WP7 Power Couplers coup
WPS Cavity Tuners TUN
WP9 Low Level RF LLRF

WP10 Cryostat Integration Tests CIT
WP11 Beam Diagnostics BD

Work packages, full names and short names in JRA1

8. R1.2 Participants in the activity
Table 8.R1.2a lists the participants and their involvement in the eleven work packages.

Table 8.R1.2b shows the detailed involvement of each participant, together with an estimate
of their total contribution to the activity in person months for the duration of the project.
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Table 8.R1.2b: Involvement of each participant in person-months

Participant .. . Person
number Participant WP/Topic Roles month

WP5/SP EP on single cells 85

WPS/TUN Design and fabrication of new piezo-electric tuners 16

1 CEA WP10/CIT Preparation of cryogenic test facilities. Tests of prototypes in 66
WP11/BD Design and fabrication of novel BPM. 58
TOTAL Permanent staff 141, temporary staff 84 person month 225

WP1/M&C M&C 8
WP7/COUP  |Coulpler development 258

3 CNRS-Orsay WPS/TUN Test of tuners 24
WP10/CIT Cryostat integration test 36
TOTAL Permanent staff 278, temporary staff 48 person month 326
WP1/M&C M&C 112

WP2/ISCF EB welding 80

WP2/ISCF Reliability analysis 39

WP3/SCF SCP by hydroforming 45

WPS5/SP EP on multicells 96

6 DESY WP5/SP Dry ice cleaning 90
WP5/SP DC FE studies on Nb samples 40

WP6/MA SQUID scanning 96

WPY/LLRF Detector of single bunch transient 62

WPY/LLRF Design of reliable, cost optimal LLRF system 44
TOTAL Permanent staff 602, temporary staff 102 person month 704
10 INFN TOTAL Permanent staff 494, temporary staff 291 person month 785
WP11/BD R&D of a novel non-intercepting diagnostic for emittance 163
INFN-LNF TOTAL Permanent staff 115, temporary staff 48 person month 163

WP2/ISCF EB welding 20

WP3/SCF SCP by spinning 80

INFN-LNL WP5/SP Alternative EP 90

WP6/MA Flux gate magnetometry 40
TOTAL Permanent staff 158 , temporary staff 72 person month 230

WP2/ISCF Reliability analysis 50

. WP2/ISCF Improved component design 48

INFN-Mi WPS/TUN R&D on pieco electric actautors 48
TOTAL Permanent staff 75 , temporary staff 71 person month 146
WP4/TFCP Development of planar arc cathode 156

INFN-Ro2 WP11/BD R&D on a novel non-intercepting diagnostic for emittance 90
TOTAL Permanent staff 146 temporary staff' 100 person month 246

WPS/TUN R&D on magneto-strictive tuner 15

WPY9/LLRF Data management for DOOCS operating system. 24

12 TUL WPY9/LLRF Radiation damage studies on electronics 16
WPY/LLRF Development of Finite State Machine 41

TOTAL Permanent staff 48, temporary staff 48 person month 96

WP2/ISCF EB welding 30
13 1PJ WP4/TFCP R&D on linear arc cathode 200
TOTAL Permanent staff 210 , temporary staff 20 person month 230

WPY/LLRF Highly stable frequency distribution network 48

WPY/LLRF RF control using FPGA’s. 48

14 WUT-ISE WPY/LLRF Performance optimisation for different gradients 36
WPY/LLRF Multichannel downconverter. 36
TOTAL Permanent staff 120, temporary staff 48person month 168

WPY/LLRF Design of exception handling routines 36

19 PSI WP9/LLRF RF gun control system 36
TOTAL Permanent staff 36, temporary staff 36 person month 72
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8.R1.3 Outline implementation plan for the full duration of the activity (including
milestones and deliverables)

SREF is articulated around 11 work packages:

e one work package dedicated to management and communication (M&C)
e the ten others targeting the main objectives as described below

All tasks aim at an improvement of the quality of the accelerator test facility TTF.
Deliverables will be in form of scientific reports, proposals for design or treatment changes,
approved new fabrication methods and construction of prototypes.

Work package 1: Management and Communication (M&C) oversees and coordinates the
work of all work packages, organizes Steering Committee meetings, ensures proper reviewing
and reporting as well as dissemination of knowledge within the JRA SRF and the CARE
project.

Work package 2: Improved Standard Cavity Fabrication (ISCF) aims at improving the
present cavity fabrication technology. It is based on the operating experience with
superconducting cavities in the test linac TTF. There is an obvious need to modify at least
partially the cavity design and the preparation procedures to improve the performance and
reliability of the SRF accelerating system.

Work package 3: Seamless Cavity Production (SCP) follows the idea to fabricate the actual
cavity (excluding the end groups with auxiliary components like input coupler ports, higher
order mode dampers...) by a method that avoids welding. This would eliminate possible
performance degradation by a low quality weld. There are two methods of seamless
production: spinning and hydro-forming. Very encouraging results are obtained with single
cell cavities. This technology will be extended to multi-cell cavities.

Work package 4: Thin Film Cavity Production (TFCP) works on a new method of thin film
coating by vacuum arc technology. Instead of fabrication of a cavity from bulk Niobium, a
Copper cavity will be coated at the inside by a thin (several um thick) superconducting
Niobium layer. As compared to the sputter coating method (as being developed by CERN) the
novel method of vacuum arc coating promises superior superconducting film properties. First
results on samples support this expectation. Two different methods using a planar or a linear
source will be investigated.

Work package 5: Surface Preparation (SP) investigates new methods of surface cleaning.
There are two different topics: electro-polishing and dry ice cleaning. Electro-polishing will
produce smoother surfaces as compared to the widely used chemical polishing method. There
are very encouraging results on single-cell and nine-cell cavities (in collaboration with KEK,
Japan), which can be excited to considerable higher RF fields. In this work package, the
optimum EP parameters will be investigated first with single cells. As a next step, this
technology will be adapted to the geometry of multi-cell cavities. In parallel, a new method of
EP with self-stabilising parameters will be further developed for single cell and multicell
cavities. Dry ice (CO;) cleaning is expected to clean surfaces from dust or residual
contaminations much more effectively than the presently used technique of high pressure
water. It is under use in the semiconductor industry but was never applied to SRF cavities.

Work package 6: Material Analysis (MA) extends the methods of quality control of Niobium
material and cavity surfaces. At present, an eddy current scanning technique is implemented
in the acceptance procedure of Niobium sheet from industry. It is a quantitative measure of
the purity that can be used to detect inclusions beneath the surface of the sheet material. This
scanning technique can be improved further in sensitivity by implementation of a
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superconducting Squid sensor. A second way is to develop a simpler flux gate magnetometer
for use at the industrial plant.

DC field emission scanning is a very sensitive method for detection of small surface
contaminations. This technology will be further developed for a systematic evaluation of the
surfaces of samples, which travel together with the cavity during the different steps of
preparation. It is envisaged to install a nearly in-situ quality control of the preparation steps by
this method.

Work package 7: Couplers

The aims of this WP include new input coupler designs as well as construction of prototypes.
Results from the tests of prototypes will also be delivered, the tests being carried out on a
dedicated high power tests stand recently built at Orsay. Among the delivered hardware will
be a titanium-nitride coating bench designed to allow coating of several coupler ceramic
windows simultaneously. RF “conditioning” studies will also be provided. The TTF couplers
were specified for 210 kW peak power in normal operation with higher powers (~ 1 MW) at
short pulse lengths for cavity conditioning. We aim to develop couplers that will comfortably
handle 1 MW peak powers for pulse lengths of 1.3 milliseconds at 5 Hz repetition rate. Such
couplers are necessary to match the progress aimed for in the cavity fields. In addition it is
hoped that the conditioning studies will lead to a procedure allowing faster conditioning times
than at present (typically of the order of one week).

Work package 8: Tuners

The development of active tuner systems is imperative for operation of SC cavities at high
gradient. Four of the participating laboratories are investigating innovative tuner systems as
well as developing the electronic drive circuitry necessary for them. These tuners are the
deliverables of this WP. Especially innovative will be the development of tuners based on
piezo-electric and magneto-strictive effects. Tuners are required to counteract the so-called
Lorentz de-tuning effect when the cavities are pulsed at high field so as to maintain the phase
and amplitude constant during the RF pulse, whilst minimising additional RF power needed
for field control. We aim to develop tuners capable of correcting 1 kHz of de-tune so allowing
the cavities to operate stably at 35 MV/m. This should be compared with existing tuners on
TTF which correct for fields of ~ 15 — 20 MV/m. Long life-time is also a major issue and we
aim to develop tuners allowing for 20 years of operation.

Work package 9: Low level RF

This WP is comprised of a large number of sub-tasks all of which are aimed at improving the
performance, reliability and ease of operability of the LLRF system, both hardware
electronics and software, while at the same time allowing significant cost reductions. These
sub-tasks will result in the following deliverables:

« design and construction of a detector of single bunch transients,

« automation of the LLRF,

« development of an optimal controller,

« development of exception handling routines,

« high performance optimisation routines for operation at different cavity fields,

« cost optimisation and reliability studies,

« studies of radiation damage to electronic hardware,

« development of a low cost, compact, high performance multi-channel down-converter,

. development of digital RF feedback control system,

« development of a highly stable frequency distribution system,

« development of a data management system,

« RF gun control.
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It is important to note that all of these tasks are independent of the others and that each
contributes individually to the improvement of the RF system.

Work package 10: Horizontal Cryostat Integration Tests

The deliverables of this WP concern the results of tests performed on SC cavities in
CRYHOLAB (shown as test 1, test 2 etc..., in Gantt chart), a test infra-structure built by an
IN2P3-CEA collaboration at Saclay. This facility will allow integrated tests of cavities
equipped with improved components resulting from developments in other WP’s within the
JRA (tuners and couplers). Novel thermometric calibration techniques will be developed for
use during these tests.

Work package 11: Beam Diagnostics

Two different diagnostics will be designed and constructed within this work package. The
first will be an RF cavity based beam position monitor (BPM). This device will have a
resolution five times better than existing devices while maintaining high temporal resolution.
The second will be a non intercepting emittance monitor based on millimetre wave radiation
emitted by diffraction effects as the beam traverses a slotted aperture. These diagnostics, both
of which will be tested on TTF, constitute the deliverables of this WP.

The following Gantt chart presents the implementation plan for the whole duration of the
SRF-JRA for each of the workpackages. Milestones and main deliverables are included.

80



I8

10/S0 1loday sjuauodwod mau Joj Juoday |euld p1°L°2'E
ubisep saLe|Ioue JBYIO €112

ubisep Ajquissse euld z1'1L°2'2

sis Ajeue ainpaooud Buunyoe jnuep L1122

uojeziwpdo ssauS 0L'L'2'2

ZL/ poday ubiseq sjuauodwod 1o} ubisap mau jnoge yioday 6'1°2°2
ubisep Aeuiwijeid ayeld pug 8'1°2'2

ubisap Ajqwasse [euld /122

Angnedwod oujewosh pue [eusle 912’2

ubisep Aseujwijaid sbuel4 G122

ubisap adeys pue |eusjew Bulleas 122

salie|[1oue uo

10/20 jloday Alewwng }Je 9y Jo snjejs ay} uo podas Aewwns €°1.°2°2
oousuadxe

M3IM ‘NVTT ‘AS3A ‘Gelr jo Apnys pue sseddy 'L 2

a sbunesw dn pels 1122
Buina el uopejuswndoq L°2¢
uBisap jusauodwos panoidw) gz

60/72 yoday feury anss1 Ajjiqeres uo yaodas euly 271z
SuoKeIELOd Ys|qeIsT 9'}'Z
soueuLo yad BulS (YUEQ BIED JOMBIASY G'LZ
Alqwesse Buuls jUBq BIEP JOMBIADY +°L°Z
souewiopad | A ANAED jUEq BIED JOMOIASY £'1°C
uswieal} AJABO: JUBQ BIED JOMOIADY Z'L°Z
uoneolqe) AJIABO jUBQ BIED JOMBIADY |'L'Z
Bl

sishlewy Mijiqerdy L'z
uopesugej A3ned prepuels panosdw] ZdM

<t

[N e [ o e D 2 o 2 P X e e P Ca e e P sa|qesanljeq ule i sauosaIN aweNise |

800¢ 1200¢ 900¢ G00¢ ¥00¢

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




(4

LLEZ adfjojoid Mjinen paysiuty AjiAe0 MeN 2522

uonjeduqed L's°¢'c

£)Aed mau jo uonesliqed G2
wo\muﬁ yiodas ubisag paysiuy ubisep Mired MON 22T

sBumeup axew |'y°2'z
el ubB1sap Ajaed mau azieuld 2

oL/0L ylodaa uBisaqg paysiuy ubisap syuauodwod maN Z'€°Z'C

r sBumelp og 1'€°2'2
el uBisep jusuodwod mau azieuld £2¢

oL/LZ jiodoy sJojowesed Buipjom Jnoqe poday 6Z°Z2

synsal ay) Jo sisAleuy +'2'2'2
suswioads uo 1s8) BuIpjep €222

s]s9} Jo} syuswauinbas ad Ajojoud Jo uoueQ 2222

aulyoew
Buipjem Jopus A Uo sisjeweled s|qe|le AR JO MBIASY |L'Z°Z'Z

sainpaooad Buipiom ui £31[e2R11D JO MIIADY 22T
aweN se |

L rA N P o 2 [ P o e [ T o e T Ca o e P se|qelaAljeq ule sauolsa Iy
8002 L002 9002 5002 002

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




€8

10/v0

€0/11 *
m—

]
zvg 8

sadfjojoud

Buluolssiwwo)

Kpeay sjooy

jiodai ubisag

paysiuy sjuauodwod jo sadfjojoud jo Buip|am 9°€°€'Z

Buipjem 19NN G°€°€°2

Buipem |20 9ibuUIS $'€°€°2

sjuauodwoo jo Buipjam uonanpo.d 31gs €'¢°€'Z

Buipjam 1s8] Z'€°€2

sulyoew Buipjam Buluoissiwwo) L'
Buipjoam €€

paysiuy uoledliqe} s|00L 9°2°€'Z

S||99-6 104 S|00L G'Z°'€'C

Buipjem |90 s|buls 10} S|00] $'Z2°€°T

sbuu Buiuayins 10} s|pol £2°€2

Buipjem adid 10} spol Z'2'€C

Buipjem abueyy Jo§ s|00) L'Z°€Z
uononpoud sjoo] z'€¢

paysiuly ubisap s|oo] 9'1°€'Z

S||99-6 10} S|00} G°'L €T

Buipjem |82 s|buls 40} S|00) $°L "€

sBull Buius 4J13s 10y S|IOL €°}°€C

Buipjem adid 1o} spol Z'L€'C

Buipjem abue|j o} s|o0] L'L°€Z
Buijooy ubisaq L'¢¢

Buipjam g3 ¢¢

gllziil

vllellzLl[1L

vilellzLl[1L

vilellzl|LL

vilellzl[iL

vl

800¢

1,00¢

900¢

G00¢

¥00¢

sa|qelanl|ag ule

S8uojsa (I

sweN ysel

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




v8

(47011

L0/2)

sadfjojoid
Ayne) ‘yiodai Jeuly

j1odaus ubisag

Buluuids peyg

podoy ubisaqg

poday ubisaqg

Buiuolssiwwon

j1odaus ubisag

paysiuly sapIAed |[P2-BINN Z°L°L'E
Buuuids |271°¢
SsapIABD |[99-}|hw jJo uononpoud sallas L'}’

pauiap Buluuids [|29-13|nwW jo siajaweled £'9°L'E
ABD [[99-6 N I Jo Butwoj oIpAH Z'9°L'e
Buiwo } aip Ay ay} Jo uonenwis Jendwo) 19’1’

S9

IABD S3l}IABD |[92-}|nw jo Buluuidg 9°L°¢
Buruuids [120-n NN J0 1I€IS Z'GTLE
Buryosu ay} jo uonenwis Jendwo) LG L'E

s||9o131nw o} smesedde Bujuuids Jo uoISUdIX] G°L'EC
pauyap siajewered Bujuuids [[99-} €p°L'E
segn}

}S91 NOAN dljejswiq Jo uoneduqe ] pue [eusieN ¢'v°L €

$8Qn} 15831 gN YINq JO uoleduqe ] pue [eusie L'y°L'E
sajIAeD [||92-1 Jo Buluuids p°1°¢

pauije p siejoweled Buiuuidg g'¢ L'

aulyoew ay} Jo Buluolssiwwo) #'¢°L°¢

aulyoew Buiyosu qn} By} Jo uoleduqe €'¢L'e

wisiueyosw Buryoau ay) jo sbumelq z'¢’L'e

wisjueyosw
Buiuiny pue wajsAs poddns ayj} jo sbumelq L'¢'L'¢

sJajowesed Buluuids jo uopenjeag ¢°L'¢
Apeau auiyoew Buluuidg G'z°L'¢
aulyoew a8y} jo BuuoissIWWo ) $'Z°1°¢
uopjeolige § sUIYOBN €2°L°E
SuUIYdBW 8y} IO} dJEMHOS Z°C°L'E
auiyoew Joy olnespAH Lz°L'e

aulyoew Bujuuids jo uolesliqed 'L
paysiuly suiyosew Bujuuids jo sbumesq ¢1°L°¢
wa)sAs poddns ay} jo sbumeiq z'L°L°g
seoujew sy} jo sbumelq |1

aulyoew Bujuuids ubisaq L'}’

Buiuuids Aq ssajweag ¢

uononpoud AjAed ssajwesas cdm

glleLfiL

vifelfeL[iL

vifelfeL[iL

vifellel[1L

vilellel[1l

vl

800¢

1200¢

900¢

G00¢

¥00¢

sa|qelanl|ag ule S8uojsa (I

sweN ysel

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




8

LLI9L

cLiSt

p/0€

co/ve

60/L1

il

I'

/

sadAjojoid firen

Buluolssiwwon

j1odaus ubisag

j1odaus ubisag

Buluolssiwwon

jiodai ubisag

Apeau sanined ||99-6 pawi o} O1pAH €9°2'¢
SoNIABD ||99-6 N %INq Jo Butuwoy oipAH z'9°z'e
Buiwso} aipAy 8y} jo uonenwis Jaindwo) L'9°Z'e

Sa1)IARD ssajweas Jo Bujwioy oIpAH 9°Z'S

leuonjesado aulysew Buyosu agny €'6°Z°€
siI e Buiyoau agn} uo sjuswedxy Z'G'Z'e
Buiyosu ay} jo uonenwis Jaindwod L'G°Z'e
Bunjoau aqn jo juswdoanag §-zZ's
Apeau saqn} ssajwesg ¢'y'Z'E
sagn}
189} NOQN dljejdwiq Jo uoleduqe | pue [eUsjeN ¢'y'¢'e
$8gn} 1831 gN >INq jO UoledUqe] pue [elsie |L'v'Z'E
SaRIABD |[99-6 10} Sagn) ssajweas Jo juswdolanaq 'z’
paysiuy auiysew Buyosu agnjy uol1dONIISU0) L'€°Z°C
aulyoew Bujosu agny ay) Jo § 91em}oS 9'€°Z'E
Apeas aulyoew Bujoeu QN G'€°2°E€
aulyoew ay} jo BuluolssIWWo) #'¢°2°¢
aulyoew Buiyosu qn} By} Jo uoleouqed €'¢ZE
wsiueyossw Buryosu ay) jo sbumelq z'€°z2'€

wisjueyosaw
Buiuiny pue waisAs poddns ayj jo sbumelq L'€'Z'€

aulysew Bunjoau aqn} Jo UORINARSUOD £°2°¢
Apeas aujyoew Buwioy oipAH 62°2'€
aulyoew ay} Jo Buluolssiwwo) #'Z2°2°€
uofedlige  SUIYOEN €2°C°€
SUIYdBW By} IO} BIEMYOS Z°2C'E
aulyoeW Joj dlnetpAH 1'Z2°2°€

aujyoew Bujwioy o1pAy Jo UORINAJSUOD Z°Z'E
paysiuy jioddns @ xujew sbumeiq €'1°2°¢
wa)sAs poddns ay} jo sbumeiq z'L°z'€
saolew ay) jo sbumelq |L'}L°z'¢

aulyosew Bujwioy oipAy ubisaq L'z’

Buiwoy oipAy Aq ssajwess z'¢

elleL[iL

vilelleL[iL

vilelleL[iL

vilellzi[iilpLleLfzi]iL

<t

1

800¢

£00¢

900¢

G00¢

¥00¢

sa|qelanl|aq ule S8uojsa I

sweN ysel

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




98

[43k:14

Joday jeuiq

adfjojoid Mjinen

j10day snjels

j1oday snjels

adfjojoid Mjinen

sopsadoad
Buponpuooiadns jo fienb uo jiodey zZ'¢TY

salladoid Buponpuooasadns jo Apnis L'€Y

Bupeos Buponpuosiadns J]H 1ayjo Jo salpnis €2
Buneoo jpapnw ISy ¥'TTY
Bupeos
ose Jeue|d jo fienb uo jiodas Arewwng ¢z'Zv
wa|qoud
1o|doup oJo1W By} JO uonebisa AUl SANBNIUBND Z'Z°ZT
SUuOIIpPUOD
Jua1a JIp Je pajeod sajdwes jo uonezisyoeley)d LZ2Zv

waysAs oue Jeue|d jo uonesadQ aupnoy Z°Z'v
pajsa) A|Inj wayshs oue Jeueld €°1°CY
wa)sAs Buuabbiy Jase| ayy jo uoneziwndo Z'L°Z Y

uoleo

IPON L'L'C'Y
wajsAs o661} g ose-aeueld e Jo UOIIEDIIHPON L2V
Bupgeos apoyjes ole-reue|d 'y
Buneos |PIRINN IS4 TG LY
Buluoissiwwooy ubisep 1L'G'Lp
Bugeos |[9o-pInw Bujuoissiwwod pue ubisag G'Ly
Buneod |'y'L'y
Buriayiy Joidosp oniw yym 139 a|buts jo Bugeod y'Ly

10/80 Apeau aiempieH Kpeau 1oy v|doiq €LY
Buneod L'z L'y
Bupiey iy
j91doup ouoiw Jnoyim s|je2 ajbuls jo Bueod z'Ly
FANIR Apeas snjeseddy Jeuopesado snjesedde Bupeod G'L°L'y
uofjez||iqe)}s pue uoljonpal jualind o Jo Apnis 'L L
L0/0¢€ Buluoissiwwo) Apeos Mypioey adMojoud €11y
welsAs Buuabbiy e jo uoneziwndo z'LL'y
s||90 a|Buis 1o} Ayj1oey ad Ajojoid B Jo UOIIBDI PO L'L L Y
snjeiedde Buijeos jo BujuoiSSIWIWOD B UOHe|[BISU] | L'
Bupeod apoyjes dJe-reaul L'y
uoponpoid Aineds wiy ulyy “pdm
sllziliifvietfer[iifvijerfei[safpifeLfza]iifpifedifzafiLvl]  soiqesonijeq urepw sauosa I aweNse L
800¢ 1,00¢ 900¢ 5002 7002

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




L8

0L/€0

jodai jeulq

poday ubisag

CLILE Buluoissiwwon

CLILE Apeaa sapinen

o jioday |eulq

50/8¢ "

CL/LE

poday ubisag

ssojowe.ed 3saq J0j youeas ‘uogesado snonuiuoy G°L'g

paxy simejoweled 43 Z'G°L'S

ainpaooid 43 Buisusieweled |L'G'L'S

s||@2 9|buls Joj sis)oweled Bupjiom auyaq Z'v'L'S
uoneJsedo |90 g|buls snonupuo) L'y LG
d3 1199 8jbuls jo uonessdo ¥°L°s
dn-}as 43 jo uonesado isii4 y'€'L'S
dn j8s 43 Jo BuluoIssIWWOD €°€°L°G
dn-jos 43 Jo uoneouqed z'¢'L'g
dn-19s 43 Jo ubiseq L'€°L'S
1192 a|Buls 1o} AnsiwaYd 43 pIINgG €°1°S
pajedliqey saljned ¢ Z2'2°L'S
Sal)ABO ¢ 8jedliqe) pue qN JepJo L'27L’S
sapIAed |92 81BuIS Z°L'S
sio)oweled d3 iseg ¥'L°L'S
suonebiisa Aul
ooens Joj sodwes yum 43 Jo seussS €°1°1'G
paxy uopeziiapeieyd adeyns z'L°L's
uoljezuajoeieyd ade JNs Jo poyew Buysigesy L1 LS
so|dwes uo 43 L'L's
s||@2 a|buis uo 43 L'
uopesedoaid aseing ‘GdM

elleL[iL

vilelleL[iL

vilelleL[iL

vifeLleL[iL]pLfeLfzL[LLpL]  salqessniieq uiep seuojsa Iy

800¢

1200¢

900¢

¥00¢

G00¢

sweN ysel

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY



88

60/0¢€

L0/vL

Lorei

60/60

=
Bl

jiodai jeuly

Kpeau Juawdinbz

jiodaua ubisag

j10day snjeig

paysiuy juswainseaw ssauybnoy 'Z°2s

wolsAs Jose| ying €2°2°S

wa)sAs Jase| Ayoads z'Z2'Z'S

swa}sAs Buisixe ayenieA3 1'2°2'S

ssauybnou Jese Z'Z'G

paxiy sig)aweted ssa20id G°€°L°TS
sainXIwW ()es) sAewalY ¥ €'1°2°G
ainXiw yieg ¢ €'1°¢'S
Buibe yleg z' €1°¢'S
qe| [eolwayo dnjes |° €°1°2°G

1043u03 Ay [enp /sisjeweed ssasoud xi4 €°1°2'G
paxiy ubisep apou3dd|3 €°2°1°2S
aponosje paroidwi ubiseq z'z’L 'z’

a1em} Jos sjenjeAs /epow Jandwoo dojpAeq L2’ L°Z'S

adeys aponospe aziwndo Z'1°C°S
Buisula so)em

joy jusawadxa a|ddulid-4o-j00id €°1°1°2°G

Buisuls Joyem joy Joj ubiseq z'L'L°2'S
wa)sAs Bujues|o seb parosdw| L°L°L°2'S

AS3a 1e s||9o-aulu dnjss d3 ysiuld 112G
juawdinba
1192 BNW 0} [|99 | wouj siajowesed Jo Jgjsued] g6

S|[-jInw uo d3 'S

ellzifil

vllellzl1L

vilellei|iLlvLleL]zL]iL

vilellzL|iLvL

800¢

£200¢

900¢

G00¢

¥00¢

sa|qelanljaq ule

Sauojsa I

aweN ysel

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




68

clioc

Lve

€0/v2

jodai jeulq

Bujuolssiwwon

Joday

joday snjeyg

Buluolssiwwon

joday snjels

d3 leuisnpul uo jiodas jeuly 8v°ZG
adAjoj0.d |eujsnpul 90-NnWw 43 ejesedO 2¥°Z'S
Kpeas adfjojo.d |ersnpul [[92-BInW 43 9'°T'S
ad Aj0j04d [eusnpul [[89-RINW d3 UOISSIWWOYD §'¥°Z'G
ad Ajojoid [erysnpul [80-1)NW 43 @3eOUded t1°Z'S
ubisep elysnpul uo podey ¢'Z'G
sll@o-nw Joj dnyas uo Apnys ubisap [elysnpu| Z'v°Z'S
s|l@o-auo ywm Ansnpur Ayend Ly°z's

A1nysnpui 0} ABojouydsay Bulysijodojoa|g Jaysueld] §°Z's
sjuswuadxa sjeneAs 6'€°Z’S
salAeD [|90-6 Ypm do Apnis 8'¢€°Z’S
Kpeau s|120-6 104 O L'€°T'S
S||e96 104 4O PING 9°€°Z'S
s||@2-auu 10} O ubiseq §'€°Z°S
BuiysijodixQ juswiiadxe a|didund-j0-J00id $'€°2'S
wajs As [90-auo dnjes €'¢°2'S
wa)sAs 4O o ubised z'¢'Z’S
salpn}s Alojeloqe L'€°Z'S

Buiuea|d [estwe Yo |euly se Bulysijodixo €2

gllzifil

vilellziiLlvL]eL]za]iL

vilellzi|LLl

vilellzi|LL

Ll

800¢

2002

900¢

G00¢

¥00¢

sa|qeJanljaq ule Sauojsa I

sweN Ysel

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




06

jJoday |eulq 9)A|0039 }S8Q UO BPN|DUOD) G'G'EC'G
d3v 1seq uo podar ubiseq #'G'¢’G
d3v palypow ajesedo £'6°¢’S
8}A104108[0 }58q 04 UOnE|[eISUI dTV AJIPON Z2'G°E'S
poyjew 8} Aj04}08[@ Mau/piepuels aledwod L'G'e’g
d3v 19 2uYaa §'E'S
yoday snjelg s}|nsaJ [ejuaw uadxa apn|ouod e’

$8}A]0J108)0 @ AljeWwa)e Yum sjuswusdxl €°E'S

1loday sa)f|o1joa]@ aApeusd}je Joy |esodold Z'v'E'S
Aisiwayd g3 Jo MaIneY |'y'€'G
$393A] 01303]3 AAIR UIBMY “#°€°G
Jioday [euld paulep si d3 psjewoiny y'¢'e’s
d3v uo podas ubiseq G'€°'€'S
uoljesado pajewoine aziwnpdo £'¢°€°S

90UBONPUOD WNWido suiwiLeq Z'S°E’S

80UBJONPUOD /YSIUl} DOBHNS B)ejBUOD L'E 'S’
adAjojoud 43y jo uonesadQ g'¢’s
jloday snjejg Apeal atemyos $'Z'¢’s
8IeMHOS J0 18] €°2°E'G
alem} jos padojereq 22’

ainjos)yole [013u0d ubiseq 1'Z2°'€'S
|043u02 JaIndwod 43 '€’
Buluolssiwwon d3 pajewo)ne jo uojesado }siid $'L°CG
Uole|[E}Sul 43 S|quIassy €°L°€'G
sjuauodwoo JapIo /a1eoude Z'L'e’S

uone|ejsul ubisaq L'} "€'S

| uone|jejsul 43 adfjojoud |°g'g
(d3v) d3 pajewoyny ¢°g
slleiliifviferfer[iifvijerfei[safpifeLfza]iifpifedifzafiivl]  soiqesonijeq ulep sauosa I aweNse L
8002 1002 9002 5002 002

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




16

(4712

v0/v0

el

jJoday |eulq

joday |eulq

joday |eulq

Buluuolssiwwon

Buiuoissiwwon

Buluolssiwmwon

s}|nsai [ejuaw uadxa Jo uonenjeay z'9'v's
Bujues|o snonupuod 1L'94'g

AyjAed [|99-aulu [ejuozuoy jo buiues|d 9y’
Bujueapo |[92-6 H }BIS G'G°S'S
snjeledde [|90-6 JO BuluoIssIWWO) t+'G 'S
snjejedde ||90- Jo UOllE|RISU| £'G H'G
snjesedde ||90- pojeouqed Z'G''S
1A snjeledde |90 ubiseq L'G'v'S

snjesedde
Buiuea|d [|99-6 H J0 uoponiisuod @ ubisaq G¥'s

sj|nsaJ [ejuawiiadxa Jo uolenjeAs Z'y'y's
Buiues|o snonuuod L'y’

sapIAed ||92-6 Jo Buiues|D IA v'¥'S
paysiuy uoge|eisu] Buiues|g IA S€V'S
snjeledde |[90-6 Jo BuluoISSIWWOY H'€ H'G
snjesedde ||90- Jo uoljE|lRISU| €€ PG
snje.edde ||90-6 pajeouded Z'€°v'G
1A shieiedde |90 ubiseq L'€ 'S

snjesedde Bujuea|d ||99-6 IA £'V'S
paxy siojawesed Bulues|d v'ZV'S
sloyoweled Buues|d }seq X4 €Z°%'S
Buiues|o AjAeD |99-| 22V G
Buiues|o sidwes L'z'v'G

sJi9joweled Bujues|d jo uoneziwndo ‘Zv'S
paysiuly uonejeysu] G'Ly’s
Buiuoissiwwoy 'L °¥'g
wa)sAs |01ju0d Jo uolje|elsu| €L 'S
waj}sAs uoljow jo uolje|eisu| Z'L 'S
Buidid zOD o uoneleysyl L' p'G

S9I}IARD |92 £-| 10} wdsAs ||ny jo uone|[EIsu| L y'S

Buiuea|o 921 Luqg ¥’

elleL]iL

vilelleL[iL

vilelleL[iL

vileLleL]LL

vilellzL[ii]pL

800¢

2002

900¢

G00¢

¥00¢

sa|qeJanljaq uley

SauoJsa I

aweN ysel

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




6

4712

¢0/80

LL/0€

el

80/Z1 ﬁ
|

joday |eulq

joday snjelg

Buluolssiwwon

j1odaus ubisaqg

j1oday snjels

Bujuuess gINDOS uo 3iodal [euld $'5°L'9
elep Wwaund Appa ywm uosuedwod aAISNoU0) €°G'L'9
(‘010 v44NS Xa3) Adq s1094op Jo UONEDINIUSP| Z'G'L'9
sueonpo.d jJuass 4ip Jo S}esys Jo BuluBdS L'G°L'9

s}99 ys uopgonpoud jo Bujuuesg G'L'9
Paysiuy s}99)9p JO UoneIISSE|D PY°L'9

uoljeol JISSe|o
$)09 Jop [eudjew Joj wuyiuoble jo yjuewdoAsg €19

)09 48P AINg [erol e yim s398ys Jo Buuueds z'y'L'9
S)09 Jop 99 JNS [BID1}I1E YIm S}eays Jo Buuuedss L'y°L9

sjoajep |efouilse yum sjeays jo Buluueag p°L'g
leuoijesado snjesedde Buijuueosg G'¢'L'9

snjeledde
Bujuuess jo uoljeiqiied pue BujuolissIWWOD €19

JBUUBDS QINDS Y} 10} SIEM}J0S €°€°}'9

snjesedde QINDS
10} sjuauodwod jo aseyaind pue uoljeouged Z'€°L'9

diNOS @y} jo uoljesuqed L'g'L'9
smesedde Bujuuess Jo uopongsuo ¢'L'9
paysiuy Jouuedg ubisaq €219
wajsAs Burjooo qINOS aui jo ubiseq z'z'L'9
poddns pue a|ge} Buiuueas ayy jo ubisaq L'z’ L9
Jauuess pinbg jo syusuodwod ubiseq z'L'9
paysiuly spdjap uoneiqied €1°L'9
$39949p HINq JoO uolonpald Z'1°1°9
$]0940p 9%e4InS JO uoljonpold L'L°1L°9
S}09Jop uoljeiqijed asnpoid L°L'9

Buiuuess QINOS L9

sishleuy [eriole 9dM

elleL[iL

vilelleL[iL

vilelleL[iL

vilellzL]LL

vilellzLLL

<t

1

800¢

£200¢

900¢

G00¢

¥00¢

sa|qelanl|aq ule S8uojsa I

sweN yse |

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




€6

cL/iLo

joday jeulq

103293)9p
g)eb xnj} "SA Jauueds gINOS dPNIdU0) Z'9°Z°9

sjuswainsesw a1edwod 1°9°2°9

Jauueds gINOS WM uosiiedwod 9-2°9

jloday snejg uonessdo Bujuuess ajeb xny J0 UoISNPUOY £°G°Z'9

j1oday snjels

uopesado
Meys ‘uodaa ubisaqg

j1odaus ubisag

joday snjels

uonelado jo yodey z'G°Z'9
uoljesado Jenbay 1'G°2'9

10329)9p apeb xnjy jo uonesadQ 5°Z'9
pauolssiwwod Jauueds aeb xn|d £v°Z9
S}nsal S8} JO uollen|eAd Z'y°z'9
s}saj s39) [euolesado L9

10308)9p 9jeb xnjy jo BuluoissiwWo D #°Z'9

Jeuopesado 10)o9)ep ajeb xn|d 9'¢°Z9
J10)093ep 8jeb xn|4 Jo uoeIqIed G'€Z9
103}09)9p 9)eb xn|} Jo BuuoiSSIWWOD $'€°Z'9
2/em} Jos Jo uoejuswaldw| £'¢°2'9
Solueyosw Jo uoljeouqed ¢'€°¢'9
pesy a1eb xn|} jo uoneouqed 1L'¢°Z’9

10)09)ap ajeb xnjj jo uoiesluged €29
paysiuy peay ajeb xny ubiseq 2’29
aJem} jos suolesedo o ubisaqg €229
peay ajeb xn|} jo ubiseq 2’229
sojuoso8p ubiseq 1'2'2'9

peay ajeb xn[} jo syjuauodwod ubisaq z'Z'9
paysiuy sjodep uopeuqijed ¢€°1°2'9
$108 J9p ¥INg 40 uoRoNpoId Z'L°Z°9
S}0949p 926 NS Jo uolyonpald 1129

S109J9p uoljeiqijed adnpoid 1°Z'9

K1ppwojp ubew ajeb xn|4 z'9

elleL[iL

vilelleL[iL

vilelleL[iL

vilellzL]LL

vilellzLiL

<t

1

800¢

1200¢

900¢

G00¢

¥00¢

sa|qelanl|aq ule S8uojsa I

sweN ¥sel

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




149

cLie

4712

LL/0€

90/01

jJioday jeuiq

SjUSWDINSEIN Hels

jJioday jeuiq

podoy wiau|

uonjesadQ pels

suopebnsaaul Jopiwa Buolls ajenjers 9°z'¢'9
joedw| UO| puE juswWwjeal} Jeay JO ddUBN|JU| G'Z'E9
S3v pue N3S ¥'Z2°€9
S}IWI| JUBLIND PUB SBAIND A\/| £2°€'9
uoneneAs Japlwa Buoys Jiels zZ'z'e'9
waund ybiy 4o} sniesedde sjeiqied L'z'€9
sR)wWe Buouls uo spusweInseaw pajie}aq z's'9
sj|nsaJ Bujuuess jo uonenjear 6°'1L°¢'9
Buuuess o snunuo) ¢'L°¢’9
adejIns J|qQ pue d3/ddg uo podaijsily  LL°€9
so|dwes J|Q pue 43/d09 9'L'€'9
sojdwes ¥dH pue 43 §'1L°€9
sojdwes YdH pue 4og ¥'L°€9
Ayapoe Bujuueos jiels ¢'1°¢'9
snjesedde Buiuueog jo uoijeiqied z'L°e’9
snjeiedde Bujuuess Jo uoledl JIpop L1 €9
sueods |onuod fend L°¢9

sa|dwes gN j0 SaIpNIs UoISSIWS pjaly Od €9

gllziil

vllellzLl[1L

vilellzLl[1L

vilellzl|LL

vilellzl[iL

vl

800¢

1200¢

900¢

G00¢

¥00¢

sa|qelanllaq ule S8u0jsa (I

sweN yse

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




S6

LL/0€

zLo

L0/S1 ﬂ-

jodal jeuiq

Buiuonipuod uo jiodal euly gL
s}InsaJ Bujuonipucd ayene A3 ¢/
sJ19|dnoo jo Buiuonipuo) ¢’/
s13]dno 9 adA3o030.1d jo saipn}g Buiuonipuon g2
Buluoisswwon Bupgeod mopuip Isild 6°2L
KesliO je }s3] pue uone|ejsu| 8°z'.L
AJysnpur ur s91U0J199|9 JO uonedlged gL
Ainoao ojuoiyoele jo ubiseq 9°z' 2
juswdinba wnnoeA jo uoljeudoiddy G°z/
SpadU WNNJBA auljeq ¥°2° L
Jaquieyd WnNoBA JO UOIJONIISU0D €°Z°L
sBumeup uonesliqed 22’2
equeyd wnnoeA Jo ubisep [edlueyosy |z 2
wajsAg Buneo NIL Jo uonedligey z°2
adfjojoud 191dnon s)sa] Jamod YbBiH 1oy Apeay 9°L°2
$)S9} JaMOd MO G |/
Aysnpuj ui uoneolge ad A10304d ¥°1°/
Sispus} oy e €711
sBumes g Buesuibug pajeleq 212
Ja|dnoy Jo suonenwIS 4y L)L
J19]dno) adA3-0j0.d maN 'L
SY¥317dNOD ZdM

gllziil

vilellzliLlvLleL]zi]iL

vilellzl|LL

vilellzl[iL

vl

800¢

100¢

900¢

G00¢

¥00¢

sa|qelanllaq ule

S8u0jsa (I sweN yse

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




96

noe Jaun} ¢dgNI uo Joday 9''g
4y pesind ywm si1sa1 G'¥'8

s)se} 1sohlD ¢'y'8

Jauny pjoo pue 09ald jo uopelbaju| ¢ 4'g

jJoday |eulq

cLioe

sJaun} azad Jo ssaupiey uonelpel }sa] Z'¥'8
ainjesadwa) MO| Je sI0SUas-0zald /si0jen)oe azisjoeley) | ''g
AyAnoy edzNI '8
€0/SZ adfjojoud Jouny sjuawjiadxg pajeibaju| jo }els g8
4y uonejelsu| g°¢'g
uoneoliqed 2°¢'g
walsAg Buun] + oz14 ubisaq L'¢'8
J8un] v30 €8
J1o0das smejg Jaun] aAnolns-ojpubew uo podey 1°G°Z'8
Jauny Jo 191 G'Z'8
ubisap SO1U0J}08|S S ALIP PUB Jaun} azieuld °Z'8

-

L0/ee

uonen|e As adueuuo jad pue adAj0joid €'2'8
ubisap fenjdeouod z°z'8
uoljeol yoads aj9|dwo) L'z’

Jauny aAIplgs-o}oubepn z'g
ZLie B jlodai |eulq uonjesado Jaunj Jo uonenjeAs g'L'g
S1S8} 44 pesind 271’8
uolelbajul Jajdnoo-iauny- AjiAeD 9°L'Q

A1

$1S8] Youaq pue uoljeduqe) 0dald G'L'8
ubisap Jauny ozaid 1se4 y°L'g
uoljeouqey Jjauny €°1°g

oL/co yodas ubisag paysiuy ubisap Jouny |'Z'1'8
ubisep Joun) z°1'Q
SOIUOJIS[S OO |78
UANNL NN L8
SUINNL 8dM

<

elizaliilviletfeiidlvilerfeiiilvifer]zafidlpilerfziiLlvL se|qelaAljeq ule sauojsa Iy sweNse

800¢ 2002 900¢ G00¢ ¥00¢

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




L6

60/20 1ioday snmejs uoinjesado Jojpuey |euoiydaoxa uo podoy vvyL'6
411 uo }s8) pue uoljejusuweidw| €'%°L'6
Ja|puey [euoljdaoxa jo ubiseq Z'v'L'6
uoneol yoads |'y'L'6

saunoJ Bujpuey jeuondasx3y y°L'6
co0/01 yiodas smejg S}|nsal }s9) jo uopen|eAy 9°¢’L’'6
411 uo sjsa)} pue uojejuswaldw| G'¢°L'6
alempey dsq ul uonejuswaldw| '¢°1'6
UOIEINWIS 9oUBULO Jdd €'€°L'6
J19]j013U02 Jo uBisap [enydeduod Z'¢’L'6

walsAs jo uoneoyoads L'g° L6

[

uoneziwiydo [04uU0D €716
LLIvO Jioday smejs ubisap uogeziwole 4y717 uo yoddy L'Z°L'6
sioetado Aq aoueidaooe pue uoljleneAd 9'Z° L6

suawe rosdwi Juswaldwi| GZ°L°6

uopeneAs pue s8] '2°L'6

swaysAsqns Joj SN Juswadw] €2°L'6

uoleolyloads |iny dojpAeQ 22°L'6

s

spadxe [euysnpul ywm anboleiq |L'z"L'6
uopewoIy 447112°L°6
1loday snjejg 1S9) 10}09)9p juaisues) uo yodey 2'L°L'6
weaq yum s8] 9°'L°L'6
BuluolssiWWwoD pue uolje|elsu| G116
Jojoa3ep jo ubisep [euld +'1°L°6
ajenje s pue adAjojoud piing €°1°1°6

Lo/€l

uBisep soaNY9IT 211’6

Al

syuaweinbal suleq L°L°1'6

10}09)9 p Judisuel] L°L'6
so uew opiad [estuyod) pue Ajjiqesado L6
4 I9A3] MO 6dM

<

elizaliilviletfeiidlvilerfeiiilvifer]zafidlpilerfziiLlvL se|qelaAljeq ule sauojsa Iy sweNse

800¢ 2002 900¢ G00¢ ¥00¢

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




86

80/61 joday snjels salpms abewep uoljelpes uo pyodoy 8°2°Z°6
AJ1a A pue sainseaw.ayunod juswaldw| /°Z2°Z2'6
S9INSeauLajunod doj@ Aap pue s)nsal azAleuy 9'2°2'6
S}s9} uoljelpel wod} uolysinboe ejeq 6’22’6
dn 195 1$9) S9|qUIBSSE pUB 8INd0Id ¥'Z°Z'6
sjuauodwoo Jo} sysa) dojpaaq €226
uoljelpel \yIS3L 8ieneA3 222’6
SaNSS| SOIU0JJ09|D [BDINID AJIULBp| L'Z2'Z'6

| SRR Apms abewep uoneipey Z°Z'6
JS0J padsnpau
60/91 yioday smejg 104 wayshs 477 Jo ubisep sj9|dwod §1°T°6
wolsAs 44T Jo ubisep euly $'1°2°6
ajene s pue sadAjojoid piing €126
seap! uofonpal 3s00 doAaq 2’126
4477 Juesaud Jo s1eAUp 3800 Ajuep| |'L°Z'6

Apnjs Mijiqele pue 3so9 L°Z'6

Apms R1qer|a1 pue 3sod 4417 2°6
cliziliilviletleiiilvilerfeiiilviler]zafidilpLlleLfzLiLlvL sa|qelanljaq Ul sauojss Iy aweNse |
8002 1002 9002 5002 %002

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




66

Z0/01 jioday |eulq sjuauodwod atempiey 4377 mau uo podey 8'¢'¢6
weaq yjm }sa) 90UBULO Jdd 2'€'C'6
BuluolssIWWoD pue uolie|elsu| 9'¢ 6
swalsAsgns Jo A|qUISSSE pue JUSWSINJ0Id G'E'C'6
ubisep [euld '¢°¢'6

ajenje s pue ad Ajojoud ping £'€°€'6

Aouanbai} jo ubisap |euol 1daouo) Z'€°€'6
uoljeolj1oads a)a|dwo) |L'e'€'6

uonnqusip Aouanbay ajqels €°¢'6
9oueuwo yad s)eneA3 GZ°€'6
Pieoq 21011919 4 Jo ubisap [euld $'2°¢'6
Jojeinwis ajelysuowaq €26
uolleolyloads a)9|dwo)d Z'Z°e’6
TAHA Ymw Jojessusb waeysAs ajeibolul 1'Z2°¢6
104u0o 4y uopesauab piiylL z'e'6

SoljsuajoeIeyD suIWIR}ed §'L 6
18}J9 AUDDUMOP [SUUBYDINW &ZI[euld ¢ 'S'6
ajenje s pue ad Ajojoud piing €°1°€°6
ubisep g0d wnwido 09j8S 21’6
sa|bojouyoay asedwod pue Apnis L°L°€6
J0HSAUODUMOP [dUUBYIIYN |L°€'6
aJempJeH €6

<t

cliziliilviletleiiilvilerfeiiilviler]zafidilpLletfzLiLlvL sa|qelanljaq Ul sauojss Iy aweNse |

800¢ 1200¢ 900¢ G00¢ ¥00¢

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




001

LLILL

60/91

jioday Jeulq

jiodai Jeuly

SS9} [0.U0d Unb 4y uo poday G'ZV'6
S8} pue uolejeisuy| ¥'Z°y'6
Alqwasse pue juawaindold €246
Jaja00 Jo ubiseq z'Z'v'6
uoljeal y1oads 8l L' 7’6

|osuod unb 44 Z'v'6
sjusw dojanap juawe Beuew ejep uo Hoday 2'L'¥'6
411 ul uonejuswaldw| 9'L°¥'6
ubisep azileud G'L°v'6
uoljeneAs Jesn 'L ¥'6
adAjojoid €'1°7'6
S000Q Ywm ubisep |euoydeouod z°| '¥'6
uoneo| yoads |'|L'v'6

juswdo|anap juswabeuew ejeq | 'v'6

9Jemyos ¥°'6

gllzifil

vllellzLl[1L

vilellziiLlpLleL]zL]iL

vilellzl[iL

vl

800¢

£200¢

900¢

G00¢

¥00¢

sa|qelanl|ag ule

S8uojsa I

sweN ysel

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




101

0L/9¢C

oL/gL

$
3
A

60/0€ m

——]

jJoday |eulq

j10dai snjejs

j10dai snjejs

uopenieas jeulj /}°2°0lL
GiseL 9l ¢col
visalLvl'col
€3seLGlcol
cisalLvi'col
L1salLgl'col
sj|nsaJ |ejuswiiadxa ajenjeAs z1°20L
GiseL Llcol
visdL0lL°c0l
€1s81 6°¢0l
c1s818°C0lL
L 3sal /g0l
sj|nsai [ejuswiiedxs ajenjerg 9°Z'0l
GisaLG¢col
visalv'2ol
€13seL €¢ 0ol
¢isele¢zol
L1sal L'zol
ye3s0A49 Ul s)sey uopesbajul 2oL
AV IOH AYO 92e(dsia L0l
S1S3L NOLY HOILNI IVISOA YD 0L dM

gllzifil

vilellzl[1L

vilellzLl[1L

vilellzl|LL

vilellzi[LL

Ll

800¢

£200¢

900¢

G00¢

¥00¢

sa|qeJanljaq ule

Sauojsa I

aweN Ysel

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




01

4712

cLivi

10/20

80/10

10/10

. S
wo\omﬂ@

T

jJoday |eulq

joday snjels

SjuBWAINSEI|\ MRS

yodai jeulq

adfojoid Ndg

SjUSWLINSEI Hels

uopenjeAs jeulj €L°Z°LL
SjusWIaINSEaW SAISSIIINS 2L L)
JINsaJ }s8) weaq jsijaenien L1z LL
d11 jesise)j wesgQLC’LL
411 ui1)sa) weaq Joj Apeay 6°Z'LL
411 Ojul S|oJJuod Jo uolelbau| 8z ||
411 18 Alquesse [eadO L2 LL
411 1 Alquasse [edlueyssi 9°2 L1
S)s9} pue Alquiesse welsAS Gz L1
suoneudoidde sondo vz L1
suone|nwis sodo €' L1
ubisep NS Z°Z' L1
suoleinwis Yyppm JiS L ¢ L1

JOJUO\ ddueniug wesqg Z°'LL
uonesado Ndg Jo uonenjeAs 0L L'LL
Ndg mau ym sjse| weasg g'L'LL
uope|ejsu] 1oy Apeas Ndg MSN 8°L°LL
Buissaooid [eubig [eubig jo ubiseq 21 L1

SOJUQI}OBIS pUE Ja|dnoo plg Ay mau jo Juswdolere g 9} Ll

AjAeD NDE o uoneolged G| LL

Ained Ndg Jo uBisea vLLL

411 uo Ndg Jo sise) weag €°L°LL

Ndg uo sjuswainseaw ouaboli) gL 'LL

||npow 41| ul pajjejsul Ndg 3uasald L L°LL

Jojiuow uonisod weag 'L}

SOILSONSVIA Wv3g:LL dM

gllziil

vllellzLl[1L

vilellzLl[1L

vilellzLiLlvLleL]zL]id1]yL

sa|qelanl|aq ule

800¢

1200¢

900¢

G00¢

¥00¢

S8uojsa I

sweN ysel

€6€905-€00C-LO-CITY -Iequnu 15enuoy) - HIVO 10} YOM 40 NOILIIFIOSHA - I XINNY




ANNEX I - DESCRIPTION OF WORK for CARE - Contract number: RII3-CT-2003-506395

The following Pert diagram shows the interdependencies between the tasks in SRF.

Accelerator operation in TTF |«
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ANNEX I - DESCRIPTION OF WORK for CARE - Contract number: RII3-CT-2003-506395
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ANNEX I - DESCRIPTION OF WORK for CARE - Contract number: RII3-CT-2003-506395

8.R1.4 Expected outcome
8. R1.4.1 Application to European research infrastructures

The technology of SRF accelerating systems was developed by several laboratories and
institutes in the USA, Japan and Europe. Industrial competence in designing and building
SRF components is established in Japan and Europe with a strong leadership of three
European companies.

The challenging problems for increased exploitation of superconducting RF technology in
accelerators are the achievable accelerating voltages of the cavities and the cryogenic losses.
The accelerating gradient is ultimately determined by the properties of the superconducting
material. Gradients are usually a factor of 2 to 5 below the intrinsic parameters of the
commonly used Niobium. A better understanding of these limitations and their solutions
therefore requires further R&D in this area.

The cryogenic loss is determined by the (dynamic) superconducting RF loss and the (static)
cryostat loss. Large progress has been made with the development and construction of the
TTF cryostats. There is hope to further reduce the superconducting losses by improving the
cleaning methods for cavities (short term goal) or by thin-film technology (long term goal).

At present, four European accelerators use routinely superconducting RF technology: the
heavy ion accelerator at INFN in Legnaro, the electron proton collider HERA, the electron
linac at TTF (DESY) and DALINAC at Darmstadt. New projects in Europe using this
technology are TESLA, the VUV-FEL (under construction at DESY), the ELBE accelerator
at Forschungszentrum Rossendorf, the X-Ray FEL (proposal for a European FEL laboratory
recently approved by the German government) and the planned proton linear accelerators
needed for neutron spallation sources (ESS) or for transmutation machines.

Within the framework of an international collaboration, a unique SRF accelerator test facility
(TTF) was established at DESY. Most partners of SRF are involved in this activity by
developing, installing and commissioning components as well as by participating in the
operation of TTF. This activity is documented in numerous TESLA reports, including the
Technical Design Report for TESLA and the X-Ray FEL
(http://tesla.desy.de/new_pages/TDR_CD/start.html, and
http://tesla.desy.de/new_pages/tdr_update/start.html).

In addition to the central accelerator test facility TTF, there are SRF R&D activities at several
European laboratories. These laboratories are participating to JRA1 (SRF) and to JRA PHIN
(superconducting RF gun). There is vigorous communication, exchange of R&D results and
coordination of research work amongst these partners within the TESLA collaboration. The
bundled research activities of the participating institutions in the JRA will allow to develop
and build new and innovative accelerator components and to test them in the TTF accelerator.
This will not only be of importance for the performance of the TTF and the machines using
superconducting RF technology, but it will also be an important and essential input for all
future projects using this challenging technology.

In summary, the proposed research activities of SRF will strengthen the transfer and exchange
of know how and expertise between the main European research centers interested in this
field. In particular, the expected innovative results will improve the performance and
accessibility of the above mentioned infrastructures. The joined experience — especially with
TTF-— will be essential for the design of future linear collider projects (TESLA), the European
X-ray FEL, and planned transmutation machines and neutron spallation sources, projects
which open new and exciting prospects to the European research community.
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8. R1.4.2 Outline of the exploitation of results

The aim of SRF is to explore and apply novel fabrication technologies for superconducting
accelerating structures. The expected progress due to the combined research activity will lead
to prototype components, which — as a direct exploitation — can be installed into TTF and
which will result in a superior operation of this device. Furthermore, concerning costs and
performance, all future projects, which intend to use superconducting RF technology will
benefit strongly from these developments. This is especially true for the proposed European
X-Ray FEL, which will be the first large scale example, where this innovative technology can
be applied.

In this respect, it is important that industrial partners be incorporated in the JRA on a partially
self-financed basis. This will not only strengthen the competence and leadership of the
involved European companies in this technology, but it will also allow them to be competitive
and to occupy a large market share in the fabrication of superconducting accelerator
components needed for the aforementioned future European and world-wide infrastructures.

The outcome of the project will not merely consist of the documentation of the results of our
studies. Although prototypes of many devices will indeed be built, it is intended that certain
tasks will conclude with the construction of finalised versions of components which can be
fully exploited on the TTF linac. This is particularly true of intended developments on the
LLRF system, cavity tuners and beam diagnostics. Thus, as examples, novel tuner designs,
improved beam monitoring, and critical developments in RF controls will all be features of
the improved infra-structure.

As a general rule, SRF participants will share freely all information related to their activity
and will publish the results of their work in international journals and conferences.
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8. R1.4.3 Monitoring success and impact of the activity
The success of the proposed research activities can be monitored by

e measuring the achieved accelerating gradients,
e measuring the RF losses and
e documenting the operating performance of the developed prototype cavities in TTF.

One can also monitor success of the research activity by comparing the results obtained in
certain WP’s with respect to the initial goals. For example the parameters and specifications
aimed for in WP7 and WP8 will be tested in the Coupler Test Lab and CRYHOLAB
respectively. The power handling capacity and conditioning period of couplers as well as the
correctable ‘de-tune’ of cavities by the active tuners will be an obvious measure of success.
Indeed CRYHOLAB will be the ideal instrument in which to quantify the level of progress
made on many issues covered by this JRA. The practical applications of the developments
made in WP9 to the TTF linac will provide direct evidence of the impact of the Low Level RF
studies. The increased reliability of the machine which should result from these developments
will have an impact on the programme of accelerator R&D foreseen on TTF as well as on the
FEL user programme. Equally, the improvements in beam diagnostics emerging from WP11
will be evident from high resolution measurements of beam position and emittance.
Evidently, the sum of the published literature resulting from the studies described in this JRA
will be a measure of the progress achieved.

The impact of the results of JRA SRF will manifest itself in the use of the new fabrication
methods such as vacuum arc coating, electropolishing for better surfaces and improved
quality control

e by other laboratories for their research activities in superconducting RF technology
thereby improving the performance and accessibility of their infrastructures,

e by industrial companies for the large scale production of superconducting cavities thereby
rising their competitiveness and expertise in this modern technology.

8.R1.5 Subcontracts

Industrial subcontracts are foreseen for the work packages 2, 5 and 6 as detailed below.
Improved component design (ISCF task 2.2; task 2.3)

Topics for the industrial contracts are:

e the improvement of the design of cavities,

e the improvement of the design of auxiliary components, such as connections to vacuum
tanks and to liquid He circuits, flange technology and so on,

¢ the identification of costly and critical fabrication steps,

e the development of methods suitable for industrial mass production.

There is a large experience with the production and operation of about 50 superconducting RF
cavity units at the test facility TTF. Based on this expertise, the design, fabrication methods
and quality assurance philosophy will be examined in order to reduce fabrication costs,
increase reliability and introduce mass production technology.

Squid scanning apparatus (MA task 6.1)

In this task, a novel Squid scanner for quality control of the Niobium material will be
developed. This will improve the present technology of eddy-current scanning of Niobium
sheets with a normal conducting coil. The Squid sensor will:

e cenhance the sensitivity for finding material defects,
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e increase the penetration depth of the scanned bulk material,
e allow faster scanning by covering an enlarged sampling spot.

Electropolishing (EP) on multicell cavities (SP, task 5.2)

Electropolishing of the inner surface of a Niobium cavity will produce a much smoother
surface than what can be obtained by the present method of chemical cleaning. As already
demonstrated on single cells, this has also a high potential to improve the superconducting
properties of multi-cell accelerating structures. After exploring the principle parameters on
single cell experiments, this technology will be transferred to multi-cell preparation. The aim
is to incorporate chemical industry at this stage in order to approach industrial standards as
early as possible.
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8. R2 Activity JRA2: Charge production with Photo-Injectors (PHIN)
8. R2.1 Description and objectives of the activity

The JRA on photoinjectors is mainly devoted to improve the characteristics of the electron
sources for the future e’e” colliders. In particular the PHIN JRA is addressing the

e Development of the high charge ¢” beam (drive beam) for the RF power source of the
two-beam linear collider CLIC (CERN);

o Realisation of high brightness " beam for CLIC main beam studies and for tests of linear
collider sub-systems;

o Realisation of the first photoinjector that uses a laser driven photocathode in a
superconducting RF gun for application in ELBE (Rossendorf) and possible use in
TESLA Test Facility (DESY);

e Study of the TESLA electron source;

e Realisation of new electron source for NEPAL (Orsay) test stand;

e Realisation of the new injector for TEU-FEL (Twente).

The technique of charge production studied in this JRA is the interaction of lasers with
photoemissive materials within an RF field. The goal is to produce an electron source with
brightness unachievable with conventional thermoionic guns. Two features contribute to
improve simultaneously the charge, the current and the emittance of the beam: the first is the
fact that the electron current density production is more efficient in the photoemission process
than in the thermoionic one. The second is that the voltage on the cathode, necessary to
reduce the space charge and the electron shielding effects, is much higher in an RF gun
(100 MV/m) than in a DC thermoionic gun (200 kV/m). As a consequence, the peak current
from a photoinjector is at least one order of magnitude higher than from a thermoionic
injector and the emittance is one order of magnitude lower.

As said before, one of the main PHIN JRA topics concerns the CLIC drive beam: the requests
on the CLIC test facility (CTF3) drive beam photoinjector are very challenging, as shown in
the following table, for the long train of pulses, the high charge per pulse, the pulse to pulse
charge stability, the photocathode lifetime and the temporal structure.

CTF3 Drive Beam Parameters

Unit CTF3
Pulse charge nC 2.33
Pulse width (FWHH) ps 10
Peak current A 240
Number of pulses - 2310
Distance between pulses ns 0.667
Charge stability % +0.1
Train duration us 1.54
Train charge uC 5.4
Repetition rate Hz 5
Average current mA 0.026
Minimum QF at Ajuee % 1.5
Minimum lifetime at QF i, h 100
Laser Average power at the cathode W 0.008
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A layout of the laser proposed for CTF3 is shown in the figure below

CTF3 Laser system
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An alternative photoinjector is also explored: an energetic and bright electron beam is
generated from the interaction of a high intensity laser with a gas jet. The electric field
generated in the plasma of the order of 1 TV/m boosts the plasma electrons from 0 to
200 MeV in less than 1 mm. The produced electron beam can have a very good quality with a
normalized emittance smaller than 2 mm-mrad, and a transverse initial size of the order of a
few hundred microns. Regarding this subject, PHIN JRA aims at the production of a mono-
energetic electron beam of a few hundred MeV (AE/E<0.1, normalized emittance<0.1 mmm-
mrad), and of a mono-energetic electron beam with a variable energy from 1 to 50 MeV.

Sch 2001

The development of a superconducting photoinjector is also proposed in the PHIN JRA: the
superconducting cavity of the RF gun is a TESLA type half cell closed by shallow cone with
a centered hole in which the cathode is situated. Special insulation and RF filters are inserted
to decouple the cathode zone from the rest of the cavity. The goal is to produce very high
quality beam with charge per pulse and temporal structure optimized for ELBE
superconducting accelerator and for TESLA test facility.

The goal of the PHIN JRA is to perform R&D on charge-production by lasers and to improve
or extend the existing infrastructures in order to fulfil their objectives. The JRA will allow one
to create a synergy of efforts for various photoinjector applications and therefore to identify
and deal with common problems.

The main objectives are:
e to produce long trains of high charge electron pulses with an unprecedented stability
in terms of pulse-to-pulse charge, and transverse and longitudinal structure;
e to develop a new generation of photoinjectors with a superconducting RF gun;
e to test of a very promising alternative electron source based on laser-plasma
acceleration.

The completion of these three subjects will put the participating laboratories at the forefront
of electron production.
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The specific objectives are:

e Study and model the beam dynamics in the RF gun;

e Develop normal and SC RF guns for medium-high charges;

e Optimize the RF guns in order to satisfy thermal constraints and vacuum
requirements of photocathode;

e Optimize the combined system laser-photo-cathode for various applications, seeking
for a trade-of between cathode lifetime, laser power and wavelength;

e Develop new photocathodes and methods to improve their stability and durability
under various modes of operation, including laser duration and power;

e Study and develop optical and laser installations for the generation of the various
space and time beam distributions related to the various applications;

o Investigate means of generating complex timing, and of shaping laser pulses;

e Develop necessary instrumentation;

e Make the necessary developments to improve existing installations.

The objectives are addressed by bringing together the expertise which the various European
Institutes developed in one of the three main areas of interest for the photo-production of
electrons, which are:

e Charge production and photocathodes.

e Lasers, including high-power, short-pulse and low-power, long-pulse lasers.

e RF guns, beam-dynamics studies, flat-beam optics.

An important aspect of the project is to make existing infrastructures available to all
participants in order to perform tests and R&D experiments. Conversely, the R&D activities
made in common may result in extensions and improvements of these existing infrastructures
for the benefits of all partners.

Bringing the efforts of each laboratory together is one of the most beneficial aspects, since
industry doesn’t provide complete systems of photo-injectors, which, therefore, need to be
specifically developed for each application.

The outcome of this R&D program is also of general interest for the industry working on
related domains like the lasers.
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8. R2.2. Participants in the activity

Table 8.R2.2a lists the participants and their involvement in the four work packages described
in the following section.

Table 8.R2.2b shows the detailed involvement of each participant, with an estimate of their
total contribution to the activity in person-months over the 4 years.

Table 8.R2.2a: List of participants

Participant |, . inant | WP1: M&C | WP2: CP | WP3: LAS | WP4: GUN
number
3 CNRS X X X X
CNRS-Orsay X X X X
CNRS-LOA X X X
9 FZR-ELBE X X X
10 INFN X X X
INFN-LNF X X X
INFN-Mi X
11 TEU X X
17 CERN X X X X
20 STFC X X
STFC-RAL X X
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Table 8.R2.2b: Size of the research effort

Paer:ir;il'::r"t Institute | WP/Topic Roles lzzfjl‘l'l’l

3 CNRS TOTAL  |Permanent staff 359, temporary staff 72 person-month 431
WP1: M&C |WP3-GUN Coordinator 3

'WP2: CP Photocathodes study 32

CNRS-Orsay |WP3: LAS  |Laser commissioning 51

'WP4: GUN  |Gun prototype construction. Test stand diagnostics 207

TOTAL |Permanent staff 245, temporary staff 48 person-month 293

'WP2: CP Alternative photo electron production 60

CNRS-LOA |WP4: GUN  |Measurement line for test with mono-energetic beams 78

TOTAL |Permanent staff 114, temporary staff 24 person-month 138

WP1: M&C WP2-CP Coordinator 3

'WP2: CP Preparation equipment, cathode development 84

? FZR WP4: GUN Study and construction of the SC prototype gun. 87

TOTAL |Permanent staff 126, temporary staff 48 person-month 174

10 INFN TOTAL |Permanent staff 150, temporary staff 72 person-month 222
WP1: M&C |JRA-PHIN Coordinator 6

INFN.LNF 'WP3: LAS  |Laser-RF Synchronisation. Feedback 48

'WP4: GUN |Beam Dynamics studies 72

TOTAL |Permanent staff 90, temporary staff 36 person-month 126

INFN-MI 'WP3: LAS  [Waveform for laser ultra-short pulses 96

TOTAL |Permanent staff 60, temporary staff 36 person-month 96

WP2: CP Photocathode development 46

11 TEU  |WP3:LAS [Laser test for high current 10
TOTAL |Permanent staff 30, temporary staff 26 person-month 56
WP1: M&C |JRA-PHIN Coordinator deputy 3

'WP2: CP Photo-cathode development 64

17 CERN [WP3:LAS  |High power laser system for CTF3 commissioning 32
'WP4: GUN  |CTF3 gun construction 50

TOTAL |Permanent staff 131, temporary staff 18 person-month 149

20 STFC TOTAL |Permanent staff 6, temporary staff 24 person-month 30
STFC-RAL WP1: M&C |WP3-LAS Coordinator 3

'WP3: LAS  |Design, construction and test of complete laser system 27
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8. R2.3 Outline implementation plan for the full duration of the activity (including
milestones and deliverables)

The JRA-PHIN is divided into four work packages, which correspond to the main areas of
interest indicated above. The content of each work-package is detail below.

Work Package 1: Management & Communication (M&C)

The following tasks are treated:

e Oversee and coordinate the work of the entire JRA. (INFN-LNF, CERN, STFC, FZR,
CNRS-Orsay);

e Organize the Steering Committee meeting (INFN-LNF, CERN);

o Ensure proper reviewing and reporting as well as dissemination of the knowledge within
the JRA and the CARE project (INFN-LNF, CERN);

e Create a web site with tools and databases (INFN-LNF, CERN, STFC, FZR, CNRS-
Orsay).

Work Package 2: Charge Production (CP)

The objective of the charge production work package is the development of semiconductor

photocathodes with improved properties, especially lifetime and quantum efficiency. The

following tasks are treated:

o Construction, preparation and extension of test equipments (FZR, CNRS, TEU);

e Improvement of fabrication technology, basic knowledge (CERN, FZR);

e Study of new materials (CERN, FZR);

e Tests at different labs and comparative studies, time measurement diagnostics (CERN,
FZR, TEU);

e Study of an alternative way for photoelectron production (CNRS-LOA), using a high-
intensity laser with a gas jet. Acceleration of electrons by laser wake fields up to several
100 MeV. Production of mono-energetic electrons.

Work Package 3: Lasers (LAS)

The work-package is divided into two tasks:

First Task

Design and develop laser system to meet the requirements of the CTF3 photo-injector

(program already undertaken in CTF2). The laser system will consist of:

e High power mode-locked oscillator.

e One or more high power amplifiers.

e Frequency conversion stage to generate the required UV wavelength for the photo-
cathode.

Development activities:

e Increase the power of existing oscillators (STFC, CNRS-LOA).

e Optimise the design of the amplifiers for required power output at minimum cost and
complexity (STFC, CERN, CNRS-LOA).

o Efficiently convert the laser output wavelength to UV using new harmonic generator
crystals (STFC, CERN, CNRS-LOA).

o Establish ultra-high stability including the use of charge and pointing stability feedbacks
(STFC, CERN, INFN-LNF).

o Ensure sub-picosecond synchronisation to the RF (CERN, INFN-Mi).

Second Task

Investigate and test systems for complicated, ultra-fast, optical waveforms according to user

specifications, as those for the new generation of FEL, with benefits for linac photo-injectors.

Test and study of Ti:Sa laser pulse jitter, laser diagnostics and stability on photocathode.

The waveform systems considered are:
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e Liquid Crystal Modulator-Computer Programmable (LCM-CP) system.

e Collinear acousto-optic programmable dispersive filter (AOPDF-DAZZLER).

Development activities:

o Computer codes for the algorithm driving the shaping system (INFN-Mi, CNRS-LOA).

e Tests of both the LCM-CP and the AOPDF-DAZZLER (INFN-Mi, INFN-LNF, CNRS-
LOA).

Work Package 4: RF guns and beam dynamics (GUN).

The aim of this WP is the development of RF guns for high charge and high average current

or very short pulses. Improve the associated test stands. Spin-off for high power light-sources

is expected. The work-package is divided into three tasks.

First Task

e Design and technical evaluation of photo-injectors for high charge, high average current,
or short pulses (CNRS-Orsay, CERN).

e Numerical simulation and engineering optimisation for a Super-conducting RF photo-
gun; cavity, coupler, RF focusing (FZR).

e Design optimisation and construction of new SC RF gun prototype (FZR).

Second Task

e Study and construction of two RF guns at 3 GHz for the injectors of the existing test
facilities CTF3 and NEPAL (CNRS-Orsay).

e Installation and commissioning of long pulse train of high charge and short bunches in
CTF3 (CERN, INFN-LNF).

e Improvement of test stand NEPAL in order to achieve the gun tests mentioned above
(CNRS-Orsay).

Third Task

For the alternative photocathode device proposed by CNRS-LOA, development (beam

dynamics) and acquisition of:

e 0-50 MeV compact electron spectrometer (CNRS-LOA, CERN)

e 0-1 GeV electron spectrometer (CNRS-LOA, CERN)

The following Gantt chart presents the implementation plan for the whole duration of the
JRA-PHIN for each of the workpackages. Milestones and deliverables are included.
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8. R24 Expected outcome
8. R2.4.1 Application to European research infrastructures

The R&D activities on photoinjector proposed in this JRA are devoted to improve the
performances of the new generation of electron injectors for future accelerators. The project
results are mainly addressed to the high-energy linear colliders community. Nevertheless, all
European infrastructures that are involved in the accelerator physics and related uses should
be extremely interested in the exploitation of the JRA results.

The existing infrastructures that immediately benefit of the JRA on photoinjector are:

¢+ CTF3 (CLIC test facility) is an intermediate step to demonstrate the technical feasibility

of the key concepts of the new power source for CLIC. CTF3 will be used to test the CLIC
critical components and in particular will provide the 30 GHz RF power needed to test the
main beam accelerating structure. The photoinjector will be an important upgrade of this
facility allowing:

o Flexibility in manipulating the time structure of the electron beam.

e Smaller transverse and longitudinal emittances, resulting in more efficient beam

transport and bunch length manipulation.
e No low energy tails.
e Dramatic reduction of radiation losses.

¢ NEPAL is a multipurpose RF test stand. The new photoinjector will be a major
improvement in order to test new beam dynamics models, instrumentation and
diagnostics.

¢ ELBE is a super-conducting RF test stand. The SC RF Gun developed in the JRA allows
to use such SC RF gun in the TESLA project and in the FEL community due to:
e Small transverse and longitudinal emittances.
e High charge electron pulse.

¢ TEU FEL is a Free Electron Laser emitting in the far-infrared range. The new
photocathode material developed in the JRA could permit to increase significantly the
brightness of this source and improve stability and operation time of photo cathodes.

8. R2.4.2 Outline of the exploitation of results

The aim of the PHIN activities is to study, design and realize a new series of photo-injectors
for the applications described before. The first prototype of the entire system made up of
laser, photo-cathode and RF gun will be immediately applicable, as direct exploitation, in the
CLIC Test Facility (CTF3). The second prototype will be used for improving the performance
of the NEPAL test stand and the superconducting RF gun will improve the ELBE test stand
with large benefits for all the infrastructure users.

The results of the PHIN-JRA will be freely available to the entire scientific community.

The major benefits for other communities come from the studies on the more challenging
characteristics of the different components of the photoinjector system (i.e., very stable high
power laser, high efficiency and long lifetime photocathode, etc.). The potential users are in
the following research fields:

o light sources and free-electron lasers,

e medical imaging,

e picosecond and femtosecond chemistry,

e cancer therapy,

e high brightness e beams.
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8. R2.4.3 Monitoring success and impact of the activity

The achievements of the electron beam parameters, in terms of charge per bunch, total current
transverse and longitudinal emittance, energy at the photoinjector exit, pulse repetition rate,
etc., for each photoinjector described before [8.R2.1], are the main indicators of the success of
the activity.

The improvements of the overall performances of the existing facilities with the use of the
developed or improved photoinjectors are also direct monitors of the success of the activity.

The number of citation of the reports published during the execution of PHIN as well as the
adoption of the technical solution developed in PHIN for other projects are indicators of the
impact of the PHIN activities.
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8.R3 Activity JRA3: High Intensity Proton Pulsed Injector (HIPPI)
8. R3.1 Description and objectives of the activity

Requests from the various physics communities for secondary particle beams have recently
drastically increased. Therefore, a number of European laboratories have pursued separate
development programmes concerning the high intensity proton linac that can deliver the
primary beam onto the target. In particular:

e CEA and CNRS-IN2P3-Orsay on the low-energy section (3 MeV) (IPHI project),
e Frankfurt University (Germany) on high-efficiency accelerating structures,

e CERN on chopping and medium-energy accelerating structures,

e STFC-RAL on the chopper design, ion source and RFQ development,

e INFN-Mi (Italy), CEA (France), FZJ (Germany), CNRS-IN2P3-Orsay and CNRS-
LPSC (France) on superconducting accelerating structures.

All these laboratories, together with GSI (Germany), have developed beam dynamics tools
aimed at mastering high-intensity beams in linacs.

The overall objective of the HIPPI JRA is to foster the development of a common European
technology base for the construction of high intensity pulsed linear accelerators. The goal is to
surpass the level of competence achieved on the other continents and provide the necessary
knowledge to build world-class accelerators in Europe. To validate this goal, accelerating
structure prototypes will be build and their performances will be documented.

This will be achieved by coordinating the above-mentioned efforts, realising a systematic
study of several technological alternatives for beam energies 200 MeV.

Although the detailed specifications will only be defined at the first general meeting, the
specific basic objectives are as follows:

o For normal-conducting accelerating structures: Achieving shunt impedance ZT* (power
efficiency) higher than 40 MQ/m in the energy range 3-100 MeV, at a competitive cost
with respect to conventional DTL.

o For superconducting accelerating structures:

¢ In the energy range 100-200 MeV, achieving gradient exceeding 7 MV/m with
Q > 10" at a construction cost comparable to normal-conducting structures.

+ Developing efficient superconducting structures down to beam energies around 5
MeV.

o For beam chopping: Achieving switching time smaller than the distance between bunches
at 352 MHz (about 2 ns). Moreover, the overall design of the chopper-line has to
minimize emittance growth.

o For beam dynamics:

¢ Validating experimentally simulation codes

¢ Establishing rules for design allowing one to keep the uncontrolled beam loss
below 1W/m (threshold for hands-on maintenance) all along a high energy linac (>
1 GeV) and the associated transfer lines.

The above specific objectives are treated within 4 Work Packages, which are described in the

section on the implementation plan. A fifth Work package will concern the management of

HIPPL
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Participants in the activity
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Table 8.R3.2a lists the participants and their involvement in the five work packages described
in the following section.

Table 8.R3.2b shows the detailed involvement of each participant, with an estimate of their
total contribution to the activity in person-months over the 5 years.

Table 8.R3.2a: List of participants

FariePant  Shortname | WP1:M&C |WP2: NC| WP3: SC | WP4: CHOP | WPS: BD
1 CEA X X X X X
3 CNRS X X X X
CNRS-IN2P3-
X
Orsay
CNRS-LPSC X X X X X
4 GSI X X
5 IAP-FU X X X
7 FZ7J X X
10 INFN X X
INFN-Mi X X
17 CERN X X X X
20 STFC X X X
STFC-RAL X X X
Table 8.R3.2b: Size of the research effort
Participant Shot name WP/Topic Roles Person-
number month
WP2/DTL D.esign and construction of cold model, quadrupoles and 50
alignment system. RF measurements
WP2/CCDTL Measurements 2
. Construction alternate cavity and coupler, construction
WP3/Elliptical and operation of the 700 MHz test stand, tests. 108
1 CEA WP4/Chopper line | Beam measurements 2
WP5/Development | Transport in 3D map, space charge compensation 30
WP5/Benchmarking | Comparison of codes 10
WPS5/Experiments | Participation to the measurements at CERN 2
TOTAL Permanent staff 156, temporary staff 48 person-month 204
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Participant Participant WP/Topic Roles Person-
number month
3 CNRS TOTAL Permanent staff 143, temporary staff 44 person-month 187
Evaluation of 2-gaps 352 MHz prototypes, design and
CNRS- WP3/Spoke construction of coupler & tuner, test of multi-gaps 40
IN2P3-Orsay prototype
TOTAL Permanent staff 32, temporary staff 8 person-month 40
WP2/DTL Design of cold model, measurements 40
WP2/SCL Design of model, measurements 48
WP2/CCDTL Design of model, measurements 2
(I:}\PIIS{(SI_ WP3/Elliptical Contribution to cavity and coupler design 24
WP4/Chopper line | Beam measurements 3
WPS5/Benchmarking | Comparison of codes 30
TOTAL Permanent staff 111, temporary staff 36 person-month 147
WP5/Development | Improvement to codes, modelling of high current 33
WPS5/Benchmarking | Comparison of codes 60
4 GSI WP5/Experiments Simulation and beam experiment at UNILAC 93
WPS5/Diagnostics Profile measurement by .ﬂuorescen(.:e,.non—mterceptlve 48
bunch measurement, online transmission control
TOTAL Permanent staff 66, temporary staff 168 person-month 234
WP2/HDTL H-DTL prototyping 48
WP3/CH Study, de51gn.,fabrlcat10n and measurements of a 54
prototype tuning system
5 IAP-FU WP5/Development | LORASR code 20
WP5/Benchmarking | Comparison of codes 10
TOTAL Permanent staff 42, temporary staff 90 person-month 132
Evaluation of 700 MHz prototype, design construction
WP3/Spoke and testing of a 352 MHz b 0.48 prototype 17
WP5/Development | Codes preparation for SC linacs
7 FZJ WP5/Benchmarking | Comparison of codes 60
WPS5/Diagnostics Beam profile monitor for space charge dominated beams
TOTAL Permanent staff 150, temporary staff 27 person-month 177
WP3/Elliptical Preparation test cavity with tuners (fast and slow), tests 18
10 INFN-Mi | WP5/Benchmarking | Comparison of codes 6
TOTAL Permanent staff 12, temporary staff 12 person-month 24
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Participant Participant WP/Topic Roles Person-
number month

WP2/DTL Design of cold model, measurements 20

WP2/SCL Design of model, measurements 4

WP2/CCDTL Design of model, measurements 60

Design and test of pre-prototype and full prototype of
WP4/Chopper A chopper structure and driver, 2 ns rise time, 500 V 36
WP5/Development | Code preparation for 3 MeV test stand 18
17 CERN

WP5/Benchmarking | Comparison of codes 18

WP5/Experiments Simulations and measurements at 3 MeV test stand 12

WP5/Diagnostics Halo measurement device 24

WP5/Collimation Collimator for 3 MeV line 24
TOTAL Permanent staff 144, temporary staff 72 persons-month 216

WP2/DTL Beam dynamics design 72

WP4/Chopper B D§s1gn and test qf prototype of chopper structure and 96

driver, 2 ns rise time, 1 kV
20 STFC-

RAL WP5/Development | 3D code development, parallelisation, optimisation 30
WP5/Benchmarking | Comparison of codes 6
TOTAL Permanent staff 120, temporary staff 84 persons-month 204
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8.R3.3 Outline implementation plan for the full duration of the activity (including
milestones and deliverables)

The five Work Packages are outlined. Management and communication matters are covered in
the first. Each of the other four Work Packages is focused on a specific
technology/competence. Different solutions will be investigated in parallel, and their progress
and achievements will be regularly communicated and discussed. Finally, comparative
assessments will be published to provide elements for well-justified choices for the upgrades
foreseen in the three laboratories (CERN, GSI, and STFC-RAL).

Work Package 1: Management and Communication (M&C)

The following tasks are treated: oversee and coordinate the work of all work packages,
organise steering committee meetings, ensure proper reviewing and reporting as well as
dissemination of knowledge within the JRA and the CARE project.

Work Package 2: Normal Conducting Accelerating Structures (NC)

Normal conducting RF structures are good candidates for beam acceleration in a pulsed
proton linac, up to an energy exceeding 100 MeV. This is especially true if this is the final
energy, as in the case of the three foreseen upgrades, because investment in cryogenic
infrastructure can be avoided. The CERN accelerator has the additional requirement to be
able, with a high duty factor (14 %), to deliver a beam quality that is adequate for a cascaded
high energy superconducting linac (no halo). Such differences lead to different choices of RF
structures and beam dynamics, which have to be developed in parallel and experimentally
compared to help optimise the designs. In the case of CERN, a classical beam dynamics is
considered, and the types of structures considered are DTL (Alvarez) for the energy range
from 3 to 40 MeV, Coupled Cavity Drift Tube Linac (CCDTL) for 40 to 100 MeV and
probably Side Coupled Linac (SCL) above 100 MeV. Design, construction and test of
prototypes are planned, to validate the technological choices and help select the economical
optimum. For the GSI linac with a final energy of approximately 70 MeV, the “KONUS”
beam dynamics is foreseen, with the use of H-mode structures over all the range of energies.
Low power model cavities have to be built and measured, and a prototype 352 MHz CH
cavity is proposed to be built and tested in a high power test stand at GSI or at CERN.
Simultaneous development of these complementary structures in a single JRA will result in an
optimum use of the existing infrastructure (high power RF test places, computer codes, etc.),
an enlargement of the knowledge accessed by every individual contributor, and finally in a
better justified choice of technological solutions in any future realisation.

Work Package 3: Superconducting Accelerating Structures (SC)

Superconducting (SC) RF cavities have much larger efficiency, accelerating gradient and bore
aperture than normal conducting (NC) structures. This technology is then expected to be
advantageous in a linac in terms of power consumption, construction cost and beam loss.
Although this conclusion is well accepted for the high energy part of the accelerator, this is
not the case at low energy, mostly because of the short distance required between focusing
magnets which reduces the energy gain per real estate meter. On top of that, the Lorentz-
force-induced detuning, which modulates the accelerating field in phase and amplitude,
becomes larger as the lower energy. This effect has to be particularly taken into account in the
case of a pulsed linac, because of the dynamic nature of the induced perturbations and of the
possibility of exciting mechanical modes. It is therefore of high importance to improve the
knowledge on the comparative performance of SC versus NC accelerating structures to help
determine the lowest energy at which low beta superconducting cavities could safely and
economically operate.
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The associated critical component, required for any high intensity accelerating structure, is the
input power coupler. The RF peak power transferred to the beam is typically 500 kW with
duty cycles of the order of 10%, resulting also in a high average power. The peak power
limitations come mainly from multipactoring and outgassing and are very frequency
dependent. Couplers have to be tested up to 1 MW of forward peak power for reliability
issues. High power couplers are also being developed in JRA2-WP2 for the needs TESLA but
at much lower duty cycle and higher frequency. Tight links between both JRAs will be
established to share the construction technology.

Three types of 700 MHz elliptical cavities will be tested in existing vertical cryostats at low
power, and two of them in existing horizontal cryostats at full power. In the last test, the
cavities will be fully equipped, housed in a helium tank, with tuning system and power
coupler. There is presently no test site in Europe equipped with a 700 MHz high power RF
source in the MW range. In the frame of this JRA, we propose to realise such a test stand at
Saclay, and to make it available to the partners in HIPPI and later to any other interested
European teams.

In parallel, two alternative cavity designs at 352 MHz will be analysed. Testing of two spoke-
type cavities (two-gaps and multigap) is foreseen at low power, and possibly at high power,
depending on the availability of a suitable infrastructure. A prototype of the tuning system for
a CH resonator will built and tested.

Work Package 4: Beam Chopping (CHOP)

The next generation of high energy, high power proton accelerators must be designed for very
low uncontrolled beam loss. In many cases, the beam from a linac is injected into a
synchrotron, an accumulator or a compressor ring, and subsequently extracted. Unless suitable
measures are taken to control the dynamics of the beam, both processes can lead to
considerable particle loss. Loss-free injection and longitudinal capture can be achieved if the
linac bunches are precisely injected inside the synchrotron buckets and no particles end-up
outside. Beam loss at extraction may be minimised by ensuring that no circulating beam
coincides with the field rise-time of the extraction magnet. These demands may be met by
selective elimination of sets of bunches in the low energy stages of the linac by using a fast
deflector or “beam chopper”. The field should rise and fall between the beam bunch intervals,
so that no partially chopped bunches remain in the machine, and this usually has to be within
a period of the order of 2 ns.

Specifications for these key components are technically challenging, and programmes have
been implemented at CERN and STFC-RAL based on the development of slow wave (E-field)
transmission line structures and high-voltage, fast-transition time pulse generators.
Differences in the programmes ensure that a range of ideas will be investigated and there will
be benefits from developing each in parallel over similar timescales. Both approaches rely on
two successive sets of meander-line structures, but differ in the functioning of the meander
lines, in the performance requirements of the driver amplifiers and in the design of the beam
dumps. Prototypes of the slow-wave structures, drivers and the beam dumps will be designed,
built and tested with beam.

Work Package 5: Beam Dynamics (BD)

Recent studies with high intensity beams have shown that phenomena associated with space
charge and beam loss have significant impact on the design of high power proton accelerators.
In linacs, beam loss is associated largely with the appearance of a beam halo, which needs to
be modelled theoretically and by simulation; it requires appropriate diagnostics and must be
collimated to protect the equipment and avoid activation beyond tolerated limits. The joint
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activity proposed in this work package, combines resources available at the participating
accelerator laboratories and universities for the analysis of the following issues:

1. Validation and Benchmarking of Simulation Codes. The development of adequate 3D
computer codes and the proper modelling of self-interaction by space charge is a crucial
issue. Codes must be fast enough to allow large ensembles of particles in order to resolve
very small loss fractions. Including the effect of errors jointly with space charge requires a
significant enhancement of simulation capabilities. Benchmarking of computer simulation
codes against each other and against analytical models will increase the level of confidence
in their results. Strategies to minimize halo formation should result from these efforts.

2. Experiments on Beam Halo and Emittance Growth. So far, no conclusive experiments on
beam halo in high intensity accelerators exist; hence this issue has highest priority. Beam
experiments are proposed at CERN, STFC-RAL and GSI, where operational conditions,
available intensities and diagnostics allow relevant measurements. Their interpretation by
means of simulation programs should reveal the adequacy of theoretical and simulation
approaches and the methods proposed to minimize beam halo and loss.

3. Diagnostics. The acceleration and transport of high power beams also present new
challenges for beam diagnostics. While conventional methods continue to be needed,
operating conditions at high intensity require modification. New measurement techniques
are needed to diagnose the small fractional beam losses, which could cause serious damage
to components and produce unacceptable levels of activation. Monitors for direct beam
halo measurements must be designed, constructed and tested in existing machines.

4. Beam Collimation. Scrapers are needed to localize beam losses in areas designed for that
purpose. Injection into rings, where much less aperture is available than in linacs (in
particular superconducting linacs), requires highly effective collimators prior to injection.
Such schemes should be designed based on simulation data and tested in experiments.

The enclosed Gantt chart presents the implementation plan for the whole duration of the
HIPPI-JRA for each of the Work Packages. Milestones and main deliverables are included.
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The following Pert diagrams shows the interconnections between the tasks.
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8. R34 Expected outcome
8. R3.4.1 Application to European research infrastructures

The R&D effort in HIPPI will be the basis for improvements at three major European
laboratories, broadening at the same time their potential for physics and the size of the
interested scientific community. More specifically, the following outcome are expected:

e CERN:

o Improve the proton flux for fixed target experiments

o Upgrade the neutrino beams for CNGS experiment

o Increase the proton flux for the ISOLDE facility

o Improve the stability, reliability and integrated luminosity of the LHC

e STFC-RAL:

o Increase the neutron flux of ISIS and the potential for neutrino beams
e GSI:

o Increase the proton flux of the heavy ion synchrotron (SIS)

Considering the magnitude of the resources that the European countries have already
devoted to the construction of the CERN, GSI and STFC-RAL complex of accelerators,
these improvements would significantly increase their potential value for physics research in
the future for a marginal additional cost.

The following Physics programs will benefit from the proposed R&D and upgrades:

= Neutrino physics: The community has shown a substantial interest in the proposed
upgrades at STFC-RAL and CERN. A high power proton driver is an important element
for achieving very high intensity neutrino beams. The R&D overtaken in HIPPI will be
directly instrumental to the realisation of such state-of-the-art facility.

= Radioactive ion physics: the ISOLDE experiments at CERN would immediately benefit
from the higher proton flux from an improved injector. Furthermore, the EURISOL study,
has shown that the next generation facility using the Isotope on line separation technique
needs a two orders of magnitude larger proton flux. The upgrades considered in the HIPPI
JRA could constitute a first step towards the necessary proton driver.

» Spallation Neutron sources: A high intensity proton driver reaching about 1 GeV is
necessary for the next generation of Spallation Neutron Source. The HIPPI R&D program
would be very useful for the design of such a future facility.

= High Energy frontier Physics: A more robust operation of the Large Hadron Collider
would be achieved by an improved performance injector complex. The development
undertaken in HIPPI will be directly applicable for such an improvement. Moreover, this
improved injector will be the first step toward the luminosity upgrade of the LHC

8. R3.4.2 Outline of the exploitation of results

The results of the HIPPI JRA will consist in the development of new technologies for the
design and construction of high intensity pulsed linear accelerators. The prototypes, the
calculation tools and more generally the expertise developed in this frame will be the basis for
the design and construction of the next generation of accelerators in Europe. They will be
exploited in priority by the three laboratories interested in upgrading their accelerator
complex.
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However, the outcomes of HIPPI will not be patented, and according to the policy of the
partner institutions, will be available to the scientific community and to industrial companies
interested in accelerators for technological applications (generation of radio-isotopes for
medicine, biology ...).

The reports produced in the frame of HIPPI will be referenced and will be accessible through
the scientific information distribution system of the partner laboratories. Part of the reports,
integrally or in a condensed form, will be published in scientific journals and in the
proceedings of international conferences.

8. R3.4.3 Monitoring success and impact of the activity

The specifications to be met by the various prototypes will be defined at the first general
meeting of HIPPI with the approval of the External Scientific Advisory Committee. The
ambition is to surpass the performance of the machines presently under construction in the US
or in Japan. The success will be measured by comparing the technical goals described in the
above mentioned objectives of the JRA to the achieved performances. An important
parameter to evaluate the technical solutions will be their cost, which has to be smaller or
equal (for a better performance) to that of the previous generation of European linear
accelerators.

The number of citation of the reports published during the execution of HIPPI as well as the
adoption of the technical solution developed in HIPPI for other projects are indicators of the
impact of the HIPPI activities.
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8. R4 Activity JRA4: Next European Dipole (VED)
8. R4.1 Description and objectives of the activity

Upgrades of existing high-energy particle accelerators and/or designs of new machines call
for the development of higher-field and higher-field-gradient superconducting dipole and
quadrupole magnets. Since the Tevatron, the most widely used superconductor is a ductile
alloy of niobium and titanium (NbTi), whose world production is around 1500 t/year (mainly
in the form of multifilamentary composite wire for Magnetic Resonance Imaging magnet
systems). The LHC magnet R&D program has demonstrated that the limit of NbTi at 1.8 K
lies in the 10-to-10.5-T range and that to go beyond the 10-T threshold, it is necessary to
change the superconducting material.

At present, High Temperature Superconductors (HTS) are not yet ready for large-scale
applications requiring high-current densities in high magnetic fields, and it is likely that it will
take at least another decade before they become competitive. In the meantime, the only
serious candidate to succeed NbTi is the intermetallic compound Nb;Sn, whose world
production is around 15 t/year (also in the form of multifilamentary composite wire, used
mainly for high-field Nuclear Magnetic Resonance magnet systems).

NbsSn has a critical temperature (T¢) and an upper critical magnetic flux density (Bc,) that
are about twice those of NbTi. However, once formed, Nbs;Sn becomes brittle and its critical
parameters (T¢, Bcy and J¢) are strain-sensitive. The brittleness and strain sensitivity of Nb;Sn
require a different approach to all manufacturing processes, and, so far, have limited its use to
specific, small-scale applications.

Although Nb;Sn technology is not yet mature, the recent progress, described above, indicates
that it could be at hand for the high-field and high-field-gradient accelerator magnets needed
for the LHC upgrade and beyond. However, the European laboratories are presently lagging
behind the vigorous efforts carried out in the USA and they need to bridge the gap if they
want to stay at the technology frontier achieved with LHC.

The main motivation of the NED JRA is to lay the foundation of an integrated European
effort towards

+ bringing Nb3;Sn technology to maturity for accelerator magnet applications and
¢ boosting the competitiveness of European laboratories and European industry with
respect to their American counterparts.

Therefore the main objectives are

1. to promote high-performance Nb3;Sn wire development in collaboration with European
industry to stay abreast of American manufacturers and produce a number of
representative unit lengths of high-performance Nb;Sn cables (aiming at a non-copper
critical current density of 1500 A/mm” at 4.2 K and 15 T),

2. to develop a preliminary design of a large-aperture, high-field Nb3;Sn dipole magnet
model that could push the technology well beyond present LHC limits,

3. to carry out some investigations on how to improve Nb3Sn conductor insulation and its
heat transfer properties by undertaking

1. limited heat-transfer studies on insulated Nb;Sn conductor
11. limited R&D studies on Nbs;Sn conductor insulation.

The program of this JRA will be accomplished by a collaboration made up of most European
laboratories involved in high-field, superconducting accelerator magnet development,
working together with preeminent industrial partners in superconducting wire and cable
production. Such a collaboration, on forefront Nb3Sn R&D, is original and unique in Europe.
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In addition, the participants are investigating ways to obtain more resources either through
their funding agencies and/or additional collaborators. The objective is to build a dipole
magnet model which will allow one to bring Nb;Sn technology to maturity for very high field
accelerator magnet applications. Such magnets are necessary for the improvement of
infrastructures, such as LHC.
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8. R4.2. Participants in the activity

Table 8.R4.2a lists the participants and their involvement in the work packages described in
the following section.

Table 8.R4.2b shows the detailed involvement of each participant, together with an estimate
of their total contribution to the activity in person-months over the 3 years.

Table 8.R4.2a: List of participants and their involvement in the different work packages

Participant | p, i cipants | WP1: M&C |WP2: TSQP| WP3:CD | WP4: IDI
number

1 CEA X X X X

10 INFN X X X
INFN-Ge X X
INFN-Mi X X X

11 TEU X X

15 WUT X X

17 CERN X X

20 STFC X X X
STFC-RAL X X X
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Table 8.R4.2b: Involvement of each participant in person-months

Participant Participant Task person-
number (cost model) month

1.1 Activity Coordination 9
1.2 Meetings
2.2 Heat Transfer Measurements 27

1 CEA (FO) 3.4 Wire Development
3.5 Wire Characterization 9
4.4 Innovative Insulation 6
subtotal CEA 51
1.2 Meetings
2.1 TSQP Coordination 6

10 INFN (AC) 2.3. Q}lench Protection Computation 12
3.4 Wire Development 1
3.5 Wire Characterization 12
subtotal INFN 31
1.1. Activity coordination 3
1.2 Meetings

11 TEU (FC) 34 W%re Development. 1
3.5 Wire Characterization 9
3.7 Cable Characterisation 3
subtotal TEU 16
1.2 Meetings

15 WUT (AC) 2.2 Heat transfer measurements 6
subtotal WUT 6
1.2 Meetings
3.1 CD Coordination

17 CERN (AC) 33 Sp.eciﬁcations’ Drafting 3
3.4 Wire Development 12
3.6 Cable Development 3
subtotal CERN 18
1.2 Meetings
3.2.Field calculations for a 15 T large bore magnet, conductor 9
definition

20 STFC (FC) 4.1 IDI Coordination 3
4.2 Specifications' Drafting 3
4.3 Conventional Insulation 15
subtotal STFC 30
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8. R4.3 Outline implementation plan for the full duration of the activity (including
milestones and deliverables)

The work to be carried out in NED JRA is included within four Work Packages.

Work Package 1: Management and Communication (M&C) oversees and coordinates the
work of all work packages, organizes Steering Committee meetings, ensures proper reviewing
and reporting as well as dissemination of knowledge within the NED JRA and the CARE
project.

Work Package 2: Thermal Studies and Quench Protection (TSQP) includes measurements
of heat transfer through Nb;Sn conductor insulation and quench protection computations.

Work Package 3 Conductor Development (CD) encompasses Nb3Sn conductor development
and characterization.

Work Package 4: Insulation Development and Instrumentation (IDI) includes implementa-
tion studies of various types of conductor insulation which are applied in the cable
characterisation experiments in WP3.

The Work Packages are divided up into Tasks and Sub-Tasks, listed on the left-hand side of
the enclosed Gantt chart which provides a detailed schedule over the 3 years of the Activity.
Milestones and main deliverables are included.
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8. R4.4 Expected outcome
8. R4.4.1 Application to European research infrastructures

During the last decades superconductivity has gained an unprecedented importance both in
accelerator and detector technology for newly developed particle accelerator experiments and
infrastructures. Apart from the superconducting RF-cavities, relying merely on Nb-film
technology, all accelerator and detector magnets have utilized NbTi superconductors because
of their price, relative ease of handling and matured industrial manufacturing infrastructure.
Demanding state-of-the-art technology in every respect for these facilities with a projected
life-time of at least 15 years has also pushed the usage, manufacturing and performance of
NbTi conductors to their limits and it is now required to look for alternative candidates.

The urgency of developing Nbs;Sn technology beyond its current status has been clearly
expressed during a workshop held at CERN in March 2002, discussing possible scenarios
how to reach the projected luminosity of LHC in 2010 and how to further increase the
luminosity in the Interaction Regions (IR) at the ATLAS and CMS detector in 2016. Even
without concrete operational specifications for the specific IR-magnets it has been concluded
that employment of NbsSn magnets in the IR regions is mandatory to reach either of the
above ambitions. More recently, at the Workshop on Advanced Accelerator Magnets, held in
Archamps, France, in March 2003, further study on the expected and possible performance of
LHC emphasized again the need for reliably operating high-field Nb;Sn magnets in the IR
regions. In addition to luminosity upgrade scenarios, an energy upgrade of the LHC
accelerator as a whole, entering a new collision-energy range above 30 TeV by replacing the
8.34 T NbTi beam-steering dipole magnets by 15-16 T NbsSn dipole magnets, is also being
seriously considered.

Apart from LHC upgrade, NbsSn technology is also considered for the final focusing
quadrupole magnets of linear colliders. For instance, in the case of the first Interaction Region
of TESLA, the machine optics requires that the final focusing quadrupole magnets be as close
as possible from the interaction point. As a result, they end up inside the detector magnet and
must sustain its background field. The TESLA Technical Design Report calls for four 56-
mme-aperture, 250 T/m quadrupole magnets that must operate in a 4-T solenoidal background
field. Such magnets can only be made from Nbs;Sn. Most technological developments carried
out within the NED JRA will be directly applicable to them and will help assessing their
feasibility.

In summary, the NED JRA will provide the benefits to European Research Infrastructures:

e It will allow to improve the luminosity of the LHC well beyond the present specifications.
On a longer term, it might allow one to increase its energy.

e Beyond the LHC upgrades, the developments carried out within the framework of the
NED JRA will significantly contribute to improving, supplying and controlling the
technology for high-field accelerator magnets, and will complement the vigorous
programs presently conducted in the USA.

8. R4.4.2 Outline of the exploitation of results

Superconducting wire development and production

A key feature of the NED JRA is the ambitious superconducting wire and cable development
program to push the Nbs;Sn technology well beyond what is presently available in Europe.
The development and production of the wire unit lengths will be subcontracted to industrial
manufacturers who have the know-how and infrastructure to carry out this work. It will
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enable European manufacturers to bridge the gap with their American counterparts and,
possibly, take the lead in the competitive market of high performance Nbs;Sn wires. It will
help them to improve the quality, yield and cost of their commercial productions, in
particular, for the ITER project, which will be running in parallel. It will help also the R&D
on Nb;Sn wires for high-field NMR applications.

Developments on conductor insulation

The development of more reliable insulation schemes could allow higher overall current
densities in magnet coils, thereby enhancing the performances of high-field NMR magnet
systems.

Whenever appropriate, the outcome of the work will be made available to industrial partners,
thereby helping the dissemination of Nb3Sn technology, inside and outside accelerator magnet
applications.

8. R4.4.3 Monitoring success and impact of the activity
Wire Development

The bore field of a dipole magnet model is directly proportional to the overall current density
in the conductor.

The Nb;Sn technology has marked outstanding improvements over the last 20 years, with a
fourfold increase of the critical current density (see Figure 3.3). The highest achievements,
mostly by US companies, set the benchmark to which the result of the superconducting wire
development can be compared throughout the development program.
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Figure 8.R4.4.3: Improvements of Jc (12 T, 4.2 K) of Nb3Sn wires since 1984
(from Fermilab Report TD-01-01, 14 Feb 2001).
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8. R4.5 Subcontracts
Cryostat for Heat-Transfer Measurements (TSQP, Task 2.2)

The subcontract to manufacture the cryostat that will house the experiment on heat transfer
through Nbs;Sn conductor insulation will be placed with a manufacturer well experienced in
cryogenic scientific equipment design, construction and commissioning

Wire Development and Manufacturing (CD, Task 3.4)

Subcontracts will be placed with manufacturers already active in the field of superconducting
multifilamentarty composite wires. The wire structure depends on the chosen technology. A
common approach of all the technologies consists in the assembly of a billet made of copper,
tin and niobium rods or tubes. The billets are cylindrical and have diameters in the 80-to-100-
mm range. They are extruded and subsequently drawn-down to final size in specialized
machines. Only specialized manufacturers have the know-how and infrastructures to perform
these operations and produce long unit lengths superconducting wires and cables, while
national laboratories have the competences and facilities to characterize the performances of
the final products.

All European manufacturers are presently engaged in the construction of LHC and have made
large capital and human investments to reach the high degree of quality required for this
production. The proposed JRA will give them an opportunity to extend their domain of
expertise beyond the NbTi technology and to take a major step into Nbs;Sn technology. This
will be profitable not only for accelerator magnet applications but also for ITER and high-
field NMR applications as well.

Since the conductor development program is regarded as an iterative process the subcontracts
per company will be split up in time. Monitoring of quality and progress will be carried out by
several participants (task 3.4) whose findings are fed back to the task coordinator (CERN) on
a regular basis. Together with the results from extensive wire characterisations this
information will guide the timing and the stepwise extension of the subcontracts.
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