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4th Lecture
The ADS Accelerator

Specifications for the XADS, a HPPA
High-power proton accel. presently under construction
The reference linac developed within PDS-XADS 

R&D efforts
Maintenance & radioprotection
Costing & roadmap

The reliability issue
EUROTRANS
The accelerator WP within EUROTRANS

DESIGN OF ACCELERATORS FOR ADSDESIGN OF ACCELERATORS FOR ADS
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ADS: ADS: AAccelerator ccelerator DDriven (riven (subcriticalsubcritical) ) SSysteystemm
for transmutation of nuclear wastefor transmutation of nuclear waste

Proton Beam

Spallation Target

accelerator

Both critical reactors and sub-critical Accelerator Driven Systems (ADS) are potential candidates
as dedicated transmutation systems. 
Critical reactors, however, loaded with fuel containing large amounts of MA pose safety problems
caused by unfavourable reactivity coefficients and small delayed neutron fraction.
ADS operates flexible and safe at high transmutation rate (sub-criticality not virtue but necessity!)
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The ADS is most efficient at Minor Actinide TransmutationThe ADS is most efficient at Minor Actinide Transmutation

MA Production Rate (grams / GWh)Pu Production Rate (grams / GWh)

Burning (Breeding) Efficiency
of different reactor types

Figures: 
M. Capiello

&  G. Imel (ANL)
(ICRS-10/RPS2004)
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TWG: a European ADS Roadmap TWG: a European ADS Roadmap 

A European Roadmap for DevelopingA European Roadmap for Developing
Accelerator Driven Systems (ADS)Accelerator Driven Systems (ADS)

for Nuclear Waste Incinerationfor Nuclear Waste Incineration

April 2001April 2001

The European Technical Working Group on ADSThe European Technical Working Group on ADS

Carlo Rubbia
ENEA, Italy, Chair

Hamid Ait Abderrahim
SCK-CEN, Belgium

Mikael Börnberg
VTT, Finland

Bernard Carluec
Framatome ANP, France

Guiseppe Gherardi,
ENEA, Italy

Enrique Gonzalez Romero
CIEMAT, Spain

Waclaw Gudowski
Royal Institute, Sweden

Gerhard Heusener
FZK, Germany

Helmut Leeb
Atominstitut, Austria

Werner von Lensa
FZJ, Germany

Joseph Magill
JRC, European Union

José Martinez-Val
Madrid Polytech, Spain

Stefano Monti,
ENEA, Italy

Alex C. Mueller
CNRS-IN2P3, France

Marco Napolitano
INFN, Italy

Angel Pérez-Navarro
LAESA, Spain

Massimo Salvatores
CEA, France

José Carvalho Soares
ITN Lisboa, Portugal

Jean-Baptiste Thomas
CEA, France

The European Technical Working Group (members see below) 
issued in 2001 a Roadmap for Developing ADS (see left), 
with the propasal for a 100 MWth demonstrator.
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TWG Report: Roadmap & Cost estimateTWG Report: Roadmap & Cost estimate

Table 2. Estimated costs (M€) for the development of a 100 MWth
accelerator driven system

            Year 2000+ 1 2 3 4 5 6 7 8 9 10 11 12 Total
    5th FP 6th FP 7th FP

Basic & Support R&D 30 90 70 10 200
Engineering Design 5 75 60 10 150

Construction 0 80 300 70 450
Fuel 0 10 120 50 180

Total 35 255 550 140 980
R&D for Dedicated Fuel 5 70 70 35 180*

* Estimated cost to 2012 for development of dedicated fuel & fuel processing

Table 2.3. Time schedule and milestones for the development of ADS technology in Europe

            Year 2000+ 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 25 30 40 50
Phase-1
XADS/XADT
Basic R&D
Choices of Options
Preliminary design
Design + Licensing
Construction
Low power testing
Full power testing
XADS Operation
XADT Conversion
XADT Operation
Phase-2
Prototype ADT
Basic R&D
Constr., Operation
Phase-3

Industr. Application

Roadmap for the 100 MWth
demonstrator (left) and
budget estimates (below).

A TWG subgroup 
elaborated the project 
PDS-XADS (see next 
slide) which was 
funded by the EU.
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20012001--2004: PDS2004: PDS--XADS as central P&T projectXADS as central P&T project

06.09.2001- Slide 1

TRANSMUTATION (6.5 MEuro)
Basic Studies:

MUSE
HINDAS

N-TOF_ND_ADS

TRANSMUTATION (7.2 MEuro)
Technological Support:

SPIRE
TECLA

MEGAPIE - TEST

PARTITIONING (5 MEuro)
PYROREP
PARTNEW

CALIXPART

TRANSMUTATION (3.9 MEuro)
Fuels:

CONFIRM
THORIUM CYCLE

FUTURE

TRANSMUTATION (6 MEuro)
Pre liminary Design Studies
for an Experimental ADS:

PDS-XADS

Projects on ADvanced Options for
Partitioning and Transmutation (ADOPTADOPT)



77Alex C. MUELLERAlex C. MUELLER IAEA school on ADS, Trieste, Italy, October 19-30  2007

FP5 PDSFP5 PDS--XADS*: XADS*: WorkingWorking Packages Packages 

WP 2 :Safety

WP 1
Global Coherency

WP 2.1
Safety Goals,

Bases and
Acceptance Criteria

WP 2.2
Safety Issues,

Phenomenology
and methodology

WP 2.3
Preliminary Safety

Analysis,
Assessment and

Management

Design of Main Components

WP 4.1 & 4.2
Core Design

WP 5.1 & 5.2
System Integration

WP 4.3
Target Unit System

Design

WP 3
Accelerator

WP 5.3
Small-Scale XADS

A collaboration between Industrial Partners
and Research Organisations

F: Framatome-F CNRS CEA 
I: Ansaldo INFN ENEA CRS4   
RFA: Framatome-D FZK FZJ UFra
Esp: CIEMAT Empresarios UPM  
B: SCK IBA Tractebel
UK: NNC BNFL
Pt: ITN 
S: KTH 
Sui: PSI  
Pl: UMM  
NL: NRJ  
Eur: JRC
coordinateur général : Framatome (B.Carluec, B.Giraud)
coordinateur accélérateurs: CNRS-IN2P3 (A.C. Mueller)

*Contract N° FIKW-CT-2001-00179 (2001-2004)
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The PDSThe PDS--XADS Accelerator Group (WP3)XADS Accelerator Group (WP3)

•• WP3 partnersWP3 partners
CoordinatorCoordinator:  :  CNRSCNRS--IN2P3 (IN2P3 (FF))
Participants:  Participants:  AnsaldoAnsaldo (I)(I), CEA, CEA (F)(F), ENEA, ENEA (I)(I), FANP, FANP (F)(F), F GmbH, F GmbH (D)(D), , 
IBA (B), INFN (I ), ITN (Pt), U. FrankfurtIBA (B), INFN (I ), ITN (Pt), U. Frankfurt (D)(D)

•• Main WP3 objectivesMain WP3 objectives
Investigation of Investigation of linaclinac and cyclotron types with the main emphasis on the and cyclotron types with the main emphasis on the 
XADS requirementsXADS requirements
Examination of the XADS accelerator characteristics: reliabilitExamination of the XADS accelerator characteristics: reliability, y, 
availability, stability, power control & maintainabilityavailability, stability, power control & maintainability
Definition of the R&D needsDefinition of the R&D needs
Choice of the reference accelerator type for XADS and for a lonChoice of the reference accelerator type for XADS and for a longg--term term 
extrapolated industrial extrapolated industrial transmutertransmuter
Definition of the road mapping of the ADSDefinition of the road mapping of the ADS--class acceleratorsclass accelerators

•• 6 Deliverables 6 Deliverables 
D9 D9 –– D47 D47 –– D48 D48 –– D57 D57 –– D63 D63 –– D80D80
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XADS Accelerator XADS Accelerator RequirementsRequirements

•• Proton Proton BeamBeam SpecificationsSpecifications
DefinedDefined by WP1by WP1
600 MeV, 6 mA max600 MeV, 6 mA max. for . for 
operationoperation
10 mA for the 10 mA for the 
demonstrationdemonstration of conceptof concept
350 MeV for the 350 MeV for the smallersmaller
scalescale XADS MYRRHA XADS MYRRHA 
High High reliabilityreliability

requirementrequirement: : lessless thanthan 5 5 
beambeam trips > 1 sec per trips > 1 sec per yearyear

•• AdditionalAdditional requirementsrequirements
200 200 µµs s beambeam «« holesholes »» for for 
onon--line subline sub--criticalitycriticality
measurementsmeasurements
SafetySafety grade grade shutdownshutdown

200µs
I

t

I0
200µs 200µs

1s 1s

0



1010Alex C. MUELLERAlex C. MUELLER IAEA school on ADS, Trieste, Italy, October 19-30  2007

 
  Puissance Énergie 
  [MW] [GeV] 
Faisceaux secondaires Neutrinos, muons 4 2 

Ions radioactifs avec des protons 
avec des neutrons 

.2 
5 

>.2 
1 

Irradiation des matériaux par spallation 
par break-up ("IFMIF") 

10 
2 × 5.4 

1 
.04 

Matière condensée avec des neutrons 5 1.3 

Transmutation Démo 100 MW thermique 
Système industriel 

5 
10 à 20 

.6 
.8 à 1 

Specifications for different HPPA

≈ 1

HPPA = High Power Proton Accelerator

>1
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une "multi-purpose" Facility

HPPA under Construction/commissioning: J-PARC
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JJ--PARCPARC
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A second brand-new HPPA:  SNS

SNS at Oak-Ridge, beam since2006
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SNS
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The SNS ExampleThe SNS Example

•• MulticellMulticell structures have been built for the structures have been built for the SNS projectSNS project, , 
for both the for both the ββ=0.61 and the =0.61 and the ββ=0.81 cavities=0.81 cavities

All tests reached the All tests reached the design goals with good marginsdesign goals with good margins
Industrial fabricationIndustrial fabrication for all the SNS cavities is in for all the SNS cavities is in progessprogess
The actual The actual RIA RIA linac proposed design linac proposed design 
uses the SNS cavities adding a  uses the SNS cavities adding a  
ββ=0.47 6=0.47 6--cell cavity sectioncell cavity section, as in, as in
the European scheme the European scheme 

1,E+08

1,E+09

1,E+10

1,E+11

0 2 4 6 8 10 12 14 16 18 20 22
Eacc [MV/m]

Q
0

Test #1

Design Goal

β = 0.61 SNS 6-cell cavity result

1,E+08

1,E+09

1,E+10

1,E+11

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Eacc [MV/m]

Q
0

Test #1

Design goal

β = 0.81 SNS 6-cell cavity result

Prototype of β = 0.61 SNS cavity
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ChoiceChoice of the of the GenericGeneric Accelerator Type Accelerator Type 

•• Main technical answersMain technical answers
Superconducting Superconducting linaclinac
•• No limitation in energy & in intensityNo limitation in energy & in intensity
•• Highly modular and upgradeable (industrial Highly modular and upgradeable (industrial transmutertransmuter))
•• Excellent potential for reliability (faultExcellent potential for reliability (fault--tolerance)tolerance)
•• High efficiency (optimized operation cost)High efficiency (optimized operation cost)

Cyclotron Cyclotron 
•• Attractive (construction) cost (?)Attractive (construction) cost (?)
•• Required parameters at limits of feasibility ("dream machine")Required parameters at limits of feasibility ("dream machine")
•• Compact, but therefore not modularCompact, but therefore not modular

•• In complete agreement with findings of the NEA report:In complete agreement with findings of the NEA report:
Cyclotrons of the PSI typeCyclotrons of the PSI type should be considered as the natural and should be considered as the natural and 
costcost--effective choice effective choice for preliminary low power experimentsfor preliminary low power experiments, where , where 
availability and reliability requirements are less stringent.availability and reliability requirements are less stringent.
CW linear accelerators must be chosen for demonstrators and fullCW linear accelerators must be chosen for demonstrators and full
scale plantsscale plants, because of their potentiality, once properly designed, in , because of their potentiality, once properly designed, in 
term of availability, reliability and power upgrading capabilityterm of availability, reliability and power upgrading capability..
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PDSPDS--XADS XADS ReferenceReference Accelerator Accelerator LayoutLayout

StrongStrong R&D & construction programs for LINACsR&D & construction programs for LINACs
underwayunderway worldwideworldwide for for manymany applications applications 

(Spallation Sources for Neutron Science, Radioactive Ions & Neut(Spallation Sources for Neutron Science, Radioactive Ions & Neutrino rino BeamBeam FacilitiesFacilities, Irradiation , Irradiation FacilitiesFacilities))
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InjectorInjector: LEDA at LANL: LEDA at LANL

130 mA130 mATotal Beam currentTotal Beam current

75 75 kVkVOperatingOperating voltagevoltage

0.2 0.2 ππ mm mm mradmradBeamBeam emittanceemittance

110 mA110 mAProtonProton BeamBeam currentcurrent

LEDA LEDA SourceSource::

1.8 Kilpatrick1.8 KilpatrickPeak FieldPeak Field

1.2 MW 1.2 MW 
(structure)(structure)

670 kW (beam)670 kW (beam)
RF PowerRF Power

8 m (4 sections)8 m (4 sections)LengthLength

0.22 0.22 ππ mm mm mradmrad
BeamBeam emittanceemittance

6.7 MeV6.7 MeVFinal Final EnergyEnergy

0.17 0.17 ππ degdeg MeVMeV

100 mA (95 %)100 mA (95 %)BeamBeam currentcurrent
LEDA RFQ:LEDA RFQ:Source & RFQ were operational in 1999 !

Beam halo tests have
been performed on the 
LEDA HEBT to compare 
simulation codes with
experimental results

RFQ Concept

One Section of LEDA-RFQ

The LEDA-RFQ fully installed

magelLorentz FF)BvE(q
dt
pdF +=×+⋅==
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Linac Linac InjectorInjector: TRASCO at INFN: TRASCO at INFN

RFQ e.m. simulations

RFQ short models to set technology RFQ Ansys simulationsRFQ cross section

Cooling 
channels

Main 
brasings

TRIPS, similar to SILHI with some extraction 
improvement and overdesign for reliability
ECR source: 35 mA, 80 keV (operating)

Different optimization w/respect to LEDA
Limit to 1 klystron (1.3 MW CERN)
Lower design current: 30 mA
Peak field limited to 33 MV/m
Lower power dissipation: ~ 600 kW
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InjectorInjector: SILHI at Saclay: SILHI at Saclay

1.2 %1.2 %2 %2 %Beam noise (Beam noise (rmsrms))

95 95 kVkV

0.11 0.11 ππ mm mm mradmrad

157 mA (157 mA (~83 % p.f.~83 % p.f.))

AchievementsAchievements

95 95 kVkVOperatingOperating voltagevoltage

0.2 0.2 ππ mm mm mradmradBeamBeam emittanceemittance

110 mA (90 % p.f.)110 mA (90 % p.f.)BeamBeam currentcurrent

SILHI SILHI GoalsGoals:: The SILHI source is fully operationl

ECR type: 110 mA, 95 keV

Several reliability tests were performed on the source

3 before extraction system changes: 99.96% availability (1 stop in 104 hours of operation)

2 with new extraction system:
99.8% availability (8 stops in 162 hours, automatic restarting in 2.5 min, MTBF=23.1 hours)

ECR SILHI source
and LEBT

RFQ HEBT with
Beam Diagnostics

spectrometer

Beam
Stopper

Beam Power : 
300 kW

95 KeV

2 RF Systems
352 MHz - 1.3 MW

3 MeV

100 KV
HV platform

8,6 m 6 m 14 m
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InjectorInjector: IPHI RFQ at Saclay: IPHI RFQ at Saclay

IPHI RFQ under fabrication

Two 1.3 Mw klystrons required

First RFQ beam expected in 2008

1.7 Kilpatrick1.7 KilpatrickPeak fieldPeak field

1.2 MW (structure)1.2 MW (structure)

500 kW (beam)500 kW (beam)
RF PowerRF Power

8 m (3 sections)8 m (3 sections)LengthLength

0.2 0.2 ππ mm mm mradmrad TT
BeamBeam emittanceemittance

5 MeV5 MeVFinal Final EnergEnerg

0.2 0.2 ππ degdeg MeV LMeV L

100 mA (99.2%)100 mA (99.2%)BeamBeam currentcurrent

IPHI RFQ IPHI RFQ parametersparameters::

View of the vanes from the low energy side

Picture of the 
first IPHI RFQ 
section ready
for brasing
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IPHI (collaboration CEA-CNRS-CERN)

IPHI RF installation (left)

IPHI Diagnostics: 
Wire Scanner (center)

SILHI

CAD views of IHPI
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ReferenceReference Accelerator: Accelerator: LowLow EnergyEnergy SectionSection

Future test within EUROTRANS
within the complete IPHI system
(SILHI + RFQ) at 10 & 40 mA
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ReferenceReference Accelerator: Accelerator: LowLow EnergyEnergy SectionSection

•• R&D on the R&D on the injectorinjector partpart
by the WP3 by the WP3 partnerspartners

«« IPHIIPHI »» ECR Source & ECR Source & 
Normal Normal ConductingConducting RFQ RFQ 
(CEA(CEA--CNRS)CNRS)

«« TRASCOTRASCO »» ECR Source ECR Source 
& Normal & Normal ConductingConducting RFQ RFQ 
(INFN)(INFN)

Normal Normal ConductingConducting IHIH--
DTL Structure (IBA) DTL Structure (IBA) 

SuperconductingSuperconducting CHCH--DTL DTL 
Structure  (U. Frankfurt)Structure  (U. Frankfurt)
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The 0The 0--order Design order Design forfor PDSPDS--XADSXADS

 Section number 
 1 2 3 4 5 
Input Energy [MeV] 5 17 95 200 490 
Output Energy [MeV] 17 95 200 490 600 
Cavity Technology Spoke Elliptical 
Structure βg 0.135 0.314 0.47 0.65 0.85 
Number of cavity cells 2 2 5 5 6 
Number of cavities 34 64 28 48 12 
Focusing type SC quad doublet NC quad doublet 
Cavities/Lattice 1 2 2 3 4 
Synch Phase [deg] -65 to -30 -30 -25 
Lattice length [m] 1.3 1.9 4.2 5.8 8.5 
Number of lattices 34 31 14 16 3 
Section Length [m] 44.2 59.9 60.8 92.8 25.5 
<gradient> [MV/m] 0.3 1.3 1.8 3.1 4.3 

SC Linac Section Parameters

Ez
Ey
Ex

TRACE_WIN - CEA/DSM/DAPNIA/SACM

Position ( m )
25020015010050

N
or

m
. r

m
s 

em
itt

an
ce

s 
( P

i.m
m

.m
ra

d 
)

0.41

0.4

0.39

0.38

0.37

0.36

0.35

0.34

0.33

0.32

0.31

0.3

0.29

0.28

0.27

0.26

rms emittances in the whole linac

rms beam size along the linac

TRACE_WIN - CEA/DSM/DAPNIA/SACM

Position ( m )
25020015010050

En
er

gy
 g

ai
n 

pe
r m

et
er

 ( 
M

eV
/m

 )

5

4

3

2

1

0

Real Estate ∆E/m along the linac

Spoke
β=0.135

Spoke
β=0.315

5-cell
β=0.47
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β=0.85

Output beam with 30% mismatch
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ReferenceReference Accelerator: High Accelerator: High EnergyEnergy SectionSection

•• R&D on R&D on SC SC prototypicalprototypical cavitiescavities by the WP3 by the WP3 partnerspartners

Spoke Spoke cavitiescavities ββ = 0.15 & = 0.15 & ββ = 0.35 = 0.35 (CNRS)(CNRS)

EllipticalElliptical cavitiescavities ββ = 0.5 & = 0.5 & ββ = 0.65 = 0.65 (CEA(CEA--CNRSCNRS--INFN)INFN)

Test @ 2 K (april 2004)

1E+08

1E+09

1E+10

0 2 4 6 8 10 12 14 16 18
Eacc (MV/m)

Qo

Eacc max=16.2 MV/m
RF power limitation

No quench

XADS Goal

Helium processing
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ReferenceReference Accelerator: Accelerator: BeamBeam Line TransportLine Transport

•• The The doublydoubly achromaticachromatic beambeam lineline
concept + concept + beambeam scanning scanning methodmethod
meetsmeets the the specificationsspecifications: : 

of the of the GasGas--cooledcooled XADS XADS 
((circularcircular footprintfootprint, , ∅∅160)160)

of the LBEof the LBE--cooledcooled XADS XADS 
((rectangularrectangular footprintfootprint, 10, 10××80)80)

of MYRRHA of MYRRHA 
(quasi(quasi--circularcircular footprintfootprint, , ∅∅72)72)
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Reliability Example Reliability Example -- CEBAFCEBAF
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PGun3 Valve/RF feedthru failure, Injector instabilities, Injector Setups

Klystrons & Tap Change
FSD 

Magnet Cooling

Lost Time Totals June'97-May'01 Lost Time Totals FY 2001

Reliability must be improved for ADS applications
The SC linac is modular and allows: overdesign, redundancy and “spare-on-line”
Fast dedicated control electronics is crucial
Beam can stay “on” when the linac is resetting itself to use spere-on line
SC cavity technology proved to be the minor concern
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ReliabilityReliability AnalysisAnalysis

•• AssessmentsAssessments usingusing the  the  
«« FailureFailure Modes and Modes and EffectsEffects
AnalysisAnalysis »» (FMEA) (FMEA) methodmethod

•• ReliabilityReliability engineeringengineering isis a a 
discipline discipline forfor estimatingestimating, , 

predictingpredicting and and controllingcontrolling the the 
probabilityprobability of of occurrenceoccurrence of of 

system system faultsfaults

Technical design 

Reliability studies: 
MTBF, MTTR, A, R, etc. 

System design  
Design Review 

Data sources  
(MTBF, MTTR) 

 Benchmarks based on other experiences  
 

ITERATIVE 
PROCESS 

 

Reliability Block 
Diagram (RBD) 

Failure Modes and Effects 
Analysis (FMEA / FMECA) 
Fault Tree Analysis (FTA) 
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Main Conclusions on Main Conclusions on ReliabilityReliability

•• TheThe cyclotron optioncyclotron option for PDSfor PDS--XADS does not seem to offer a XADS does not seem to offer a 
sufficient perspective of reaching the requested reliability levsufficient perspective of reaching the requested reliability levelel

•• No No showstoppershowstopper toto reachreach high high availabilityavailability & high & high reliabilityreliability withwith
the XADS the XADS referencereference linaclinac ifif overover--designdesign & & redundancyredundancy are are usedused

•• Fault Fault tolerancetolerance hashas beenbeen identifiedidentified asas keykey elementelement in in orderorder toto
guaranteeguarantee reliabilityreliability byby design and design and operationoperation

IdentificationIdentification of the of the mainmain componentcomponent faultsfaults & estimate of & estimate of theirtheir effecteffect
on the on the beambeam ((notnot alwaysalways straightforwardstraightforward))
IdentificationIdentification of of strategiesstrategies (and (and properproper hardware hardware systemssystems) ) toto deal deal withwith
faultsfaults
PlansPlans forfor the the acceleratoraccelerator commissioningcommissioning and and maintenancemaintenance
ReliabilityReliability//availabilityavailability allocationallocation needneed toto bebe examinedexamined withwith the the 
constraintsconstraints of of legislationlegislation ((safetysafety aspectsaspects) & ) & radioprotectionradioprotection
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Fault tolerance in the independently phased SC sections is a crucial 
point because a few tens of RF systems failures are foreseen per year.

1. Consequences of the failure of a 
superconducting RF cavity
→An RF system failure induces phase slip (non
relativistic beam)
→ If nothing is done, the beam is always LOST

2. Linac retuning after the failure of a RF cavity or of a quadrupole
→ Local compensation philosophy is used
→ In every case, the beam can be transported up to the high energy end without beam loss

FaultFault ToleranceTolerance, a , a new conceptnew concept uniquelyuniquely applicable inapplicable in
a a modularmodular super super conductingconducting LinacLinac
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ReliabilityReliability, Feedback Systems & Maintenance, Feedback Systems & Maintenance

•• The The feedback feedback systemssystems hashas toto provideprovide the the necessarynecessary energyenergy
stabilitystability, , dealingdealing withwith faultsfaults in in orderorder toto reachreach the project the project goalsgoals
((lessless thanthan 5 5 beambeam tripstrips per per yearyear))

•• The The maintenance maintenance strategystrategy has to has to guaranteeguarantee the the reliabilityreliability of the of the 
machine for more machine for more thanthan 20 20 yearsyears

It should guarantee theIt should guarantee the longlong--termterm validityvalidity of the of the linaclinac prime criteria:prime criteria:
•• OverOver--Design / Redundancy / Fault ToleranceDesign / Redundancy / Fault Tolerance

Need for an expert systemNeed for an expert system ::
•• DetectDetectinging faulty or outfaulty or out--ofof--order equipmentorder equipment
•• PlanPlanningning ofof subsequentsubsequent maintenance & maintenance & managmanagementement ofof the intervention time the intervention time 

according to radioprotectionaccording to radioprotection

Fast Fast digitaldigital RF systemRF system can can 
implementimplement fault fault tolerancetolerance withwith
respectrespect toto cavitycavity fault fault byby dealingdealing
fault set fault set tablestables
BeamBeam diagnosticsdiagnostics isis alsoalso anan area area 

of prime of prime importanceimportance
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XADSXADS--Accelerator Accelerator ShieldingShielding DesignDesign

•• Conservative Conservative beambeam losseslosses
assumptionsassumptions

Normal beam lossesNormal beam losses
•• RFQ: 3%RFQ: 3%
•• Intermediate energy: 10 Intermediate energy: 10 nA/mnA/m
•• High energy: 1 High energy: 1 nA/mnA/m

Unwanted beam tripsUnwanted beam trips
• P > 1. 10-2 year-1 included in 

the normal beam losses
• P < 1. 10-2 year-1 “accidental 

beam losses” case

β = 0.47 β = 0.85β = 0.65β = 0.35

RFQso
ur

ce

RFQ

so
ur

ce
1 nA.m-110 nA.m-13 %

300 cm
150 cm

250 cm

200 cm

AA

BB

CC

ground level

beam

Accelerator Tunnel 
Cross Section 

concrete 

•• ALARA ALARA shieldingshielding design design criteriacriteria
< 1 < 1 mSvmSv/year/year
I.e. I.e. < < 0.5 0.5 µµSv/hSv/h (2000 h/year)(2000 h/year)
Occupancy factor = 1Occupancy factor = 1
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600 MeV XADS: 600 MeV XADS: 
ShieldingShielding for Normal for Normal OperationOperation and for and for CommissioningCommissioning
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Radioactivity produced per meter along the high-
energy part of the accelerator for a 1 nA.m-1

beam loss, as a function of the decay time, for 4 
different values of the irradiation time.

600 MeV 600 MeV BeamBeam Stop and Accelerator ActivationStop and Accelerator Activation

time (d)

Dose rates at 50 cm from the beam axis, along the 
high-energy part of the accelerator for a 1 nA.m-1

beam loss, as a function of the decay time, for
4 different values of the irradiation time.

Dose Rate
(µSv/h)

Iron shielding for a 600 MeV beam dump as a function of the 
beam power,required to reduce the dose rate outside a 60 cm 
concrete building, covered with 550cm of earth, below 0.5 
µSv.h-1.
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Extrapolation to a 1 Extrapolation to a 1 GeVGeV industrialindustrial transmutertransmuter
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SafetySafety Aspects: Application to MYRRHA @ MolAspects: Application to MYRRHA @ Mol

•• The 350 MeV The 350 MeV 
MYRRHA machineMYRRHA machine

Location on the Location on the 
SCKSCK••CEN site, CEN site, 
Mol, Mol, BelgiumBelgium
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•• Tunnel design for a Tunnel design for a 
350 MeV XADS linac 350 MeV XADS linac 

ShieldingShielding calculationscalculations
@ 350 MeV@ 350 MeV, 1 nA/m,   , 1 nA/m,   
0.5 0.5 µµSv/hSv/h
Chicane Chicane accessaccess designdesign
ShieldingShielding for normal for normal 
losseslosses alsoalso copescopes withwith
«« accidentalaccidental losseslosses »»

CalculationsCalculations by by 
P. P. BerkvensBerkvens & S. Palanque& S. Palanque
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Roadmap for the XADS-Accelerator (D63)
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Major sub-systems Costs (M€)
Low Energy * 46
Intermediate Energy 18
High Energy 57
RF Power System 45
HEBT + Beam dump (500 kW) 21
Diagnostics + Vacuum + Control System 54
Cryogenic plant 20
Production assembly Hall of cavities 12

Total Estimated Costs (M€) 273
* including 2 Injector lines

Cost Estimates for the Accelerator

Buildings Civil Electricity & Total
Engineering HVAC distrib.

Front - End 7 000 3 000 10 000
Linac tunnel 4 500 1 500 6 000
Klystron Hall 3 000 7 000 10 000
Central Liquifier 600 900 1 500
Production assembly Hall 1 250 1 250 2 500
Total (k€) 16 350 13 650 30 000

Includes internal and
external man-power

does not include
purchase of land,
basic infrastructures
(roads, office buildings,
cantine, water and
electricity to the 
boundary of the site……)  

Remarks:

1) 350 MeV cheaper

2) does an XT-ADS
need double injector?

3) Possible savings from
a well suited site 
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RF systems have been identified as one of the critical areas*:

• Uncertainties on MTBF (most by engineering judgement)

• Not enough operation of 700 MHz CW RF sources

• Several subcomponents with low MTBF

• High “parts count”

1 RF system each cavity.
Redundancy (at expenses of operational cost and complexity) 

If all are in series MTBFseries = MTBFcomp/N

Need to achieve fault tolerance to RF faults

Optimisation of Accelerator Reliability for ADSOptimisation of Accelerator Reliability for ADS

*nb: this is true for all RF accelerators
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Critical area: the RF systemCritical area: the RF system

SNS

20 00020 000……50 000 h50 000 hOil tanks, HV passive Oil tanks, HV passive 
componentscomponentsHVPSHVPS

5 000 5 000 …… 10 000 h10 000 hAuxiliary PS, interlocks, Auxiliary PS, interlocks, 
monitoringmonitoringTransmittersTransmitters

100 000 h100 000 hPrePre--amps, VCO, mixers, amps, VCO, mixers, 
phase shiftersphase shiftersLow Level RFLow Level RF

50 00050 000……150 000 h150 000 hWindows, waveguides, Windows, waveguides, 
circulators, loadscirculators, loadsRF power componentsRF power components

~ 50 000 h~ 50 000 hKlystrons, IOT, Solid Klystrons, IOT, Solid 
StateState

Tubes (power Tubes (power 
amplifier)amplifier)

Typical MTBFTypical MTBFComponentsComponentsGroupGroup

Optimisation of Accelerator Reliability for ADSOptimisation of Accelerator Reliability for ADS
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Consequences of cavity failureConsequences of cavity failure
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Elliptical 
β=0.85

We have a non-relativistic proton beam 

Any energy loss will 
imply a phase slip along 
the linac increasing with 
the distance, beam can 
get out of stability
region

( ) ⎟
⎠
⎞

⎜
⎝
⎛= 2β
δβ

λ
zδπ2δφ

β is the beam velocity
λ the RF wavelength
δβ the velocity loss at δz

most critical sections

Optimisation of Accelerator Reliability for ADSOptimisation of Accelerator Reliability for ADS
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If the synchronous 
phase or/and the 

accelerating field is too 
high, the beam is TOO 

LATE & leaves the 
stability region: the 

beam is lost

Consequences of cavity failureConsequences of cavity failure

Beam dynamics simulation with TraceWin

Optimisation of Accelerator Reliability for ADSOptimisation of Accelerator Reliability for ADS
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Need to have linac design that can handle the loss of one or several cavities

The modularity of our LINAC makes this possible because we have
INDEPENDENTLY PHASED structures

We need to find procedure that use the neighbouring cavities to 
compensate phase/energy beam offset

These procedures should then be integrated in RF control system

Cavity #n is faulty

Cavities #n-2, #n-1, #n+1, #n+2 are retuned to recover the nominal beam energy & phase at point M

M

Optimisation of Accelerator Reliability for ADSOptimisation of Accelerator Reliability for ADS
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After retuning correct number of neighboring cavitiesAfter retuning correct number of neighboring cavities

Amplitude

Phase

Optimisation of Accelerator Reliability for ADSOptimisation of Accelerator Reliability for ADS
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2 + 22 + 2+ 37 %+ 37 %63 63 mTmT+ 25 %+ 25 %7 + 07 + 00 %0 %+ 6 %+ 6 %NominalNominalEL 0.85EL 0.85187187

2 + 22 + 2+ 33 %+ 33 %61 61 mTmT+ 21 %+ 21 %6 + 16 + 10 %0 %+ 7 %+ 7 %NominalNominalEL 0.85EL 0.85186186

2 + 22 + 2+ 30 %+ 30 %60 60 mTmT+ 19 %+ 19 %5 + 25 + 20 %0 %+ 6 %+ 6 %NominalNominalEL 0.85EL 0.85185185

2 + 22 + 2+ 29 %+ 29 %59 59 mTmT+ 17 %+ 17 %4 + 34 + 30 %0 %+ 5 %+ 5 %NominalNominalEL 0.85EL 0.85184184

4 + 24 + 2+ 16 %+ 16 %59 59 mTmT+ 17 %+ 17 %6 + 46 + 40 %0 %+ 5 %+ 5 %NominalNominalEL 0.85EL 0.85179179

4 + 24 + 2+ 19 %+ 19 %59 59 mTmT+ 18 %+ 18 %5 + 45 + 40 %0 %+ 5 %+ 5 %NominalNominalEL 0.85EL 0.85178178

4 + 24 + 2+ 20 %+ 20 %59 59 mTmT+ 18 %+ 18 %4 + 44 + 40 %0 %+ 5 %+ 5 %NominalNominalEL 0.85EL 0.85177177

4 + 24 + 2+ 22 %+ 22 %59 59 mTmT+ 18 %+ 18 %3 + 53 + 50 %0 %+ 5 %+ 5 %NominalNominalEL 0.85EL 0.85176176

4 + 24 + 2+ 18 %+ 18 %59 59 mTmT+ 17 %+ 17 %4 + 44 + 40 %0 %+ 5 %+ 5 %NominalNominalEL 0.65EL 0.65175175

4 + 24 + 2+ 22 %+ 22 %59 59 mTmT+ 18 %+ 18 %3 + 33 + 30 %0 %+ 5 %+ 5 %NominalNominalEL 0.65EL 0.65174174

4 + 24 + 2+ 19 %+ 19 %59 59 mTmT+ 17 %+ 17 %3 + 43 + 40 %0 %+ 5 %+ 5 %NominalNominalEL 0.65EL 0.65173173

4 + 24 + 2+ 22 %+ 22 %60 60 mTmT+ 20 %+ 20 %3 + 33 + 3-- 1 %1 %+ 6 %+ 6 %NominalNominalEL 0.65EL 0.65148148

4 + 24 + 2+ 22 %+ 22 %60 60 mTmT+ 19 %+ 19 %3 + 43 + 4-- 1 %1 %+ 6 %+ 6 %NominalNominalEL 0.65EL 0.65147147

4 + 24 + 2+ 22 %+ 22 %59 59 mTmT+ 18 %+ 18 %3 + 33 + 30 %0 %+ 5 %+ 5 %NominalNominalEL 0.65EL 0.65146146

4 + 24 + 2+ 25 %+ 25 %61 61 mTmT+ 21 %+ 21 %3 + 33 + 30 %0 %+ 5 %+ 5 %NominalNominalEL 0.65EL 0.65127127

4 + 24 + 2+ 20 %+ 20 %61 61 mTmT+ 21 %+ 21 %3 + 43 + 40 %0 %+ 5 %+ 5 %NominalNominalEL 0.65EL 0.65126126

4 + 24 + 2+ 27 %+ 27 %59 59 mTmT+ 18 %+ 18 %2 + 32 + 30 %0 %+ 5 %+ 5 %NominalNominalEL 0.65EL 0.65125125

4 + 24 + 2+ 28 %+ 28 %60 60 mTmT+ 19 %+ 19 %3 + 33 + 30 %0 %+ 6 %+ 6 %NominalNominalEL 0.47EL 0.47124124

4 + 24 + 2+ 26 %+ 26 %60 60 mTmT+ 20 %+ 20 %2 + 42 + 40 %0 %+ 6 %+ 6 %NominalNominalEL 0.47EL 0.47123123

2 + 22 + 2+ 29 %+ 29 %60 60 mTmT+ 20 %+ 20 %3 + 23 + 20 %0 %+ 6 %+ 6 %NominalNominalEL 0.47EL 0.47110110

4 + 24 + 2+ 28 %+ 28 %60 60 mTmT+ 20 %+ 20 %3 + 33 + 30 %0 %+ 6 %+ 6 %NominalNominalEL 0.47EL 0.47109109

4 + 24 + 2+ 31 %+ 31 %62 62 mTmT+ 23 %+ 23 %3 + 23 + 20 %0 %+ 6 %+ 6 %NominalNominalEL 0.47EL 0.479898

4 + 24 + 2+27 %+27 %59 59 mTmT+ 18 %+ 18 %3 + 33 + 30 %0 %+ 6 %+ 6 %NominalNominalEL 0.47EL 0.479797

4 + 24 + 2+ 25 %+ 25 %30 MV/m30 MV/m+ 21 %+ 21 %4 + 24 + 2+ 1 %+ 1 %+ 5 %+ 5 %NominalNominalSP 0.35SP 0.359696

4 + 24 + 2+ 29 %+ 29 %31 MV/m31 MV/m+ 22 %+ 22 %3 + 33 + 3-- 1 %1 %+ 7 %+ 7 %NominalNominalSP 0.35SP 0.359595

4 + 24 + 2+ 18 %+ 18 %29 MV/m29 MV/m+ 16 %+ 16 %3 + 33 + 3+ 2 %+ 2 %+ 6 %+ 6 %NominalNominalSP 0.35SP 0.359494

2 + 22 + 2+ 27 %+ 27 %31 MV/m31 MV/m+ 25 %+ 25 %3 + 23 + 2+ 1 %+ 1 %+ 5 %+ 5 %NominalNominalSP 0.35SP 0.356363

2 + 22 + 2+ 28 %+ 28 %31 MV/m 31 MV/m + 26 %+ 26 %2 + 22 + 20 %0 %+ 6 %+ 6 %NominalNominalSP 0.35SP 0.356262

2 + 22 + 2+ 26 %+ 26 %31 MV/m31 MV/m+ 25 %+ 25 %2 + 32 + 3+ 2 %+ 2 %+ 6 %+ 6 %NominalNominalSP 0.35SP 0.356161

4 + 24 + 2+ 35 %+ 35 %36 MV/m*36 MV/m*+ 24 %+ 24 %4 + 24 + 2+ 5 %+ 5 %+ 5 %+ 5 %NominalNominalSP 0.35SP 0.353939

2 + 22 + 2+ 26 %+ 26 %31 MV/m31 MV/m+ 29 %+ 29 %3 + 43 + 4+ 6 %+ 6 %+ 7 %+ 7 %NominalNominalSP 0.35SP 0.353838

2 + 22 + 2+ 34 %+ 34 %35 MV/m*35 MV/m*+ 22 %+ 22 %3 + 23 + 20 %0 %+ 6 %+ 6 %NominalNominalSP 0.35SP 0.353737

2 + 22 + 2+ 32 %+ 32 %34 MV/m*34 MV/m*+ 22 %+ 22 %3 + 33 + 3+ 4 %+ 4 %+ 7 %+ 7 %NominalNominalSP 0.15SP 0.153636

2 + 22 + 2+ 27 %+ 27 %32 MV/m32 MV/m+ 20 %+ 20 %2 + 32 + 30 %0 %+ 6 %+ 6 %NominalNominalSP 0.15SP 0.153535

2 + 22 + 2+ 58 %+ 58 %26 MV/m26 MV/m+ 37 %+ 37 %3 + 23 + 2+ 4 %+ 4 %+ 9 %+ 9 %NominalNominalSP 0.15SP 0.152020

2 + 22 + 2+ 48 %+ 48 %24 MV/m24 MV/m+ 38 %+ 38 %2 + 32 + 3+ 6 %+ 6 %+ 6 %+ 6 %NominalNominalSP 0.15SP 0.151919

2 + 42 + 4+ 35 %+ 35 %15 MV/m15 MV/m+ 46 %+ 46 %3 + 33 + 3+ 4 %+ 4 %+ 9 %+ 9 %NominalNominalSP 0.15SP 0.1544

4 + 24 + 2+ 56 %+ 56 %21 MV/m21 MV/m+ 94 %+ 94 %2 + 32 + 3+ 12%+ 12%+ 10%+ 10%NominalNominalSP 0.15SP 0.1533

0 + 40 + 4+ 68 %+ 68 %19 MV/m19 MV/m+ 90 %+ 90 %1 + 31 + 3+ 12%+ 12%+ 9 % + 9 % NominalNominalSP 0.15SP 0.1522

0 + 40 + 4+ 67 %+ 67 %19 MV/m19 MV/m+ 67 %+ 67 %0 + 40 + 4+ 4 %+ 4 %+ 7 %+ 7 %NominalNominalSP 0.15SP 0.1511

----------0 %0 %+ 5 %+ 5 %NominalNominal--0 0 

Long.Long.TransvTransv..

# retuned quads # retuned quads 
((befbef + aft)+ aft)

Max Max 
∆∆PowerPower

(%) (%) 

Max       Max       
EEpkpk (SP)   (SP)   

or          or          
BBpkpk (EL)(EL)

Max Max ∆∆EaccEacc
(%) (%) 

# of retuned cavities # of retuned cavities 
((befbef + aft)+ aft)

EmittanceEmittance growth (%)growth (%)
Final Final 

energyenergysectionsection# # 
faulty cavity faulty cavity Study has been 

applied to most 
representative 
cavities in all in all 
sections (beginning, 
half and end of 
each section)

In every case, 
the beam can be 
transported up 
to high energy 
with 100% 
transmission, 
small emittance 
growths, nominal 
parameters

Only for 
E < 10 MeV 
increase above 
30% is necessary

FaultFault--tolerancetolerance: : CavityCavity retuningretuning ((BiarrotteBiarrotte & & thesisthesis LukovacLukovac))
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Fault tolerance: Low Level RF Fast Feedback SystemFault tolerance: Low Level RF Fast Feedback System
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Optimisation of Accelerator Reliability for ADSOptimisation of Accelerator Reliability for ADS

one selected example:one selected example:

1.5 m

Tests of all components for a cryomodule : 
LLRF digital system + RF power coupler + SPOKE cavity 

in horizontal cryostat foreseen for beginning 2007
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From FP5 PDS-XADS to FP6 EUROTRANS

done within

FI6W-CT-2004-516520
Integrated Project
On European Transmutation
(EUROTRANS) 
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From FP5 From FP5 PDSPDS--XADSXADS to FP6 to FP6 EUROTRANSEUROTRANS
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EUROTRANSEUROTRANS--PCC: PCC: Tasks & MembersTasks & Members

J.U. Knebel (FZK), coordinator
H.A. Abderrahim (SCK), DM1 Design
S. Monti (ENEA), DM2 ECATS
S. Pillon (CEA), DM3 AFTRA
C. Fazio (FZK), DM4 DEMETTRA
E. Gonzalez (CIEMAT), DM5 NUDATRA
B. Giraud (FANP), Industry
L. Cinotti (ANSALDO), Industry
A.C. Mueller (CNRS), Accelerator
M. Giot (ENEN), Universities
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The accelerator within EUROTRANSThe accelerator within EUROTRANS--DM1DM1

WP1.3: ACCELERATOR

GOAL:

HPPA development, and in 
particular, qualification of the 
reliability of the prototypical 
components

CO-ORDINATING 
CONTRACTOR:

CNRS (F) – Alex C. Mueller
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Injector ReliabilityInjector Reliability

GOAL:

The injector IPHI, developed by CEA and 
CNRS, will be used for a long run test to 
demonstrate on a real scale the reliability of 
the injector part.

CO-ORDINATING CONTRACTOR:

CEA (F) – Raphaël Gobin

MILESTONES:

M1.3.1:  Specifications for the long test run  (+9)

M1.3.2:  Injector operational for test (+18)

M1.3.3:  Experimental tests accomplished (+36)

M1.3.4:  Final report: results and analysis (+39)

DELIVERABLES:

D1.3.1: Preliminary short report. 
Specifications of the long test runs 
(CEA, +9)

D1.3.2: Intermediate progress report 
on injector status and proposed test 
schedule (CEA, +18)

D1.3.3: Final report on results and 
analysis (CEA, +39)

TASK 
1.3.1
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IntermediateIntermediate--energy Sectionenergy Section

GOAL:

Evaluation of room-temperature cavities and 
superconducting cavities performances, reliability and 
cost. Determination of the energy transition from where
on doubling of the injector is no longer required for 
reliability.

CO-ORDINATING CONTRACTOR:

CNRS (F) – Tomas Junquera
MILESTONES:

M1.3.5:   Specifications for prototypes (+6) 

M1.3.6:  Prototypes ready for test (+27)

M1.3.7:  Experimental results of prototypes performances (+39)

M1.3.8:  Final report: synthesis and design proposals (+42)

DELIVERABLES:

D1.3.4: Preliminary report. Specifications of 
the prototypes (IAP_FU, +6)

D1.3.5: Intermediate report on prototype test 
schedules (IBA, +18)

D1.3.6: Final report: tests results, synthesis
and design proposals (CNRS, +42)

TASK 1.3.2
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HighHigh--energy Sectionenergy Section

GOAL:

Design, construction and test of a full prototypical
cryomodule of the high energy section of the proton 
linac.

CO-ORDINATING CONTRACTOR:

INFN (I) – Paolo Pierini

MILESTONES:

M1.3.9:   Preliminary cryomodule specifications (+9)

M1.3.10:  Cryomodule design finalized (+15) 

M1.3.11: Cryomodule is ready for test (+30)

M1.3.12: Exptl. results of cryomodule performances (+39)

M1.3.13:  Final report: synthesis and design proposals (+42)

DELIVERABLES:

D1.3.7: Preliminary report:  specifications for
the cryomodule (INFN, +9)

D1.3.8: Report on cryomodule design and 
schedule (CNRS, +15)

D1.3.9: Final report: test results, synthesis
and design proposals (INFN, +42)

TASK 1.3.3
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Digital RF ControlDigital RF Control

GOAL:

Modelling and VHDL analysis of a digital RF control 
system for fault tolerant operation of the linear
accelerator. (Prototyping of an RF control unit is strongly
recommended)

CO-ORDINATING CONTRACTOR:

CEA (F) – Michel Luong

MILESTONES:

M1.3.14:  Preliminary RF control system specifications (+6)

M1.3.15:  RF control system modelling (+24)

M1.3.16:  Final report: VHDL architecture and synthesis (+42)

DELIVERABLES:
D1.3.10: Preliminary specifications of the RF 
control system (CEA, +6)
D1.3.11: Report on RF control system modelling
(CEA, +24)
D1.3.12: Final report: VHDL architectures and 
synthesis (CEA, +42)

TASK 1.3.4
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Beam Dynamics and Overall CoherenceBeam Dynamics and Overall Coherence

GOAL:

Overall coherence of the accelerator design, 
including beam dynamics simulations, 
integrated reliability analysis, and cost
estimation.

CO-ORDINATING CONTRACTOR:

CNRS (F) – Jean-Luc Biarrotte

MILESTONES:
M1.3.17:   General specifications (+6)
M1.3.18:   WP1.3 overall task review (+18)
M1.3.19:  Results of beam dynamic simulations (+30)
M1.3.20:  Reliability study experimental results (+39)
M1.3.21:  Integrated reliability analysis (+45)
M1.3.22:  Cost Analysis (+45)
M1.3.23:  Final report (+48)

DELIVERABLES:

D1.3.13: General specifications for all the tasks
(CNRS, +6)

D1.3.14: Beam dynamics simulations for fault 
tolerance (CNRS, +30)

D1.3.15: Report on integrated reliability analysis of 
the accelerator (INFN, +48)

D1.3.16: Final report: accelerator design, 
performances, costs for XT-ADS and EFIT and 
associated road map (CNRS, +48)

TASK 1.3.5
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EUROTRANS   DM1

WP 1.3   Accelerator
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PROGRESS ACHIEVEDPROGRESS ACHIEVED

-- Fabrication of RFQ sections 2 to 6 Fabrication of RFQ sections 2 to 6 stillstill onon--goinggoing (CEA)(CEA)

-- Installation of RFQ Installation of RFQ environmentenvironment 90% 90% completedcompleted (CEA)(CEA)

-- Installation of diagnostic Installation of diagnostic beambeam line in line in progressprogress (CNRS)(CNRS)

-- First First beambeam plannedplanned in in OctoberOctober 20082008

-- EurotransEurotrans tests tests plannedplanned in in JanuaryJanuary / March 2009/ March 2009

TASK 
1.3.1

PROBLEMS ENCOUNTEREDPROBLEMS ENCOUNTERED

-- Important shift (9 months at least) in the schedule due to RFQ fImportant shift (9 months at least) in the schedule due to RFQ fabrication abrication 
difficultiesdifficulties

ObjectivesObjectives

PreparePrepare the IPHI the IPHI injectorinjector long test long test runrun
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TASK 
1.3.2

PROGRESS ACHIEVEDPROGRESS ACHIEVED

-- New EXCELLENT experimental results of New EXCELLENT experimental results of 
the SC CH cavity the SC CH cavity (IAP(IAP--FU)FU)

-- VeryVery promisingpromising first test of the CM0 first test of the CM0 SpokeSpoke
cryomodulecryomodule atat lowlow power power withwith LLRF LLRF looploop
and Cold and Cold tuningtuning system (CNRS)system (CNRS)

-- CM0 High power test CM0 High power test scheduledscheduled in 1st in 1st halfhalf
2008 (CNRS)2008 (CNRS)

PROBLEMS ENCOUNTEREDPROBLEMS ENCOUNTERED

-- None None 

ObjectivesObjectives

PreparePrepare the final EUROTRANS the final EUROTRANS experimentalexperimental tests for the 3 tests for the 3 differentdifferent structures of structures of 
the the intermediateintermediate energyenergy sectionsection



6161Alex C. MUELLERAlex C. MUELLER IAEA school on ADS, Trieste, Italy, October 19-30  2007

TASK 
1.3.3

PROGRESS ACHIEVEDPROGRESS ACHIEVED

-- Cavity + cold tuning system under final assembling & preparationCavity + cold tuning system under final assembling & preparation (INFN)(INFN)

-- Vacuum Vacuum vesselvessel underunder final design phase (INFN)final design phase (INFN)

-- Coupler design Coupler design underunder final design phase (CNRS) final design phase (CNRS) 

-- Call for tender for the Call for tender for the cryomodulecryomodule plannedplanned beforebefore end 2007 (INFN + CNRS)end 2007 (INFN + CNRS)

-- Most of the RF power system Most of the RF power system elementselements alreadyalready orderedordered (CNRS)(CNRS)

-- EurotransEurotrans High power tests High power tests foreseenforeseen beginningbeginning 20092009

PROBLEMS ENCOUNTEREDPROBLEMS ENCOUNTERED

-- None, but we have 9 months delay on the initial roadmap because None, but we have 9 months delay on the initial roadmap because of the of the 
complexity of the taskcomplexity of the task

ObjectivesObjectives

FinalizeFinalize the design of the the design of the highhigh--energyenergy test test cryomodulecryomodule and and startstart the call for tender the call for tender 
proceduresprocedures



6262Alex C. MUELLERAlex C. MUELLER IAEA school on ADS, Trieste, Italy, October 19-30  2007

TASK 1.3.4

PROGRESS ACHIEVEDPROGRESS ACHIEVED

-- System modelling achieved System modelling achieved (CEA)(CEA)

-- First First experimentalexperimental test test resultsresults atat lowlow temperaturetemperature in a horizontal cryostat on a in a horizontal cryostat on a 
spokespoke cavitycavity withwith veryvery good good stabilitystability resultsresults (CNRS)(CNRS)

-- Investigations on an alternative solution for control (UNED)Investigations on an alternative solution for control (UNED)

PROBLEMS ENCOUNTEREDPROBLEMS ENCOUNTERED

-- None up to nowNone up to now

Objectives for the periodObjectives for the period

AchieveAchieve the RF system the RF system modellingmodelling and and startstart of the DSP of the DSP implementationimplementation studystudy
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TASK 1.3.5

PROGRESS ACHIEVEDPROGRESS ACHIEVED

-- AchievementAchievement of the of the beambeam dynamicsdynamics calculationscalculations for for faultfault--tolerancetolerance analysisanalysis
(CNRS/CEA)(CNRS/CEA)

-- Optical design of the final Optical design of the final beambeam line (CNRS)line (CNRS)

-- StudyStudy of of accidentalaccidental scenarios in scenarios in progressprogress (UPM)(UPM)

PROBLEMS ENCOUNTEREDPROBLEMS ENCOUNTERED

-- NoneNone

Objectives for the periodObjectives for the period

PursuePursue the the differentdifferent studiesstudies goinggoing on on beambeam dynamicsdynamics & global & global coherencecoherence


