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Introduction

The study of the sub-nuclear structure of mattee, study and the search of the
elementary particles as well as understanding tiggncof their mass and the fundamental
forces governing their interactions require the tmadvanced particle accelerators. In
many areas, the techniques involved for the dewvedop of these accelerators are
innovative and necessitate significant progresobeythe state-of-the-art, which often
leads to important breakthrouginsother fields of science.

The improvement of the existing infrastructures upgrading their performances
and/or by furthering their reliability and efficieyyon the one hand and the realization of

new accelerators on the other hand rely cruciallgtoong and steady RTD progrartise

magnitude and diversity of which surpasses thell@tteial, technical and financial
resources of a single laboratory or institutiond dlnus necessitate a large international

effort.

Finally, the size of these accelerators genenatuires the industrialization of the
developed techniques and hence ensuring an effidehnological transfdsy promoting

industrial partnerships is very important.
Fundamental CARE objectives

The main objective of theCARE project was to generata structured and

integrated European area in the field of acceleratoresearch and related R&D.

A set of integrating activities involving thé&argest European infrastructure
laboratories and theiuser communities “active in accelerator R&D”, including

industrial partners was established with the following general objezgiv

1) To optimise the use of existing infrastructures forproving the European

knowledge on accelerator physics

o By promoting a coherent and coordinated utilizateamd development of
infrastructures and to facilitate the access telacators and test facilities for
carrying accelerator studies

o By understanding accelerator operation and reltghdsues
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2) To tackle new or state-of-the-art technologies inmare co-ordinated and

collaborative approach

o By developing a coherent and coordinated acceleR&® program in Europe

and carrying out joint R&D projects allowing onedohance the existing (or in
construction) facilities provided by the reseamastructures. These facilities
could also be used as test beds for future progaitter

» by developing and testing advanced accelerator oaemis

= by exploring and testing new ideas and conceptsteMgenerally, by

establishing a closer interaction between a latgeber of scientist

3) To enhance the collaboration amongst acceleratgsights on the one hand and

to develop the synergy between particle physie@stsaccelerator physicists on the

other hand.

Q

a

By promoting inter-disciplinary collaboration indling industry

By developing further and reinforcing the Europearpertise for the
conception, design, development, construction goelation of new particle

accelerators for High Energy Physics.

The framework of CARE has successfully integratesl subjects, the infrastructures

and the expertise.

o The subjects

» On-going and new studies on several types of uaddoanned accelerator were

integrated, in line with the recommendation andniies set forward in the ECFA

report on the “future of accelerator-based physidsurope” (ECFA/01/213):

Electron linear accelerator and collider
Neutrino (muon) beams

High-energy/high-intensity proton accelerators

o The infrastructures

» CARE has included all the relevant infrastructuasbwing one to develop an

overall efficient R&D program for accelerators aedtablish the first step toward

a pan-European distributed Technological Platforra tarry research on

accelerator. The proposed activities were articatharound:

Large Scale Facilities, including the existing wrconstruction state-of-the-art
accelerators (CERN accelerator complex includingCL.HDESY accelerator
complex as well as those from LNF, RAL, PSI, GSI),

Large-scale accelerator test facilities (CTF at GBERLASH at DESY)
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- Specialized large and medium size infrastructullesveng one to develop and
test specific accelerator concepts and componehtdF,( RAL, PSI,

CEA/Saclay, CNRS-IN2P3/Orsay).

The following table shows the existing (or in caastion) accelerator facilities
located within the laboratories, which participatiedthe CARE project. The vast
majority of these infrastructures is unique in Epg@nd a large number of them have

been or will be improved using the outcome of tWRE research activities.

Laboratory Accelerator Description

STFC-RAL ISIS Accelerator complex for the neutron and muon ficili
Linac2, PS, SPS, LHC | Proton accelerator complex

CERN CNGS Neutrino Beam
CTF3 Two beams electron linear accelerator test facility
PETRA, HERA Electron and proton accelerator complex

DESY FLASH, X-FEL Electron superconducting linear accelerator teslitia

and free electron laser

FZR ELBE Electron linear accelerator for free electron laser

GSl UNILAC. SIS, ESR Heavy ion accelerator complex

INEN-LNFE DAPHNE Electron—l?ositron collider
SPARC Electron linear accelerator for free electron laser

PSI SINQ Accelerator complex for the neutron and muon fgcili

Similarly, the next table shows the existing (orconstruction) 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 704 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 aneogdical

characterization

Begm chopping

Test stand for beam chopping studies

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
GSlI “Unnamed” Superconducting Magnet Test Facility
INFN-Ge | “Unnamed” Superconducting wire test facility
INFN-Mi | “Unnamed” High-Field Superconducting wire test facility
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o The expertise
» Most (if not all) European experts involved in tle®nception, design,

development and construction of accelerator fotigdarphysics (and to a large
extend for nuclear physics and advanced light ssursuch as FEL) have

participated to the CARE project.

management
Network governance TEE Networking
— ; slric-t—ly Activities
Joint
governance | 1 @ Research %\
structure Activities — - \
” | —
il Superconducting Photo
- Radio Frequency | Injectors
.M'{N_Q__: H | S:w;:j / \g,n,.r_q,L/
linear proton Web site T web site
colliders accelerators.
(EL) <« e lelad 6th Framewor] k Program
Web site J 6th Framework Web site_Jl Integrating Activities
) Inlg;:ll‘:é';g‘ﬂvim ) = CARE project
Bbatwsonhein Joint Research
PEREORNaS Activities
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fﬂ(“h” = High Intensity ™
T'Z ( M:;I;i: IFs ':;n Proton Puised
neutrino —ro——allf Injector _ J
beams _—l) nteilzg)
ug—us} 2/ Web site w— Web site
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Thus, the CARE project represented an innovativk wanique opportunity in Europe
as it involved almost albf the European expertise and know-how in accelegshysics
and related technologies and has allowed one toessldnanyof the issues relevant to
particle accelerators. Futhermore, it has providedintegrated service to the entire
European particle physics community and to somengld helpedther communities
(such as Nuclear Physics, FEL, Neutron Spallatasnyell.

1. CARE Structure

CARE was articulated around Networking Activities and 4 Joint Research
Activities including the most advanced scientific and tecbgichl developments relevant
to accelerator research for Particle Physics, adeaseen from the figures below.

The overall management structure of CARESpldyed in the chart below

The aim of the Networking Activities was to fostand strengthen the European
knowledge to evaluate and develop efficient and effective methods to produce intense
and high-energy electron, proton, muon and neutvgams as recommended by the European
Committee for Future Accelerator (ECFA). They has&ablished
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= comparative studies on the various techniqueshlkesttiad collaborative
= prioritised R&D programs aimed at improving thetg infrastructures
= technical roadmaps toward their longer-term evolutand the construction of
new facilities of worldwide interest.
The participants have integrated their infrastriesy establishing a European
technological platform for accelerator researchvailhg one to develop joint R&D projects
and to foster strong and effective collaborations.

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

CARE Governing Board
1 representative per contractor

CARE Management
Coordinator: R. Aleksan (CEA)
Deputy; Dissemination: O. Napoly (CEA)
Web master: B. Mouton (CNRS/IN2P3)
Assistant financial matters: N. Laurion (CEA)
Assistant legal matters: C. Gropallo (CEA)
Administrative assistant: S. Chastagner (CEA)
_I I_
CARE Steering Committee CARE Dissemination Board
» CARE Coordinator * CARE Coordinator
* CARE Deputy coordinator * CARE Deputy coordinator
* NA coordinators e NA deputy coordinators
* JRA coordinators * JRA deputy coordinators
JRA1 : SRF
. NA1 : ELAN
Coordinators: D. Proch (DESY) Coordinators: F. Richard (CNRS)
I Garyey (CNRS) Deputy: D. Schulte (CERN)
Deputy: H. Mais (DESY)

JRA2 : PHIN NA2 : BENE
Coordinators: A. Ghigo (INFN) Coordinators: V. Palladino (INFN)
Deputy: L. Rinolfi (CERN) Deputy: S. Pascoli (U. Durham)

. NA3 : HHH
CoordinatorgﬁAl\\;’.'\I/-'rleFt)gar (CERN) Coordir?ators: o Spandale (CERN)
Deputy: A. Lombardi (CERN) Deputy: F. Zimmermann

(CERN)

JRA4 : NED
Coordinators: G. de Rijk (CERN)

Deputy: A. den Ouden (Uni. 7
Tweente)
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Networking Existing or in Test facility Specialized test facilities Accelerator
Activities construction large| or medium size Project
scale acceleratory ~ facilities
Nli_i'f]'ggro” PHIL (LAL)
accelerator FLASH(DESY) ILC, CLIC
CTF(CERN) , .
Network Photo-Injector test facilities
N2: Beams for (CNRS-Orsay,DESY)
European “Cryolabs”
Neutrino ISIS(RAL) (CEA,CERN,DESY,F2J) Linac4,SPLJ-
. CNGS(CERN) SINQ(PSI) “Super conducting '
Experiments IPHI(CEA) ¢ beamsy-Fact
(superBeam, tesT:t%]elrt]iins”
BBeam, p-beam) (STFC,CEA,CERN,DESY,GSI,INFN-
N3: High-Ener Ge,INFN-Mi
Eigh' > I—I|_EHFC2:/£((:DE§SN\3) IPHI(CEA) ! Linac4, SLHC,
IntensityHadron SIS (GSI) DLHC; FAIR
Beams

The four Joint Research Activities (JRAfimed at developing critical or beyond the
state-of-the-art components and systems allowirggtorupgrade the infrastructures. They
included
* SRF: The development of the superconducting cavithrietogy for the acceleration

of electrons with gradient exceeding 35MV/m and dkegelopment of the subsequent

necessary superconducting RF technology.

* PHIN: An R&D program for improving the technology of gib-injectors, in
particular to match the severe requirements nepessademonstrating the 2 beam
acceleration concepts, new generation light souandsnovel acceleration technique.

* HIPPI: The integrated developments of normal and supeleacting structures for the
acceleration of very high-intensity proton beams vesll as challenging beam
chopping magnets.

« NED: The development and mastering of the technolagyréaching very high
magnetic field (>15T) and high current densitie$580A/mnf).

The Joint Research Activities were closely conrsketed of extreme importance for
the networking activities. The following table stowhis relation and illustrates the

overall integration of the CARE program.
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NA N1: Electron Linear N2: Begms for Egropean N3: HE/HI Hadron
Accelerator Network Neutrino Experiments Beams

IRA (ELAN) (BENE) (HEHIHB)
Existing accel. FLASH,ELBE | CTF,SPARC| CNGS ISIS, SINQ SIS, LHC
Future projects ILC, XFEL CLIC I;S::r(ra]ts B-beams| p-beams | FAIR,SLHC/DLHC

SRF X X

PHIN X X

HIPPI X X X X

NED X X X X

In fact the R&D projects were not only essentiakiie improvement of the existing
infrastructures and the development of upgraderprog but have also established the
foundation for new ones. Conversely the existinfastructures were necessary to
understand beam dynamics and properties, to validiéas through dedicated machine
developments and to test prototypes. The ReseactiDavelopment carried in the JRAs
have been presented and discussed in the netwaakingties. The achievements in the
JRAs have influenced the studies in the Networkimgivities, leading to new ideas,

which in turn generated new research directions.

el Bl B L] || RO —
—=

o - 4= P S
_F- -—.- raln

m Scientific manager

19 13 61

2% 2% go m Scientificteam leader /
work package manager

m Experienced researcher
(>4 years)

M Early researcher (<= 4
years)

m PhD students

m Fraction Men

CARE Work Force o < Eraction Women
Twenty two contracting participants and a large ham(62) of associated institutes

(including 12 industrial partners and SMESs) paptted in this unprecedented integrating
effort, including accelerator physicists involved Nuclear Physics accelerators, Free
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Electron Lasers and Neutron Spallation sources,hsige//care.lal.in2p3.fr/Participants

(the complete list is given in Annex 1).

In total, 774 persons have contributed to the CABtBject. About 15% of the
personnel were composed of women. The followingmiems show the distribution of the
personnel according to various categories (scientifanager, scientific team leaders,
experienced researchers, early researchers, PhbBenssu and others) and their
corresponding gender repartition.

Finally, in order to implement a strong and effitielissemination plan, a Web-based

platform has been developelttp://care.lal.in2p3.Jy and was linked to the site of the

European Steering Group for Accelerator R&Mtyg://esgard.lal.in2p3.Jr

; —— Planned Deliverables
CARE Deliverables —=— Achieved Deliverables
140
120 b M
%)
5 o 100
$ 8@ 80 s =
207
E > 60
c % 40 -
20
O cerrrrrrrrrrrrrrrrrrrrrrrrrrTrr T T T T T T T T T T T T T T T T T T T T T T T T T T T
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57
Months
Deliverables

CARE had an ambitious program including 131 dehiégs as can be seen on the table

below.

The complete list of the deliverables is shown innéx 2. The JRAs had 99
deliverables, which have been all achieved withenduration of CARE, while the NAs
had 32 deliverables, which have been all (but tachieved. One of the missing
deliverables was the submission of a proposal éoRfR6 call on design study in 2004.
This call has been cancelled by the EC. FortunatBly planned activities have been

integrated to a later proposal, which was approbedhe EC. The second missing

10
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deliverable was the realization of a databasedsenplasma acceleration. However this
activity has been integrated to a successful prpogiated by the CARE NA-ELAN
as a NEST project.

Dissemination

The dissemination within CARE has been carried lyitlerough several means: Web
sites, CARE publications, presentations at confeerand organisations of workshops,
conferences and general annual meetings. Generdinge common workshops and
Dissemination Board activities have ensured anceife exchange of information while
specialized joint workshops have been organizedhvdeseral aspects of networking and
joint research activities were common (ex. beanagbstics and instrumentation, high

field magnets needs for accelerators, etc...)
a The main Website of CARE

CARE has set up a main web site from which paricip could access all relevant
information as well as to secondary specialized sitds. The URL of the CARE site

is: http://care.lal.in2p3.fr/

o CARE Documentations

A very large number (717) of documents (publicatiorreports, conferences
contributions, notes and thesis) have been casteby CARE. It is important to note
that 18 theses were defended using the CARE wdik. t&ble and the figure below

summarize this effort.

All  [2004(2005(2006( 2007|2008

Note 133 39| 28| 32| 19| 15
Pub 102 4 26| 32 19| 21
Report 179 8 28| 35| 34| 74

Conf. Contr.| 285 | 54| 58| 91| 40| 42

Theses 18 0 2 7 5 4

Total 717 | 105] 142 197| 117] 156

11
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CARE documentation (708 papers)

250
wn _
g 200 — B Thesis
S 150 O conf
o O Report
9 100 @ Pub
1S
2 50 - @ Note

0
2004 2005 2006 2007 2008
Period

All these documents are accessible from

http://irfu.cea.fr/Documentation/Care/index.php

o CARE Annual meetings and other events

Number of
Date Location registered Web site
participants
Nov. 2-5, 2004 DESY (D) 191 http://care04.desy.de/
Nov. 23-25, 2005 CERN (CH) 164 http://indico.cern.ch/conferenceDisplay.py?confld=a059
Nov. 15-17, 2006 Frascati (1) 123 http://www.Inf.infn.it/conference/care06/index.htm
Oct. 29-31 2007 CERN (CH) 108 http://indico.cern.ch/conferenceDisplay.py?confld=15901
Dec. 2-5 2008 CERN (CH) 113 http://care08.web.cern.ch/care08/redir.do

In addition, each NA and JRA has participated t® ¢inganization of international

conferences and have organized many internal ngeatid workshops -see the NA/JRA

sections for details.

VIl. General CARE outcomes

The detailed outcomes of the CARE project are dasdrin the NA/JRA sections. In

general they have

o Considerably_strengtheneithe European expertise and know-how in the field o
accelerator R&D, far beyond the sole capacity efldrgest research centres (such as
CERN and DESY) to carry forefront accelerator R&is can be considered as a

major EU added value

the CARDBligation database

12
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o Helped many European Institutes and Universitiesl&veloping their competences

on activities that are at (or beyond) the statéhefart technologyn contact with the

best experts in Europe. This collaborative effam de viewed as a first step toward
the long-term sustainability of accelerator R&DHuarope
o Furthered the contact and the involvement of ingush R&D activities (12

companies have participated actively to the CARiiviéies).
a Established the basic development work allovtimg future strategic decisiongo be

made on sound technological basis. CARE has prdvideveral necessary
technological inputs to ECFA and CERN Council.
o ldentified the common issues relevant to othedfetontacted these communities and

proposed common activities.

As already discussed, the CARE program has diregtiywed one to raise the level of

performance of the infrastructures, thanks to

o Networking Activities, that have compared and deiaed ways to upgrade the
infrastructures both on the medium-term and orldhg-term,

o Joint Research Activities, that have designed, tcoced and tested prototypes for
accelerator components, which are directly or sutly used to improve the

infrastructures.

In summary, the basic R&D for improving very sigogintly the performance of many
European infrastructures for particle physics amdaiccelerator research in general has been
successfully carried out, as acknowledged in theear8 by the letters of several laboratory
directors. Some of these infrastructures have éyrdsenefited from the achievements of
CARE and several others will benefit in the mediontong term. More details can be found

below in the reports of each Networking and Joieséarch Activity.

VIIl.  Long term sustainability and structuring effect

As shown above, one of the main objectives of tiR&RE project was to structure the
European area on accelerator research. The presjgeatchieve such an ambitious goal are
rather brighter after CARE. This optimism is basadthe fact that the entire particle physics
community has adhered to and supported this iméigeven at the worldwide level with non-
EU participation and ICFA support). Indeed,
1. All parties had a strong interest, motivation amthmitment to CARE as it allowed
them to both strengthen their individual and cdilezexpertiseon the long-term.

13
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2. The structure set in place has permitted both ewtencommunication and wide

disseminatiorof knowledge to take place, which will continu¢eafthe completion of
the CARE program, as demonstrated for example &y &v7-1A EUCARD initiative.

A European Committee (ESGARD), which includes reprgatives from all major
high-energy infrastructure laboratories, has besnup to oversee and monitor the
European accelerator R&D activities relevant fortipke physics. The foundation of
this committee can be considered already as astiegt toward ensuring the long-term
sustainability of the collaborative effort put idape for CARE. It can be partly
attributed to FP6. Discussions are underway to mckpé to other fieldssuch as
Nuclear Physics, Free Electron Laser. This commitias already launched other
initiatives such as Integrating Activities or Dasi8tudies over the past years.

Most Joint Research Activities involves trans-fiellaboration as well as industrial
partnerships. They are the seed for extending ergéing future collaborations

CARE has offered an ideal framework for establighigpecific collaborative
arrangements. An unexpected example is a jointuvetetween industrial partners
on the development of high performance supercoonduzble. It is reasonable to
expect that more such initiatives will be triggerad people will collaborate more
closely.

Several proposals for common European test platfbewve developed from the
networking activities (for example: a Target Teste& or Superconducting Test
facilities)

Most of the Joint Research Activities have contielouto lead to_collaborative
agreementso upgrade existing infrastructure (FLASH, CTF, RNE proton injector
are good examples).They may even in some casdglseéd for the construction of
new infrastructures.

Overall the CARE project has strongly contributexd dstablish a_unique and durable
interaction

Amongst European accelerator physicist includingneations with non-European
partners

Between accelerator and particle physicists

Between different research field

Between researchers and industrial partners

In conclusion, CARE has ensure the emergence of nealeas, new projects and new
collaborations in a coordinated way and hence hasoyded all the ingredients for the
long-term sustainability of the collaborative efforin the field of accelerator research,
which it has initiated

14
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IX. Description of the Networking Activities

NAL: Coordination of studies and technical R&D falectron linear
accelerators and colliders

ELAN

Participants to the N2 Activities

Number of Number of
Country institutes persons
Finland 1 3
France 8 70
Germany 12 130
Italy 5 45
Netherlands 2 7
Poland 3 20
Portugal 1 3
Spain 3 9
Sweden 1 2
Switzerland 2 3
United Kingdom 15 60
CERN 1 30
Industrial Involvement :
Country Number of Company
Germany 4
Italy 1
UK 4

Main Objectives: Coordination of R&D on electron accelerators at he European level.

Evaluating the various technologies for improving e present infrastructures and defining a
roadmap for future electron accelerators and colliérs, including new techniques of acceleration.

15



Coordinated Accelerator Research in Europe

Introduction
ELAN organisation

Coordinator : F. Richard
Deputy : D. Schulte

} Steering Committee {

l \

LTECNC LTECSC BDYN INSTR ANAD
G.Guignard L.Lilje D.Schulte G.Blair B.Cros
|| High - Ultra short
gradient Emittance — pulse electron
preservation injectors
Beam
|| Power Magnets — position
transfer Luminosity monitor Ultra-high
stabilisation gradient
Beam size & | | extended
ource Material Tuning | bunch length plasma wave
} —| research & algorithms monitors
Drive fabrication
beam methods B_eam .
= I Feedback || diagnostics
Precision systems for plasma
| alignment accelerators
Electron Simulation
| source L__| code L | Integrated
development experiment

ELAN was organised in 5 groups dealing with thaoas topics related to present and future

electron linacs:

Tools

ELAN has the website:
http://esgard.lal.in2p3.fr/Project/Activities/CuntéNetworking/N2/ELAN/
with:

* Links to the activities and informations of the 35W

» List of workshops supported by ELAN

» List of ELAN Documents (these documents are storeter the responsibility of the
Coordinator). Some of them, after agreement wighdissemination CARE

coordinator, were published as CARE-ELAN Notes.

Main topics in ELAN

ELAN activities are connected to the two major gfdowards a worldwide Linear Collider
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* |LC a project for a supraconducting Linear Collid€} with 0.5-1 TeV centre of
mass energy. A costed project was delivered in 20his project is strongly
connected to the ongoing construction of an XFEDESY.

* CLIC which has developed an R&D for a normal corioshgchigh-gradient LC which
aims at 3 TeV with a 1st step at 0.5 TeV

With the rapid development of the collider projemganisations and the advent of the design
study EUROTEV, ELAN became more and more embedadgeise organisations. In
particular, in the ILC organisation, LTECSC and INlSwhere progressively integrated
within the GDE.

ELAN was also set to design a strategy for morerfstic projects, in particular for plasma
acceleration. This technique allows one to reactoupeV/cm accelerating gradients given
by excited plasma. This plasma is either excitedrpguxiliary electron beam or by a very
powerful laser. Both techniques have been trietl vatmarkable results recently achieved.
The role of ELAN has been to help in connectingdabeelerator community to this effort and
to develop a NEST initiative called EUROLEAP whighs approved in 2006. The following
slide summarized the strategy of this activity.

Relevance of laser plasma approach
for high energy physics > TeV

Define in collaboration with
high energy physicists the
requierement  for  their
experiments (particles,
charge, stability current,
luminance,reproducibility).

RF technoldy

Define schemes, cost and
compare to  conventional
approach (present and

A
7 expected)
; ; Single stage or multi stage?

1 i | i i i i i
1930 1940 1950 1960 1970 1980 1990 2000 2010 Laser or e-beam ?

Years

S
]
£
=
=
]
[ =1
w
2]
[=
g
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2
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Highlights of ELAN

[ Deliverables

Eight ELAN deliverables were planned within theéays of CARE as shown in the plot and
the table below.

—e— Planned Deliverables
—s— Achieved Deliverables

AAAAAAAAAAA /:

Deliverables ELAN

(=Y
o

number of Deliverables
O L N W M O 0 N 00O ©

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58

Months
ELAN web site Web site | All WPs CNRS-Orsay
Bearr_l Dynamics code repository site Data base| WP3 CERN
functional —
Instrumentation web site Web site | WP4 STFC, UMA
Instrumentation data base Data base| WP4 STFC, UMA
Work plan and documentation data base| Data base| WP1 CERN
Data base on SRF documents Data base| WP2 DESY
Data base on diagnostics performance | Data base| WP4 STFC, UMA
Data base on laser plasma acceleration | Data base| WP5 CRNS-LPGP
Final report of the ELAN network Report All WPs CNRS-Orsay

These goals were fulfilled with the exception oé thatabase on laser plasma acceleration.
Instead, thanks to the ANAD network, the commurdtyveloped the ambitious R&D
proposal EUROLEAP, which was approved as a NESjeprty the EC. It was thus decided
to redirect the effort toward this project.

[0 Dissemination

In total ELAN generated 104 documents. They coomadio presentations during workshops
supported by ELAN, to studies and strategic aspeddtéted to a future linear collider. The
ELAN documents referenced in the CARE databaseaudiecll0 CARE Reports, 4 CARE-

Conference papers, 60 CARE Notes, as shown iratiie below.
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2004 2005( 2006| 2007| 2008| sum
CARE Notes 26 12 11 6 5[ 60
CARE Reports 1 3 2 1 3] 10
CARE Conferences 0 2 2 4
Total 27 17 15 7 8| 74

In terms of support to Workshops and internal mations:
(seehttp://esgard.lal.in2p3.fr/Project/Activities/CuntéNetworking/N2/ELAN/)

Year 2004 2005 2006 2007 2008
Documents 27 20 17 26 12
Workshops 2 16 12 11 10

A series of ELAN Meetings (see table below) wasaaiged the 3 first years to foster the
community around priority issues.

Date Title/subject Location Nur_nk_)er of
participants
4-6 May 2004 1 ELAN workshop Frascati (1) 79
ILC European Regional Meeting | Royal Holloway,
- =
20-24 June 2003 with an ELAN session (UK) 100
ELAN workshop (followed by
May 152006 | £\jro| EAP and EUROTEV) Orsay LAL (F) 85

ELAN has supported the International Acceleratdrddt for Linear Colliders (70 students in

2008 see http://www.linearcollider.org/cms/?pid=100049p which has allowed some

financial support for some professors.
On top of the ELAN web site, several data base®weganized and maintained by ELAN
conveners (see the table of deliverables in theNtkiAal report).
ELAN has fostered CLIC-ILC synergies including detes by supporting common

workshops.
[l Impact on European Research Landscape

As will become clear in the following examples thée of ELAN has been to improve
communication between the various actors working on R&D foridelts. This was naturally
fostered by the ELAN management present in theiies around CLIC and ILC and for
laser plasma projects. This communication wasamigular, insured by supporting some key
workshops. What was achieved:
e Improved communication on R&D efforts was e.g. aebd on positron sources
where different options were discussed both for@ahd ILC (see for instance

http://home.hiroshima-u.ac.jp/posippl/
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* Improved communication between CLIC and ILC expertstems common to both
projects (site studies, costing, damping rings tfeimce preservation, beam delivery
systems, detectors). This resulted very recentgniMoU between ILC and CLIC

involving 7 working groups (Chicago meetihtip://www.linearcollider.org/lcws08/

* Improved communication with the laser-plasma comitgwahich has resulted in the
International Workshp on High Energy Electron Acceleration Using Plasmas
2005 (http://polywww.in2p3.fr/actualites/congres/heeaupz)

 ELAN conveners were actively involved in the pregiem of FP7 contracts,
specifically EUCARD, the successor of CARE and IH@rade which supports the
European Preparatory Phase for ILC (which is ackedged as one of the ~30
projects of the European Roadmap defined withirfahem ESFRI).Through our
connection to ESGARD it was possible to adjush®reactions of our community to
the severe limitation of the resources. We als@eraged a continued connection to
the laser-plasma effort. Finally we actively papated to a common meeting at
CERN with a large community to insure, again, goothmunication between the
partners. The table below summarizes the variousNEtonnections.

ELAN CONNEXIONS

LINAC CARE JRA [ \WW Laser/Plasma
Test Beams Collider | Facilities
TTF SRF ILC ALPHA-X
CTF PHIN cLiC  |Loa..
X X X X
X X X
X X X X
X X X X

X X

This good communication between CLIC and ILC alldavprepare for a major step: decision
on a future worldwide LC. As pointed out by the né&wRN DG the final decision will be
taken given the LHC results but we need to pregareomparable grounds (cost, schedule
etc...), tangible elements for this decision. Thégddelow summarizes the CLIC-ILC

agreements.
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Ip Subjects with strong synergy f e \
L. . Working Groups & Conveners\m/

CLIC ILC
Physics & Detectors L.Linssen, D.Schlatte(?Richard, .Yamada

M

Beam Delivery System (ﬁSchulte, B.Parker, A.Seriy
(BDS) & Machine Detector | R arcia
Interface (MDI)

E.Tsesmelis
Civil Engineering & C.Hauviller, J.Osborne,
Conventional Facilities J.Osborne. V.Kuchler
Positron Generation(new) | L.Rinolfi J.Clarke
Damping Rings(new) Y.Papaphilipou M.Palmer
Beam Dynamics ( D.Schulte ) A.Latina, K.Kubo,
N.Walker
Cost & Schedule H.Braun, K.Foraz J.Carwardine,
P.Garbincius,
T.Shidara

The table below summarizes selected achievemeriis AN

Selected Impacted  [Main improvement [Future impact
Achievements |Projects

R&D on ILC Comparison of the 3 techniquéOptimal choice
Positrons CLIC lproposed

ILC-CLIC ILC Combined effort into 7 Final decision on an
Collaboration CLIC common working groups LC after LHC results
Connection to plasmaJEUROLEAP |[Connection of the accelerator [Beyond present
acceleration community to plasma technigycollider projects
Conclusion

The role of ELAN has been to improgemmunication between the various actors working
on R&D for colliders. This was naturally fosteregithe ELAN management present in the
activities around CLIC and ILC and on laser plagm@ects. This communication was, in

particular, insured by supporting some key workshd&ghat was achieved:

* Improved communication on R&D efforts was e.g. agkd on positron sources
where different options were discussed both for@Cahd ILC
* Improved communication between CLIC and ILC expertstems common to both

projects (site studies, costing, damping rings taimce preservation, beam delivery
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systems, detectors). This resulted very recentiniMioU between ILC and CLIC
involving 7 working groups (Chicago meetihtip://www.linearcollider.org/lcws08/

Improved communication with the laser-plasma comitguwhich has resulted in the
International Workshp on High Energy Electron Acceleration Using Plasmas
2005 (http://polywww.in2p3.fr/actualites/congres/heeaup)

ELAN conveners were actively involved in the pregiem of FP7 contracts,
specifically EUCARD, the successor of CARE and IHErade which supports the
European Preparatory Phase for ILC (which is ackedged as one of the ~30
projects of the European Roadmap defined withirfahem ESFRI).Through our
connection to ESGARD it was possible to adjush®reactions of our community to
the severe limitation of the resources. We als@eraged a continued connection to
the laser-plasma effort. Finally we actively papated to a common meeting at
CERN with a large community to insure, again, goothmunication between the

partners.
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NAZ2: Beams for European Neutrino Experiments

r
78

Participants to the N3 Activities

Country Num_ber of Number of
institutes persons

Belgium 1 3

CERN 1 22
France 5 31
Italy 12 38
Germany 3 26
Latvia 1 3

Netherlands 1 1
Spain 3 18
Sweden 1 1
Switzerland 5 14
United Kingdom 14 a7
USA, Japan 3+1 -

Main_Obijectives: The aim of this NA is to coordinate and integratethe activities of the

accelerator and particle physics communities workig together, in a worldwide context, towards
achieving superior neutrino ¢) beam facilities for Europe. The final objectivesare: 1) to
establish a road map for upgrade of our present fality and the design and construction of new
ones 2) to assemble a community capable of sustaigithe technical realisation and scientific
exploitation of these facilities and 3) to foster aequence of carefully prioritized and coordinated
initiatives capable to establish, propose and exeuthe R&D efforts necessary to achieve these

goals.
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[llustration of the Main Realisations of BENE

Baseline configurations of the three options ofifatneutrino facilities (CERN to Frejus Superbeam,
Neutrino Factory, Betabeam) emerged during thdirie of BENE and now object of the FP7
EUROnNu Design Study.
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Introduction and Executive Summary

The CAREBENE network haskept alive awareness ofthe compelling physics casef a
Next accelerator Neutrino Facility (NNRhe merits of a commonEuropean strategy in
this sector of particle physicthe assets rooted in the 50 years of European kndwow in
neutrino ¥) beams and detectors. In more detail, it
= promoted a large number of internation&®&D and/or feasibility demonstration
projects (MUSCAT, HARP, HIPPI, MICE, MERIT, EMMA, PISPL and more) for
multi megawatt proton drivers and targets and &ptare, manipulation, acceleration
and storage of parents.
= prompted a first decisiveendorsementof its approachby the CERN SPSCin
September2004 that first envisaged the notion a future “newdrinonstruction
window” for Europe
= reinforced international collaborations and synergies with R&D and desigrrkwo
world wide, organized several of the key internagioyearly NuFact and NNN
workshops
= secured recognitionfor a next neutrino facilityof the status of emerging facility of
Eu interestin the CERN Council Strategy DocumentSafmmer 2006
= promoted the few preliminary Design Studies, the Betabeaf i Eurisol DS and
the ISS (Int. Scoping Study of Superbeam & Neutkiaatory), where European and
International collaborationsassessed available R&D results and produced
preliminary conceptual design baselines as well asomparative analysis of
physics reachfor three most promising options: Superbeam, Beta)eNeutrino
Factory
= managedthe approval of a complete Design StudUROv) of the three options
and a new networkEUCARD/NEuU2012). These twoFP7 initiatives will continue
the pathtowards the final proposal of the optimal neutrino prograecommended by
CERN Council for2012 or so

In FP7 we will draw the road map to approval andstaction. Our FPoad map was to
be insteadone of steps INR&D, baseline design work and peer recognition Pan-
European collaboration emerged much strongercomposing sometimes different national

interests and preserving a common inteBissemination effort was given the necessary

1 approved “to integrate and coordinate the actiwititthe accelerator and particle physics communiisking together, in a
worldwide context, towards achieving superior naotrbeam facilities for Europe, with the objectiiesestablish a first
road map, to assemble a community capable of sirsggit, and to establish and propose the necessaby effort”.
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attention throughout the 5-year programme, by means of pafiidios, presentations and web

site.

Highlights of BENE

O Deliverables

All deliverables, with the exception of a proposalbe submitted to a cancelled FP6 call,
(organization and proceedings of workshops, repufrtdifferent size and scopes and last but
most relevant, proposals to carry out R&D projemtsl design studies, both towards and
independently of EC FP7 calls) have been delivepedhary deliverables were, in addition to
the BENE Web Site,
» the Workshop PHYSICS WITH A MULTI-MW PROTON SOURZERN, Geneva,
May 25-27 2004 and its Proceedings, that promptéidstapositive response of the
SPSC in Villars

= the comprehensive BENE Midterm scientific repb@i5 pages CERN Yellow Report
number that was our successful input to the CERNNCib Strategy process early in
2006

= the two NuFact International Workshops Neutrino Factories, Super beams and Beta
beams,NuFact05 in Frascati and NuFact08 in Valencia)

» the two successful FP7 proposals for EUROnNnu #red neutrino related aspects of
EuCARD

= this last BENE Final Report

—e— Planned Deliverables
—=— Achieved Deliverables

BENE Deliverables

20
18 »
16
14
12
10

number of deliverables

O N b~ O

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58
Months
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O Dissemination and Qutreach

The Network relied on three major events per y&éMN, NuFact and the yearly BENE
workshops during the days of the yearly CARE megtin

] ) ] Number of
Date Title/subject Location o
participants
3 November 2004 BENE2004 Workshop Hamburg (D) 60
23 November 2005 BENE2005 Workshop CERN (CH) 40
17 November 2006 BENE2006 meeting Frascati (1) 40
31 October 2007 BENE2007 meeting CERN (CH) 40
2-3 December 2008 BENE2008 meeting CERN (CH) 30

More topical workshops were organized in the firvgd years of BENE, replaced by strong
support of ISS meetings later. Dissemination reddhe other main yearly international

events, whenever possible.

BENE generated a significant number of documerfteating presentations or publications
delivered within and outside the previously mengidrworkshops, plus proceedings of the
main workshops organized and the comprehensive BHEMNE&im Scientific Report. A

complete list of documents, summarized in the thblew, is appended to this report.

2004( 2005| 2006( 2007| 2008 Sum

Notes 5 0 0 5
Publications 0 0 3 5 9| 17
reports 0 4 5 2 3| 14
Conf. 1 0 0 3 4
contributions

Total 6 4 8 101 12| 40

Two major comprehensive Reports, listed first amanagn deliverables below, were
assembled in 2004 and 2006 having in mind studerdscolleagues new to the field. BENE
supported largely scientist and student travehéomain events organized by BENE or of
direct BENE interest. The BENE Web Sitp://bene.web.cern.ch/bene/default. viras
given much CARE and will live beyond BENE as a suamyof its five years initiative and a

repository of references relevant for our futurevatees.
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[0 The steps of BENE'’s impact on the European Researdrea

BENE and all the activities preceding and followih@re driven by the implicatioh®f the
recently (1998) discovered fundamental phenomenfospontaneous transitions in flight

amongv'’s of three different species (flavours).

BENE was the CARE network for Beams for Europeanthigo Experiments, comprising 13
participating nodes, summarized in Appendix 1 wtéir implication in the Work Packages,
approaching the totality of the acceleratophysics community.. The network grew out of
ECFA Muon Groups (MUG), studying a muon decay r@sga novel and superibdleutrino
Factory (NF), active sincel998. One of its pillar, the QERF Working Group (NFWG)
was however very painfully closed in 2002 by theQ_Erisis, imposing years of deceleration
of our initiative. Two workshop series had estdi®is, in 1999, two large, independent but
connected, international coordination WorkshopeserNuFact onv sources and NNK on

v detectors.

The Muon Groups established soon the necessityngwavery high intensity, Multi Mega
Watt (MMW) proton facility. The potential of a coentional pion decay tunneb
SuperBeam(SB) at such a MMW proton facility was also exploredhasst natural reference
for the novel muon decay ring option. Somewhatr]e2600 or so, a second very attractive
novel concept, that of an ion beta decay ring, mhBetaBeam(BB), also became object of
much interest. After a few very difficult yearegtgrowing recognition of the physics case of
frontier acceleratov facilities lead to approval of the BENE NA in 200the HIPPI JRA,
R&D for high intensity proton drivers, was also apged then.

First initiative of BENE was a workshop at CERNNtay 2004 on the general theme of the
high intensity frontier of particle and nuclear plog, complementary to the high energy
frontier of the large colliders. Very successftiis workshop onPhysics with a
MultiMegaWatt Proton Source was organized together with other particle physios
nuclear physics (Eurisol) communities interestetheopportunities open by a MMW proton

driver.

The proceedings were then submitted to the speesalion of the CERN SPSC (Super Proton
Synchrotron Program Committee) in September. Nivéad talks delivered by BENE to the

2 Study of these phenomena promises insight into gudial physics questions ranging from mixing amdegton
generations, to violation of charge-parity symmeitryepton flavour transitions, to generation of tlnexplained observed
lepton and baryon asymmetries in the universeheocektremely high energy phenomena responsibleeofrinute, but non
zero, neutrino masses and more.

% NuFact Workshop series on Neutrino Factories, Sigzens and Betabeams
4 NNN Workshop series on Next Neutrino and Nucleocegedetector
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SPSC resulted in renewed attention to a Europeancelerator program and to the R&D
recognized as mandatory to make that conceivalble. SPSC suggested the possibility of a

“construction window” for av facility between LHC and next CERN big collider.

A second result at the end of the 2004 was theocappof a first BetaBeam (BB) design study
as a WP of the Eurisol FP6 DS. First data fromMi#SCAT and HARP R&D experiments

were made public.

In 2005, BENE consolidated its status on the Eumopnd the international scene, organizing
both our two international workshod@$NNO5 in Aussois in Apriland NuFactO5in June in
Frascati, further establishing the compelling pbysiase of experimentation at high intensity
v facilities. NuFactO3aunched an International Scoping Study (ISSpf Neutrino Factory
and Superbeam, that BENE carried then out in cotktipn with the US Neutrino Factory
Collaboration, the Japanese NUFACTJ group, andddaom India and other countries. We
kept thus momentum of R&D and studies, in spitehef postponement to FP7 of the next
opportunity to propose a Design Study. The MICE &tHRIT R&D experiment were

approved this year.

The assembly of the proceedings of NuFact05 and 08\{Moved invaluable in preparing our
BENE Midterm scientific report, comprehensive 105 pages CERN Yellow Report pre-
submitted, in electronic formto the open Symposium held in Orsay (Paris) on Jan 3€b- F
1 2006, by theCERN Council Strategy Group. The CERN Council Strategy Document
published in July, in Lisbon, raisédext neutrino facility to the status of emerging faility

of Eu interestin the context of the ESFRI road map

The last part of 2006 started an intense periogreparation of FP7 proposals. BENE
contributed also to the approval of the EMMA elentprototype of non scaling Fixed Field
Alternating Gradient (FFAG) accelerator in the Rdmary Laboratory in UK

In 2007, the Scoping Study (ISS) published thremlfireports (physics, accelerators,
detectors) establishing the baseline configuratwinBleutrino Factory and Superbeam that
will be object of the Design Studies. A similar Beeam baseline configuration had
meanwhile emerged in the context of the Eurisoli@eStudy WP.

These three baselines defined the propostie@EURONuU Design Studythat was prepared
and submitted by BENE late in May. EUROwas approvedin August to design, cost and
compare the three options. It finally started omtySep 1, 2008, with first funds yet later. Its

® It stated that acbordinated accelerator R&D program should be irsiéied to be able.. to play a significant role in the
study and development of a high intensity neutidodity” and that Studies... and R&D are required ... to be in a position
to define the optimal neutrino program ... in aro@2”.
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design of av factory is being carried out in the larger inte¢imaal context ofthe
International Design Study of a Neutrino Factory (IDS) thatas meanwhileestablishedas
natural continuation of the ISS. The LAGUNA Desi§tudy ofv detector sites was also

approved.

In 2008, several WPs or Tasks directly inspired by BENE, inthe R&D program
proposed by the EUCARD IA, were approved the new NEu2012 continuing BENE, the
MICE-TA program, the HPSPL task of the SRF JRA trelEUROFFAG task of the ANAC
JRA. So were other WPs of BENE interest for poss#ynergy with the R&D towards
upgrade of LHC and towards ILC and CLIC. Like in080 again NuFact08 (July, Valencia)
and NNNO8 (October, Paris) returned both in Eur@ieNE started following the progress of
EUROnNu and finally preparing its final meeting dimal reports.

2012-3 is indeed the appropriate time to definedapimal next acceleratar program: solid
physics results will have come from LHC and frora tlurrentv (T2K and Double-CHOOZ)
experiments, financial resources liberated by thd ef the payments for LHC and its
detectors, major decisions mature, for ILC, foreheatorv and for other sectors. The

deadline must be met.

In order for that to be even conceivable, theneosioubt thae CERN neutrino task force
must be put again in place Discussions have been reopened by BENE with ¢ine @ERN
Management and are being continued by EURONnu an20E.

BENE established a first detailed roadmap for Eeawp high-intensityw-beam facilities,

defined baselines options and was constantly pgsaimd initiating the pertinent technical
developments. Long term initiatives beyond BENE eveestablished through new
collaborations and projects, sometime with involeamof European industry. Significant
ideas and concepts first originated in BENE worlshand its topical meetings that guided
and stimulated progress. Networking activities ukeld an intense dissemination effort of

publications and presentations.

A significant last result, in the very last monthgas the creation of institutional review
bodies of the prospects of physics with acceleratos and of EUROnu and NEu2012
initiative: the CERN SP@® panel in 2009 and, in the longer term, the CERNr@d Strategy

Secretariat.
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The table below summarizes selected achievememENE

lepton flavour mixing matrix
scenario

fundamental
ChargeParityViolating phase
exists

Selected Impacted Main improvement Future impacted Expected future
Achievements infrastruct infrastructure impacts
ure
confirmation of the 3*3 complext CNGS |one soleand measurable Any nextv facilities Conclusive CPV

statement possible

feasibility of MMW target and
collection

collection of neutrino parents

factory

nearly complete design ofa4 aj] CNGS [Higher beam power Superbeam and Neutrino [Highly improved Eu
more MW proton driver (HPSPL factory proton complex
IMERIT demonstration of CNGS |Higher power production and [Superbeam and Neutrino [Higher neutrino

fluxes

started

IMICE demonstration experimenRAL/ISIS

muon bear]

demonstration of muon ionizatid
cooling

Neutrino factory

Higher neutrino
fluxes

EMMA non scaling (NS) FFAG

Daresbury

electron prototype in constructid

proof of principle of novel NS

Laboratory

Neutrino factory and

FFAG

Betabeam

Higher neutrino

energies

Summary of BENE's activities: Work packages and Metrking dynamics

BENE was organized in five work packages: Physafsgeneral nature, Proton Driver,

Target, Collector (focusing on issues common toveational and novel beams and directly

relevant for upgrades of our present conventiomailifies to superbeams). and Novel

Neutrino Beams (in turn subdivided in three subkpges, two onv factory, one on

betabeam).

During the five years, all BENE WPs followed closel

- the progress of the CNGS, the present Europeeslaaatorv facility, its initial radiation

problems, its approach to full intensity, likely2009, fostering first estimates of the ultimate

long term performance of the complex by the CERNBIBGS team and their re-visitation,

in view a new round of experimentation with emeggitetector options

- emerging plans emerging outside Europe, sometaoesibuting to them, thus identifying a

scenario that includes upgrade programs of the IPARacility in Japan (somewhat limited

in ultimate power reach), upgrade progriwisthe Fermilab NuMi conventional pion deoay

facility, longer term studi€salways at Fermilab, ofwafactory

All accelerator WPs contributed very significanttp the definition of the baseline

Superbeam, and Neutrino Factory parameters docech@nthe final ISS accelerator report.

® NuMi is Neutrino from the MI (the Main Injector} is planned to add a new NuMI West line, towatdsriew big DUSEL
deep underground national lab in S Dakota, to teegnt NuMI North line and to enhnce both by mezr3roject-X, a new
1 MW proton driver, a 8 GeV ILC like linac, that ddbring about 2.3 MW in the Ml

! coupled to even longer term plans for a high endrggtier Muon Collider, a muon based vision for tiwure of the
Laboratory. The push for Project-X and its upgrpdth to 4 MW is a decisive part of this too.
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WP1 (PHYSICS) constantly monitored the physics results of theeexnents and
phenomenological work in progreBsm the largest community and their implicationfer

the directions of the field.

The WP contributed its good share of the ISS report preliminary comparative analysis of the
physics reach of the different optionswobeams and detectors. Close contacts were kepthétEu
accelerator teams busy in experiments in progress or preperai addition to the EU teams at the
CNGS (OPERA, ICARUS) or in Double CHOOZ, also tteege EU component of the T2K

experiment in Japan and the smaller EU teams wgiikithe US Fermilalb beams.

Most important results were the unequivocal fingidence for solaw transitions from the SNO
experiments in 2004, the measurement of the mixjugntities governing them provided by the
KAMLAND experiments, the null result of the MiniBae experiment in 2007 strongly disfavouring
the fourth lightv claimed by LSND and finally the recent much imgd MINOS measurements of
atmospheric transitions. The scenario providea@ 3y3 complex lepton flavour mixing matrix, with
one sole and measurable CPV phase, is today muohget as the leading candidate mechanism
ruling v transition and as a compelling motivation for tsteategy proposed by BENE and its
international collaborators. Last support came il&t2008, not from an experimental result, but from
phenomenological hints of a non zero, order 1%yesaf the so far undetected saf the third mixing

angleb,; essential for the 3*3 mixing matrix scenario.
WP2 (DRIVER) was faced with the definition of the optimal protiniver.

A high rep rate low energy (5-8 Gev) proton linaariaybe slowly proving most convenient both for
most intense, MMW, proton beam technology and famaalv rates. Only final bunch accumulation

and compression would use circular machines. Tlatdeis still open among international experts,
however. The choices being made for the LHC injecteill be decisive. The time scale of these

decisions is likely to be 2010-1, mid-way in the lof our new FP7 initiatives.

It is being prepared by assessment of wide ranitgmgs as design performance of the HP SPL and of
realistic alternative designs in Europe and elsessheesults from the HIPPI JRA and all R&D in
progress in the sectors, the first steps in thetcoction of LINAC4, new data on energy dependence
of pion production from HARP and, more in genetiaé wide context of the definition in progress of

the new chain of LHC injectors.

WP3 (TARGET) area of interest was high power targets capabkustain MMW proton

beams, surviving mechanical, thermal and radiagtwotks and fatigue.

A major demonstration experiment (MERIT) was pragmhdostered and carried out, with the decisive
push of US collaborators, at the CERN PS. Analgéithese data seems to be validating the concept
of a liquid metal jet target as baseline designvféactories (as well as Eurisol, remarkably enough).

Solid (carbon) target technologies remain insteagdired for conventional beams. They have been
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adopted for the JPARK T2K beam in Japan, with deeisontributions from the RAL team of our
WP3 coordinator. They remain also those favouredfdture higher power superbeams. Work on
solid tungsten targets at RAL shows that they caiilil be a viable alternative to mercury jets,
standing the thermal shock from tens of millionspobton pulses and have clear advantages over
liquids with regard to radiation hazatdybrid technologies, flowing powder targets amotitgos, are
also strongly pushed. The BENE WP3 team moved oy sgeccessfully to take large responsibilities
in the relevant EUROnNu WPs.

International co-ordination in this sector has deped into a new phase, with various strands of
endeavour in high power targets fofacilities being aligned with overlapping progragsnin view

of maximal synergy, by means of regular yearlyrimi¢ional meetings.

WP4(COLLECTOR) had as task evaluation of high power collectiovicks ofv parents

(pions and muons) downstream of MMW targets.

Today’s baselines are, forfactories, a long high field tapered solenoiddlexbor surrounding the
liquid metal jet, that MERIT is likely to validat@so, while Superbeam applications, that have even
more severe target-collector integration problekegp a strong preference for toroidal devices like
horns and reflectors. These studies will now caim the framework of the EUROnu FP7 DS
project; where the BENE WP4 team too has takereleggponsibilities. The concept of multiple pairs
of horn and (solid) target is emerging, so to ddvigh the power on each pair, mitigate the damade an
increase lifetime of components and ancillary eo@pt. R&D is in addition being fostered also for
the ancillary bulky electro-mechanic componentd tmaist pulse horns at high current and high
repetition rate. Most of the expertise resideshim CERN CNGS team, that may hopefully soon be

more available to contribute to more rapid progress
WPS5 focused orNovel Neutrino Beamoptions

WP5a (MUFRONT) focused on the front end of a neutrino factorywdsiream of the

solenoidal collection device.

The WP contributed to the assessment of the vammi®ns that were considered to define the
baseline muon front end in the ISS final acceleragport. This consists of an unprecedented
arrangement of normal RF for bunching, phase atationization cooling and pre-acceleration, in
large solenoidal magnetic fields. WP5a has beatirigahe effort to propose and have approved and
funded the MICE muon ionization cooling demonstnatexperiment at the Rutherford Appleton
Laboratory (RAL) and is currently leading the comsmning of its beam and the instrumentation.

Results must be there before the conclusion oEtHRONuU Design study and the 2012 decision point.

Field emission from RF cavity surfaces, in largeggn&tic fields, threatens fundamental limitations to
achievable accelerating gradients. This is takieary of careful studies, mostly at the Fermilab Muo

Test Area, from the MUCOOL project that WP5a haarbelosely following and contributing to. Key
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members of WP5a have meanwhile become leaderseilNth WP of EUROnNu and in the larger

context of the NF International Design Study. Tleeelopment of the conceptual design for the muon
front end is considering novel designs, with smat@gnetic fields to allow the desired accelerating
gradient to be achieved. Cooling absorbing matenéleasier use than the Li-H absorbers adopted in

MICE are also very actively investigated

WP5b (MUEND) focused on the back end of a neutrino factorygelacation and storage

ring.

It contributed to the definition of the ISS accat@n baseline based on a muon linac, recirculating
linear accelerators (RLAs) and a final muon FFAG .the same years, it motivated, proposed and
brought home approval of the EMMA electron protetypf non scaling Fixed Field Alternating
Gradient (FFAG) accelerator in the UK laboratoryDaresbury and of the RACCAM FFAG Design
Study in France and Belgium that has built and mnemsa S-FFAG magnet prototype in 2008, with
significant industrial involvement. This generatedcently also a new spiral scaling FFAG
RACCAM++ activity.

Its key members have now taken responsibilitiethenEURONu DS and the IDS, in collaboration
with the US groups around Brookhaven, KEK and tHgRR-Institute in Japan. Last, they also
proposed successfully the EUROFFAG Task in the ANKE of the EUCARD FP7 IA. Funds will be
dedicated to the EMMA upgrade (diagnostic systenBNE WP5b has also been active in
dissemination, bringing three times to Europe tf&AG workshop series initiated in Japan and

running the European Accelerator School JUAS
WP5c (BETABEAM) was BENE link to the Betabeam R&D and Design work

The team secured approval of the betabeam WP witikilrP6 design EURISOL DS late in 2004 and
kept BENE and th® community constantly aware of its developmentsNBEprovided in turn the
proper forum to discuss performance of differentepelectron (antiy) betabeam variants for

oscillation physics and stimulate input from neudrphysicists to their design.

The FP6 DS WP concerns only the original first amatiof betabeam, based on a new ion storage ring
filled by the present PS and SPS with low Q valae(&htiv) and Ne ¥) ions produced with the ISOL
ion production technique. WP5c prepared the prdpafsa betabeam WP in the FP7 EuroNu design
study that will continue the Eurisol design stu@yd will also explore more recently proposed
betabeam and detector arrangements and new, ndy I8&@production techniques. Some of these
variants are already compared to those achievaitiheswperbeams and neutrino factories in the ISS

physics report.

The final report of the Eurisol based DS is prdgesdigerly awaited. It will report on the entird sé
studies, the comforting results of studies on tamlisand heat deposition, the less comforting tesul
on ion production, the demonstration at the PS exfagt ring stacking, the benefits of an extra

accumulator ring and more.
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A monograph on beta-beams — theory, phenomenolodaecelerator aspects — has been produced in
2008 and will be published as a single volume mngp2009. Discussions on a beta-beam facility at
DESY continues. The beta-beam concept was alsemexto ICFA.

Conclusions

After 5 years of intense BENE Networking ActivitR&D and design study, a common
strategic European involvement in a global accedera program appears solidly on the
agenda of CERN Council, for the year 2012 or sostMid the tools necessary to match this
challenge have been put in place during BENE’s t&rsolid R&D program is in progress.
A complete EURONeutrino Design Study has startedew EUCARD Neu2012 NA is in
place. Highlight scientific and technical achievertsefrom this international community
during the lifetime of BENE are summarized below
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NA3: Coordination of studies and technical R&D for high-energy
high-intensity hadron beams

Acronym: HEHIHB, coordinator: W. Scandale (CERN)

Deputy: F. Zimmermann (CERN)

HEHIHB

Participants to the N4 Activities

Country l\.lum-ber of Number of
institutes persons
France 2 9
Germany 5 26
Italy 7 20
Japan 1 6
Netherlands 1 5
Poland 1 2
Spain 1 3
Sweden 1 3
Switzerland 2 4
United Kingdom 1 3
U.S.A. 3 25
Russia 2 4
CERN 1 33

Main Objectives: Evaluating the various technologies for achievingpadron beams with energies

and intensities above those currently at hand andedining a roadmap for the construction for a

future hadron collider after the LHC.
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[llustration of the Main Realisations of HHH
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Introduction and Executive Summary

The CARE-HHH network gave birth to, and developaadny key ideas, concepts, strategies
and technologies which have subsequently beconegrait components of the official
upgrade plans for the CERN accelerator complexadutide GSI/FAIR project.

The innovations coming from HHH include detailedrsarios for the upgrade of the LHC and
its injectors; the design of novel large-apertumgh-field or rapid-cycling superconducting
(s.c.) dipole and quadrupole magnets; the ideatibo of various bottlenecks in intensity or
aperture, and the development of pertinent mitigatschemes, including a variety of
remedies for the beam-beam interaction, for thetela-cloud effects, and for existing
limitations on the collimation cleaning efficienppssibly overcome using crystals; advanced
optics solutions for interaction regions and boossynchrotrons; and an improved
understanding of high-intensity beam dynamics.

HHH established and strengthened pan-Europeanraechational collaborations, e.g., with
European universities, with previously unconnecEdopean organizations such as the
European Fusion Development Agreement (EFDA) aedatiropean Space Agency (ESA), as well as
with overseas partners like US-LARP and KEK. Severzen-access databases and web
references were produced to the benefit of thedwmode accelerator community. An intense
dissemination effort through publications and pnésons was supported throughout the 5-

year programme.

Highlights of HHH

[ Deliverables
Five deliverables were planned within the 5 yeditSARE as shown in the plot below. They

had all been achieved.

l bl —e— Planned Deliverables
6 HHH Deliverables —=— Achieved Deliverables

Number of
deliverables
w

O il ot et e e s B e e s e Bt e e e e

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58
Months
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The primary deliverables of HHH are a “web databfases.c. cables and magnets” which
includes data from the LHC, Tevatron, RHIC and ITERong with automatic tools for
generating and importing these data from differgrgjects, and the “accelerator-physics
simulation codes web repository” containing no fewan 53 programs. Another two
deliverables were the generation and the continwpasating of the HHH and HHH-APD
web sites. In addition, an LHC-upgrade IR opticgl dayout web repository, a booster
synchrotron (PS2) optics web repository, and actirad list of intensity limits for the LHC
and its injectors were also created, and repredeim@ortant milestones. The last HHH

deliverable is this final report.

[ Dissemination and Outreach

In total HHH generated 156 documents reflectingsn¢ations or publications delivered
outside the previously mentioned workshops, plus fé8) 31 proceedings of workshops
organized within HHH. The HHH documents include CARE Reports, 70 CARE-
Conference papers, 15 CARE Notes, 9 CARE journales, and 4 CARE theses (see table).

2004| 2005| 2006 2007| 2008|sum
CARE Notes 0 2 3 5 5( 15
CARE Publications 0 1 3 3 2 9
CARE Reports 1 3 2 2 3 11
CARE Conferences 8 8 24 12 18 70
CARE Theses 0 0 1 1 2 4
Total 9 14 32 23 30| 109

HHH also supported 44 scientist exchanges, as agef{partly) 15 master and PhD students.
Also a total of 9 summer students were trained @mributed to HHH activities. Another

important component of the HHH dissemination effoals the development and extension of
the superconductor database and the acceleratsieghsimulation codes web repository, as
well as the maintenance and development of HHH srs, plus several other web-based
repositories. Presentations and discussions by Héfidakers at various experiment
workshops and university seminars, as well as #wprocal participation of the LHC

experiments in HHH events, provided a valuable liokthe particle-physics community,

which aligned the accelerator upgrade plans with dietector requirements and with the
upgrade plans of the experiments. In addition, maew contacts were established to
communities outside particle physics, e.g. ORNL/SHEI®I outside accelerator physics, e.g.

the European Space Agency, on topics of commormresénterest.
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Date Title/subject Location N”r.“t?er of
participants
22 22%3A4ar0h AMT workshop on Acgﬁiﬁg)zrohgi?net Superconductors Archamps (F) 100
2993 June 2004 ABI Workshop on Trajectory and Beam position Aumiihle (D) 20
measurements using digital techniques
8-11 N APD Workshop on Beam Dynamics in Future Hadron
- ovember - . ) : .
2004 Colliders and Rapidly Cycling High-Intensity Synchrotrons CERN (CH) 90
(HHH-2004)
1-2 December ABI Workshop on DC Current Transformers and Beam- Lyon (F) 15
2004 Lifetime Evaluations
AMT Workshop on Beam-Generated Heat Deposition and
3-4 March 2005 Qﬁench Levels for LHC MagnetsIO CERN (CH) 80
31 August —3 | APD Workshop on Scenarios for the LHC Luminosity Upgrade .
Septem%er 2005 P (LHC-LUMI-05) Y P Arcidosso (1) 40
26-28 October AMT Workshop on SC Pulsed Magnets for Accelerators Frascati () 70
2005 (ECOMAG-05)
6-7 December ABI Workshop on Remote diagnostics and maintenance of ]
2005 beam instrumentation devices Hirschberg (D) 20
AMT Workshop on Accelerator Magnet Design and
3-6 April 2006 Optimization (WAMDO) CERN (CH) 140
11'12(%?0%" AMT Workshop on the Low Energy Ring Study (LER) CERN (CH) 50
16-20 October APD Workshop Towards a Roadmap for the Upgrade of the valencia (E) 70
2006 LHC and GSI Accelerator Complex (LHC-LUMI-06)
30 November -1| ABI Workshop on Simulation of BPM Front-End Electronics Lineburg (D) 27
December 2006 and Special Mechanical Designs,
APD Workshop on LHC Injectors Upgrade and LHC Beam
1-5 October 2007] Parameters Upgrade including Francesco Ruggiero Memorial| CERN (CH) 88
Symposium and CERN-GSI Meeting (BEAM'07)
7-9 November | APD Workshop on Interaction Regions for the LHC Upgrade, Frascati () 39
2007 DAFNE and SuperB (IR'07)
19-20 November AMT Workshop on Heat Generation & Transfer in Paris (F) 30
2007 Superconducting Magnets (THERMOMAG)
11-13 December ABI Workshop on Schottky, Tune and Chromaticity Chamonix (F) o8
2007 Diagnostics (with Real-Time Feedback)
AMT Workshop on Accelerator Magnet, Superconductor,
19-23 May 2008 Design gnd Optimization (WgAMSDOpZOOS) CERN (CH) 107
24-25 November| HHH-2008 Workshop: Scenarios for the LHC upgrade and |Chavannes-de- 43
2008 FAIR Bogis (CH)
10-12 December ABI Workshop on Transverse and Longitudinal Emittance |Bad Kreuznach 27
2008 Measurement in Hadron (Pre-) Accelerators (D)

[l Impact on European Research Landscape

HHH established a detailed roadmap for the Eurogegh-energy high-intensity hadron-
beam facilities, formulating needed or desirablgrage steps over the next decade, and
initiating pertinent technical developments. In iidd HHH made a further impact on the
European research landscape via the launch of tkmng- activities, through new
collaborations, and by the strategic involvemerEofopean industry.
Significant ideas and concepts which originatethenframe of HHH include:

e the phasing of the LHC luminosity upgrade (“phase 1” and “phase 2”);

e an LHC “phase-1” interaction-region (IR) upgrade using larger-aperture NbTi

magnets;
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the upgrade of the LHC injector complex involving higher energy and/or higher-
intensity storage rings, as will be realized with Linac4, the SPL, PS2 and the upgraded
SPS, with the goals of increasing beam intensity and reducing the effective LHC
turnaround time;

novel electron-cloud mitigation techniques such as carbon coating, black metals,
mechanically or magnetically rough surfaces, enamel-based clearing electrodes, and
wide-band beam feedback, most of which were qualified in beam tests at the SPS
and PS, to suppress any electron-cloud build up for the SPS upgrade, PS2, and FAIR;
the identification of several schemes for increasing the LHC luminosity by a factor of
ten above nominal, and the development of four example scenarios for this LHC high-
luminosity upgrade (“phase 2”), namely: “large Piwinski angle”, “early separation”,
“full crab crossing”, and “low emittance”, each with its own distinct merits and
challenges;

the concept of LHC “luminosity leveling” to reduce the maximum event pile-up in the
detector while providing a high integrated luminosity;

the demonstration that, at the contemplated much higher luminosity, the new NbTi
or NbsSn interaction-region quadrupoles can efficiently be shielded against increased
energy debris from the collision points, and that NbsSn gains a factor 1.3-1.4 w.r.t.
NbTi;

the advancement of crystal collimation for higher-intensity operation and the
qualification of novel and multiple crystals with SPS beams;

the potential gains from crab cavities at an upgraded LHC, a staged crab-cavity
implementation consisting of validation, a single global prototype, and, finally,
compact local cavities, as well as the establishment of a worldwide LHC crab-cavity
collaboration;

several refined schemes for LHC long-range beam-beam compensators, e.g. ones
based on high-temperature superconductor or cold copper, and RF wire devices;

the possible benefits from LHC “crab-waist” sextupoles including their use for long-
range collisions and at collimators;

pioneering contacts with European industries, e.g. enamel producers in Germany,
beam instrumentation companies, manufacturers of s.c. cables and magnets,
software developers for RF devices, as well as with other communities, e.g.

ESA/ESTEC, the LHC experiments, SNS, EUROTeV, EPFL Lausanne, etc.;
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* the design and optimization of high-field or fast cycling s.c. magnets, and particularly
for FAIR the development, first proposed inside HHH, of a pulsed s.c. dipole with
curved shape, which led to the procurement of a prototype from INFN; and
e improved hadron-beam diagnostics with several industrial spin-off products.
HHH guided and stimulated this progress by orgagizhumerous workshops, topical
meetings, as well as targeted scientific exchangeshich many of these ideas came to the
surface. The pure networking activities were comm@eted by an intense dissemination effort
in the form of publications and presentations.

The table below summarizes selected achievemerisibif

Selected Main impact Impacted [Expected future impact
Achievements [infrastructure
Plan for a phased LHC upgrdOfficial CERN |LHC [LHC luminosity increase
strategy for LHC
upgrade
LHC “phase-1" interaction- |Launch of LHC IR|LHC More aperture, factor 2
region (IR) upgrade using |Phase-I upgrade reduction in beta*
larger-aperture NbTi magnetjproject
[Upgrade of the LHC injector |Linac-4 Project, |CERN More flexibility for LHC
complex design studies for jcomplex, beam parameters,
SPL and PS2 Linac-4, SPL,|increased reliability,
PS2 reduced LHC turnaround
time
mitigation techniques carbon coatings afPS2, FAIR  |cloud with improved
black metals accelerator performance,

allowing full benefit of

Novel electron-cloud Development of |SPS upgrade}Suppression of electron
PS2 ; applications to ILC

and CLIC
Phase-Il LHC upgrade Development of |LHC injector |Factor 10 luminosity
schemes four distinct complex and Jincrease beyond nominal
upgrade scenariogLHC for LHC
interaction
regions; LPA
scheme for
SuperB
Concept of luminosity levelinjReduced detector|LHC High quality physics datal
pile up Experiments [together with high
and LHC integrated luminosity
interaction
|region
Handling of collision debris [Shielding LHC Quench avoidance and
|development and |interaction  |improved lifetime of IR
simulations for neJregion magnets; applications to

INb-Ti and Nb3Sn |quadrupoles [future hadron colliders like
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triplets DLHC or VLHC
Advancement of crystal Option for LHC Beam operation and high-
collimation and crystal improved collimation  |intensity beam handling f
qualification collimation system LHC and FAIR
LHC crab cavities orldwide ILHC Increased luminosity, easy
collaboration; luminosity leveling for
staged prototyping LHC
and
implementation
plan
Novel LHC long-range beam|Compensators  JLHC |LHC beam performance
beam compensators based on high-Tc,
cold copper, or R
ires
LHC crab-waist sextupoles [Main collisions, JLHC Higher luminosity, higher
long-range beambeam tune shift limi
collisions or improved cleaning
collimation efficiency, SuperB
Pioneering contacts with Design, LHC, SPS, P3Better simulation tools,
European industry, e.g. enarjprototyping, PS2 product delivery and
producers in Germany, beanfproduction and in commercialization;
instrumentation companies, |some cases improved accelerator
manufacturers of SC cables [commercialization performance
and magnets, software common
developers for RF devices, adevelopment of
well as with other new simulation
communities, e.g. LHC codes; beam
Experiments, ESA/ESTEC, |experiments;
SNS, EUROTeV, EPFL laboratory studies
Lausanne
Design and optimization of [Procurement of a |GSI FAIR  |PS2, SPS2
high-field or fast cycling s.c. |prototype pulsed
magnets, and particularly for|]SC dipole with
FAIR the development of a |curved shape fror
pulsed s.c. dipole with curveqINFN
shape, which led to the
Improved hadron-beam Industrial spin offsSfDESY, GSI, JAll accelerators worldwide
diagnostics CERN, US- |will profit from the beam
LARP |[diagnostics development
laboratories

Summary of HHH activities: Workshops and Collaborah Dynamics

HHH was organized in three work packages: Advancgsnen Accelerator Magnet
Technologies (AMT), Novel Methods for Acceleratoedsn Instrumentation (ABI), and

Accelerator Physics and synchrotron Design (APDRcHEwork package organized its own
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series of workshops. At least one workshop was petdvork package per year. In addition,
a number of topical mini-workshops were organizedhake progress on specific issues, and
several joint workshops on topics of common interesre co-organized with European or
international partners. In total 39 primary HHH W&inops were organized, 8 of which by
AMT, 6 by ABI, and 17 by APD. The remaining 8 were-organized by APD together with
other institutions

The workshop participants came from numerous Ewogdaboratories (CEA, CERN, CI,
CIEMAT, DESY, EFDA, ENEA, FZJ, GSI, IFJ-Krakow, INE IN2P3, ITEP-Moscow,
JINR-Dubna, PSI, RAL, STFC,...), from European orgations (e.g. ESA), from European
universities (in France, Germany, lItaly, Spain, t3aiand, UK, etc.), from international
organizations (e.g. IFMIF), from the US-LARP (BNLBNL, FNAL, SLAC), from other US
laboratories (JLAB, NHMFL, ORNL), from US univeig$ (e.g. Cornell, MIT, Texas
A&M), from Asia (IHEP in China, KEK in Japan), arftom European industry (Alstom,
Accell, NBB, Bruker BioSpin, Outokumpu, Ansaldo, senwerke Duker, AUROSAT,
Bergoz, Globes Electronics, Kyocera, Wendel Enfigmens). The number of participants
varied between a minimum of 15 and a maximum ofiato200. The workshops assumed a

key role in determining the HHH collaboration dynes

In the frame of the AMT work package, 8 workshopgavheld on superconducting magnets
and cables, and on applications of s.c. magnethigh-energy accelerators. Numerous
industrial companies were involved in the AMT eweriflany of the workshop topics were
aligned with the superconductor development aa@witin the CARE-NED activity
progressing in parallel. The early AMT workshopsieaied the capabilities of European
industries and laboratories, and defined the needsdevelopment directions for high-field
and large-aperture as well as for fast-ramping magnets. Three workshops addressed the
particular aspect of heat generation - by beam lmggollision debris, or by the ramping of
the magnet - as well as improved insulation andimgosschemes. The outcome of these
workshops has been taken into account in the matgsegn for the LHC interaction-region
upgrade and in the fast-cycling pulsed magnet despgyoposed for FAIR, the PS2 and an
eventual SPS2. Other, later and larger AMT workshognsidered the magnet requirements
imposed by the beam optics solutions and by theraction-region layouts developed within
the APD work package, as well as magnet-speciigds like design and costing tools, novel
design concepts, and magnet optimization. One alp&MT workshop looked at the proposal
to install an s.c. injector ring based on transimistine magnets in the LHC tunnel. This

proposal was rejected as a result of the workshigpussion. In summary, the AMT
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workshops have generated a strong European andatial R&D community capable to
develop the next generation of s.c. acceleratornetag and to support both FAIR and the
various phases of the CERN upgrades.

The ABI work package organized one workshop perr.y@ae workshops were loosely
connected, each time addressing a different tygeeam diagnostics or beam control. Taken
together they provided a complete survey of hadveam instrumentation: trajectory and
beam position measurements using digital technjgD€s current transformers and beam-
lifetime evaluations; remote diagnostics and maiatee of beam instrumentation devices;
simulation of BPM front-end electronics and speamdchanical designs, Schottky, tune and
chromaticity diagnostics (with real-time feedback)g transverse and longitudinal emittance
measurements in hadron (pre-)accelerators. Numerdgaslaboratory collaborations and

partnerships with industry resulted from this atyiv

APD organized one major workshop per year, stroimglplving the four LHC experiments,
and other CERN non-accelerator departments, like iiSaddition to the participating
institutes listed above. The APD workshops covdtgdre hadron colliders (LHC upgrade
scenarios) and rapidly cycling high-intensity symtfons (CERN injector complex upgrade
and FAIR design), including closely related themeg. high-intensity beam-dynamics
issues, optics solutions for the upgraded LHC adion region and for booster synchrotrons,
machine protection, collimation, energy depositiaccelerator-physics simulation code web
repository, and simulation code benchmarking edfofthe first APD workshop in 2004
brought the entire community together. Its priméogus was the review of upgrade issues
and of inherited upgrade scenarios. The workshagorsed a staged upgrade scenario,
distinguishing an initial “phase 1” with changeslyom the LHC interaction region, and a
subsequent “phase 2” with major hardware modiftceti Various joint activities were
triggered at this workshop, e.g. the CERN-GSI d¢tation on incoherent electron-cloud
effects. A secondary goal was surveying the stitbesart in hadron-beam dynamics
simulations, aided by an expert panel discussidims Tirst workshop already eliminated the
so-called superbunch scheme for the LHC in viewunfcceptable event pile up. The
following workshop considered some revised upgamarios with less pile up, especially a
derivate of the former superbunch scheme - thesi®igiinski angle upgrade scenario with
initially 75-ns bunch spacing. For the first timie upgrade solutions were presented which
reached3* values of 0.25 m using large-aperture NbTi quadtes rather than NBn. At this
workshop also the idea of an “early-separation saievith further reduce@* values, below

0.25 m, was first proposed. Large-angle crab-cawitwere abandoned. The third workshop
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rejected the so-called dipole-first schemes, bdieddhe novel concept of slim s.c. magnets
(dipole or quadrupoles) embedded deep inside thecte, and it brought up the idea of
small-angle crab crossing. Options with 12.5-ns chuspacing were shown to lead to
unacceptable heat load and were subsequently abeshddwo new LHC upgrade scenarios
were constructed that compromise between arc badtdnd detector pile-up, one with 25-ns
spacing, the smallest possil§& and early beam separation, the other with 50pecisg,
longer flat buncheg3* of 0.25 m, and a large Piwinski angle. The faoustorkshop in 2007
focused on the CERN injector upgrade, and on tlelymtion of the beams required for
various LHC upgrade scenarios by the new injectonex, as well as on the possibility of
luminosity leveling to reduce the peak pile up. ##8eted by KEKB progress, “full crab
crossing” became a third option for the LHC upgraeler PS2, arguments were invoked in
favor of either conventional magnets or fast cyglis.c./superferric magnets. The last
workshop, in 2008, synthesized the results of 5rsyed HHH networking activity. It
established 4 different scenarios for the LHC Highinosity upgrade. The fourth, new
scenario makes use of the low-emittance highehbrgss beam available from the SPL and
PS2.

In addition to these primary workshops, APD orgadia number of mini-workshops and
working meetings. One mini-workshop, organized flgiwith CARE-ELAN and EUROTeV

in 2007, was devoted to technological consequeotekectron-cloud effects. This workshop
launched collaborative efforts for the developmeihovel coatings (black metals, carbon)
and enamel-based clearing electrodes in view ofSR& upgrade and PS2. A follow-up
workshop, in 2008, reviewed the achievements, afmkiered a pertinent collaboration with
the European Space Agency and its partners onngsaind computer modeling. At this
workshop also another electron-cloud remedy base@ static spatially modulated weak
magnetic field was discussed. Further two mini-v8bdps advanced the idea of LHC crab
cavities. The first of these, arranged jointly witle US-LARP and BNL, established a global
collaboration on LHC crab cavities. The second -@aity mini-workshop discussed the
validation requirements prior to installing a credvity in the LHC. Another three mini-
workshops looked at the LHC interaction region apgs, including the related magnet
development in Europe and the US, or at beam-bdteot® and beam-beam compensation,
respectively. An HHH-APD networking support for stgl channeling, reflection and
collimation, provided a forum of discussion to whimany associated institutes in Russia and
US, such as IHEP, PNPI, JINR and FNAL, have coatedd. APD organized no less than 5
mini-workshops on crystal collimation in hadronlmdrs, to prepare, conduct and analyze a

series of experiments with SPS proton and ion beant some complementary experiments

46



Coordinated Accelerator Research in Europe

at FNAL. As part of the crystal activity, the inbational conferences “Channeling’06” and
“Channeling’08” were co-organized and sponsoredHiyH. HHH-APD also supported
participation in beam experiments on crystals @nfsddeam compensation studies at the SPS,
the FNAL Tevatron, and BNL RHIC. In addition, HHHP® organized two CERN-GSI
bilateral working meetings on “collective effectsheory and experiments”, which allowed
an exchange of ideas and approaches in high-itydmesam dynamics, encouraged a common
planning of future experiments and simulations & @nd CERN, and, overall, fostered a
much closer collaboration between the CERN upgsaalgy groups and the GSI FAIR design

team.

In addition to workshops, exchanges of key scientlsetween member laboratories or
associated institutes, over typical periods of 4 tweeks, helped to make progress on crucial
issues, for example energy deposition, high-fieldgnmet design, crystal modeling, beam-

beam interaction, or electron-cloud simulations.

Conclusions

After 5 years of intense HHH networking activithetLHC luminosity upgrade has assumed
a realistic shape. Meanwhile concrete efforts agenway for implementing the first upgrade
phase around 2012/13. Hitherto considered basafigeade scenarios (e.g. 12.5-ns spacing,
or superbunches) had to be completely abandoneatieinplace, HHH has put 4 alternative
scenarios, all with comparable luminosity - 10 snaove nominal - , with similar event pile
up rates, and with acceptable arc heat loads. Hldtvarking has also introduced the
concepts of luminosity leveling and of a phasedrageg, both highly appreciated by the
experiments. At the same time the CERN injector mlem upgrade, first proposed in the
frame of HHH, was advanced dramatically. HHH nekirmy has also initiated an important
fast-pulse s.c. magnet design for FAIR, as wel asllaboration on electron-cloud mitigation
for the SPS upgrade which resulted in an impress@teof “solutions”, that promise to fully
eliminate the occurrence of an electron cloud tariel accelerators. Strong support by HHH
has also pushed forward the development and matipual of crystals for collimation
applications, which may overcome one of the mogtartant intensity limitations of the
LHC.
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X. Description of the Joint Research Activities

JRAL: Research and Development on Superconductiragii®-Frequency
Technology for Accelerator Application

Acronym: SRF

Co-Coordinators: D. Proch (DESY), T.Garvey (CNRS-Orsay)
Deputy: H. Mais (DESY)

Participating Laboratories and Institutes:

Institute S
S SRF Scientific
(Participating number) | Acronym | Country Contact
DESY (6) DESY D D. Proch
CEA/DSM/DAPNIA (1) CEA F O. Napoly
CNRS-IN2P3-Orsay (3) CNRS-Orsay F T.Garvey
INFN Legnaro (10) INFN-LNL I E. Palmieri
INFN Milano (10) INFN-Mi I C. Pagani
INFN Roma2 (10) INFN-Ro02 I S. Tazzari
INFN Frascati (10) INFN-LNF I M. Castellano
Paul Scherrer Institute (19) PSI CH V. Schlott
Technical University of .
Lodz (12) TUL PL M. Grecki
\Warsaw University of .
Technology (14) WUT-ISE PL R. Romaniuk
IPJ Swierk (13) IPJ PL M. Sadowski
Industrial Involvement :
Company Name Country Contact Person
ACCEL Instruments GmbH D M. Peiniger
WSK Mess- und Datentechnik GmbH D F. Scholz
E. ZANON SPA I G. Corniani
Henkel Lohnpoliertechnik GmbH D B. Henkel

Main_Obijectives: Carrying Research and Development of the techniqu allowing the realization of

superconducting cavities reaching high acceleratingradient (>35 MV/m) and lower RF losses (higher
quality factor), including the realization and test of prototype cavities leading to the improvemenof the
FLASH facility for accelerator R&D. Conducting the Research and Development on radio-frequency
systems and components to improve the technical germance and reliability of superconducting RF
linear accelerators while reducing cost, includinghe verification of design improvements on FLASH wth

high gradient cavities and beam.
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Aims of SRF

The JRA-SRF has been active from 1.1.2004 until32008. The purpose was to
enhance the performance of superconducting cawdhedsrelated auxiliaries for the operation
of a superconducting electron linac. Also innowvatignd promising technologies were
investigated. A direct impact is expected for tiperation and performance of FLASH. But
new (e.g. XFEL) or future superconducting accetegafe.g. ILC or energy recovery linacs)
will benefit from the R&D efforts in JRA-SRF.

In total 8 partners were involved in the JRA-SRIEAC CNRS-Orsay, DESY, INFN
(INFN-LNL, INFN-Mi and INFN.Ro2), TUL (Technical Uwersity of Lodz), IPJ (Swierk),
WUT-ISE (Warsaw University of Technology) and PBil.addition four industrial partners
were attached to JRA-SRF (ACCEL, WSK, ZANON and kdh

The development of superconducting electron lifeas been pushed in Europe for
more than 10 years. A major milestone of this #@gtiwas the foundation of the TESLA
collaboration. The aim of this collaboration wasptepare the technical competence for the
construction of a possible high energy physicsideilwith an energy reach of 500 GeV with
possible extension to 1 GeV. This collaboratioméai laboratories from Europe, USA and
Asia. The central R&D superconducting linac instédin was the TESLA TEST Facility TTF
at DESY.

In 2004 the International Technical Recommendakanel ITRP has recommended
the superconducting solution for the linac techgwgltor a future High Energy Physics linear
collider. As a direct consequence the Internatidmaéar Collider effort ILC was founded.
Based on the technical expertise of TESLA ILC atgd a global design effort for a 1 GeV
collider.

Although the TTF linac at DESY has become a FEL telity, it also serves as test
bed to gain operating experience for new linac comepts. The TTF test infrastructure is a
unique installation for preparation and testing@berconducting 1.3 GHz cavities. In the last
years the main activity at DESY was devoted to arepthe technical knowledge for the
construction of XFEL, a superconducting based ngft lsource. The construction of XFEL
started in 2008.

It is important to note that the success of SFR-J®Aased on a very active and

fruitful collaboration between all partners fronbdaatories, universities and industries. The
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advancements of JRA-SRF further strengthen the pgeamo leadership in the field of
superconducting electron linacs. Synergetic benefi the partners will continue even after
JRA-SRF ended.

Highlights for the JRA-SRF Project

01 Summary of main achievements

JRA-SRF activities covered a large field of R&D asefor design and performance
improvements of superconducting cavities as wellupgrades of additional components
related to the operation of superconducting RF lacating systems. The main advancements
are
* An electropolishing (EP) system for processing @fef cavities has been designed,
built and operated at DESY
e The technology of EP has been successfully tramsfé¢o industry (two companies in
Germany)
* Two different tuning systems for SC cavities haw®erb optimized and have been
completed by adding fast tuner mechanisms
A new beam position monitor for operation at cryageemperatures was designed,
built and successfully tested in Flash
* A new non intercepting beam emittance monitor, asa Optical Diffraction
Radiation ODR, was designed, built and successfediied at FLASH
« New strategies for high power coupler conditioningere developed which
dramatically reduce the effort of coupler training
« Several new hard and software components for thddeel RF control (LLRF) were
developed, built and successfully implemented iAEH
* A superconducting SQUID scanner for quality conwbINiobium sheets was built
and demonstrated superior sensitivity as comparehdet standard normal conducting
Eddy current device.
* The Technology of seamless cavity fabrication wasetbped and a first 9-cell
prototype could be built and was successfully teste
* The technology of large grain and single crystalitees has been advanced and
several prototypes were built and tested
« Dry ice cleaning was applied to cavities and RFsgaa a novel method to purify

surfaces without the need to use water
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* An novel electrolyte for electropolishing withouseu of hydrofluoric acid has been

proposed and was successfully explored on samples

O Deliverables

In JRA-SRF 36 deliverables were scheduled. Theyeveémed at improving existing
design, components, software or procedures. Alsovative materials or treatments were
investigated. One important component was to tearestpertise from laboratories to industry.

All deliverables have been achieved, as shownartahle below.

SRF Deliverables —— Planned Delivergbles
40 = Acqieved Deliverables |
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O Dissemination

Members of JRA-SRF have attended and contributddrgge accelerator conferences
such as Linac06, Linac08, EPAC06, EPAC08, PACOTC Tieetings and SRF workshops.
Also at specialized conferences like SPIE (Polddh\-ERF members gave invited and/or
contributed talks. Ten PhD reports have been fedshnd 30 refereed papers have been
produced. In total 194 CARE documents were wrifsae table below). In addition 2 German

patents have been granted (hydroforming of cavareksingle crystal cavities).

2004| 2005| 2006/ 2007| 2008|sum
CARE Notes 6 6 4 3 0 19
CARE Publications 1 13 10 5 11 30
CARE Reports 1 3 10 8 22| 44
CARE Conferences 18 26 35 10 2( 91
CARE Thesis 0 0 5 3 2 10
Total 26 48 64 29 27| 194
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The Activity has organized every year a series eetvhgs. The Table below reports the SRF

Annual Meetings.

Date Title/Subject Location Participants
02.-03. Nov.2004 Annual SRF meeting DESY 43
19.-21. Oct. 2005 Annual SRF meeting Legnaro 45

28.-31. March 2006 Thin film meeting INFN, University Roma 8
14-15. Nov. 2006 Annual SRF meeting Frascati 45
17.-19. Sept. 2007 Annual SRF meeting Warsaw 15
26.-28. May 2008 Seamless, thin film meeting Legnaro 15
02.-03. Dec.2008 Annual SRF meeting CERN 18

0 Main impacts of the JRA-SRF achievements
The impact of the JRA-SRF achievements can be gabuptwo categories:

A. The design, functionality, treatment and performamof hardware or software have
reached a mature state. In these cases componentseatments can directly be used or
applied for infrastructures which are operating (sh as FLASH), are under

construction (such as XFEL) or are under planningch as ILC). Examples are:

= The cavity / helium vessel design was optimizedhwiespect to cost effective
fabrication and for high mechanical stiffness (rdex to minimize the effect of Lorentz
detuning). This design will be used for a possiipgrade of FLASH and also partially
for the fabrication of XFEL cavities and for thesdg of ILC modules. For any new

pulsed superconducting electron linac this desidjrbe first choice.

» The standard electro polishing (EP) procedure faltirsell cavities was finalized and
Is in operation at DESY for more than 150 caviti€lis technology was successfully
transferred to industry and can be “ordered” nowahy present or future project. The

European industry now is leader in the industrialtEchnology.

= Niobium sheets are scanned for material defects Eogly current devices. A
superconducting SQUID detector should result ingldr sensitivity as compared to
the normal conducting pick up coil presently undese. In cooperation with the
company WSK a novel SQUID scanner was designedt, dnd tested. The sensitivity
of the SQUID scanner is about a factor of 4 higilen comparing the depth of
detection of a 5@m size calibration defect in the Niobium sheet.

= The design and optimization of slow and fast calding systems for cavities is
finalized and was approved by prototypes. Two weisi are available: tuning

mechanism is placed at the end or at the middteeohelium vessel. The first one is the
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standard solution for FLASH and XFEL type accelamst The second one is first

choice for accelerators where the absolute lersythitical, e.g. ILC.

A new type of beam position (re-entrant type of iggvwas designed, built and
successfully tested at FLASH. This monitor compligth the requirements of class 100
clean-room assembly conditions and also meets dbelution specification of the
XFEL. It was decided to use this monitor in FLASM.present this monitor is the only

choice for use in superconducting acceleratordairto XFEL.

The technology for production of seamless cavilias been finalized. A patent has
been granted for this new fabrication technologyarless tubes are fabricated by a
combination of back extrusion and flow turning. Angputer controlled hydraulic
machine forms cavity cells from these tubes. Thé&emnma properties, specification and
the forming parameters are well understood andndefi A first 9-cell hydroformed
cavity has been successfully tested at a high exatelg gradient of 30 MV/m. This
fabrication method is ready to be used in casesravheelding defects limit the
performance of superconducting cavities. Europedesinitely the leader of this

technology.

The objective of the Low Level RF Control (LLRF)shheen to advance RF Control
Technology in the areas of hardware and softwanmdet the requirements for linear
colliders and linac based free electron lasers (BBd XFEL). The work has been
focused on the following topics:
- Pushing the technical performance such as fieldla¢ign close to the operational
limits of the cavities and high power systems
- Compatibility with tunnel installation including Wb maintenance and radiation
tolerance
- High degree of automation for large scale systamadequate operability of large
scale systems
- Reliability and availability optimization in conrtgmn with cost reduction Overall
the LLRF hardware and software currently implemeérgethe RF Gun and at the
first cryomodule at FLASH as the result of the LLRBrk in FP6 are considered
pioneering work in this field. While several otHabs and industry just started to
follow the hardware development in this area, tldtwsare developed and
evaluated in this framework has not only improved field regulation but also
paved the way to high availability, simplicity operation, and exploration of

operation close to the performance limits of cagitand high power systems.
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= Input coupler conditioning can be time consumingd aas the risk of breaking the RF
window. New strategies have been developed andtedsn considerable reduction of
conditioning time. This achievement is based omdhcomponents: stringent quality
control during fabrication, applying clean-room heology during assembly and
elaborate setting of interlock signals. This pragedwill be applied during XFEL

coupler procurement and is available for use atcamgtruction project for SC linacs.

B. There are interesting and promising achievementsigthneed additional R&D effort

beyond CARE or cooperation with new partners or ugdry. Examples are:

» The standard fabrication technology of Nb cavitget® form and weld sheet material of
small grain structure. The intrinsic supercondugtmaterial parameters of Niobium
might be reduced by the many intermediate stepsrging, baking and etching. Large
grain or even single crystal cavities are formedstarting with Nb sheets being cut
from the highly purified ingot raw material. JRA-BRhas fabricated and tested very
successfully several large grain 9-cell resonatnd also single cell single crystal
cavities. A patent has been granted to the falioicaechnology of single crystal single
cell cavities. The breakthrough of this novel temogy requires R&D effort by the
Niobium industry for large scale production of agmiate ingot raw material. This
would revolutionize the Niobium cavity fabricatiovith respect to fabrication cost and
cavity performance. JRA-SRF has created one of wioeld leading centers of

excellence in this field.

» Dry ice cleaning is an alternative method to higlesgpure water cleaning. An
experimental set up for dry ice cleaning has beditt bnd was operated in order to
determine the optimum parameter set. Sample imgaggins demonstrated that the dry
ice cleaning effect is superior to the high pressuater process. But this benefit could
not be verified with Niobium cavities. However doge should be an optimum choice
where the use of water is not recommended. Thiseisase for the normal conducting
copper RF gun cavity where the water jet would xeédhe copper surface. As a first
experiment the RF gun of FLASH has been cleanetheydry ice method. The dark
current of the RF gun could be substantially reduoy this procedure. This positive
proof of principle experiment will initiate an aaty to optimize the dry ice cleaning
apparatus for RF gun cleaning. This effort will leyond CARE but is an example of

spin off technology from CARE activities.
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» The standard electropolishing electrolyte is basedydrofluoric acid (HF) which is
very toxic. JRA-SRF has investigated HF free etdgtes. The most promising
alternative is based on Chocline which forms ancidiguid. Intensive studies with
samples explored the parameter space of this solgtine PhD work). The surface of
samples is very shiny, which is considered to beeeessary condition for good RF
performance. The transfer of this technology tatgaapplication is rather complex and
could not be finished within the scope of CARE. TTCTESLA Technology
Collaboration) has recently started a global aftito further investigate this novel EP

technology. This is another example of global immdthe R&D work in CARE.

Summary Table of the main JRA-SRF Achievements antheir impact on the Scientific Infrastructure

Selected Main improvement |Direct impacted Future impacted Industrialisa
Achievements infrastructure infrastructures tion
Helium vessel / cavity |low cost, high FLASH, XFEL any pulsed SC linac
design mechanical stiffness for electrons
Standard electro- Industrialisation XFEL all SC linacs world Tranfered to
polishing, EP finished wide industry
Tuner design two designs XFEL ILC, ALICE, RIB,ERL

completed linacs
Beam position monitor|high resolution FLASH, XFEL ILC, ALICE,ERLs
SQUID scanner Higher sensitivity than Built by

EDDY current device industry
Seamless cavity no performance FLASH, ERLs Patent
design limitations by welds granted
Low level RF, LLRF Advanced design FLASH, XFEL ILC, ALICE, RIB,ERL

linacs

Input coupler Short conditioning FLASH, XFEL ILC, ALIC, ERLs

time
Large grain / single Cost reduction & FLASH XFEL, Patent
crystal cavity performance upgrade granted
Dry ice cleaning New cleaning method |FLASH XFEL, ERLs

without water
Electro polishing Avoids chemical FLASH all SC linacs world
without Hf acid hazard wide
Beam emittance Non intersepting FLASH ILC, XFEL,
monitor monitor
Cry-Ho-Lab New SCREF test facility |[FLASH ILC, XFEL, any SCRF

project

» The characterization of the transverse phase sfoackigh charge density and high
energy electron beams is demanding for the sucedeslglvelopment of the next

generation light sources and linear colliders. Trterest in a_non-invasivand non-

interceptingbeam diagnostics is increasing due to the strinfgatures of such beams.
Optical Diffraction Radiation (ODR) is considered ane of the most promising
candidates to measure the transverse beam sizeamguar divergence, i.e. the

transverse emittance. JRA-SRF has developed atypetamf such a monitor. An
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experiment has been set up at the DESY FLASH Batdimeasure the electron beam
transverse parameters based on the detection oOB® angular distribution. The
experiment confirmed that ODR can be used as a intercepting beam size
diagnostics, allowing also the simultaneous measent of the beam angular spread.
The remaining difficulty is to lower the backgroumd synchrotron radiation from

bending and quadrupole magnets.

Summary of the JRA1 activities

Workpackage 2: “Improved standard cavity fabrication”

The main task in this workpackage was to find caitissues in the present cavity ancillaries,
to improve the reliability of the existing compont®ro propose new cheaper solutions for the
accelerator components of future large SC linaekiny into account the experiences with
SC cavity auxiliaries in several laboratories thisrk concentrated on specific items, namely
the cold joint system (cold flanges), the He-tanthwhe tuning system, and in particular its
connection to the cavity. The He-tank and its catinas to the cavity (end dishes) has been
concretized both in a full dressed cavity prototywih modified He tank and in the
realization of two simplified end groups with a ng@eometry. The experimental research
activity has been supported by a thorough studhestiffness behavior of the dressed cavity
defining a spring model that was experimentallyidatbd during tests in CHECHIA and at
BESSY. This effort resulted in a simplification thie construction and welding procedures so

that a considerable reduction of fabrication costdd be reached.
Workpackage 3: “Seamless cavity production”

Seamless cavity fabrication technology was investig in order to avoid e-beam welds. The
promise of this technology is cost and risk samyweld defects). Several single and multi-
cell cavities were fabricated by hydro-forming amihning. Hydro-forming is most advanced
and could be transferred to industry. A Germanrgat&s granted for this new technology.
This is an available and interesting alternativeritation technology for new projects,

especially those which require a large number sdmators.

Workpackage 4: “Thin film cavity production”

The main aim of this workpackage was to developew method of thin film coating by
means of arc discharges under ultra-high vacuumuebnditions. Instead of RF cavities
made of bulk Nb one could apply Cu-cavities coatét thin Nb-layers.
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Two different coating methods were investigatechelar-Arc Cathode Coating and Planar-
Arc Cathode Coating. Those tasks were based oeréliff geometries of the cathode and they
used different experimental facilities, but theylexed the same principle and they applied
identical measuring techniques. One common problas to filter the micro-droplets which
are produced by the arc process. Magnetic andrieldnding was successfully applied to
separate the stream of ionized Niobium atoms frbendroplets. Several Cu cavities were
coated by vacuum arc but adhesion problems ofhimeNiobium film deteriorated the RF

properties.
Workpackage 5: “Surface preparation”

Electropolishing is considered to be an importart eritical step in the preparation chain of
superconducting Niobium cavities. Several actigitieere conducted to optimize and
industrialize this technology:
- the parameter space of electropolishing was inyatsd to define the best operating
parameters
- computer simulations were used to determine thedaglsode geometry
- acomplete 9-cell cavity electropolishing instatiatwas designed, built and operated
- an automated control system for the electropolghnstallation was developed and
will be used at the DESY system
- quality control methods were developed in coopenatvith industry
- the technology of electropolishing was transfertedndustry (Henkel, ACCEL) in
preparation for the XFEL production.
- an alternative electrolyte without use of the dangse HF acid was proposed and used
for sample treatments.
These activities pushed the electropolishing tepimi from the state of experimental
laboratory installation to complete industrializethndard. The chemical processing of the
cavities for XFEL will be based on this industrzgd process. Furthermore this industrial
competence is now available for any new accelenmatoject using superconducting cavity
technology.

Workpackage 6: “Materials Analysis”

Material analysis is an important QA step to assudeigh quality of the Niobium sheets.
Eddy current scanning was developed at DESY andnder regular for quality test of
Niobium sheets. A superconducting SQUID elemerdedsctor of the EDDY currents should
considerable increase the sensitivity as compamedhe normal conducting coil. In
cooperation with the company WSK such a SQUID seanvas designed, built and tested.
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Compared to the conventional normal conducting pigk coil the sensitivity could be
increased by a factor 4.

As an alternative to the SQUID detector a flux gatggnetometer was tested for Niobium
sheet scanning. But the sensitivity of this dewi@s only comparable to the standard coll
pick up system. However, an interesting new apptioafor the flux gate magnetometer was
explored: this device allows to measure the elpalishing current outside of the cavity and
is thus an in situ check of the EP removal rate.

An apparatus for DC scanning of NB sample surfagas designed, built and operated.
Particles on the surface were characterized by #iee, composition and field emission
current. Also the cleaning efficiency of NB surfadgy high pressure water and dry ice jets
were compared. One interesting result was thatlesionystal surfaces after dry ice cleaning

were nearly free from foreign patrticles.
Workpackage 7: “Input couplers”

In the framework of this work package LAL-Orsay dmped two new prototypes of power
couplers for superconductive cavities, the TTF5K Version 5) and the TW60 (Traveling
Wave with coax outer diameter of 60 mm). The TTé&based on a modification of the TTF3.
It is conceived to reduce the multipactor activitigich depends on the coupler diameter and
impedance. For this a larger cold part (the paat th in contact with the cavity) has been
adopted passing from 40mm to 62mm.

The alumina ceramic of the window exhibits a higleadary emission yield (SEY) which
might initiate RF breakdown by the multipactor effeTiN coating is a well known remedy
against multipacting. It was very important to grthws thin TiN film with constant thickness
over the whole window surface. The stochiometryhef TiN film was measured at samples
and stayed within 2% of the ideal value.

An important activity has been dedicated to theddmming procedure of an existing and
operating coupler model (the TTF3). The goal wa®tiuce its time duration and to provide a
standard automatic procedure that can act as aenefe for the new designs. In this
framework excellent results were obtained by desingathe average conditioning time from

around hundred hours to twenty hours.
Workpackage 8: “Tuners"

The main aim of the work package was to develop edattromechanical tuner for
superconducting cavities (SC). The developmentabive tuner systems is imperative for
operation of SC cavities at high gradient espectAk one which operates in pulse mode like
the TESLA type one.
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Slow tuners are required to tune the cavities te torrect frequency at cryogenic
temperatures. Two different types of these tunessewvdeveloped: the end group tuner (CEA
tuner) as foreseen for FLASH and the coaxial ligdédium tank tuner as planned for ILC.

Fast tuners are required to counteract the soechtbeentz de-tuning effect when the cavities
are pulsed at high field so as to maintain the @reasd amplitude constant during the RF
pulse. Four of the participating laboratories weneestigating innovative tuner systems as
well as developing the electronic drive circuitgcessary for them. The active elements were
investigated to assure proper operation. The reearas focused on the piezoelectric

elements. The optional magneto-strictive tunersevedso investigated.
Workpackage 9: “Low Level RF (LLRF)”

The objective of the WP09 (LLRF) has been to adedRE Control Technology in the areas
of hardware and software to meet the requirementéirfear colliders and linacs based free
electron lasers (FEL and XFEL). The work has beeaged on the following topics:
- Pushing the technical performance such as fieldlagign close to the operational
limits of the cavities and high power systems
- Compatibility with tunnel installation including Wb maintenance and radiation
tolerance
- High degree of automation for large scale systeonsaflequate operability of large
scale systems

- Reliability and availability optimization in connan with cost reduction

Several tasks had been defined to achieve theds. gma RF field control a new generation
of hardware for down-converters, analog to digiahversion and fast signal processing with
low latency communication links had been developed successfully tested at FLASH. The
field stability has been improved by a factor diree (up to 0.01 deg. in phase) by lowering
the noise in the analog section and reduction efléitency in the feedback loop therefore
allowing for higher feedback gain. Also a betteabdity of the master oscillator and
frequency distribution system in terms of phase@&aind phase drifts helped to support better
short term and long term stability. The cavity diaf the RF gun has been estimated from
forward and reflected power because here no fisddeis available. For the required precise
calibration of these signals a procedure basedeambdiagnostics has been developed and
successfully applied at FLASH. This calibration wes a long term field stability of 0.2 deg.

over a wide range of cavity detuning.

Radiation tolerance for neutron induced single egeirup (SEU) has been achieved by triple

redundant implementation of some critical algorishnd start-up of a large accelerator
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requires initial phasing with a few electron burshe minimize beam loss. With dedicated
electronics the phase of individual 1nC bunches lmarmeasured with an accuracy of 3
degrees. Operability has been improved by impleatiemt of an automation scheme in the
control system for FLASH. Some fundamental excephandling capability such as quench
detection and recovery have improved the availgbdi FLASH significantly during high

gradient operation. Piezo-control with low poweivdrs and resonant excitation support high
gradient operation with up to 1 kHz of detuning p@msation while ensuring low stress and

therefore long lifetime of the piezo actuators.

Overall the LLRF hardware and software currentlplemented at the RF Gun and at the first
cryomodule at FLASH as the result of the LLRF worEP6 are considered pioneering work
in this field. While several other labs and indyspust started to follow the hardware
development in this area, the software developetl emaluated in this framework has not
only improved the field regulation but also pavid tvay to high availability, simplicity of
operation, and exploration of operation close ® plerformance limits of cavities and high

power systems.
Workpackage 10: “Horizontal cryostat integration Tests”

The horizontal cryostat facility Cry-Ho-Lab was taléed at Saclay to serve as infrastructure
for testing superconducting 1.3 GHz cavities inalgdauxiliary components such as input
couplers and tuners. Concerning SRF-JRA, new “lnigiver couplers” and a “cold tuning
system” equipped with different fast tuners presgigulesigned in work packages WP7 and
WP8, were planned to be tested at high RF powBrNW pulsed — 1 ms — 10 Hz) on a fully
equipped 9cell cavity (1300 MHz). Moreover, synerggh CARE HIPPI gives now the
possibility to test easily in this RF facility d#ffent sizes of multi-cell cavities at 700 and 1300
MHz. Two separate waveguide lines are installedh witferent high power coupler ports on
the cryostat. A common modulator connected to 1Hz Ghales and 700 MHz CPI klystrons
complete the RF platform as a power supply.

CryHoLab at CEA, CHECCHIA at DESY and HoBiCaT at8%&Y are infrastructures to test

multi-cell superconducting cavities in similar cati@hs as in accelerator cryomodules.
Workpackage 11: “Beam diagnostics”
= Beam position monitor.

The reentrant cavity BPM is specially designed éodonnected to superconducting
cavities which are particularly sensitive to duattigle contamination, and care must be

taken to avoid introducing any source of such aaoimation. This monitor is composed
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of a radio-frequency reentrant cavity with a beaipepdiameter of 78 mm, four
feedthroughs, and electronics which perform sigmakessing. Its response is linear
and accurate; further it can also measure the belsemge. A first prototype of a
reentrant BPM has delivered measurements at a tampe of 2 K inside a cryomodule
in the FLASH linac. Linearity around + 1.5 mm wédmwn and a resolution of about 20
um was achieved. The performance of this BPM wadyaad and the limitations of
this existing system clearly identified. The secg@ndtotype showed a sensitivity about

a factor of 5 higher than comparable monitors. disvdecided that 50 of these beam

monitor will be built and installed in XFEL as sthmd beam position monitors. This

monitor will be an excellent diagnostics tool farygpresent or future superconducting

electron linac.
Beam emittance monitor.

The characterization of the transverse phase sfmckigh charge density and high
energy electron beams is a big challenge for tleeessful development of the next
generation light sources and linear colliders. Triterest in a non-invasive and non-
intercepting beam diagnostics is increasing duieostringent features of such beams.
Optical Diffraction Radiation (ODR) is considered@ ane of the most promising
candidates to measure the transverse beam sizeamguar divergence, i.e. the
transverse emittance. This was our goal. An expartimbased on the detection of the
ODR angular distribution, has been set up at DE®RAIH Facility to measure the
electron beam transverse parameters, in ordertt@ve the normalized transverse
emittance. We could confirm that ODR can be used a®n intercepting beam size
diagnostics, allowing also the simultaneous measent of the beam angular spread.
The main drawback, i.e. the background of synchrotradiation from bending and
quadrupole magnets, was strongly reduced by meiaasstainless-steel shield with a

larger cut in front of the screen.
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JRAZ2: Charge production with Photo-injectors

Acronym: PHIN Coordinator: A. Ghigo (INFN-LNF)
Deputy: L. Rinolfi (CERN)

Participating Laboratories and Institutes:

Institute Acronym Country| PHICN:OSrﬁir:tific
STFC Rutheford Appletone Lab. (22) STFC-RAL UK| Grgt
CERN Geneva (19) CERN CH K. Elsener
CNRS-IN2P3 Orsay (3) CNRS-Orsay F G. Bienvenu
CNRS Lab. Optique Appl. Palaiseau (3) CNRS-LOA F| Malka
ForschungsZentrum ELBE (10) FZR-ELBE D J. Teichert
INFN-Lab. Nazionali di Frascati (11) INFN-LNF I AShigo
INFN- Milan (11) INFN-MI I I. Boscolo
Twente University- Enschede (13) TEU NL P. van Skt

Main Objectives: Perform Research and Development on charge-prodtion by interaction of laser pulse with

material within RF field and improve or extend theexisting infrastructures in order to fulfil the obj ectives.

Coordinate the efforts done at various Institutes o photo-injectors.

[llustration of the Main Hardware Realisations of RIN
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Laser Nozzle Magnets '/ \

Figure 4: Experimental set-up and spectra obtaimed
the bubble regime.

Figure 5: SRF photoinjector in the ELBE accelerator
hall.

NEPAL. ]

[T
-

Figure 6: Simulated and measured emittance

oscillation for Gaussian and square laser pulse
Figure 3: Accelerator in the NEPAL test room. shape
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Aims of PHIN

The PHoto-INjectors (PHIN) JRA of CARE has heldkisk off meeting in November 2003

at CERN and has been active from 1 January 200l43inDecember 2008, with the goal of
performing Research and Development on charge-ptimiuby interaction of laser pulse
with material within RF field and improving or exiging the existing infrastructures in order

to fulfil the objectives.

It originally involved eight Institutes (RAL from K CNRS-LAL-Orsay and CNRS-LOA
from France, FZR from Germany, INFN-LNF and INFNdf from Italy, Twente University
from Nederland and CERN), later reduced to seveervRAL quit the PHIN collaboration in
2006.

The PHIN activities were focused at developingtdahnology for upgrading the accelerator
infrastructure of five European Laboratories: LALFrance, FZR in Germany, LNF in Italy,
TEU in Nederland and CERN.

The PHIN work was mainly devoted for:

- the development of future'@ colliders. In particular, the high chargebeam for the
RF power source of the two-beam linear collider C(CERN).

- the realisation of the first photoinjector that sise photocathode, laser driven, in a
superconducting RF gun for application in ELBE (&awlorf).

- the realisation of new electron source for NEPALS@Y) test stand.

- the realisation of a new laser profile for SPAR@ad€ati).

- the development of laser-plasma acceleration in (P#aiseau).

- the realisation of the new injector for TEU-FEL (@mte) including methods to improve

the stability and durability of the cathodes undmiious modes of operation.
Highlights for the PHIN projects

01 Summary of main achievements

1) CTF3

The PHIN photo-injector foreseen for the CTF3 DrBeam has been completed on a

dedicated stand-alone test bench. The photo-injeqerates with a 2.5 cell RF gun working
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at 3 GHz. A 30 MW modulator-klystron has provided necessary power to the RF gun and
an accelerating field of 85 MV/m was obtained. A @éer beam at 262 nm has been sent to
the CsTe photocathode. The Nd:YLF laser system consistnooscillator, a preamplifier
operating at 1.5 GHz and two powerful amplifiergeta. The infrared radiation (1047 nm)
produced at the source had its frequency quadruplédo stages to obtain the UV light
(262 nm). The synchronization between the RF aedaker was better than 1 ps. The train
length was 1300 ns composed of 1908 bunches itnaime

2) NEPAL

The present RF gun is called AlphaX gun and is teandy installed waiting for the third
PHIN gun which is under construction. The lasetiraly produced 100 pJ at 262 nm which
are enough to get more than 1 nC electron bunchh WigTe photocathode. The
commissioning of the new modulator has started.e €omplete NEPAL beamline was

completed in June 2008.
3) ELBE

The first accelerated beam of the superconductiRggin was produced in November
2007 using a copper photo cathode. In 2008, theodattransfer system was completed and
the SRF gun was operated with,Cs photo cathodes. The gun was operated in pataltbe
user operation of the ELBE accelerator. The avecageent was mostly about 1 pA. During
the beam time the acceleration gradient was alBaykeV/m which belongs to 13.5 MV/m
peak field in the cavity and about 4.5 MV/m at pgfeto cathode. In the operation period of
the SRF gun in 2008, optimization and measuremeats carried out concerning the photo
cathodes, the driver laser system, the cryogenstesy, the RF system and the cavity

parameters and the electron beam production andatkazation.
4) SPARC

In the SPARC photoinjector the emittance evolutminthe electron beam has been
measured with Gaussian and square laser pulseudiml distribution. The comparison of
the results, with the same photoinjector paramestews that the square pulse improves the
beam emittance and the project value, 1.5 mm nivasl been achieved. The two laser pulse-
shaping system, the DAZZLER and liquid crystal mgsioposed in PHIN JRA have been
tested with very good results.

5) PHOTOCATHODE DEVELOPMENT AT TEU
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Based on literature and own work, a model for Cghietocathodes has been formulated that
may explain the observed differences in performaioevalidate this model and enhance the
in-situ diagnostics for Cs:Te photocathodes, dlipstery study has been performed.

Ellipsometery is a complementary in-line diagnostiat can be used to help understand the

physics of Cs:Te photocathodes that will eventualad to better photocathodes.

O Deliverables

PHIN had scheduled 21 deliverables. They have bk@chieved within the 5 years of

CARE as can be seen on the table below.

PHIN Deliverables —=— Achieved Deliverables

o5 —+— Revised Planned Deliverables
(7]
Q
% 20 A—hA—AAA :
= 15 /
@] 7_.."_..._.(
“6 10 Ak Ak
5 /ff
€ 5
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0 B bt ol ] e e s B o
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57
Months

O Dissemination

Dissemination of PHIN results took place mosthCainferences, as it is custom in the
linear accelerator community. PHIN was represergedhe large accelerator conferences
EPAC04, PACO05, FELO5, SPIE-Congress 2005, AdvandeGA Beam Dynamics
Nanobeams05 workshop, EPACO06, FEL0O6, Advanced IFB#&am Dynamics ERLO7
workshop, SRF07 Workshop on RF superconductivilfAEO8, FELO8, as well as at a
variety of smaller conferences dedicated to morecifip subjects. Altogether, PHIN has
made 30 contributed papers at major Acceleratorfé€@ences during the duration of the
Activity and 50 invited conference-talks. In additj 25 refereed papers have been produced
as well as 3 PhD theses. The CARE reports and maes generally written in support of a
specific deliverable or achievements. In total PHiHs produced 93 CARE referenced

documents, as show in the table below.
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2004| 2005| 2006 2007 2008|sum
CARE Notes 2 1 1 0 1 5
CARE Publications 2 5 10 2 6 25
CARE Reports 1 6 5 8 10 30
CARE Conferences 6 5 8 5 6 30
CARE Thesis 0 2 0 1 0 3
Total 11 19 24 16 23 93

The Activity has organized every year a series @eihgs. The Table below reports the
PHIN Annual Meetings.

) ) ) Number of
Date Title/subject Location o
participants
19 November 2003 Kick off PHIN meeting CERN(CH) 20
First PHIN meeting
5 May 2004 Frascati (1) 15
In parallel with ELAN meeting
3 November 2004 Second PHIN meeting Hamburg (D) 15
23 November 2005 Third PHIN Meeting CERN (CH) 15
17 November 2006 Fourth PHIN Meeting Frascati (1) 15
31 October 2007 Fifth PHIN Meeting CERN (CH) 15
17-18 July 2008 Sixth PHIN Meeting Lecce (I) 10
2-3 December 2008 Seventh PHIN Meeting CERN (CH) 10

Several meetings took place as Video-conferencésela different institutes over the 5

years.
0 Main impacts of the PHIN achievements

1) A first photoelectron beam for the CTF3 has bgeduced in November 2008, validating
the design of the photo-injector. The constructbthe 3 sub-system (laser by RAL, RF gun
by LAL and photo-cathodes by CERN) was crucial.sTachievement for the CTF3 Drive

Beam will contribute to the development of the fetCLIC linear collider.
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2) The upgrade of the NEPAL beamline will allow keh and European community in
accelerator technology to test accelerating strastuMoreover the electron beam produced
will be available for users in chemistry, solideswte and laser-plasma acceleration. Such test

accelerator infrastructures are very useful.

3) New injection schemes, which allow the productad stable electron beam with tunable
parameters, have been demonstrated by LOA usingoseveral laser pulses. The properties
of the electron beam are promising for future aggtions and will open new collaborations
with French and European community in acceleragchriology. This laser plasma
accelerator will be used to test new diagnostias dmittance measurement and beam
transport. It will allow coupling with undulatororf FEL studies and the exploration of

applications in medicine and material science.

4) The new superconducting RF photoelectron infegthich is the worldwide first operating
injector of its kind, essentially improves the ELBEcelerator facility since it combines high
beam brightness and high average current (CW apejaProviding beam for regular user
operation in 2009, it will impact the scientific tput with respect to parameter range and
quality and will open a new experimental field comibg high-brightness electron beams and
high-power lasers. In the long term the developB& §un will be applied for the proposed
BERLINPRO high-current ERL.

5) The study and application of the laser pulseisigain the SPARC photo-injector improve
the knowledge in the laser pulse manipulation tegherwith acousto-optic modulators and
liquid crystal masks. These activities have a gjriompact in the laser community that work
in the short pulse (pico-femtosecond) regime. Toragarison of the emittance measurements
with different longitudinal distributions at theiewf the RF gun has shown the better value

with uniform electron extraction.

These achievements will contribute to the futurghhibrightness photo-injector with special

benefit for the Free Electron Laser.

6) Ellipsometery can be used both for the manufarjuof the cathodes and monitoring of
cathode performance in accelerators. In the long this may lead to longer lifetimes, as

damage mechanisms under operational conditionsntes better understood.

Summary Table of the main PHIN Achievements and thgact on the Scientific

Infrastructure.
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Selected Impacted Main improvemeniFuture impactedExpected future impacts
Achievements |infrastructure infrastructure

Drive beam CTF3 at CERNProduction of the |CLIC Drive High beam performance for

injector nominal electron [Beam injector [future linear colliders
development beam

RF gun NEPAL at LAL[Excellent PHIL test stand [Chemistry, solid science for
development performance for R European community

guns working at
high current

New injection [LOA at CNRS [Production of Future undulatolApplications in medicine ang
schemes for stable electron  [and FEL material sciences
laser and beam with tunable
plasmas parameters
First operating [ELBA at FZR [High brightness |BERLINPRO [Large parameter range for h
superconductin and high average |high current ERlaverage current (CW
RF photo- current operation)
injector
Pulse shaping |[SPARC at LNRImprovements of |SPARX and High brightness photo-
for very short knowledge in laseffuture FEL injectors
laser pulse pulse manipulatio
techniques
Ellipsometry |FEL at TEU [Monitoring the Future FEL Reliable photocathodes with
development fabrication of longer lifetime and high
photo-cathodes performance

with great accurar

Summary of the PHIN projects

CTF3 project

The CLIC project has many novel concepts which haseer been used before and
some parameters are approaching the limit of adaileechnology. The main R&D effort
within the CLIC study is aimed at answering thesganfeasibility issues. One line of this
R&D goes into the development of a photo-injectwibe implemented into the CLIC Test
Facility CTF3. The aim is to demonstrate the keasiiilities by the year 2010.

After the 5 years of R&D with PHIN, the installatief the new photo-injector foreseen for
the CTF3 Drive Beam has been completed on a dedicdand-alone test bench (figure 1).
The photo-injector operates with a 2.5 cell RF gumking at 3 GHz.

LAL delivered the RF gun with very demanding speaifions: an average current of
3.5 A in the RF pulse, more than 2000 bunches.rEigullustrates all the complexity of this
photo-injector which includes also all the mechahsupports, vacuum systems and magnetic
coils. A prototype of the RF gun has been ordere@d05 and the definitive RF gun was
ordered in 2006. RF measurements and mechaniaatadnts on the gun were finished in
2007. Then the NEG chamber was welded in the endpo 2008. Finally the gun was
tested for RF parameters and vacuum, no leak wiastdd. The RF gun was installed in the
CTF2 experimental area at CERN with the help ofitAé staff in June 2008.
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A 30 MW modulator-klystron provides the necessapyer to the RF gun in order to
get an accelerating field of 85 MV/m. A UV laserabe at 262 nm illuminates the J®
photocathode. The Nd:YLF laser system consistsalszillator, a preamplifier operating at
1.5 GHz and two powerful amplifier stages. Theandd radiation (1047 nm) produced at the
source has its frequency quadrupled in two stagesbtain the UV light (262 nm). The
synchronization between the RF and the laser temitan 1 ps. The train length for CTF3 is
1.272pus. There are 1908 bunches in the train. Assumiggaatum efficiency of the photo-
cathode of 3 % and laser energy of 370 nJ/pulgb@photo-cathode, the requested charge of
2.3 nC per bunch could be obtained.

Concerning the laser system, the oscillator, theamplifier and the two powerful
amplifiers have been tested. The crystals for #eoisd and fourth harmonic conversion
process have converted the infrared to green (§83amd then to UV with high efficiency.
The laser chain has been optimized to yield thet hmsformance for the present
configuration. Improvements of the performancehs& second amplifier are ongoing. As a
consequence the harmonic generation scheme wilthamged to better match the full
amplified beam yielding the highest conversionaaéncy for the all process.

Measurements of the stability and losses at thegosec(fiber launch, modulator, fiber
beam splitter, fiber-fiber junctions) have been mé&at the Phase-Coding system. The test of
the principle of operation of the entire Phase-@gdiystem was also successfully performed.
The expected and nominal quantum efficiency of ghetocathode is 3%. A much higher
value has been measured, at the beginning of tetpn. After a one year of storage time
this efficiency was reduced. All measured RF patamseof the RF gun correspond to the
ones expected.

Although many difficulties were encountered for #idIN CTF3 photo-injector, during
the 5 years of design, construction and testgsapghotoelectron beam has been produced in

November 2008, validating the design of this phiajeetor.

NEPAL project

LAL received 210 k€ to build a photo-cathode pratian chamber. This device is
indispensable in order to get photo-cathodes withading of Cesium Telluride (CsTe) which
needs an ultra-high-vacuum (UHV) environment. Téxddrdrawings of the vacuum chamber
have been done in 2004. Then, in 2005, the vacami designed to make alkaline deposits

on photocathode substrate has been machined irAthgvorkshop.

LAL received 225 k€ to buy a UV picosecond laserchtwill be used to produce a bunch of
electrons from a photo-cathode in the radiofrequéR¢) gun. A ND:YLF picosecond mode
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locked laser, produced by the HighQ company ddiv@re single pulse at 5 Hz repetition
rate, but it is possible to increase it up to 1Q0 His used on the fourth harmonic, at 262 nm
wavelengths. The pulse energy at the exit of tkerl®ox is 90 pJ in UV light. The pulse
length duration is 8 ps (FWHM). The optical pathdth between the laser hutch and the
photocathode of the gun is about 17 m. The RF gumis beam dynamics work package
represented the largest amount of work for LAL.

The objectives were an upgrade of the NEPAL statioorder to host a copy of the RF
gun designed for the drive beam linac of CTF3.dditon LAL should proceed to systematic
measurements of the electron beam produced byphuto-injector in the NEPAL station.
The beamline was completed in June 2008 with ddlay to the safety requirement: the
ceiling has been shielded with 1.4 m thickness asfceete and the experimental area was
available for the installation of the componentshat end of 2007. The fabrication of a third
PHIN gun has begun at the LAL workshop. This new gull be not available before June
2009. Waiting for the PHIN gun it was decided tstall in the NEPAL station another 3 GHz
RF gun built by LAL called AlphaX RF gun. All theler components have been installed
since June 2008 as one can see on the picture attelerator (Figure 3).

Plasma laser project

The purpose of our contribution in the project whes development of a compact and
efficient “photo-injector” which produces directhn energetic electron beam by lasers and
plasmas. Compact single shot electron spectrometers designed, build and tested to
optimise the coupling of the laser beam into thextebn beam and especially to control the
electron distribution energy. This development alémved us to understand specific features
of the interaction, to demonstrate new schemesjettion (bubble and colliding), and to
explore new applications.

Experiments done at LOA facility with the compad@ Hz, 40 TW powerful laser
system of the “salle jaune” have produced quasigaenargetic electron beams in the bubble
or in the colliding laser pulses regime. Figurehbws the experimental set-up and typical
electron beam produced in the bubble regime. Tlhen&iameter laser beam was focused
using a 1 m focal length off axis parabolic mirrgeroducing a laser intensity of
1=3.2x103%/cn?. The focal position and its value with respecthe sharp gas jet gradient
have been measured and varied in order to optithieeelectron beam parameter. This
optimum position is found when focusing the lasearh on the edge of the plateau of the gas
jet.
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A second approach to generate quasi monoenerdetictan beams is based on the use
of two laser pulses. The first laser pulse, thenipti pulse, creates a wakefield whereas the
second laser, the “injection” pulse is only usedifgecting electrons. The laser pulses collide
in the plasma and their interference creates artreleagnetic beatwave pattern which pre-
accelerates some electrons. A fraction of these emagigh energy to be trapped in the
wakefield driven by the pump pulse and further Beg¢ed to relativistic energies. This
scheme offers more flexibility: experiments havewsh that the electron beam energy can be
tuned continuously from 10 to 250 MeV.

The electron beam has a quasi-monoenergetic disbibwith energy spread in the 5-
10 % range, charges in the 10-100 pC range arphitameters are stable within 5-10%. This
approach is promising for the control of the el@ctbbeam parameters, and might allow
changing both the charge and the energy spread.

In collaboration with the LLR laboratory, we haveveloped a 1% energy resolution
spectrometer using three quadrupoles and showrthbagnergy spread of about 1% can be
produced with laser plasma accelerators.

These electrons beam have been shown to be relégannhany applications such as

radiotherapy angradiography.
ELBE project

Many of the most exciting and demanding applicatitor electron accelerators require
electron beams with an unprecedented combinatiohigif-brightness, low emittance and
high average current. One very promising approacthe superconducting radio frequency
photoinjector (SRF gun). State-of-the-art convamdlghotoelectron injectors (using normal
conducting RF) can deliver electron beams of tlyhést brightness, but with low average
current only. Superconducting acceleration techyle the most suitable for high average
currents because of the very low RF losses andsthaghtforward continuous wave
operation. The new SRF gun at the ELBE facility bomes these two advantages. Even
though proposed about twenty years ago, this guheidirst operating injector of this type
installed at an accelerator worldwide. The greatbatlenges have been the development of a
suitable acceleration cavity and the difficultiss@ciated with the photo cathode.

In 2004 the R&D project for the ELBE SRF gun wasnehed within the PHIN Joint
Research Activity of CARE. The new photo cathodeppration equipment for ¢ was
built. The niobium cavity, the helium cryostat atiee other subsystems of the gun were
designed and constructed. Within a German colldlborgBESSY, DESY, MBI) the laser

system and the diagnostic beam line were builte $RF gun cryomodule was installed in
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July and the first cool-down was performed in Aug2@07. A photograph of the SRF gun
after completed installation is shown in Figurél'Be first accelerated beam was produced on
November 12, 2007 using a copper photo cathod20@8, the cathode transfer system was
completed and the SRF gun was operated wiiT&€photo cathodes. The beam time was
used for parameter optimization, RF parameter efj@ind electron beam characterization.

In 2009 the SRF gun will deliver the first beam @isier experiments at ELBE. The SRF
gun will improve the beam quality in several respe@nd is a center piece of the future
developments in advanced radiation and particlecesu The experiments with neutrons and
positrons can be carried out at high bunch charfgesthe FEL operation at ELBE a higher
stability, higher infrared power, and an extendedameter range can be expected. Also,
better electron beam quality is an essential ingredfor future experiments which will

combine the ELBE electron beam with the new ultghintensity laser system, “Draco”.
SPARC project

The electron beam emittance produced by the hegd fF photoinjector is one of the
most important characteristics for the new genemnatif high brightness accelerator devoted
to the free electron laser. In order to reduceetimétance, the electrons have to be extracted
with uniform density along the RF acceleratingdiebince there is an optimal RF phase for
electrons emission, stringent requirements are segan the laser to RF synchronization.
The aim of the second task of the Work Package JR#2-PHIN was to produce a flat top
longitudinal photon pulse distribution of the lasesed to extract photoinjector and to verify
the synchronization between the laser pulse an&Eaccelerating field.

The two technologies quoted in the CARE program,Pi&LM liquid crystal
programmable spatial light modulator and AOM-PSLMAYLER the acoustic-optic
programmable dispersive filter, have been studiedhpared, developed and implemented in
the Frascati-SPARC facility for the generation d¥-tectangular laser pulses driving the
radiofrequency electron gun.

Its features of simplicity, robustness and riseetifmetter than the two up-to-now
proposed optical systems led to its adoption & kstisaping system at the SPARC facility.

A scheme for shaping a laser pulse into trainsubfgicosecond pulses for the generation of
patterned sub-picosecond electron trains in a fiedjoency electron gun has been proposed
and studied together with start-to-end simulatiorthe Frascati-SPARC accelerator.

The measurements have been performed with thednegutripled Ti:Sa laser system
used to drive the SPARC photoinjector at LNF-INFiNorder to produce a square laser pulse

with rise and fall time of 1 ps and a 10 ps flgh B acousto-optics modulator, namely the
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DAZZLER, and a liquid crystal spatial modulator kaleen installed in the photoinjector
laser.

Since these shapers are installed before the acaplin and the third harmonic
generator, the resulted UV pulse is suffered strdistprtions due to the non-linearity of the
amplification and harmonic conversion crystals.ifprove the rise time of the flat top pulse
we specifically designed an optical system basetherUV stretcher in which the tails of the
frequency spectrum are cut away. The system reponte=igure 6, is now installed and
routinely in operation.

The activity on the laser pulse temporal shaping been completed measuring the
electron beam emittance downstream the RF elegwonof the SPARC photoinjector. The
electron beam has been characterized by a movahbittaece meter, able to follow the
emittance evolution from 1 to 2 meters from thetpbathode. The Gaussian and flat top laser
have been set for a FWHM of 10 ps and an electeambcharge of 1 nC.

The synchronization between the laser pulse anBHRiSe in the gun has been measured
with an innovative method in which the signal of thser pulse detected by a fast photodiode
is injected in a RF cavity. By mixing the ringingysal produced in the RF cavity and the
local oscillator a synchronization measurement hseen performed. A value of
synchronization of 200 fs rms (long term) betweka laser pulse and RF field has been
measured, that is better than what we need in SPARE measured phase noise is used for
active control of the RF phase and compensatidongf term drifts.

The measured and the simulated normalized projestattance are shown in Figure 6.
It is clear that for the flat top pulse, reportedtbe red curve, the minimum of the emittance
is lower than the one recorded starting from a Ganspulse (blue curve). The experimental
measurement for the emittance (points) is in gogceement with PARMELA simulation
(solid curve). Moreover the measured normalizedttange 1.5 mm*mrad is better than the

nominal value specified for the SPARC experiments.
Photo-cathodes development project

Within this work package we have mainly focusedptiotocathodes based on Cs:Te.
Based on own experiments, the data provided byeatand a literature study we have made
an extensive survey on Cs:Te photocathodes. Thigeguesulted in the postulation of a
physical model that may explain the large variatotserved in the performance of Cs:Te
photocathodes, both under rather ideal circumsgarfce., evaluated in the preparation
chamber) as under normal operating conditions (kkeen used in RF accelerators). Our main

assumption is that differences in stoichiometrienposition of the various layers of the
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photocathode is responsible for the different quanefficiencies, sensitivity to poisoning
and therefore different life times observed.

To test this hypothesis and increase our knowlexgéhe composition of the photocathode,
we have built a rotating compensator ellipsométat allows us to measure the ellipsometric
variablesW and A that can be converted to the index of refraction #ayer thickness,
allowing us to follow the evolution of these pardaeme when the cathode is grown. In a
separate analyses (e.g., through XPS) we havertelat® the index of refraction to a specific
stoichiometric compound of Cs:Te.

As the RF-accelerator and preparation chamber seneduled to be used for a laser
wakefield experiment, we then focused on improuimg ellipsometer for measurements on
photocathodes. A simpler rotating analyzer ellipstan was build and characterized. This
setup showed a dramatic improvement in intrinsisol@ion by proper selection of
components and improved readout accuracy. As angsbvement we started working on a
novel, fibre based ellipsometer that avoids severalvbacks of standard ellipsometers and
that may be ideally suited for use with the prepana chambers required to grow
photocathodes. Research on this novel photocatidltieontinue in the near future and,
depending on available manpower we want to implénoere of the ellipsometers on an
existing preparation chamber either at CERN or FZD.

This research has resulted in two master thesigraleconference presentations and a

publication that is under preparation.
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JRAZ3: High Intensity Pulsed Proton Injector
Acronym: HIPPI Coordinator: M. Vretenar (CERN)

Deputy: A. Lombardi (CERN)

PP~

Participating Laboratories and Institutes:

Institute Acronym Country Scientific
(participant number) Contact
STFC - Rutherford Appleton Laboratory (20) STFC UK|C. Prior
Commissariat a I'Energie Atomique (1) CEA F A. Misn
CERN (17) CERN CH |R. Garoby
Forschungszentrum Jilich (7) FzJ D R. Tolle

Gesellschaft fir Schwerionenforschung,

Darmstadt (4) GSI D L. Groening
Ins_tltut f_ur Angewandte Physik - Frankfurt IAP-FU D U. Ratzinger
University (5)

INFN-Milano (10) INFN-Mi I C. Pagani
CNRS Institut de Physique Nucléaire d'Orsay NR(’)Sr-SI[a\IyZPS F T. Junquera

CNRS Laboratoire de Physique Subatomique

Cosmologie (3) CNRS-LPSC F J.M. De Contg

Main Obijectives: Research and Development of the technology for g intensity pulsed

proton linear accelerators up to an energy of 200 EV.
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[llustration of the Main Hardware Realisations of HPPI
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Prototypes of normal-conducting accelerating stmgs.
left: CH, CCDTL, and DTL.

Prototypes of superconducting accelerating strestand components. Fror
left, elliptical cavity B, spoke cavity, prototypeupler

P !r—

From left, clockwise: the chopper beam line ins@iht CERN,
the 1 MW test stand for superconducting cavitieSBA
Saclay, a chopper structure
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Aims of HIPPI

The High Intensity Pulsed Proton Injectors (HIPPRA of CARE has been active
from 1.1.2004 until 31.12.2008, with the goal obmoting research and development of the
technology for high intensity pulsed proton lin@acelerators (linacs) up to an energy of 200
MeV. It originally involved nine Institutes (RAL &m UK, CEA, LPSC and IPNO from
France, FZJ, GSI and IAP-Frankfurt from GermanyFNNMilan from Italy, and CERN),
later joined by a tenth one that agreed to cootdiita R&D activities in the field without
financial contributions (INFN-Naples). The HIPPI rkowas specifically focused at
developing the technology for upgrading the acedterinfrastructure of three European
Laboratories, RAL in the UK, GSI in Germany, andRNE

The main motivation for the HIPPI programme was fhet that whereas three
scientific Laboratories in Europe had upgrade plaggiiring modern linear accelerators, the
last proton linac design developed in Europe dasek to the end of the 70s, and since then
linac technology was not addressed anywhere in@eusi a level allowing the start of a
construction project. In the last 30 years the ma@velopments in the field of linear
accelerators were based in the US and in Japamewiiney resulted in the recent construction
of the state-of-the-art SNS and JPARC acceleratolitfes.

In view of their upgrade programmes, in the yeafote HIPPI some Laboratories
had already started R&D programmes focused ondinahich were limited by the amount of
available resources and for this reason had prablgomg from the design to the hardware
prototyping stage. The HIPPI JRA has integrated aodrdinated these R&D efforts,
allowing optimizing the use of resources and primgduseful synergies, attracting other
Laboratories that had competent resources but wessing a project to foster them and
finally providing a welcome boost to the developmeffort from the EU funds. Another
additional benefit of HIPPI was the constant follay of an External Scientific Advisory
Committee that provided guidance and support t@getith an extremely useful link with

the US and Japanese programmes.

The main achievement of this JRA has indubitablgrbthe fact that the supported
linac upgrade projects have gone via HIPPI from llasic design stage to the advance
prototyping stage. HIPPI has allowed detailed dgwalent, testing and validating of
technical solutions that are now pushing the teldgybeyond the US and Japanese projects,
and have moved to Europe the center of linacs dpuents. The HIPPI technologies have

been the basic building blocks for the preparatdrthe Technical Designs of two new
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facilities, Linac4 at CERN and the FAIR linac at IG®hich resulted in the approval of
Linac4 and allowed the FAIR linac to go to the fiqghase of negotiations prior to
construction. Linac4 was officially approved in @uB007 and the project phase started at
beginning 2008. The civil engineering is progreggiapidly, and completion of the linac is
foreseen at end 2012. The proposal for the congiruof the FAIR linac by GSI, IAP and
CEA has been presented in June 2008, and negaosdio the construction of the linac are
presently in progress. It is mainly thanks to HIR#It these projects are now bringing again

Europe in the forefront of linac technology.

Highlights of the HIPPI projects

[0 Summary of main achievements

The HIPPI JRA has developed the technology fordestruction of high-intensity

pulsed linear accelerators that will be adoptethleyfuture European projects in this domain.
In particular,

 HIPPI has developed and prototyped high-efficienayd high-reliability normal

conducting structures for the energy range 3-16¥ Me

* HIPPI has developed and built prototype choppetedgfrs for high-intensity linacs

integrated in dedicated beam lines,

« HIPPI has developed and built superconducting Istaectures at high gradient and with
the stiffness required for pulsed operation thdt e adopted by all future pulsed linac

projects in Europe

* HIPPI has optimized and benchmarked between thesseaind with a real machine the
beam dynamics simulation codes that will be usedHhe design of the future generation

of linac machines.

* Moreover, HIPPI has built and commissioned a modeigh-power test stand for
accelerating cavities at 704 MHz, which will be assential tool for testing the next

generation of cavities developed in Europe.
OO0 Deliverables

HIPPI had scheduled 31 deliverables, consistingaféarge majority in realizing and
testing prototypes. Such hardware deliverablesssacidy depend on several external factors
(laboratory workshop workload and priority, fabtioa problems, availability of testing

equipment) and the activity had to constantly fellolosely the deliverable schedule and
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adapt the schedule and the precise content of ¢fieethble to the evolving conditions.

Nevertheless the deliverables have been all adthieithin the duration of CARE as can be

seen on the table below.

HIPPI Deliverables

—=— Achieved Deliverables
—+— Revised Planned Deliverables

A

number of
deliverables

10

0 et e e e e O O A A
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57

Months

O Dissemination

Dissemination of HIPPI results took place mostlyCanferences, as it is custom in the

linear accelerator community. HIPPI was represemtethe large accelerator conferences
LINACO6, LINACO08, APACO7, PACO7, EPACO06, EPACO08,wsll as at a variety of smaller
conferences dedicated to more specific subjectegather, HIPPI had eight invited talks at

major Accelerator Conferences during the duratiérthe Activity, corresponding to an

average of 1.3 per conference. Four refereed pédgasnes been produced as well as 29 notes.

The CARE reports were generally written in supmdra specific deliverable. In total HIPPI
has produced 152 CARE documents as show in the ebbw.

2004| 2005| 2006| 2007| 2008|sum
CARE Note 7 13 5 4 29
Publication 1 1 0 1 1 4
CARE Report ] 4 5 9 25| 44
Contribution to 19 14 19 7 16 75
conferences
Total 21 26 37 22 46| 152
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The Activity has organized every year a series afrkfjackage Meetings in spring,
and a general Annual Activity Meeting in autumn.eTiirst Table below reports the Annual
Meetings, whereas the second one lists the Worlgqoeckleetings.

Date Title/subject| Location p’\zlil:tqz:ti)s;r?tfs Web site
26052,229(;04 I\H/IIePeFt’iln,;\nnual Fra(rlsk)furt 38 http://hippi04.web.cern.ch/hippi04/index.htm
Sept. 28 — HIPP_I annual | Abingdon 43 http://mgt-hippi.web.cern.ch/mgt-
30, 2005 meeting (UK) hippi/programme HIPPIO5.html
gge,p;o%;ﬁ_ :'geii'nznnua' Jilich (D) 37 http://www.fz-juelich.de/ikp/hippi/autumn2006/
2528 Sept ELF;E_Ll orsay F)| 32 http://www.fz-juelich.de/ikp/hippi/autumn2007/
Meeting
29-31 P . 5
October I\H/IIePeFt’ilnAnnual Geneva 38 ht:tp.//lndlco.cern.ch/conferenceD|sp|av.pv.confl
2008 g (CH) d=39839
Date Workpackage Location pl\;lﬁtrirl:?s;r?tfs

May 3-4, 2004 WP2 Grenoble (F) ~10

May 10 -11, 2004 WP4 CERN (CH) ~10

June 4, 2004 WP5 Darmstadt (D) 18

June 6-7, 2004 WP3 Saclay (F) 17

March 13-14, 2005 WP3 INFN-MI (Italy) ~20

April 13 -14, 2005 WP4 Abingdon (UK) ~10

April 14 — 15, 2005 WP5 Abingdon (UK) ~10

June 2 — 3, 2005 WP2 CERN (CH) ~8

May 4 — 5, 2006 WP4 CERN (CH) 10

April 27 — 28, 2006 WP3 FzJ Jilich (DE) ~20

April 27 — 28, 2006 WP5 FzJ Jilich (DE) ~20

May 18 — 19, 2006 WP2 Grenoble (FR) 8

28 April 2007 WP3 Orsay (F) 10

24-25 May 2007 WP2 Geneva (CH) 15

13 June 2007 WP4 Geneva (CH) 13

May 21 2007 WP5 Saclay (F) 7

19 May 2008 WP5 Darmstadt (D) ~8

10-11 June 2008 WP2 Grenoble (F) 10

20 June 2008 WP4 Geneva (CH) 5
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A web site for HIPPI has been maintained at the URhitp:/mgt-
hippi.web.cern.ch/mat-hippi/). It has stored all information concerning meeding

publications, job openings, etc. and will remairaiable after the completion of the JRA,
maintained by CERN.

[0 Main impacts of the HIPPI achievements
The HIPPI achievements can be summarized in theee categories:

a. improvements on the short term, providing a baiteterstanding and use of existing
infrastructures, like the UNILAC machine at GSI, exa the HIPPI benchmarking
studies have allowed in increase in beam brillidmca factor of 3.

b. Improvements on the medium term, providing the gamknd in terms of analysis
tools, hardware prototypes and scientific know-Howthe construction of the linear
accelerator upgrades to two major European LabeestoThe Linac4 project at
CERN has started construction in 2008 and is ferese end in 2013. The FAIR linac
at GSl is foreseen to start the construction plesend of 2009. Both projects are
based on the results of HIPPI. Moreover, other ongg@rojects as the SPIRAL2
project at GANIL have adopted some technical sohgideveloped in the frame of
HIPPI.

c. Improvements on the long term: several linac ptsjet Europe are seeking approval,
and they are all in a different extent profiting tbie HIPPI results. The European
Spallation Source project (ESS), in the recentsieni made in Spain, adopts some of
the technical solutions developed in HIPPI, like ihTL and the spoke cavities. The
EUROTRANS and EURISOL linear accelerators are baseddifferent designs,
because of the different applications, but havditefrom the exchange of data and
information with the HIPPI community. The upgragesposed for the ISIS proton
source at RAL (UK) are directly based on the HIRRLUIts.

The best summary of the HIPPI achievements has pesyably made by the External
Scientific Advisory Committee of HIPPI, which hagitten in its last report, intended to
assess to overall results and achievements of HIFRé prototype accelerating structures
developed under HIPPI are now the alphabet withcivimew and different projects can be
written. (...) The motivation for HIPPI was to devela common European technology base
for high intensity linacs. To a large extent thesbeen achieved.”
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Summary Table of the main HIPPI Achievements ardt iimpact on the Scientific Infrastructure.

Selected Impacted Main improvemeniFuture impactedExpected future impacts
Achievements [infrastructure infrastructure

DTL, CCDTL, |CERNLHC [Improvementin |All future proton|High-efficiency and high-
PIMS luminosity after [linacs reliability structures available

development

Linac4 constructio)

CH developmelGSI acceleratd
complex

New physics
programme

FAIR and other
proton linacs

\Very high efficiency compac
structure available

t

SuperconductinCERN injector

Development of

SPL, ESS and

Reliable structures available

structures complex accelerating other future high gradients
development cavities for low  [proton linacs
beta in pulsed
mode
High-power tes{CEA Availability of a  |SPL, ESS and [Makes possible testing of
stand accelerator testest stand for futurother future accelerator components
infrastructure [linac projects proton linacs
Chopper CERN injector|Reduction of Linac4, SPL, [Fast compact choppers
developments [complex activation losses [SPIRAL2 and |available
when injecting in gother future
ring proton linacs
\WP5 Code GSl and CERNFactor 3 Linac4, SPL, [Reliable simulation codes
benchmarking jaccelerator |improvement on [FAIR, ESS and Javailable
complex brilliance of all future proton
UNILAC linacs

Summary of the HIPPI activities

Normal Conducting Structures (WP 2)

The Normal Conducting Structures Workpackage canatad in the advanced design
and prototyping of accelerating structures that lgpush the technology beyond what
achieved in the US and Japanese projects. Thegmoge of this Workpackage was centred
on two lines, the analysis and the improvemenh&design of standard linac structures like
the Drift Tube Linac (DTL) and the Side Coupled &in (SCL), and in parallel the

development of new more performing structures like Cell-Coupled Drift Tube Linac

(CCDTL), the CH structure, and finally the PI-Mo8#&ucture (PIMS).

The development of the DTL had a difficult stahte toriginal idea being to base the
analysis on the test results of a prototype to bderby an external (non-HIPPI) Institute that
was never able to deliver the promised prototypacsire. After consulting the HIPPI
partners, it was decided to launch a crash progefoemthe mechanical design of a prototype
at CERN, which was eventually built on a separateling thanks to the interest of a member
of the HIPPI External Advisory Committee. The ptgfe was finally tested at CERN in
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2008, confirming the soundness of this innovativid_[@esign that will be eventually adopted
for Linac4. The prototype DTL coupler built by CE#d LPSC will be also adopted for
Linac4. The HIPPI Side Coupled prototype sufferedvall from some delays, but was finally
completed in time to get hands-on experience wighttining of this structure. The conclusion
of the HIPPI team has been that the advantagdsioftructure did not compensate for the
high cost and the long and difficult tuning, andren@fforts went instead to the PIMS
structure, which constitutes a valid alternativéhte SCL.

The most important HIPPI achievements in WP2 waee development of several
novel accelerating structures. Two prototypes oDTC were successfully built and tested,
indicating that this structure can easily achielie specifications of Linac4 and similar
projects, being at the same time simpler and lgpsresive than other structures in the same
energy range. The CH structure has been extenssietlied and optimised for use in the
FAIR linac at GSI. This structure is extremely imative because it operates in an RF mode
providing extremely high power efficiency that hesver been used before for proton linacs.
Following the interactions between teams inside FHjRhe CH design was modified to
include a coupling cell similar to what used on @@DTL. A prototype CH was extensively
studied, allowing a detailed engineering of theucttrre that now allows starting the
construction of a first CH module for the FAIR lmarhe PIMS structure was added to the
list of HIPPI structure only in the last years bétprogramme, as a possible replacement for
the SCL structure. A detailed design and engingenias taken place, resulting in the design
of a prototype of the first PIMS module of Linac4hich will be now built at CERN and
possibly used at Linac4.

Superconducting Structures Achievements (WP 3)

Work package 3 addressed the development of supsuctng (SC) linac structures
in the intermediate energy range (~5-200 MeV), ¢odperated in pulsed high-duty-cycle
mode. Thanks to their main characteristics as pmher efficiency and large apertures, these
SC structures are well suited for accelerationigi Iintensity beams of protons and ions. The
performance goals were fixed at the best internatitevel (with Eacc>7 MV/m and Q >
1el10) and the main challenge was the mastering.dhenz-force detuning (LFD) in pulsed

operation.

Five European laboratories involved in the develepirof SC structures for proton
and ion beams patrticipated in this work packageAGENRS, FZJ, IAP-Fu, INFN). The way
from design to test of fully equipped structureggthrough fabrication, surface preparation,

clean assembly and RF tests. Thus, many typesjwpments were used in this program
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among which clean rooms, chemical polishing cabkinéigh pressure rinsing stations,
vertical and horizontal cryostats, cryogenic systeand high power RF amplifiers. Some of
these equipments were not available in particigaiboratories (for chemical preparation or
test at cold, for example) and push to strong ilatiercollaborations ; other equipments, not
available at all, were developed in the programetifv00 MHz high power test stand, RF
measurements at cold, ...). Moreover, the specitidiss of LFD in pulsed mode asked for
the development of other critical components asegvosouplers, frequency tuning systems
and piezo actuators. For these reasons, the labesinvolved in HIPPI have been able to
exhibit, at the end of the program, not only prgpes of various superconducting structures
but also critical SCRF components and new equipsientR&D in the field.

IAP-Fu has developed a 19-gap prototype CH supdtatimg structure, which
reached and accelerating field of 5.6 MV (peakaeffield of 36 MV/m) after some efforts
in surface preparation. The surface field is nowmststent with the best cavities in this
frequency range, while the accelerating field a#diis clearly unique. Operability of this

cavity with a frequency tuner in a cryogenic enmireent was validated.

FZ-J and IPN-O worked together on the study andopyping of a 352 MHz triple
spoke (or 4-gaps) cavity. In order to address flexific problems inherent to this kind of
cavities, they performed intensive tests of différeavities already fabricated in projects that
predated HIPPI (1-spoke at 352 MHz giw0.35, 1-spoke at 352 MHz afi¢0.15, 3-spokes
at 760 MHz an@=0.20). Moreover, a complete parameterization efdtitical EB welds was
undertaken at FZ-Juelich (for large Niobium thickm@nd to keep a high RRR), as well as
stiffening techniques like thick Cu coating. Thevelepment of this cavity was quite
important in the HIPPI contest.

CEA-Saclay and INFN-Mi have developgd0.50 elliptical cavities operating at 704
MHz. After the surface preparation and verticatseperformed at CEA-Saclay, these
elliptical cavities have surpassed their desigrekecating fields (> 12MV/m with Qo of
1el0). Frequency tuners with piezo of differentetyp(coaxial and lateral) have been

developed and fabricated, as well as magneticdhggland high-power couplers.

In order to process the high-power couplers angettorm the tests of fully equipped
cavities, a dedicated test facility, unique in Epgphas been built in the former Saturne Hall
at CEA Saclay. It includes a multi-purpose horiabndryostat (Cryolab) and a klystron
having peak power of 1.2 MW and operating at 50with a 2-ms pulse width. With this
power range higher than strictly necessary for HIB&vity development, testing of high-

energy accelerating structure couplers is possiae
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Considering the pulse operation mode of the SCoprtihacs, study of the Lorentz
Forces Detuning factor (frequency detuning oveeblsrating field squared) was specifically
important for HIPPIl. Many measurements were peréatwith the different SCRF structures
but first attempts were sometime deceiving becaiste values obtained and the lack of
reproducibility. With the efforts put by the parfiating laboratories to calculate and improve

the mechanical systems used for the tests, theréralts agreed with simulations.

Finally, the HIPPI program has proven that SCREcs$tires can achieve are able to
compete with NC structures even in the low energst pf high intensity linacs in pulsed
operation. Two different sets of structures arededeto cover the full energy range: CH or
low-beta spoke structures in the 5-100 MeV rangdlowed by intermediate spoke or

elliptical structures are good candidates in theeugnergy range.
Chopper Achievements (WP 4)

WP4 within HIPPI addressed two different approadiseshopping which have been
proposed for two upcoming facilities: CERN LinacddaRAL FETS as well as for CERN
SPL and the ISIS upgrade. Proton driver specificatifor future facilities call for more than
an order of magnitude increase in beam power. Beaminjection and extraction into the
circular accelerator, and the consequent activabionomponents, can be minimized by a
programmed population of longitudinal phase spaoegduced by ‘chopping’ the linac beam
at low energy. The ‘chopper’ produces preciselyrdef gaps in the bunched linac beam, and
the chopping field must therefore rise and fallhivit and be synchronous with, bunch

intervals that are typically just a few nanosecondsuration.

The work towards the demonstration of such a chgitey device started in a
collaborative fashion from the very beginning. kreqt exchange of information, mutual
constructive criticism and tight interaction witledm dynamics designers have allowed to
solve problems and find solutions which could beduby other groups. In the last years of
HIPPI some accelerator scientists from the Spipifect at GANIL (Caen, France) have
followed closely the chopper work and used the HfeBults for the choice and realisation of

their own chopper system.

The chopping scheme envisaged at STFC (UK) incladdew pulse generator (SPG)
and a fast pulse generator (FPG). A SPG has bedisa@d and thoroughly tested during
HIPPI. It is a DC coupled high voltage pulse getwtabased on an ‘off the shelf, ‘push-
pull’ high voltage MOSFET switch module. Measureargmeters and output waveforms
show that the switch performance is generally caanplwith the STFC specification at a

burst repetition frequency (BRF) of 25 Hz. A powsrpply and cooling upgrade should

87



Coordinated Accelerator Research in Europe

enable testing at the full BRF of 50 Hz. The FP@ tsigh voltage pulse generator, designed
and manufactured in the UK, to meet the specificafor the previous ESS fast chopper.
Measured performance parameters show the resutteeaheasurements done at RAL. The

results indicate that the design is generally ceemplith the RAL FETS requirements.

The chopping scheme envisaged at CERN includespehnoglectrodes made of a
meander line structure printed on a high permtgtisubstrate which could be into the
existing quadrupoles. Alumina (A3, £~9.8) was chosen for the support because of its good
radiation resistance (in particular compared tcanig materials), good vacuum properties,
good heat resistance and conduction and finallyalee a higle implies small transverse
meander size. For sufficient mechanical robustn#ss,substrate thickness of 3 mm was
chosen. First prototypes were manufactured at CERNthe final ceramic plates were
produced in the industry by Kyocera. The manufacturprocess went through many
revisions and was adapted to the available tecygolbhe plates produced in industry were
measured at CERN. Electrical, vacuum, and heatatimoh tests gave full satisfaction and
confirmed the expectations.

A first approach to the chopper driver was a modsyatem based on MOSFET. This
system has been designed, built and tested. Cotistruhas been limited to a half scale
prototype (£250 V), and coupling of four such madguould give the required 500 V. 128
MOSFETSs are used to achieve the nominal voltageraididual adjustment of the delay is
required in order to minimize the transition frani&is driver represents a sound solution to
the problem of generating the signals for the cleopeflectors. Nevertheless its operation is
more complicated when compared to that of a DC lesupmplifier. For this reason, an
additional market survey was carried out and am@teindustrial solution came from FID
GmbH, the German branch of FID Technology locate&t. Petersburg. It consists in high
voltage pulse generators based on a proprietarg taaitage, high current device (Fast
lonization Dynistor). Tests to prove the relialyilif the semiconductor devices were made on
a preliminary unit that was continuously operatadriy two weeks producing 1 MHz, 300 ns
pulses in 1 ms bursts repeated at 50 Hz. The amafign of the unit was based on a single
serial switch that got close to the required triamsitimes but unfortunately could not quite

reach the specification. The reached performanaelisin excess of what needed for Linac4.

Another important achievement of the working gronpludes the use of a special
optics layout which allows amplifying the choppeckk This feature allows reducing the
requirement on the chopper voltage for the samenbseparation. Initially proposed by
CERN, it has been finally adapted by both laborasoinvolved.
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The charge of WP4 included a measurement campaigiine 3 MeV test stand at
CERN, which turned out to be impossible during Hi¥PI time frame. The IPHI-RFQ,
which was initially foreseen to be operational 002, is still in production and will be ready
only in 2010.

Beam Dynamics and Diagnostics Achievements (WP 5)

The development of most recent high intensity ln&as shown that phenomena
associated with space charge and beam loss pigypificant role in the design of high power
proton accelerators. In particular, losses are Ipaassociated with mechanical and RF
tolerances together with the appearance of beam fMabse effects need to be modelled in
terms of theory and simulations in order to minienthe risk of particles loss during high
intensity operation. On the other side, a dedicdtagnostics system is required to protect the
structure and to avoid activation beyond tolerdtetits. The acceleration and transport of
high power beams also presents new challengesefamdiagnostics. While conventional
methods continue to be needed, operating condi@brisgh intensity require a remarkable
R&D effort. New measurement techniques are needeatiaignose the small fractional beam
losses, which could cause serious damage to comizoaad produce unacceptable levels of
activation. Dedicated monitors for direct beam haleasurements are strongly required and
needed to be designed, constructed and validatedigting machines. The activity of this
work package combined infrastructures and resoufc@®s accelerator laboratories and
universities and has been focused on three maiostofne validation and benchmarking of

simulation codes, Experiments on Beam Halo and t&nae Growth and diagnostics.

The development of adequate 3D computer codes lmngroper modelling of self-
interaction by space charge is a crucial issue.e€adust be fast enough to allow large
ensembles of particles in order to resolve verylistoss fractions. Including the effect of
errors jointly with space charge requires a sigatit enhancement of simulation capabilities.
Benchmarking of computer simulation codes agaiash@ther and against analytical models
represents the most effective way to increaseewe bof confidence in their predictions. In a
first step major codes used in the linac communigye compared one against each other and,
in a second step, their predictions were compaiidd experimental campaigns performed at
the GSI UNILAC. In parallel, codes developed by plaeticipating laboratories were updated
with new features dedicated to the evaluation @intbéoss and space charge evaluation with

numbers of particles up to 10

At the starting point of the HIPPI collaboratiorg satisfactory experiments on beam

halo in high intensity linacs were performed in &ue; hence this topic was considered as a
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priority in the frame of the WP5. Beam experimenese performed at the UNILAC at GSI,
where operational conditions, available intensiteesd diagnostics allowed performing
relevant and reliable measurements. At the sane sameral codes were used to interpret the
out-coming results. As an additional result, theasugement campaigns done in the frame of
HIPPI on the UNILAC allowed a retuning of the mawhielements that led to an increase of

the UNILAC brilliance by a factor 3.

Three diagnostics devices were developed and ssfatlgstested during HIPPI: the
chopping and Halo detector at CERN, the Beam Indlkd@orescence monitor at GSI and the
Beam Induced Fluorescence monitor at Forschungseeniilich. These devices have shown
how the parameters of intense proton beams carebsured at the level of detail required by

the modern facilities.
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JRA4: Next European Dipole
Acronym; NED Coordinator: G. De Rijk (CERN)

Deputy: A. Den Ouden (Tweente University)

Participating Laboratories and Institutes

I(rlz’sz;.[;ttlij(fier)ant Number) Acronym | Country | Scientific Contact

STFC-RAL (20) STFC GB D.E. Baynham

CEA/DSM/DAPNIA (1) CEA F A. Devred

CERN (19) CERN CH D. Leroy

INFN/Milano-LASA (10) INFN-Mi I G. Volpini

INFN/Genova (10) INFN-G¢ I P. Fabbricatore

Twente University (13) TEU NL A. den Ouden

\Wroclaw University (17) WUT PL M. Chorowski
Additional Industrial Involvement
Company Name Acronym |Country [Contact Person
Kriosystem (112) KRIO PL B. Adamowicz
Alstom/MSA (105) ALS F G. Grunblatt
European Advanced Superconductors (108) EAS D H. Krauth

Main Objectives: This program is a first unique step towards integréion and coordination of

superconducting NaSn accelerator magnet R&D in Europe by the involverant of most

interested parties, with 3 main objectives: (1) tpromote the development of high performance
NbzSn wire in collaboration with European industry (2)to develop a parametric design of a
large-aperture (up to 88 mm), high-field (up to 15T) NbsSn dipole magnet, and (3) to execute a
limited scientific program on heat transfer studiesand insulation development, both directly
related to Nb;Sn conductor technology. The program should lay thground to the realisation of
a Nb;Sn dipole magnet model that could push the technay well beyond present LHC limits.

[llustration of the Main Hardware Realisations of ND
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Aims of NED

This NED program was a first unique step towardtegration and coordination of
superconducting Nfsn accelerator magnet R&D in Europe by the invokemof most
interested parties, with three main objectives: {d)promote the development of high
performance N§Sn wire in collaboration with European industry {@)develop a parametric
design of a large-aperture (up to 88 mm), highdfiglp to 15 T) NESn dipole magnet, and
(3) to execute a limited scientific program on hdednsfer studies and insulation
development, both directly related to4Sin conductor technology. The program was intended
to prepare the ground for the realisation of awbdipole magnet model that could push the
technology well beyond present LHC limits.

NED was foreseen to provide the following threesdirbenefits to the European accelerator
magnet community: (1) to integrate all Europeanord$f on NBSn superconducting
accelerator magnet R&D and to establish a longAgstollaboration to prepare for the future
of this field, (2) to promote a concrete supporttfee European N¥$n wire manufacturers to
bridge the gap with their American counterparts.

Besides these, four long term benefits were intendd) Relying upon the existing
collaboration of European laboratories and Europeduostries NED should try to convince
various funding agencies to complement the budgeteture the development of a large-
aperture, high-field dipole magnet model. (2) Arhfgeld large aperture dipole model magnet
would serve to assess the feasibility of a new prainising optics layout for the LHC
Insertion Regions that may boost the machine lusiip@nd could also be used to upgrade
the CERN/MFRESCA cable test facility, thereby phrg unique services to the entire
applied superconductivity community. (3) The R&Dbgram on high-performance wires is
intended to support manufacturers to improve thalityu and performance of other
commercial NBSn products (such as high-field NMR wires). (4) Theblems encountered
with High Temperature Superconductors (HTS) arelaino those encountered with pn;

lessons learned from MBn should help future applications of HTS.

Highlights of the NED projects

L0  Summary of NED main achievements

The main NED achievements are:
1. Establishment of a European vendor who can dethestium large amounts of MBn

conductor for high field accelerator magnets
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2. Conductor which reaches the goal gfndn--Cu) = 1500 A/mm@ 15T and 4.2 K
with thin (0.050 mm) filamentsthis represents a world record.

3. A conventional glassfibre-epoxy insulation schewreNb;Sn magnets

4. An infrastructure to measure thermal flow properten coil block samples and
material samples

5. A better understanding of the heat removal properof the various insulation
schemes used for accelerator magnets

6. A first conceptual overview on the design optiomis¥5 T accelerator magnets
OO0 Deliverables

NED had scheduled 11 deliverables. They have béacraeved within the 5 years of CARE

as can be seen on the figure and table below.

—s— Achieved Deliverables
—— Revised Planned Deliverables

NED Deliverables

12

10 A

number of deliverables
N IS (o)) (o]
.\;\
N
N
N
1
\L:

O L o o o o o o o o o N B e e e o e e R B R e
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58
Months
Deliverable name Delivered by Achieved
Contractor (s) (month)
Final report on wire and cable specifications CERN 6
Design report on 15 T dipole magnet CERN 13
Commissioning of heat transfer facility CEA, WUT 35
Final report on Quench Protection INFN-Milano 23
Report on conventional insulation STFC-RAL 40
Report on innovative insulation CEA 48
Final Report on Heat Transfer Measurements CEA 47
Final wire production CERN 60
Final report on wire characterization CERN 60
Final cable production CERN 60
Final report on cable performances CERN 60

O Dissemination

All publications and reports from the NED collabiwa can be found on the CARE database
(http://irfu.cea.fr/'Documentation/Care/index.phyghich can be freely accessed on the web.

The international conferences on which NED resutge presented are:
e MT,; The Magnet Technology conference (2005, 2007)
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e ASC: The Applied Superconductivity Conference (202206)

« EPAC: The European Particle accelerator conferd@6€4, 2006)

Additionally, NED work was reported upon in the kshops of the CARE-HHH networks:
WAMS, WAMDO, WAMSDO, Insulation & Impregnation Tenlgues, Beam heat & quench
in LHC magnets and ECOMAG 2005.

NED has produced 47 CARE documents, including 1€&eed publications and one thesis,

as show in the table below.

2004| 2005 2006| 2007| 2008|sum

CARE Note 0
Publication 5 6 3 2 16
CARE Report 2 4 5 3 6 20
Contribution to 2 2 3 3 10
conferences

Theses 1 1
Total 4 11 15 9 8 47

[0 Main impacts of the NED achievements

The potential impacts of the NED program are listethe table below. Before the NED
program started only very limited experience witts8h magnets existed in Europe. The
NbsSn conductors which were available would not alfomthe construction of magnets
much above 10 T, the critical current density veaslow at high field, the filaments in the
conductors were too thick for accelerator magnetsthe design ideas were limited to an
extrapolation from the LHC Nb-Ti magnets resultin@g too large stress on the cable. The
conductor developed within NED in collaborationwiuropean industry reached the world
breaking characteristics of{ion--Cu) = 1500 A/mm@ 15 T and 4.2 K with thin (0.050
mm) filaments. Clearly this opens many possibditier the improvement of existing particles
accelerators and the realisation of new ones.disis essential for several other fields of

science such as the ones using NMR and MRI techreso

For the LHC phase 2 luminosity upgrade (SLHC) gqupdle magnets will be needed with
maximum fields of the > 12 T range, which will besgible with the developed conductor.
For constructing such magnets, the Fresca catilsteggn at CERN will have to be upgraded
to 15 T by building very a high field dipole usihgp3Sn technology to be able to properly
characterize the conductor. Similar high field qugdles are probably needed for CLIC as

well.
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The NED program has now put the partners into itib@tson that they can start building a
13 T dipole magnet and this program is about td stahe FP7-EuCARD framework.

Selected achievement Impacted | Future impacted Expected Industry
infra- infra-structure impact transfer
structure

EU vendor for high performance SLHC, DLHC, higher fields, EAS/SMI

NbsSn strand CLIC, Fresca2, Luminosity or

MRI energy

Conductor with SLHC, DLHC, higher fields,

J(non--Cu) = 1500 A/mf CLIC, Fresca2, Luminosity or

@15T MRI energy

conventional glassfibre-epoxy SLHC, DLHC, higher fields,

insulation scheme for NBn Fresca2, CLIC Luminosity or

magnets energy

infrastructure to measure thermgl LHC SLHC higher

flow properties luminosity

better understanding of the heat| LHC SLHC higher

removal properties of insulation luminosity

schemes

first conceptual overview on the SLHC, Fresca2 higher energy

design options for 15 T

accelerator magnets

Summary of the NED activities

NED organization
To achieve the aims NED was laid-out around threekypackages and one study group.
Work package: Thermal studies and quench protection

In an accelerator the thermal properties and thencju protection of a
superconducting magnet are of vital interest. Téwt lgenerated in the coil by ionizing
particles, from beam losses or produced by thedot®ns, has to be evacuated in an
efficient manner. The heat evacuation propertidshei a limiting factor for the beam
intensity and the luminosity in machines like the@. A systematic study of the heat
evacuation properties of various insulation schemnas$ coil impregnation systems
was conducted in this work-package. The quencheastigs of a magnet are very
much intertwined with the heat removal propertieshie coil. The ability to protect a
magnet against burnout during a quench is a vi#ale in magnet design. A
comprehensive model calculation for the start aavketbpment of a quench was made
for large aperture high field magnets to providestbility estimates for such

constructions.

Work package: Conductor development.
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The heart of a superconducting magnet is the cdodut is also the most expensive
component of the magnet. In order to successfulljdba high field large aperture
magnet, conductor is needed which has a sufficietital current density at high field
in small diameter NS filaments. The work-package first specified wioanake and
then placed two industrial development contracty fhe conductor. The

characterization of the conductor was an integaal of the work.
Work package: Insulation development.

The insulation schemes for B&n coils need further development to meet all the
requirements of the reaction around 800°C, thetrédat properties and the thermal
properties. Two schemes were developed in NED,based on classical glass fibre
wrapping and epoxy impregnation and one with aowative ceramic compound.

Study group: Magnet design and optimization

The options for the coil layout for a high fieldde aperture magnet were studied and

a comprehensive comparison was made of their miaganed mechanical feasibility.
Thermal studies and quench protection

To perform heat transfer studies the NED partnessgthed and constructed a cryostat for the
measurements. The Polytechnic of Wroclaw did thsigte and construction and the
commissioning was done at CEA where the cryostanass installed. With this the
community now has a infrastructure for studyingtheansfer properties which will be used
well after the NED era for other projects.
Two types of measurements were performed in theangostat:

1. Stack experiments
For this type a stack of insulated cables is ma shat the situation in a real coil is best
simulated. The stack can be put under pressure,itika real magnet coil, and the helium
cooling can be chosen to happen from selected .sides properties for the classical LHC
style insulation employed for Nb-Ti coils could thbe compared to the innovative ceramic
insulation intended for N¥$n coils. This work also gave an important conftiorafor the
existing LHC insulation scheme where different aoglscenarios could be studied which at
the design phase of the LHC were not experimeniatiyessible. The ceramic insulation
showed to have a potentially tenfold larger cooloagential than the existing LHC scheme,
compatible with the large heat influx in the cod$ new insertion magnets needed for
luminosity upgrades.

2. Drum experiments
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In the drum experiments the heat conduction thrauglerials and Kapiza resistance to the
helium can be measured in a drum shaped devicé Wase measurements the properties of
various insulating materials can be determinedadlgh coil sample measurements are done
in the “stack” individual material properties areeded to do the basic selection and
optimization and to get the input parameters faathesacuation models. The properties of
various insulation materials were mapped, which wsead to steer the development of the
classical NBSn insulation scheme. The results on the Kapizéstegge on insulation

materials were for several materials first measearam
Conductor development

As a first step for the conductor work a conceptualgnet design was done for a 88 mm
aperture 12 T dipole model magnet. Two types ofsoceere considered, pure coslesign
and the cos slot design. From these conceptual designs théresgents for the conductor
were derived. For this type of magnet the condusitmuld be a Rutherford cable made out of
40 strands with a strand diameter of 1.25 mm, & Higz 1500 A/mnf at 15 T and 4.2 K, a
small effective filament diameter50 um, a Cu : non-Cu ratio of 1.25, a high copper nesid
resistivity ratio (RRR)> 200, and wire which can be formed into cable vatily modest
degradation

The program has been successful in developing modean vendors for advanced3Sh
conductor suitable for high-energy accelerator reéggrOne vendor (SMI-EAS) has delivered
a substantial quantity of wire, made by the powddube (PIT) method, which meets the
targets. A second vendor (Altsom) has made goodress in developing the internal tin (IT)
method.

SMI-EAS has delivered R&D strand made by the powddube (PIT) method that, with an
optimized heat treatment, reaches Jc = 1500 A/atm15 T and 4.2 K. The wire has an
effective filament diameter of 50m and a RRR of more than 200. They have delivered a
production quantity of 6.4 km of wire with similgroperties, and the remaining 6.3 km of
strand will be delivered by the end of December&0The delivered strand has a diameter of
1.25 mm, as specified for NED. Short sections callade according to the NED
specifications with 40 strands, were made at thirga machine in LBNL. Characterization
of extracted strands has proven that cable degoadatterms of critical current is about 8%,
which is less than the specified 10%. This stramtl@ble production was successful and met
the challenging NED specification in full.

Alstom has followed two “roads” for the productiohwire by the internal tin (IT) method.
The first is an “innovative” method in which thebselements are cold drawn, while the
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second is a “conventional” method in which they exéruded. The results from road 1 have
been disappointing so far, in terms of piece lengtt) and RRR. This is similar to the
experience of others in the past, who have triedl dbld-drawing method. This road is
unlikely to yield good results and this road shob&ldropped. The results from road 2 are
more promising, but the Jc is still well below ttaeget. The wire made has used a binary
alloy. Higher Jc is expected by using a ternalyyain which either Ta or Ti is added to the
Nb rods, or Ti is added to the Sn core. The fabooaof new sub-elements with NbTa
filaments is in progress and is planned to yiel&k@B30 km of wire in spring 2009.

Besides the standard characterization measurenidéritsand RRR) on strands and cables
special measurements were performed to better stachelr the metallurgical processes which
are taking place during the reaction treatment leé tonductor to form the NBn
inter-metallic compound out of the separate niobiama tin components of the filaments.
Two synchrotron techniques, notably synchrotron gewdiffraction and synchrotron
microtomography, have been used for the first tiorethe study of NkSn strands. A high
flux of high energy monochromatic x-rays providddree high-energy scattering beam line
ID15 of ESRF has allowed performing powder diffractmeasurements during in-situ {8m
strand reaction heat treatments. It was possibtietect for the first time all phases that are
formed during the reaction heat treatment og$tbstrands of the PIT design. With the help
of Scanning Electron Microscopy the grain sizesdmghe filaments could be studied to
understand the detailed build-up of4Sh grains.

Using the characterization techniques a heat teatroptimization was done on the PIT
strand. With a longer heat treatment time at ah#iiglower temperature (625°C) a
J(non--Cu) = 1500 A/mm@ 15 T and 4.2 K was reached. This result is aomsiep to
render the construction of 15 T magnets feasithlalso means the fulfillment of the basic
NED objective.

Insulation development
Conventional insulation

A program of materials technology work has beeriedrout in order to economically
address the particular problems of insulation nmterfor niobium-tin, wind and react
accelerator magnets. The program has been ablaldota the body of knowledge by
strategically targeting particular problem arease Tproblem has been approached by
performing screening tests on candidate materigie. three test methods chosen are: (1)
Electrical breakdown, (2) Short beam shear, (3rlaminar fracture toughness. An extensive

literature survey was also performed. In additie&rio-gravimetric analysis have been used
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to measure the very small weight loss arising famgradation of organic fibre coatings in the
same environment as niobium-tin magnet insulatiing the reaction cycle. The problem of
industrializing the manufacturing process of nigbitin magnets has been addressed.
Niobium tin magnets are currently produced usidgpla-intensive methods. Such magnets
are relatively small and are usually solenoids.liBgahis technology to produce 10 m long
accelerator-quality, high field dipole magnets esgnts a number of challenges. The
challenge for this work package is to: (1) prodanensulation system that can be applied in
the industrial coil manufacturing setting, (2) @ntpatible with the heat treatment, (2) meets
the agreed Insulation Specification, (3) develogt techniques and samples which allow
guantitative comparison of insulation mechanicabperties.

The result of the work is the selection of an iaioh system which will be tested on the

Short Model Coil, a common project between RAL, CE¥ERN and LBNL to produce a

40 cm long double pan cake race track coil. Thelat®n system consist of :

* Matrix. The test magnets will not be exposed thigh radiation dose, therefore a
established, tough epoxy widely used for cryogeapplications was chosen (RAL #
71A). The only disadvantage of such a system igelaively short pot life compared to
anhydride-cured epoxies. The impregnation tool sdedbe carefully designed to allow
good access for the resin. The tool should be figghvith a low cost “dummy coil” prior
to committing a reacted niobium-tin magnet pole.

* Fibreglass tape. The S-glass fibreglass tape chimsehe model magnets is an S-glass
tape from JPS Composites, woven with 18 ends amibfble picks with a small amount

of high temperature sizing.

Innovative ceramic insulation.

The innovative insulation program concentrated orteehnique using glass-fibre tape
impregnated with a viscous liquid that becomesram& when subjected to a heat treatment
around 800°C. The temperature used for this bdiegsame as the reaction temperature for
NbsSn so that both processes, thesStbreaction and the ceramic reaction, can occone
heat treatment. In the thermal studies work-paclkhgéeat removal properties of coil stacks
with this ceramic insulation proved to be an ordemagnitude better than observed for the
LHC insulation scheme. The test program was focusedthe characterization and the
improvement of the mechanical properties of inmdatable stacks representative of magnet
coils. Two issues have been investigated: (1) fognof ceramic samples during heat

treatment, which has been eliminated by modificatad the preparation method of the
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ceramic powder and (2) degradation of the rheolddgiehaviour of ceramic suspensions,
attributed to variations in the clay properties.rééh heat treatment moulds to produce
insulated cable stacks have been designed and atamgd. The moulds were used to
prepare various insulated cable stacks relying ifierdnt pre-compressions during heat
treatment so as to study the effect of this preg@ssion on mechanical properties. The test
program was focused on the mechanical charactenzadf insulated cable stacks
representative of magnet coils. The used methdénsate from the classical technique used
to qualify the quadrupoles: perform compressiomstes stacks of conductors prepared with
electrical insulation. At the a maximum pressure200 MPa some fissure lines have been
observed on the sides on the samples. In fact, sauintbese fissures had been already
observed when the samples are extracted from #atioa mould before the mechanical test
itself. At this moment, the compression stress isgoloduring the heat treatment is released
and what is observed is the relaxation and reaeraegt of the cables. If the compression
tests are performed on stacks of cables withoutilatien, a similar behaviour can be
observed.

The ceramic insulation program has shown largenpiaiefor a thermal point of view. The
mechanical behaviour under large loads, as thewronotside a coil, is though not yet

sufficiently good to already apply this in a magfiéte program is being continued by CEA.
Magnet design and optimization

A number of alternative dipole magnet designs femy\high fields and large apertures have
been studied by the Working Group on Magnet Desigth Optimization. Common starting
parameters and figures of merit for a fair commaribave been identified. For the 88 mm
aperture, the conventional layered cosdesign is still the best one. However, for large
apertures (130 mbh60 mm), the coil mid-plane stresses become tob fadg this topology.
The most promising configuration for large apersusethe slotted cos-design, as the others
are less efficient and have obvious fabricationess The next step of the analysis, that is, the
2- D mechanical calculation, becomes very cru@mice the Lorentz forces are huge in all
cases. A first estimate of the stresses has beee by averaging the forces on the broad
cable face, but numerical computations are necgssaietermine the actual local pressure,
and the feasibility of the clamping structure. Hiynagraded designs have been also studied
whenever possible, as they allow a superconduetong by the use of a low critical current

density cable in the low field areas of the coil.
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Annex 1
The legal entities of the participants, the asgedimstitutes and the associated industrial pestaee listed in the following tables
Participant Organisation Short (Iajnatteer Date exit Short description (i.e. fields of excellence) andscific roles in the consortium
number (name, city, country) name project project (* indicates work package responsibilities)
Fields of excellenceHigh Energy and Nuclear Physics, Research, Dewedmt, Construction and
Commissariat a start of end of operation of Particle Accelerator (Beam dynamiagpesconducting RF Technologies, High Magnetic
I'Energie Atomique, CEA project project Field technologies), Computing, remote operaticsteays
Paris, France Specific participation in N1*, N2*, N3, JRAL*, JRA3*, JRA4*
Specific ResponsibilitiesGeneral coordinator, coordinator for management ofCARE and JRA4
Uni. Catholique, start of end of Fields of excellenceHigh Energy and Nuclear Physics, Research, DevadopnConstruction and
2 Louvain la neuve, UCLN project project operation of Particle Accelerator (ECR ion sourogs|otrons, radioactive targets and radioactivenhs)
Belgium Specific participation in: N2
Fields of excellenceHigh Energy and Nuclear Physics Accelerators Exgeriments, Construction ar
Centre National de start of end of operation of Particle Accelerators and electrorrees) Superconducting accelerators (cavities, eospl
3 Recherche Scientifique CNRS project project neutrino horns, computing. Lasers and Plasmaseiartaechniques of acceleration
Paris, France Specific participationin:  N1*, N2, JRA1*, JRA2*, JRA3*
Specific Responsibilitiescoordinator for N1 and JRA1
CNRS/PNC/LAPP,
:_ea\b/?gg;c(o:jrg dhAr;ineucg CNRS- start of end of | Fields of excellenceActive alignment, instrumentation and simulation
ae pnysiq LAPP project project | Specific participationin: N1
des particules,
Annecy leVieux, France
CNRS/PNC/CENBG,
,C\ienltfe _d'EtlédeBS . CNRS- | startof | endof | Fields of excellenceNeutrino experiments
ucléaires de Bordeaux . :
CENBG | project | project | gpecific participationin: N2

Gradignan,
Bordeaux, France
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CNRS/PNC/LPSC,
Laboratoire de

Fields of excellencelons sources. Accelerator design, constructiah @eration (GENEPI acceleratg

=

m

at

i i CNRS- | startof | endof | |pHjcollaboration).
Physique Subat_omlque LPSC project project N o ) )
et de Cosmologie, Specific participationin: N2, JRA3*
Grenoble, France
Participant Organisation Short Iejnatger Date exit Short description (i.e. fields of excellence) angscific roles in the consortium
number (name, city, country) name project project (* indicates work package responsibilities)
CNRS/PNC/IPNL, ) ) ) )
Institut de Physique CNRS- start of end of | Fields of excellenceNeutrino Physics and experiments
Lyon, France
CNRS/PNC/LAL Fields of excellenceRF guns, accelerator construction, room tempegatnd super-conducting cavitie
Laboratoire de CNRS- | startof | endof | R power couplergeam simulations, analytic modelling, and electrgnadic simulations.
I’Acceleraeur Lineaire, LAL project project N S
Orsay, France Specific participationin: N1*, JRAL1*, JRA2*
CNRS/PNC/IPNO Fields of excellence Accelerator construction, room temperature angesgonducting cavities, bea
Institut de physique CNRS- startof | endof | simylations, analytic modelling, and electromagnsiinulations.
Nucleaire, IPNO project project N T
Orsay, France Specific participationin: JRA3
CNRS/SPI/LPGP, i ) _ . .
Laboratoire de Fields of excellencelLaser beat-wave, wake-field for accelerating tetets. Beam plasma interaction
Physique des Gaz et de CNRS- startof | end of | high currents.
LPGP project project N S
Plasmas, Specific participationin: N1*
Orsay, France
CNRS/SCH/LCP, Fields of excellencePhoto-cathode production and preparation, lagfssource, high-charge and sh
Laboratoire de Chimie CNRS- start of end of | hylse photo-injector
Physique d'Orsay, LCP project project N S
Orsay, France Specific participationin: N1
CNRS/SPM/CPHT,
_cl_:ﬁgct)rf dz ZZ%%%g?e CNRS- start of end of | Fields of excellenceSimulation of laser-plasma interaction
qu CPHT project project | Specific participationin: N1

Polytechnique,
Palaiseau, France
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5

Hig

Q

CS

CNRS/SPM/LOA, ) . : .
Laboratoire d'optique CNRS- start of end of | Fields of excellencelasers, plasmas, plasma-acceleration, chargeitipgsroduction
appliquee, LOA project | project | gpecific participationin: N1, JRA2
Palaiseau, France
CNRS/SPULULL, Fields of I G ti f int I beat wiaid. Particl ti
Laboratoire pour ields of excellence Generation of very intense laser beat-wave, . Particle generation an
IUtilisation dpes Lasers | CNRS- | startof | endof | acceleration of electrons.
LULI project project -~ o
Intenses, Specific participationin: N1
Palaiseau, France
Participant Organisation Short Iejnat';er Date exit Short description (i.e. fields of excellence) andpscific roles in the consortium
number (name, city, country) name project project (* indicates work package responsibilities)
CNRS/PNC/LPNHE,
Laboratoire Physique CNRS- | startof | endof | Fields of excellenceneutrino physics
Nucléaire et Hautes LPNHE roiect roiect - S
Energies proj proj Specific participationin: N2
Paris, France
Fields of excellenceNuclear, atomic, plasma, and applied physics erparts with heavy ion beam
Gesellschaft fur dynamics of high current beam transport and acatder, development, design, construction and
) start of end of : . . . : .

4 Schwerionenforschung, GSl roiect roiect operation of heavy ion sources, linear and circalecelerators, storage rings, stochastic and ele

Darmstadt, Germany Pro) pro) cooling of stored beams, remote accelerator canteoimputing, networking.
Specific participationin: N2, N3, JRA3*

Institut fuer Fields of excellenceLinear lon Accelerators, Volume lon Sources, LBnergy Beam Transport, RF
Angewandte Physik IAP-EU start of end of | Development, Room Temperature and Superconductiify Dube Linac Development, Beam Opti

S Frankfurt University project project | and Beam Dynamics Computations

Frankfurt, Germany

Specific participationin: JRA3
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Fields of excellence Development, construction and operation of Plartidccelerators (linea
accelerators, synchrotrons and storage rings émtreins, positrons and protons) for High Energysiisy,

Deutsches Eletronen and Synchrotron radiation sources, Supercondu@angties, Superconducting Magnets, R&D on Linear
Svnchrotron DESY start of end of | colliders and Free Electron Lasers, Accelerator tfs) Computing, Networking, Videp
6 H};mbur German project project | Communication Tools, Experience with far remoterafiens of the Tesla Test Facility and the Fermilab
9: y Photo-injector
Specific participationin: N1* N3, JRA1*
Specific Responsibilitiescoordinator for JRA1
Forschunaszentrum Fields of excellence Medium energy physics accelerators and experisnaetiability of operation
9 start of end of polarized protons; stochastic cooling, electronliogg electron beam welding; remote acceleratortrcon
7 Julich FzJ roiect roiect and automation, design of superconducting accétgragtructures, design of high intensity and hjgh
Jilich, Germany proj pro) energy accelerators
’ Specific participationin: N1, N2, JRA3
Fields of excellenceLong term expertise in the field of neutrinad muon physicand experiments. It
Technical Universit start of end of will contribute to the general steering and studiéghe PHYSICSpotential of future long baseline
38 Miinchen Germany TUM roiect roiect experiments. The studies aim at guiding the exptmmaplanning and construction of conceivableged-
' y proj pro) by identifying the capabilities and the crucial gonents and limitations.
Specific participationin: N2
Participant Organisation Short Iejnatger Date exit Short description (i.e. fields of excellence) angscific roles in the consortium
number (name, city, country) name project project (* indicates work package responsibilities)
Fields of excellence Design and construction of intermediate energgekerator, photo-injectors,
Forschungszentrum F7R start of end of | photocathode for SC RF gun, synchrotron radiationrce, Free Electron Laser, ELBE accelerator
9 Rossendorf, Germany project project | infrastructure.
Specific participationin: N1, JRA2*
Fields of excellenceHigh Energy and Nuclear Physics Accelerators Exgeriments, Construction and
Istituto Nazionale di start of end of operation of Particle Accelerators and Collidersccélerator Controls, Computing, Networking,
10 Fisica Nucleare INFN project project Synchrotron Radiation Sources and Experimentsppaitticle physics.

Frascati, Italy

Specific participationin: N1*, N2*, N3, JRA1*, JRA2*, JRA3*, JRA4*

Specific Responsibilitiescoordinator for N2 and JRA2
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INEN Bari INEN- start of end of | Fields of excellenceNeutrino physics, hadroproduction data, muon cgoditudies
Bari, Italy Ba project | project | gpecific participationin: N2
Fields of excellence High Energy and Nuclear Physics Experiments, @aoson and operation of
) electron and positron Particle Accelerators andidak, Beam Dynamics, Accelerator Diagnostics and
INFN Frascati, INFN- startof | endof | controls, Computing, Networking, Synchrotron RadiatSources, FEL.
Frascati, Italy LNF project project
Specific participationin: N1*, N2, N3, JRA1*, JRA2*
Specific Responsibilitiescoordinator for JRA2
Fields of excellenceDesign of superconducting magnets. Finite elemaatyaes. Electrical transport
INFN Genoa, INFN- startof | endof | measurements on superconducting wires and cab@#0ss measurements on superconducting deviges.
Genoa, Italy Ge project project -~ o
Specific participationin: N2, N3, JRA4
INFN Gran Sasso, INEN- start of end of | Fields of excellenceNeutrino physics, main exploitation laboratorytiie CNGS and of future facilities.
L'Aquila, Italy GS project | project | gpecific participationin: N2
Fields of excellenceSRF accelerator design and construction (ALPI).rmikey and Electrochemistry
Material surface treatments; Plastic deformatiomaterials and forming technology; Clean room (HPR
INFN Legnaro, INFN- startof | endof | and mounting); Thin film technology and PVD machinenstruction; Non destructive evaluatipn
Legnaro, Italy LNL project | project | techniques, in particular flux gate magnetometry.
Specific participationin: N1, N2, JRA1*
Piﬁﬁ'g:rm Organisation Short (Iajna:teer Date exit Short description (i.e. fields of excellence) andscific roles in the consortium
(name, city, country) name project project (* indicates work package responsibilities)
Fields of excellenceDesign, construction and test of superconduct®@) cavities for electrons and
protons and of SC magnets for accelerators anatdese High current proton beam dynamics; cryostat
INFN Milano, INEN- start of end of | and cryomodule design and construction; photoca&thetl laser for high brightness photoinjector; |SC
Milano, Italy Mi project | project | cable and material low temperature characterizat®@ magnet protection system design, and fest;

accelerator remote operation (GAN). Robust elecsaurces and laser pulse shaping.
Specific participationin: N1, N2, N3, JRA1*, JRA2, JRA3*, JRA4*
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Fields of excellence Neutrino physics and beams, hadroproduction dataling studies. Long tern

INFN Napoli, INEN- start of end of | expertise in theoretical and experimental accederattysics.
Napoli, Italy Na project | project | gpecific participationin: N2, N3
Specific Responsibilitiescoordinator for N3
INEN Padova, INEN- start of end of | Fields of excellenceNeutrino physics and beams, hadroproduction datanneooling studies
Padova, Italy Pa project project Specific participationin: N2*
INFN Pisa, INEN- start of end of | Fields of excellenceNeutrino physics, phenomenology and theory
Pisa, Italy Pi project | project | specific participationin: N2
Fields of excellenceSC Cavity fabrication R&D, accelerator instrumeittatand controls, computing
INFN Roma 2, INFN- start of end of | and networking.
Roma, Italy Ro2 project project N o
Specific participationin: N1, JRA1
INFN Roma Tre, INEN- start of end of | Fields of excellenceNeutrino physics, hadroproduction data, muon cgoditudies
Roma, Italy Ro3 project | project | specific participationin: N2
Fields of excellenceRelevant beam dynamics expertise: Impedance esintaficcelerator structures.
Single- and multi-bunch beam instabilities. Furtdevelopments and application of analytic estimates
University of Salerno, INEN- start of end of | and simulation codes will be used to charactehisérhpedance, and to study intensity limitationd an
Salerno, ltaly Sal project project ultimate performance of future High-Energy/Highensity Proton Accelerators, such as the LHC and its
injectors, including beam dynamics with barrier kets.
Specific participationin: N3
INEN Torino, INEN- start of end of | Fields of excellenceNeutrino physics, phenomenology and theory
Torino, Italy To project | project | specific participationin: N2
INEN Trieste, INEN- start of end of | Fields of excellenceNeutrino physics, hadroproduction data, muon cgoditudies
Triestre, Italy Tr project | project | gpecific participationin: N2
Participant Organisation Short Enier Date exit Short description (i.e. fields of excellence) angecific roles in the consortium
number (name, city, country) name project project (* indicates work package responsibilities)
Fields of excellence Theoretical and experimental research on supedradimg wire and cable,
Twente University start of end of | development of superconducting demonstration devidiTi, Nb3Sn and HTS), experience on design
11 Enschede, Netherlands TEU project | project | and manufacture of Nb3Sn dipole magnet models. Dpweent for photo-cathodes and photo-injectors.

Specific participationin: N1, N3, JRA2, JRA4*
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Fields of excellence Full-custom design and HDL synthesis of modern ASICSI circuits, Data

sign

and
of

ut

Is,

Technical University TUL start of end of | acquisition and processing systems, Control systpmser electronics, hardware-software code de
12 Lodz, Poland project project | of digital systems, software tools for system desigd simulation.
Specific participationin: N1, JRA1
. Fields of excellenceHigh Energy and Nuclear Physics, Accelerator Plsyaitd Technology (modellin
The Andrzej Soltan : . : ) .
. of beam dynamics, bunching etc., design of acdelegarts, power supplies etc.), Plasma Physics
Institute for Nuclear start of end of . ) . . . X o
13 ' IPJ : X Technology (plasma diagnostics and techniques faterial engineering, e.g. UHV-arc deposition
Studies project project superconductor layers etc.)
Otwock-Swierk, Poland P Y ’
Specific participationin: N1, JRA1
Politechnika Fields of excellenceAnalog digital and mixed electronic systems amstriimentation, microwave ar
Warszawska, University start of end of optical/photonic circuits and systems, microprooeséd computer and software engineering, disteith
14 of Technology, Institute | WUT-ISE : . large and multichannel measurement systems, mightibif optical links and networks, FPGA/DS
. project project . : L )
of Electronic Systems systems design, Internet engineering, image progesygstems, neural networks and fuzzy systems
Warsaw, Poland Specific participationin: N1, JRA1
Fields of excellenceMechanical Engineering, Refrigeration and CryaggnResearch, Development,
University of start of end of Construction and Commissioning of Cryogenic Systémadeling of cooling systems and refrigerata
15 Technology WuUT : : heat transfer and material thermal properties, ff@hculations, modeling of magnet resistive traosit
project project .
Wroclaw, Poland thermo hydraulics etc.)
Specific participationin: N3, JRA4
Conse;o S_uperlor de Fields of excellence High energy experiments, accelerator studiesemamducting magnets, pow
Investigaciones start of end of .
16 S CsiC . ; supplies
Cientificas, project project
Madrid, Spain Specific participationin: N1, N2, N3
Univ. of Barcelona UB start of end of | Fields of excellenceExperimental neutrino physics
. a . -
Barcelona, Spain project project | specific participationin: N2
Participant Organisation Short Iejnat';er Date exit Short description (i.e. fields of excellence) andscific roles in the consortium
number (name, city, country) name project project (* indicates work package responsibilities)
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(0]

CIEMAT, CIEMAT start of end of | Fields of excellenceDesign and fabrication of superconducting magnets
Madrid, Spain project | project | gpecific participationin: N1, N3
ggil\\/ﬁz(jir?dad Autonoma UAM startof | endof | Fields of excellenceRecognized leadership in the field of theory ahdnomenology of neutrinos.
Madrid, Spain project | project | specific participationin: N2
Lab. of Industr. ] ) )
Electron. & Instrum. LEIl start of end of | Fields of excellenceDesign of power supplies
Uni. Valencia, project | project | gpecific participationin: N1
Valencia, Spain
University of Valencia FIC start of end of | Fields of excellenceDesign optics, modelling of machine imperfectiamsl beam based measurements
Valencia, Spain project | project | gpecific participationin: N1, N2, N3
Fields of excellenceHigh energy Physics Accelerators and ExperimeNtsglear Physics acceleratars
Euronean Organization including heavy ions and antiproton deceleratopeBconducting Cavities, Superconducting Magngts,
for Nﬂclear Rgesearch CERN start of end of | Accelerator Controls, Computing, Networking, VideBommunication Tools, Linear colliders
17 Geneva. Switzerland project project | Photocathodes, Neutrino Factories, High Intensittdh Machines, lon Sources
Specific participationin: N1*, N2* N3*, JRA2, JRA3, JRA4*
Specific Responsibilitiescoordinator for N3, JRA3
Fields of excellence A consortium of physicists from Swiss Universiti€ontributing long-term
expertise in the field of neutrino physics, expents & beams (design, detailed simulation, opemati
Université de Genéve, UNI-GE start of end of | and analysis of their data), expertise in horn netdgy and in the field of intense low energy myon
18 Genéve, Switzerland project project | beams and leadership in the experimental studiesuafn ionisation cooling. It will contribute to the
general steering and to the PHYSICS, TARGET, HORRQOLING WPs.
Specific participationin: N2
Fields of excellenceDevelopment, construction and operation of etecand proton accelerators (lingar
accelerators, synchrotrons, storage rings and tgas) for synchrotron radiation, nuclear, atomicl &
Paul Scherrer Institute PS| start of end of | applied physics experiments. Development and ojperaf (digital) feedback systems for particle beam
19 Villingen, Switzerland project project | stabilization and RF-control. Research and devetapnof accelerator instrumentation and data

processing electronics.
Specific participationin: N1, N2, N3, JRA1
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Participant | Organisation Short Iejnatger Date exit Short description (i.e. fields of excellence) andscific roles in the consortium
number (name, city, country) name project project (* indicates work package responsibilities)
Council for the Central ) ) ) )
Laboratory of the Fields of excellenceHigh Energy Physics Accelerators and Experimentstop accelerators, beam
Research Councils start of end of | dynamics, targets for proton beams, synchrotroiatiath sources and experiments, photo-injectoes; fi
20 Oxfordshire & STFC project project electron lasers, accelerator controls, supercomduotagnets, computing.
Daresbury,United Specific participation in: N1*, N2*, N3, JRA2*, JRA3, JRA4*
Kingdom
Fields of excellence: RF desigr&mall emittance electron sources. Laser accelergfi€ cavity design|
RF coupler design. Machine simulation. Laser-plasioeeleration. Design and construction of linear
BZ::EEP’ L&Eoratory SE'IZ_C' Str%r.tegr err(])qe(c):]': accelerator components. High brightness gun dedsggam diagnostics and instrumentation ( DL
y: proj broj provides the coordinator for WP4). General coortiimaof many UK network activities.
Specific participation in: N1*
Fields of excellence:High Energy Physics Accelerators and Experimentgelarator physics and
Rutherford Appleton STEC- start of end of technology, lasers for photoinjectors, high brigdsth gun design, beam diagnostics using laser deyice
Laboratory RAL roiect roiect laser-plasma acceleration, instrumentation, pufseton accelerators, high power target , ion sajrce
Oxfordshire, UK pro) pro) RFQs, chopper development, beam dynamics, suparcting magnets.
Specific participation in: N1, N2*, N3, JRA2*, JRA3, JRA4*
imperial College Fields of excellence:Particle Physics experimentation, machine-experimeterface in experiments,
Logdon Unite?j ICL start of end of | electronics, muon cooling design, high gradientteb® and ion acceleration techniques using laser-
21 Kingdor,n project project | produced plasmas, diagnostic techniques, theokratiodelling of laser-plasma interactions.
Specific participation in:N1, N2, N3
Manchester University Fields of excellenceParticle Physics experimentation, simulation ofrbetelivery systems at linear
Manchester. United UMA startof | endof | coliiders, beam diagnostics.
22 : project | project

Kingdom

Specific participation in: N1
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Participant Organisation Short Short description (i.e. fields of excellence) angscific roles in the consortium Associated
number (name, city, country) name (* indicates work package responsibilities) to
Associated Institutes
Center for the ) . - _ S . .
Advancement of Fields of excellenceBeam dynamics in the main linac, optic optimiaatiemittance preservation, trajectory
1 Natural Discoveries CANDLE | correction, wake fields and impedances, beam dyrsmmidamping ring, non-linear and fringe fieldegtfs. CERN
using Light Emission, Specific participation in N1
Yerevan , Armenia
Helsinki Institute of Fields of excellenceBeam diagnostics tools and instrumentation. HEP&ssisted by a consortium of Finnish
2 Physics, HIP institutes and industry with expertise in RF meaments, automation and vacuum related mechanicwelaihg. CERN
Helsinki, Finland Specific participationin: N1
European Fields of I B d [ db inst tati ti
ields of excellenceBeam dynamics and beam instrumentation expertise
3 Synchrotron ESRF R Y P CERN
Radiation Facility, Specific participationin: N3
Grenoble, France
RWTH, Fields of excellenceHigh energy experiments, beam instrumentation
4 Aachen, Germany RWTH o o DESY
Specific participationin: N1
Fields of excellencelLaser, RF gun
5 Max Born Inst MBI > erences 9 DESY
Berlin, Germany Specific participationin: N1
Technical Univ. Fields of excellenceHigh frequency planar RF cavities, beam positimmitors, wake field calculations
6 Berlin TUBE -~ o CERN
Berlin, Germany Specific participationin: N1, N3
TEMF/ Tech. Univ. Fields of excellenceSimulation code for machine modelling, RF gun
7 Darmstadt, TEMF - S DESY
Darmstadt, Germany Specific participationin: N1, N3
Institiut fur Fields of excellenceNovel methods of acceleration, simulation of joéetacceleration in plasma using PIC (particle| in
8 Theoretische Physik | UDUSS cell) codes CERN
Dusseldorf, Germany Specific participationin: N1
Max-Planck-Institut fir Fields of excellenceHigh intensity laser technology, relativistic gaa and electron generation and acceleration wijth
9 Quantumnoptik, MPQ laser-produced plasma, associated diagnostics CERN

Garching, Germany

Specific participationin: N1
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Forschungszentrum, Fields of excellenceSMES, modulator, pulsed power sources
10 Karlsruhe, FzK . o DESY
Karlsruhe, Germany Specific participationin: N1, N3
Participant Organisation Short Short description (i.e. fields of excellence) angscific roles in the consortium Associated
number (name, city, country) name (* indicates work package responsibilities) to
Associated Institutes
University of Rostock, Fields of excellenceSpace charge simulation, code development, HOMs
11 Rostock, Germany UROS -~ o DESY
Specific participationin: N1
university of Fields of Il High gradient cavities, field emissi trol
ields of excellenceHi radient cavities, field emission contro
12 Wuppertal, UWUP - S ghg DESY
Wauppertal, Germany Specific participationin: N1
Technion — Israel
Institute of Technion- | Fields of excellenceBeam Dynamics simulation, control system developiraed the integration of the two.
13 Technology, nT . S CERN
Tel-Aviv, Israel Specific participation in N1
Ente per le Nuove Fields of excellenceLong experience in using tools capable to deteertiie nuclear responses in different
Tecnologie 'Energia components of magnetic fusion reactors. Those éas bsed (Monte Carlo methods mainly) to optinfigeshields
14 e 'Ambiente ENEA necessary to protect from the nuclear radiatiorStngerconducting Coils used to sustain the plasmaaignetic fusion CERN
Roma, Italy reactors. Relevant work and contracts for ITERefimational Thermonuclear Experimental Reactor).
Specific participationin: N3
] ) Fields of excellenceNeutrino and muon physics, accelerators, experisp¢heory. Leading institution in the
15 University of Osaka |, NuFACTJ Collaboration CERN
Osaka, Japan -~ o
Specific participationin: N2
) Fields of excellenceExpertise in Sc magnets for Accelerators andatietse and SC accelerator integration.
KEK, High Energy Development of design and constructing technigaesdper conducting magnets, development of spegiauctors.
16 Accelerator Research | | - Experience in the operation of storage rings wigitteon cloud effects and development of electdond simulation | cgrN

Organization
Tsukuba, Japan

tools, design studies on linear colliders, develepnof klystrons, modulators and normal conducRfgcavities.

Specific participationin: N3
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Institute of Physics, Fields of excellencelPUL has many years of expertise in designing @perating liquid metal loops and in developing
17 University of Latvia, | IPUL necessary equipment and technologies. FZJ
Latvia, Specific participationin: N2
Fields of excellenceNRG is experienced in fluid dynamics, structuredchanics and thermal hydraulics calculations
18 NRG NRG and in developing suitable computer software. £73
Petten Netherlands -~ o
Specific participationin: N2
Participant Organisation Short Short description (i.e. fields of excellence) angscific roles in the consortium Associated
number (name, city, country) name (* indicates work package responsibilities) to
Associated Institutes
Eindhoven University ] o ] ] )
of Technology Fields of excellencePhoto--injectors and photo-guns. High brightrelsstron beams for FEL, colliders and laser
19 Eindhoven, TUE wakefield accelerators CERN
Eindhoven, Specific participationin: N1
Netherlands
Cracow University of
Technology, (Institute . D G . . . I
20 of Applied cuT Fields of excellenceVibration and stabilization issues, measuremadt@ntrol; numerical analysis of vibration. CERN
Mechanics), Krakow, Specific participationin: N1
Poland
Group of Lasers &
Plasmas of the Inst Fields of excellenceSimulation and experiments on laser-plasma iotemas and accelerators
21 Sup Tecnico Lisboa, | GOLP o o CERN
i Specific participationin: N1
Lisboa, Portugal
. ) Fields of excellenceExpertise in accelerator magnets and integrati@sidh capability and studies on synchrotron
Joint Institute of radiation effect. Very special expertise in fastled magnets at low temperature. FEM produced ppwkses and
Dubna, Russia - o
Specific participationin: N3
Institute for High Fields of lencRadiat d sh leulati
i ields of excellencé&adiation and shower calculations
23 Energy Physics, IHEP CERN

Moscow, Russia

Specific participationin: N3
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University of Uppsala,

Fields of excellenceCTF3 commissioning. Tests of optics, modellingg @development of beam monitoring

24 UPSA equipment. CERN
Uppsala, Sweden -~ o
Specific participationin: N1
iversité Fields of excellenceExperimental neutrino physics.
o5 Universite Bern, UNI-Bern 3 T P phy UNI-GE
Bern, Switzerland Specific participationin: N2
Université de
Neuchatel, UNI- Fields of excellenceExperimental neutrino physics.
26 Neutchéatel, -~ o UNI-GE
Switzerland Neuchatel | specific participationin: N2
Participant Organisation Short Short description (i.e. fields of excellence) andpscific roles in the consortium Associated
number (name, city, country) name (* indicates work package responsibilities) to
Associated Institutes
Ecole Polytechnique
Fédérale de Lausanne Fields of excellenceDesign and characterization of high current dagsuperconductors (both low and high Tc).
Centre de Recherches Experiments and analyses in the field of ac lospesnch and stability. Fusion magnets. World larggest facility for
27 g? Physique des CRPP low temperature, short length superconductors (SAN)T CERN
asma
Lausanne, Specific participationin: N3
Switzerland
Eidger)ossiche Fields of excellenceVery high frequency oscillators with applicaticesCTF3, fast optics, short pulse and survey and
28 Technische ETHZ detector alignment CERN
Hochscule, - S
Zurich, Switzerland Specific participationin: N1, N3
Physik-Institut Fields of excellenceMuon beams and muon experiments. High power beamisargets.
29 Universitat Zurich PIUZ - S UNI-GE
Zurick, Switzerland Specific participationin: N2
i i Fields of excellenceElectromagnetic levitation.
30 University of Bath, BAT > CeneEs g ICL
Bath, U.K. Specific participationin: N2
31 Brunel University, BRU Fields of excellenceParticle Physics experiments, computing and so#wionisation cooling studies. oL

Uxbridge, U.K.

Specific participationin: N2
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University of

Fields of excellenceParticle Physics experiments, neutrino physiadiss.

32 Cambridge, CAM - S ICL
Cambridge, U.K. Specific participationin: N2
i i Fields of excellenceUltra short electron bunch measurements witladist lasers for LC
33 University of Abertay, UAD i T UMA
Dundee, U K. Specific participationin: N1
University of Fields of excellenceNeutrino physics studies
34 Durham, DUR - S ICL
Durham, UK Specific participationin: N2
University of . . . . . L . :
: Fields of excellenceParticle Physics experiments, computing and soéipianisation-cooling studies.
35 Edinburgh, EDIN Specific participationin: N2 ICL
Edinburgh, U.K. P P P '
University of . . . . : L . .
Fields of excellenceParticle Physics experiments, computing and so#wionisation cooling studies
36 Glasgow, GLA e T ICL
Specific participationin: N2
Glasgow, U.K.
Participant Organisation Short Short description (i.e. fields of excellence) angscific roles in the consortium Associated
number (name, city, country) name (* indicates work package responsibilities) to
Associated Institutes
University of . . . .
Fields of excellenceRF component design and simulation.
37 Lancaster, LANC Specific participationin: N1 UMA
Lancaster, UK
Queen Mary, Univ. of Fields of excellenceLuminosity optimisation, simulation of beam trposgtation, prototype for fast feedback, neutrino
38 London, QMUL physics studies. UMA
London, U.K. Specific participationin: N1, N2
Royal Holloway, Fields of excellenceGeant4 simulation of beam line, laserwire R&Dlintation, luminosity spectrum
39 Univ. of London, RHUL ii . UMA
London, U.K. Specific participationin: N1
University College Fields of excellenceLaserwire R&D, Shintake monitor, luminosity spech
40 London, ucL Specific participationin: N1 UMA
London, U.K. P P P '
University of Fields of excellenceSimulation of beam delivery spectrum, positroduwiator source, neutrino physics studies,
41 Liverpool, ULl ionisation muon cooling studies. UMA
Liverpool, U.K. Specific participationin: N1, N2
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42

University of Oxford

UOoX

Fields of excellenceParticle Physics experimentation, neutrino ptg/sttdies, ionisation cooling studies,
instrumentation for beam alignment, diagnosticanb@rofile, beam delivery. Plasma for novel ac@len RF power

Oxford, U.K. supply technology. ICL
Specific participationin: N1, N2

University of Fields of excellenceParticle physics experimentation, neutrino physidies, mechanical aspects of targetry,

43 Sheffield, SHEF ionisation muon cooling studies. ICL
Sheffield, U.K. Specific participationin: N2
University of . : . .

a4 Southampton, SOTON Eleé%?ﬁgf e;;(r(t:iilile:tcif::r?-uﬁ:;;o physics studies ICL
Southampton, U.K. P P P '

45 Univ. of Strathclyde USTRAT Fleldg_of exc_el_lenc_:el__a.ser plasma interactions and FEL, RF engineddngccelerators. UMA
Glasgow, U.K. Specific participationin: N1
University of Sussex, Fields of excellenceParticle Physics experimentation, neutrino prg/sicidies.

46 SUSS . e, ICL
Sussex, U.K. Specific participationin: N2
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Participant Organisation Short Short description (i.e. fields of excellence) angscific roles in the consortium Associated
number (name, city, country) name (* indicates work package responsibilities) to
Associated Institutes
Fields of excellenceExpertise in SC hadron collider integration apgmtion. Design and construction of accelerator
Fermi National magnets, test of magnets. Specific experiencegh figld A15 accelerator magnets R&D, design obivative solution
47 Accelerator Laboratoryl FNAL of VLHC (like the handling of synchrotron radiatjoiRadiation shielding calculations. Design worklioear colliders | cErN
Batavia, U.S.A. of SC and NC technology
Specific participationin: N3
Fields of excellenceExpertise in SC magnets for accelerators and esigberience in very high field design and
Lawrence Berkeley construction technigue. Test of SC magnets. Refereantre for cabling of Rutherford cable and obA&hd HTS
48 National Laboratory, | LBNL development and test for accelerators CERN
Berkeley, U.S.A. - S
Specific participationin N3
Brookhaven National Fields of excellenceExpertise in SC hadron collider integration apemation, Accelerator Magnets design and
49 Laboratory BNL construction, cable design, and test; recent dewedmt for cycling SC magnets and HTS special designagnets CERN
Brookhaven, U.S.A. Specific participationin: N3
Fields of excellenceBeam Dynamics for the linear collider, includinggsubsystems from the source to the beam
Stanford Linear delivery, high power microwave generation, delivang accelerating structures, controls for accelesancluding low
50 Accelerator Center, SLAC level RF, beam feedback and machine protectiotrumentation for precision electron beams, measent@nd CERN
Stanford, USA stabilization of component vibration, High poweabecollimation
Specific participationin: N1
Associated industrial partners
Fields of excellenceDesign and manufacture of superconducting wickcable, design and manufacture of
51 Alsthom MSA ALS superconducting magnet. CERN
Belford, France
Specific participationin: JRA4
ACCEL Instruments Fields of excellenceDesign and fabrication of complete acceleratiysjems (normal- and superconducting), desigh
52 GmbH, ACCEL and fabrication of superconducting cavities, irtinasture for chemistry and clean-room work, EB vieddfacility DESY
Bergisch-Gladbach - o
Germany Specific participationin: N1, JRAL
WSK Messtechnik Fields of excellenceDesign and fabrication of analytic equipmentrfuaterial analysis, development of a SQUID
53 GmbH, WSK scanner for examination of sputter targets DESY

Hanau, Germany

Specific participationin: N1, JRA1
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Participant Organisation Short Short description (i.e. fields of excellence) angscific roles in the consortium Associated
number (name, city, country) name (* indicates work package responsibilities) to
Associated industrial partners
European Advanced Fields of I Desi d tact ¢ ducti )
ields of excellenceDesign and manufacture of superconducting wires.

54 Superconductors EAS > CencEs 9 p 9 CERN
GmbH, Specific participationin: JRA4
Hanau, Germany
Henkel ) ) ) ) )
Lohnpoliertechnik Fields of excellencechemical and electrochemical surface treatmestasfl and special alloys for pharma, biotech.

55 GmbH HLT and semiconductor industry DESY
Neustadt-Glewe, Specific participationin: JRA1
Germany

Fields of excellenceDesign and fabrication of Nb cavities, infrasture for chemistry, EB welding facility

56 E. Zgnon S.P.A, ZANON i T DESY
Schig, Italy Specific participationin: N1, JRA1
ShapeMetal

i Fields of excellenceDesign and manufacture of Nb3Sn wires by the movi-tube technique.

57 Innovation BV, SMI > STencEs g y the (& aq CERN
Enschede, Specific participationin: JRA4
Netherlands

i Fields of excellenceDesign and manufacture of helium cryostats.

58 Kriosystem Ltd. KRIO > CencEs 9 y WUT
Poland Specific participationin: JRA4

5o e2v Technologies Ltd, | .., Fields of excellenceDesign and manufacture of RF, microwave and $witgdevices, sensors, power supplies, etq. STEC
Chelmsford, UK Specific participationin: N1
TMD Technologies Fields of excellenceDesign and manufacture of microwave tubes, higtage power supplies, transmitters and

60 Ltd, TMD receivers. STFC
Hayes, UK Specific participationin: N1

i Fields of excellenceDesign, production and installation of synchratb@eam lines.

61 Oxford Danfysik Ltd, DAN i CTEnEE gn, p Y STEC
Oxford, UK Specific participationin: N1
Technical Systems Fields of excellenceDesign and manufacture of electron beam lineeglacators for industrial and scientific uses.

62 Ltd, TECUK STFC

Reading, UK

Specific participationin: N1
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The complete list of the deliverables is showrhim fiollowing tables for the 5 year period of CARE.

2004

Activity Deliverable Deliverable Name Deliverable Workpackage/ | Delivered by _Planned 'Achieved

N° Type Task N° Contractor (s) (in months) | (in months)
ELAN 1 ELAN web site Web site All WPs CNRS-Orsay 4 4
ELAN > Beam Dynamics code repository site Data base WP3 CERN 12 12

functional -

ELAN 3 Instrumentation web site Web site WP4 STFC, UMA 6 21
ELAN 4 Instrumentation data base Data base WP4 STFC, UMA 12 23
BENE 5 BENE web site Web site All WPs INFN-Na 4 4
BENE 6 Annual report of the BENE network Report All WPs INFN-Na 12 12
BENE 7 E;ﬂ?r?:glf;%rn;;a Design Study of anew | gy All WPs INFN-Na 12 de'l"g‘%’,e?d to
BENE 8 Proceedings of Multi-MW workshop Report All WPs INFN-Na 12 14
BENE 9 BENE Physics web site Web site WP1 INFN-Pa, CERN 3 3
HHH 10 HHH web site Web site All WPs CERN 12 9
HHH 11 APD web site Web site WP3 CERN 6 9
SRF 12 Final report on reliability issues Report WP2 DESY 9 30
SRF 13 EP on samples: best EP parameters Report WP5 CEA 12 26
NED 14 Final report on wire and cable specificationgReport WP3 CERN 6 6
NED 15 Design report on 15 T dipole magnet Report WP3 CERN 12 13
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2005
L Deliverable . Deliverable Workpackage/ | Delivered b Planned Achieved
Activity N° Deliverable Name Type Taskrl)\l° X Contractor é) (in months) | (in months)
ELAN 1 Work plan and documentation data base | Data base WP1 CERN 24 22
ELAN 2 Data base on SRF documents Data base WP2 DESY 24 24
BENE 3 18-month interim report Report All WPs INFN-Na 23 23
BENE 4 Annual report of the BENE network Report All WPs INFN-Na 24 24
BENE 5 Proceedings of NuFact’05 workshop Report All WPs INFN-Na 24 30
Launch of scoping study of a new neutrino Web site
BENE 6 facil All WPs INFN-Na 18 18
acility
Report
HHH 7 Beam Dynamics code repository Data base WP3 CERN 24 18
SRF 8 EP on multi-cells: parameters fixed Report WP5 DESY 13 37
SRF 9 Automated EP is defined Report WP5 INFN-Legnaro 21 37
SRF 10 Dry ice cleaning: parameters fixed Report WP5 DESY 18 37
SRF 11 CEA tuner: start of integrated experiments| Prototype WP8 CEA 15 24
SRF 12 Report on IN2P3 tuner activities Report WP8 CNRS-Orsay 24 39
SRF 13 Report on data management developmentsReport WP9 DESY 21 24
SRF 14 Report on RF gun control tests Report WP9 DESY 23 37
PHIN 15 High efficiency photocathode comparison | Report WP2 FZR 24 24
PHIN 16 High power laser oscillator Report WP3 STFC-RAL 13 13
PHIN 17 Amplifier construction Prototype WP3 CERN, INFN 19 54
PHIN 18 Oscillator + amplifier test Report WP3 STFC-RAL 23 30
PHIN 19 zé‘(;i‘?siTj‘rf’g‘r? Sy phase mask Report WP3 INFN-Milano 16 23
PHIN 20 zﬁtljs?ez?apmg system: Dazzler acquisition Report WP3 INEN-LNE 17 a1
INFN-LNF,
PHIN 21 Pulse shaping comparison Prototype WP3 22 47
INFN-Milano
PHIN 22 UV harmonic generator test Prototype WP3 CERN, CEA 16 54
PHIN 23 Laser RF feedback development Report WP3 CERN 21 59
PHIN 24 Two 3 GHz RF guns construction Prototype WP4 CNRS-Orsay 18 54
PHIN 25 1-50 MeV spectrometer construction Prototype WP4 CNRS-LOA 24 36
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Halo measurement device design and

HIPPI 26 construction Report WP5 CERN 18 24
NED 27 Commissioning of heat transfer facility Prototype WP2 CEA, WUT 16 35
NED 28 Final report on Quench Protection Report WP2 INFN-Milano 18 23
NED 29 Report on conventional insulation Report WP4 STFC-RAL 24 40
NED 30 Report on innovative insulation Report WP4 CEA 18 48
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2006
L Deliverable . Deliverable Workpackage/ | Delivered b Planned Achieved
Activity N° Deliverable Name Type Taskrl)\l° X Contractor é) (in months) | (in months)
ELAN 1 Data base on diagnostics performance Data base WP4 STFC, UMA 36 36
BENE 2 Annual report of the BENE network Report All WPs INFN-Na 36 38
BENE 3 Proposal for design studies and R&D Report All WPs INFN-Na, STFC 36 31
Summary of NuFact'06 workshop Web site
BENE 4 All WPs INFN-Na 36 32
Strategy document Report
HHH 5 Data base on SC magnets and cables Data base WP1 CERN 36 48
SRF 6 Evaluation of spinning parameters Report WP3 INFN-Legnaro 29 37
SRF 7 1-cell spinning parameters defined Report WP3 INFN-Legnaro 36 57
SRF 8 Report on new LLRF hardware componentsReport WP9 DESY 26 37
SRF 9 New BPM ready for installation Prototype WP11 CEA 25 34
SRF 10 Evaluation of HOM-BPM operation Report WP11 CEA 36 37
PHIN 11 Photocathode ready for 3 GHz RF guns | Prototype WP2 CERN 25 41
PHIN 12| L generation and feedback: overall ySIefib oionpe | wes CERN 30 58
PHIN 13 SC RF gun realisation Prototype WP4 FZR 26 36
Report part 1: 39
PHIN 14 SC RF gun test Report WP4 FZR 36 final - 59
CNRS-Orsay,
PHIN 15 CTF3 3 GHz RF gun test at CERN Report WP4 CERN 33 60
HIPPI 16 H-mode DTL prototype ready Prototype WP2 IAP-FU 36 54
HIPPI 17 CCDTL prototype tested Report WP2 CERN 36 47
HIPPI 18 Elliptical cavities: cavity B ready Prototype WP3 CEA 30 41
HIPPI 19 Chopping structure A: prototype ready Prototype WP4 CERN 32 36
Beam Dynamics: simulations and
HIPPI 20 experimgnts at UNILAC Report WP5 GSlI 36 46
HIPPI 21 Profile measurements by fluorescence Report WP5 GSI 31 38
HIPPI 22 Non interceptive bunch measurement Report WP5 GSI 36 42
HIPPI 23 Collimators design Report WP5 CERN 36 30
NED 24 Final Report on Heat Transfer MeasuremenReport WP2 CEA 36 47
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Prototype
NED 25 Final wire production WP3 CERN 30 60
Report
Prototype
NED 26 Final report on wire characterization WP3 CERN 30 60
Report
NED 27 Final cable production Prototype WP3 CERN 36 60
NED 28 Final report on cable performances Report WP3 CERN 36 60
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2007
Activit Deliverable Deliverable Name Deliverable Workpackage/ | Delivered by Planned Achieved
y N° Type Task N° Contractor (s) (in months) | (in months)
ELAN 1 Data base on laser plasma acceleration Data base | WP5 CRNS-LPGP 48 cancelled
BENE 2 Annual report of the BENE network Report All WPs INFN-Na 48 48
BENE 3 Proposal for design studies and R&D Report All WPs INFN-Na 48 48
Web site
BENE 4 Proceedings of NuFact’07 workshop All WPs INFN-Na 48 60
Report
Fabrication of new cavity with improved
SRF 5 components Prototype WP2 INFN a7 59
SRF 6 EB Welding of prototype components Prototype WP2 DESY 48 57
SRF 7 Fabrication Multi-cell cavities by spinning | Prototype WP3 INFN-Legnaro 48 60
SRF 8 Fabrication of hydroformed 9-cell cavities | Prototype WP3 DESY 47 60
SRF 9 First multicell coating with linear-arc cathog®rototype WP4 IPJ 48 60
SRE 10 E;igggMceHcoaﬂnngﬂ1ManaFan: Prototype WP4 INEN-Roma2 a1 60
SRF 11 Eﬁ)%%rrttizg quality of HTc superconducting | oo ¢ WP4 INFN-Roma2 48 59
SRF 12 EP on single cells: parameters fixed Report WP5 CEA 48 57
SRF 13 Evaluate oxipolishing experiments Report WP5 DESY 40 60
SRF 14 Final report on industrial electropolishing | Report WP5 DESY 48 59
SRF 15 Automated EP: Conclude on best electrolyt®eport WP5 INFN-Legnaro 44 59
VT cleaning of 9-cell cavities: evaluation of
SRF 16 experimental results Report WPS DESY 48 60
Dry ice cleaning of horizontal 9-cell cavities:
SRF 17 evaluation of experimental results Report WPS5 DESY 48 60
SRF 18 Final report on SQUID scanning Report WP6 DESY 48 57
Conclude on comparison of SQUID scanner,
SRF 19 vs. flux gate detector Report WP6 INFN-Legnaro 48 59
SRE 20 rIZCSZJ;gId emission: evaluation of scanning Report WP6 DESY 48 51
SRE 21 DC field emission: evaluate strong emitter Report WP6 DESY 48 51

investigations
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Prototype couplers: final report on

SRF 22 conditioning Report WP7 CNRS-Orsay 47 59

SRF 23 Evaluation of INFN tuner operation Report WP8 INFN-Mi 48 51

SRF 24 Cryostat integration tests: final evaluation | Report WP10 CEA 46 60

SRF 25 Evaluation of BPM operation Report WP11 CEA 48 48

SRE 26 E;glr:ﬁtol?]n of beam emittance monitor Report WP11 INEN-Ro 48 59

PHIN 27 Superconducting cavity photocathode tests Report WP2 FZR 37 59
Final report on 100 MeV laser driven plasm

PHIN 28 couce R&D Report WP2 CNRS-LOA 48 47

PHIN 29 NEPAL 3 GHz RF gun test at Orsay Report WP4 CNRS-Orsay 37 59

PHIN 30 50 MeV (low energy) spectrometer test Report WP4 CNRS-LOA 42 36

PHIN 31 1 GeV spectrometer development Report WP4 CNRS-LOA 48 47
Drift Tube Linac: development of critical

HIPPI 32 components Report WP2 CNRS-LPSC 37 46

HIPPI 33 tselgte Couple Linac: RF cold model prototyy &eport WP2 gggﬁ-LPSC, 48 52

HIPPI 34 Elliptical cavities: test stand ready Test stand WP3 CEA 39 47

HIPPI 35 Spoke cavities: prototype ready Prototype WP3 FZJ, CNRS-Orsay 46 54
Chopper structure A: prototype testing (W/o

HIPPI 36 and with beam) Report WP4 CERN 44 57
Chopper line: Beam line assembly and

HIPPI 37 measurements Report WP4 CERN 48 60

HIPPI 38 Chopper structure B: prototype ready Prototype WP4 STFC-RAL 42 54
Diagnostics and collimation: online

HIPPI 39 transmission control Report WPS GS| 46 52

HIPPI 40 Diagnostics and collimation: beam profile Report WP5 £73 42 46

monitor for high intensity
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2008
o Deliverable . Deliverable Workpackage/ | Delivered by Planned Achieved
Activity N° Deliverable Name Type Task N° Contractor (s) (in months) | (in months)
ELAN 1 Final report of the ELAN network Report All WPs CNRS-Orsay 60 60
BENE 2 Final report of the BENE network Report All WPs INFN-Na 60 60
BENE 3 Proposal for design studies and R&D Report All WPs INFN-Na 60 60
BENE 4 Proceedings of NuFact’08 workshop e-Proceedings | All WPs INFN-Na 60 60
HHH 5 Final report of the HHH network Report All WPs CERN 60 60
HIPPI 6 Drift Tube Linac: Optimised design Report WP2 gl&lgﬁ-LPSC, CEA, 60 60
HIPPI 7 H-mode Drift Tube Linac: design finished | Report WP2 IAP-FU 60 60
Cell Coupled Drift Tube Linac: design
HIPPI 8 finished Report WP2 CERN 54 56
Comparative assessment of Normal CNRS-LPSC, CEA,
HIPPI 9 Conducting structures Report w2 CERN, IAP-FU 60 60
Elliptical cavities: high power pulsed tests .
HIPPI 10 cavity A and B Report WP3 CEA, INFN-Mi 60 60
HIPPI 11 Spoke cavities: testing of prototype Report WP3 FZJ, CNRS-Orsay 60 60
HIPPI 12 CH resonator: measurements Report WP3 IAP-FU 60 60
. CEA, INFN-M;i,
HIPPI 13 Comparative assessment of superconduct NSenort WP3 FZJ. IAP-FU, 60 60
structures ~epor
CNRS-Orsay
HIPPI 14 Chopper structure B: prototype testing Report WP4 STFC-RAL 54 54
HIPPI 15 Comparative assessment of chopper desigrigeport WP4 CERN, STFC-RAL 58 60
HIPPI 16 Beam Dynamics: code benchmarking Report WP5 GSl et al. 58 58
HIPPI 17 Simulations and experiment at CERN Report WP5 CERN 60 60
. . Report
Comparative assessment of dynamics and
HIPPI 18 measurements Report WP5 GSl et al. 60 60
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Annex 3
» 1 LABORATOIRE DE L'ACCELERATEUR LINEAIRE
IM2FACINES et Université PARIS-SUD 11
LABCORATOIERE Centre Screnhigue d'Ovay - Ba 200 - B.I% 34
P S 91898 ORSAY Cedex (France)
TéL. : 33 (M1 64 46 83 00
Fax ;33 (N1 607 B4 04
Webs - httpefiwwwe lal in2p3 fr Dr. Roy ALEESAN
{ oowdinator of the FPG CARE
Cuy WORMSER TR
CHrocior IRIL/SPP
Tl - 0 6446 7 a1 0119 Gif sur Ywvette

Fax : 0F 69 B6 58 63
Fimail : wormsco®lal_ in2gs fr
{meay, Fobwmary 19th, 2003

™
ety
Lhcar IJ;.,AIcksan,

At the conclusion of the TP CARE Project, our Laboratory wanis (o vnderline the positive impact that
CARL had on the evolution of the LAL infrastructures and collabormtions. Concerming he power couplers
development, CARLE wad insirumental in upgrading the LAL infrazirocture Tacility w west and condifion these
very delicase devices. This infrastructure is now undque in Europe and LAL has now, thanks o CARE,
received full respemsibility for the delivery and conditioning of all the XFHI. power couplets.  [nnovative
K&y for couplers was also lsunched in order o propare the future challenges of the ILC. The strung
accelerator R&D proprandne pursised in CARE was also key o onder o develop 2 new facility at LAl
FHIL, a very low emittance photo injoctar gun, in paraticl to the work performed to deliver succcesfully
aimilar photeguns o CERN for the OTF3 program. Ttia therefore quite clear that CARE had & very poa live
ardd visibile impsicl un LAL sccelerabor infrastrociunes,

The CARE Networks have wluo provided o fertile disvoumsion environment for the evolulion of the desipny of
the ILC, and CLIC electron-positron colliders. LAL was very involved in the ELAN nelwork which played
an important mle to foster Furopesn eollaboration in e framewoels of the latge intermational comtext of the
International Lincar Collider.

I would theretore like to thank you aod the ESCARD Comrmttee for having poneered this very siocesstul
collaborative approach which, in addition ¢ very significant technical progress, provided a unique tool to
prowmade the objectives of the Buropean Siratepy for maricke physics concerning aceelerion and allowed the
lannch of very interesting programs in the FI'T framework such as EDCARD,

Besl Bepanly,

Coz M. Spueo, A Mueller el A, Vanols

GSl
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G5l | elmbolkzesnlrok 707
&t hwenonenfarzchutg GmeH

4291 NrrraFindl

ERRAN L
[LE R B Y R R TR P R R R E T WissenschaMliche
Gezohiftsiihrung
Araf. O Or. bz Farst 2ickas
lov Alclisan
CEA/Saclay Telg'an HE G155 71-%43
F-$11 181 Gif-sur-Yvette Fiacetd BTl 12003
Franee Makil -49 55 2513
sloackaphial da
20.01.2009
Diear Row,

(i the occaslon of the closure of Lhe FP6 CARE Activity (5] wishes to expross
Its proud of having been o board in (hat activity. GBI has heen involved into
the Wetwaork Actlvities [Na) HHH and RENE as well as to the Joint Research
Activity [JIzA] HIPPL The NA provided an unprecedented platform lor
imformation exchange with Europemn experts on super conducting magnel
development being a key lechnology for the upcoming FAIR projecl. Char
expertize an that field has grown substantially during the CARE period. At [he
end of 2008 a fArst prototype dipole fur the planned syocluotron 515100 was
leated successfully on the (351 site,

Thanks to the parlicipation o the JRA HIPP] the beam quality of the GSI
Injector complex was improved considerably. The beam brilliance, ie. (he
current. per emittance. was increased by a factar of four during the last lve
yvears. Systematin beam experimenls [nally allowed handling of the dynamics
of Intense ion beams as they will be offersd e FAITL

G5l has also strongly collaburatesd with the Goethe University at Franklurl
(L300, where the Stem-Gerlach Zeotrum and the Institute of Applicd Physices
develop new acceleraling struclures for the proton Hnoc for FAIRL This linac ia
oinrently designed joindy by GSI, GU, wul CHA/Saclay, Without the support
through CARE the ‘Jechnical Eeport of the FAIR proton linac would nol be
completed vet.

(321 thanks you snd congratulates tor forging this all-European colluboralinn.
Your strong cngagement lormed a spivit of collaboration that will lasl beyond

Zafe 1 wan 2

s Ganelal Anlias dl Luncled, FHE SR WATHRE TR 1T S WD ﬁ

Gl e |k D 2 e Ao S0k, Ch sz ST e TR R T R I TR i HELMHGLTE
LYY IO PRRTT P TR PN Sl g 0 /| AT e ([T ol vl R Bade IRETHT TR IR R | GEMEINSTHAFT
T A L T 11| TR TP 1 IFRELTY 87 125 TREH S0 Sl P LRI
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3

G5l Helmhalzeant e i

Schwerisnenfarachung GabH
=N

F4201 Merrasiadi

v,

WA gloe

Lhe duration of CARE and gives Lestimony on how such an actvily s bo T
eslablighed and led to a common success.

Yours sincerely,

Horst Stcker

Scitz2en 2

5l Lot - g 2o i e s kad fIRD 1SRN woT D2 THRTISIT f

Loanshul InkShi, Frsfizesy O, DN .0 He'ns EPckme Chi s Maaise Hesskachs a0 momsilan | sror ¥ HELMHOLTI
wepa e Wik B Fa s O 302l y aracmedd il B GOT 20 G0 B A0 1N | BEMFINILFAET
T2a benrsbei: PArodoiud g O 54 Bom- ot B DE T GRS OO0 SO PR SS sN R A ]
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GOETHE §¥

UNIVERSITAT

FEANKFIURT AM MAIN

SosFe-Universitat S
Der Prisident + Frasidaisbieiung -

Mr. Roy Aleksan
CEA Saday .
F-91191 Gif sur Yvette Cedex Beamefferin:  Prof. Or. Ulnch Razinger

Aktenzeichen
FRANCE FRANEKREICH
Telefon  +45 ()60 758 - 47404
Telefax  +40 ()60 795 - 47407
E-Mal U Ratingenfiapuni-franidfurt de

‘warw_ uni-franikfurl de

Datumc - 16. Maz 2009

Diear Mr. Aleksan,

the European Accelerator Indtiative CARE within FPe was a very fruitful 5 year activity,
which brought topether working groups from larpe accelerator laboratories as well as from
universities. In a phase, where new aims in partide intensities, beam guality and pulse
structure are defined by basic research as well as by applied, beam driven fadilities, it was a
big chance for our university and the Applied Physics Institute to take part in the Joimt
Research Activity HIFPL, which allowed us intense exchange of ideas and collaboration in
the field of high intensity, pulsed proton injectors with GSI Darmstadt, CERN Geneva and
BAL Didcot, UK, mainly. These laboratories have actually projeces in that field. Our research
group was funded for contributions in beam dynamics as well as room temperature and
superconducting f cavity development.

During CARE we were able to demonstrate the potential of the room temperature CH
structure. GSI has decided now to base their FAIR proton injector on that technology. We
have some indications that other laboratories will also be attracted by this new
development.

Moreover, we were able to demonstrate the feasibility of multicell, superconducting rf
structures for low beam energies and to study resonance tuning concepts in detail. By this
oocasion we wish to thank you and the E5GARD committee for your intense support, which
allowed this collaboration to become a great success.

Yours sincerely,

hoocz——~

Prof. Dr. Werner Miller-Esterd
President

Campus Bockenheim « Sanckenbarganiage 31 « D-50325 Frankhot am ain
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DESY

fcckrzlas -bodon Szknen Dok e Toeees

Lol b s Evaicinmie7ueonaran
a cAnem b Dunlm -dtha il mecle Asszc'cHan

P2 B, B2 Faeday, T Prul. [r. Allwecht Wagner

L. Faowr Ao kzan

Cuordinalor of lhe FPS CARE
CRASRCly

IACY SPP

G141 G550 et

I e

Feoruary 18, 2009

Dsar Roy,

Az o of the Curopein research inslilutes far kigh enanmy #nd Faion phis cs DCSY e
gariciparad in CART, the FU suppares] BARD for cocoloralors in Lhe ramewark of FPE.
Cruring the pesl 5 yeuss GARE has helpad significanty o st-ergihen and improve e
calls baratan be-ween resesnch centras and unaeees Liss in eunops.

CARE had hes 4 @roryy mpas! on ke DESY activities 2nd infragiruciure such 515 FLASH
ene the Euronern prect XFF

LIESYT coordinalad lha Juined Research Solvily JR& SAF, with & Mo £ seppot ho
lercest project of CARE. OF5Y slee paricinatoo it nobwork acivity ELAN ard HHH.
Withilr: e JEA SAF rodjor achigvemana in key i=s=ues of acoeleramr NED could be
raached, sus ag irdustralizatan af elecire-polizhng; ivest Jater or raterial propanies
CF s aperoenducling rmalerial tor cavil ve, sspecialy lwrge grain 2nd gingle cresta’ Migaidr:
cavelapmen: of diapnastic oo = for charactorizing cupo-concucTing sueiaces: labhicatior
ol searnles: eavilies Ly hedro-lorming and spinning; develepmart of 1ew high powe;
coupers 25 well Az acvanced condificning prosooures: cosoatlal adyaices in the
lack w2y of Low Lewal AF ceelrots: aed e pavalopmen; af new beam poston anc
EMittance moantars whien have been caated e FTASH g will B2 usae o the XFEL.
These aeliliess iz boan of graal imoorlsnes or DESY.

Furhestncoe new projess like the ILC, supetoandiclng prolzn deee cralors or cocgy
recawEy inacs will kanstt irem the rasutts in CARE.

IIr the nare of my colleagues af LESY | would ke to thank au ke wou guidancg as

GARE coorcinar and h=ad oi ESGARD. | greatly appreciated  your parsons

cnoagen et ag well a2 the reguiar reports wau geve 8t LG A, GAKC was e izl

Eurapean callaboraticn for hign energy physics anaslerator RRD in suppor by bz

EUQREEN Framrework 'Icgeam PGS0 700 wene & ke I e ng it A gneal Success,

SeTl regards Ef"_,i b Lol |;' .
A, :
l,';_llil,-;i‘u_.-r\_l..'ll-. ] :'-. ,{ *

Albrechit
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FZJ

Dr. Sebastian M. Schmidt

Mitglied des Vorstandes

Dr. Roy Aleksan

Coordinator of the FP6 CARE Project
CEA Saclay

F 91191 Gif sur Yvette

France

March 26, 2009
Dear Dr. Aleksan,

The FP6 CARE project has now come to a close and Forschungszentrum
Julich, as one of the beneficiaries of this project, would like to thank you, as
the responsible coordinator, for continuously supporting our contribution to
Coordinated Accelerator Research in Europe. Our institution was able to
offer expertise in Hilbert spectroscopy, the modeling of second particle
generation, and the design of superconducting accelerator cavities. We
received not only financial support, but also - and at least equally important
- we became part of a powerful European network. In our case, this was
most evident in the production of the prototype of the HIPPI triple-spoke
resonator. Tailored for use in high-intensity pulsed proton injectors, we
designed, manufactured, and successfully tested the resonator in close
collaboration with other European labs, for example CEA (Saclay), IPN
(Orsay), CERN (Geneva), INFN (Milano), DESY (Hamburg), supported by
CARE.

The HIPPI prototype resonator now has found its way to IPN (Orsay) where
its properties will be investigated further. As our laboratory is now working
hard in a joint effort with GSI for FAIR, we are currently not in a position to
continue to pursue superconducting cavities in Julich. However, the
scientists and experts who were involved in the project are willing to
respond to requests for assistance, and they will stay in contact with the
community over the coming years to follow the developments in this
exciting field.

We would like to thank you and the ESGARD committee for promoting the
idea of strengthening European collaborative research, which finally
resulted in Brussels attaining an excellent reputation in coordinated
accelerator R&D.

Yours sincerely,

gy 7 d

Dr. Sebastian M. Schmidt
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#) JULICH

FORSCHUNGSZENTRUM

Forschungszentrum Jilich GmbH
in der Helmholtz-Gemeinschaft
52425 Jilich

Telefon 02461 61-3900
Telefax 02461 61-2640

Vorsitzende des Aufsichtsrats:
MinDir'in Barbel Brumme-Bothe

Geschéftsflihrung:

Prof. Dr. Achim Bachem (Vorsitzender)
Dr. Ulrich Krafft (Stellv. Vorsitzender)
Prof. Dr. Harald Bolt

Dr. Sebastian M. Schmidt

Sitz der Gesellschaft: Jiilich
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Cr. Roy Aleksan Prof. Dr. Roland Saserbray
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France

Jur Fefarencs [tarie. i

2002008

FPE CARE Project

Dear Oir. Alekgan,

five years of exciting and successful work within the FPS CARE project are now drawing to thedir
and, For the FZD tha participation in this coordinated accelarator RED programme was ax-
trernely ferile and had a significant impact on the improvemenl of the accalerator infrastructure
of the FZD, The CARE Project fostered the integration |n the European collaboration and con-
fributad to tha furthar anhancement of the scientific level of accelarator research at F20.

FZD operatez the ELBE Radiation Source, a user facility with a superconducting electron linear
ascelerator far high average currert. Vifithin the networking activities in CARE the ELBE acce-
lerator spacialiste hava banafited from these discussion forume in the flalds of supercenducting
FF technolagy, electron beam dynamics and heam disgnestcs. The Joint Research Activity on
photo injectars PHIN in the CARE project has diractly contributed to the upgrade of the ELEE
infrastucture. Tha PHIN Activity has essentially supported the davelopment and completicn of
the suparconducting photo injector. In 2007 the first electron beam was generated and 2008 was
a very exciting year of commissicning and testing this electron gun, which is now the first gun of
Its kind aperating et an accelerator worldwicle.

The wark within CARE has emenged and strengtheansd collaborations and contacts with Eura-
paan accalarator resaarch groups which will hold in the future. Wae amre also plaazed to confinue
the ERF gun RE&LD within the EuCARD project in FPT.

We wish to thank the coordinalar of the CARE project, Or. Roy Alsksan, for his excallant jab, his
permanent interesl in our work and his pleazant collaboration.

ours sincensdy,

ff__,.rj;-’ / .
el —

Prof. Dr. Roland Sauerbreyf:;f
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INFN
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Farlanza 1. Boy Aleksan
ProtH, DO00S4 - 040 - Tik b
Ll r.r.‘.j.i Py Brbosart - e ks of Fra Coordimator of the FPeCARE 12
g ClASuluy
IRFLIS PP

F-91191 GIF SLRYYETTE
[Year Ly Aleksan,

Cunsidering the valuable resultsweineved i the fve year of the CARE project, Twouold like
(v emnphasice the positive impact tat CARE had on the evolution of the LNT inlrastruclures,
The stromg aceeleralor R&D program pursusd in CARE has allowed additions] support to
the LMNF accelerator research activity and its integration inte a wider European context.

The CARE Netwarks provided indeed a fedile discussion environment and - strengthened
r parneapatian o the CLIC and 110 imernational collaborations.

Che PHIM activity has contributed o the uperade of the laser pulse formation for the
SPARE paoo-injector and hos strengthened owr collaboration with CERN, allowing a valuable
suntnbulion the corstruction of the new photsanjector [or the CTF facihiy, soecesafolly tested
i Mavercer 208,

e SHE Acthivity has allowed the development of g new diggnoste tool for enuttance
measurenwmks in bnges, with applicetions for both XFEL and Linesr Coelliders and has
reinforced our collaboration with DESY and the other laborateries involved in SRI activities.

The CARLE activities  have srenglhened ke collaborations between the Fumpean
lahomteries invalved in pocelesamne R&ED. On the basis of this experience LNF decided 1o

invest resourees i opariicipating o ke FPT project EuCARD.

Wi wish warmly to thank yon and the ERGARD Commities, lor heving coordimated this
projects o suceessiully.

Wilh my hest regands
Mario Calvetn
IMFM-LMTF Diﬂg g ||"
1
% 7 [ﬂ'

% EE N A LINE = Via B, Femmi, 40 — | - DU044 Fascal (R - daly

=
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INSTYTUT PROBLEMOW JADROWYCH im. Andrzeja Soltana

‘;@f THE ANDRZEJ SOLTAN INSTITUTE FOR NUCLEAR STUDIES

05-400 OtwockSwierk
Tel.: +48 22 718 0583, Fax: +48 22 779 3481, E-maihs@ipj.qgov.pl

2009.02.20.
Dr. Roy Aleksan
Coordinator of the FP6 CARE Project
CEA / Saclay, IRFU / SPP
F-91191 Gif sur Yvette, FRANCE

Dear Dr. Aleksan,

An experimental group from the Department of Plagthgsics & Technology (P-V) at the

IPJ participated actively in the realization of tBARE/JRA1-SFR/Work-Package 4, which
concerned the thin-film cavity production. Our effowere concentrated mainly on the
development of a new technology for the depositibthin superconducting layers by means
of ultra-high vacuum (UHV) arc discharges. The aodiration of the IPJ and the Tor-Vergata
University in Rome was coordinated by Prof. M. ad®wski. Details of that activity were

described in the Final Report on JRA1/WP4.1 segbtoin January 2009.

After the 5-years work | would like to indicate ary positive impact of the CARE project on
the IPJ activity. We organized a modern laboratayipped with two UHV facilities for the
deposition of pure Nb or Pb layers. The IPJ teanmegh an extensive scientific and
technological knowledge about the deposition oh teuperconducting layers, e.g. those
needed for the production of RF resonance cavibiebniacs. In the close collaboration with
our ltalian partners we presented many papers tatnational conferences, and the most
important results were published in recognizedrdtie journals (see the Final Report).

The experience gained during the CARE project belivery useful for future R&D activities

at IPJ, and in particular it will be applied forettproduction of superconducting photo-
cathodes for electron injectors, designed for modeEL facilities. We intend to undertake
new tasks in a frame of the FP7 EUCARD project, @achope that such activities will also
be helpful in a new POLFEL project.

At the very end of this letter, acting on behalfnoy coworkers and myself, | would like to
express our thanks for your continuous interest effiective coordination of the CARE
project.

Yours sincerely,

Grzegorz Wrochna
Director General of IPJ
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Tlasar Tor Alehsor,

Wursaw pivessity of Teslwealocy bad 4 great privilege w parteipze 1inorwe FPG CARD -
Ooordinated Acesleratar Research in Furpps, dunryg the vears 2004-2008, anoog other
lzading Furooweun instincions operating the scceletoro: rastructrs o activa n this rapidly
developion mesearch and application Aeld. The CARTE, wuler vous skillul e Busiphtod
caa nmanship, reached o preal swccess. as the 25t Ewopean Framewoek Pregram ever in this
aeu The impact of this picnecring program ean nat be averesamensd as 11 ieegrated, 0o
npTcerdentod way, a namber of accelaraor technology rescarch grenps all cver Furope.

Warsawe Th-ivemsily of l'zckaoloey bas 2 pumber of rezcarch eroups active in the wecelzralur
and desseror tecknelogies. bost of them wark en hehul 7ol the TITC and s Cerectors, Scme
of ther wirk for the Tivasean XFPEL. (%], 1LC and other prodests, These weams o oue
L niversity glso participate in prepeing Placs ta build acceleearor infepstoicary (o olbml
These large and hrave paojeets inelde Polish Synehrotren Laboratere, Cente Tir Hadren
Tharapy and FOLTRL. The purticipation af Palish regeatel teasas in the CAIE wes extremely
impurlant [or heeping op sith the auerent techrelogics rrd for maintaning vivid coentasle
bersecn the European experts.

Our participaticn new 30 Lha FPT contnuation of the CARE (e CuC AR and, chus, broader
inealvemenl in the superceadueting accclerstor technoiogy 5 a dircet comsequence ol the
PropUAim SUCCCsEs, W wionld ke do thank cow for vour grea ok ol ligent menaging of this
Fig, pen Furopean etfoer Yeou mired this complex, commen effor o g big ynccess by
mystesions muliplicetion of the svailable Tiospesn maney, Yo infecied e pacticipatieg
lebemulimies withs vour Jeeotioe, beliet, diligznee and positve porsistoren.

— —_——
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Prn'mu?f'd.druv Kulik

CERN
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ORCANISATION FUTROFLENNE POTR LA RECHERCHE NUCLEAIME
ELTAOTEAN QHGANIZATION FOR NUCLEAR RESEARCH

Tahararaire Furapizn pooar In Phyvsicae des Pacticules
Zuarcazan Lokaratary far Pastiole Phvaoe:

B Rohert AYMWAR
Direcior- i
f.-:_r-_‘:.lr}.f i Dr. Koy Aleksan
CH = 1211 GENEVA 27, Bwitgerfund Coordinator of the TPS CAREL?
CEASBac oy
Tibephr.ni: TRFLIASPR
Dicael | Az a2 FRT A T T —
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Ieheraz
Uitest +4° I PG a6
E corane -l mocr aymatgosnch
O ceference:  DG-2008-314-0 Geneva, 17" Decomber 2008
[

Liaar L. . il

Al the conclusion of the TP CARE ProjecL our Laboeatory wantd 1o underdine the positive
iripact that CARL kad on the evelwion of the CERN infrastrucmires and collaborations, Lhe
sirone accelerator ey programme pursued in CARE has allewed an important additional
suppott o the CEEN accclerator rescarch activity wod s intesralion oo o wider Turopean
context. In a challenging iime where the THC completion has mobilized most ol the laboratoriss
resomrees. the CARE project buy allewed CERN to indtiate the implemencation of the Evropean
Stralegy [or Parlicle Phssics decided st the Lisbon meesting of the CERN Council and foster
aollaborations sround 11, .

The CARE MNerworks have provided a femile discussion covironment for the cvolution of Lhe
desipns of CLIC, of the LHC wparades and of nowrne lawililes, Several colleborpiive prajects
have emerped that won support of che FPT programme. The CART Jaint Bessurch Activizies have
dircetly comributed to the upgrade of the CERM infrasuucture, ‘Uhe FLLPP] Actviee has atlowed
eompleion ol e hasic R&ED programme required for Linacd in time for the stam of the project in
2008, within the Whire "aper peopramme. Lhe PHTY Acuivily has contribucesd o the constroction
of the new photoinjector for the CTF facility, suceesstully tested in Movember 2008, The NED
Activity bas lod to the development of a new Nb;3n canductor by Furopean mdustey, opening the
way to the design of higher feld magneis.

With this positive experience, CERN decided w0 lovest resonrees in coordinating several FR'T
predects o turther foster and strengthen Evropesn eolluborlions sround the Buropean Swslegy fer
Paricle Fhysics,

W wizh w thunk you and he T3GARD Connuittee for having ploneered this collaborative
upproach ard paved the way to improved Europesn collaboration.

Yours sincerchy,

Rudrerl Aymar
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Dr. Roy Aleksan

Coordinator of the FPs CARE I3,
CEAfSaclay,

IRFU SPP

91191 Gif-sur-Yvette,

France

April 30, 2009
Dear Dr. Alsksan, dear Roy,

The Paul Scherrer Institute, as a multi-disciplinary laboratory, operates particle accelerators for
condensed matter science, particle physics and medical applications. It was, therefore, quite
natural that PSI should be a collaborating parmer in the 6th Framework Programme, CARE, for
which you were co-ordinator.

Although it is fair to say that P5I was a relatively minor partner, we nevertheless have much
apprediated the collaboration with our JEA partners. The work carried out in co-operation with
our DESY colleagues on low level BF issues has been of great interest for our accelerator activities
in general. Indeed we contirue to work with DESY on collaborative issues related to our planmed
X-ray free electron laser project as well as on the European XFEL. We are also increasing our
participation in the CLIC/CTF studies at CEEM, which were an important aspect of the CARE
programme. In addition to the JEA work, the Networking Activities were a great stimmbis to our
activity.

We would Like to congratulate you and your colleagues on the CARE Steering Committes on
complstion of this very successful EU programme. The CARE project has had a significant impact
on accelerator development and inter-laboratory co-operation. It may be some time before the
extent of this impact is fully appreciated.

In any case, following the CARE , experience”, PS5l is very happy to be a participant in the FF7
programme, EuCARD.

Omnee again, congratulations and many thanks for your efforts to raise the profile of accelerator

Ré&D) in Europe.
Sinceraly,
Prof. Leonid Rivkin Head of Depariment Farticle Accelerator Physics Laboratony
‘Large Research Facilities’ EPFL { SB ! IPEF { LPAP
FPaul Scherrer Institut Swiss Institute of Technology
CH-5232 Viligen PSI CH-1015 Lausanne, Suisse
Tel +41 56 310 3214 Tel. +41 21 653 475
Email: leonid.rivkin@psi.ch Emaik lecnid ivkinepf.ch

138



Coordinated Accelerator Research in Europe
STFC

Science and Technology Facilities Council
Director, Science Programmes

Polaris House, North Star Avenue, Swindon,
Wiltshire SN2 1SZ United Kingdom
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Dr Roy Aleksan,
Coordinator of the CARE 13,
CEA/Saclay,

IRFU/SPP,

91191 Gif-sur-Yvette,
France

Dear Dr. Aleksan,

As CARE draws to a close, | would like to expressappreciation for the benefits STFC has gainethfbeing
part of the project. We have participated in atethof the Networks and three out of the four JRasearch
Activities, HIPPI, NED and PHIN. Staff from many ofir departments have been involved in the work.

The main benefit we have received is improved bolfation with our European colleagues on acceleR&D.
This is particularly true of the Networks and onvalvement in these has led to our participatiootimer FP6
and FP7 projects, in particular to our coordinating FP7 EURONu Design Study. The HIPPI JRA hasemad
significant contributions to the design of our Rr&amd Test Stand, the first stage in an upgradgrarome for
the ISIS spallation neutron source. Our involvemerthe NED JRA has allowed us to participate undsts of
NBsSn superconductor and hence gain experience withntaterial. This is likely to lead to the desigrhagher
field magnets. Through PHIN, we have developedeatgr involvement in the CTF facility in CERN.

To summarise, CARE has been a positive experiarrcesf and it is because of this that we are ppgtaig in
the EUCARD FP7 project, the successor to CAREnédnereased level.

Yours sincerely,

\/\:‘ ‘ rjr}'-——..‘_ (J\_:J = e sl

Prof. John Womersley
Director of Science Programmes
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