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Proton beam specificationsProton Proton beambeam specificationsspecifications

ExtrememelyExtrememely highhigh reliabilityreliability requiredrequired !!!!!!

HighHigh--power proton CW power proton CW beamsbeams
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ADS linac reference schemeADS ADS linaclinac referencereference schemescheme

SUPERCONDUCTING LINACSUPERCONDUCTING LINAC

Highly modular and upgradeable; Excellent potential for reliabilHighly modular and upgradeable; Excellent potential for reliability ; Very good efficiencyity ; Very good efficiency
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352 MHz RFQ characteristics
352 MHz DTL characteristics
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Linac front-endLinacLinac frontfront--endend

-- Classical 4Classical 4--vane RFQ with moderated vane RFQ with moderated KpKp

-- DTL booster using CH structures (KONUS beam DTL booster using CH structures (KONUS beam dyndyn.).)

-- 17 17 MeVMeV gained in less than 15 gained in less than 15 metresmetres
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... ...

704 MHz ELIPTICAL LINAC 0.5 704 MHz ELIPTICAL LINAC 0.6590 MeV 600 MeV
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Superconducting linacSuperconductingSuperconducting linaclinac

...

352 MHz SPOKE LINAC

-- Modular, independentlyModular, independently--phased accelerating structures phased accelerating structures 

-- Moderate gradients (50mT Moderate gradients (50mT BBpkpk, 25MV/m , 25MV/m EEpkpk) & energy gain per cavity) & energy gain per cavity

-- Overall length: about 225 Overall length: about 225 metresmetres
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Earth level

linac level (~-5m)

target level (~-30m)

Beam dump 
casemate

-- Final beam line guarantees the position of Final beam line guarantees the position of 

the beam spot and ensures that only particles the beam spot and ensures that only particles 

of nominal energy are delivered of nominal energy are delivered 

(doubly(doubly--achromatic lines)achromatic lines)

-- Also guarantees the required Also guarantees the required ““donutdonut--shapeshape””

distribution at the target (redundant beam scanning)distribution at the target (redundant beam scanning)
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Final beam line to reactorFinal Final beambeam line to line to reactorreactor
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Beam dynamicsBeamBeam dynamicsdynamics

Less than 10% Less than 10% emittanceemittance growth in the whole 17 growth in the whole 17 MeVMeV frontfront--end end 

(RFQ simulations with PARMTEQM, DTL simulations with LORASR)(RFQ simulations with PARMTEQM, DTL simulations with LORASR)

Less than 5% Less than 5% emittanceemittance growth  in the growth  in the 

1717--600 600 MeVMeV SC SC linaclinac sectionsection

(simulations with TRACEWIN)(simulations with TRACEWIN)
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Earth level

linac level (~-5m)

target level (~-30m)

Beam dump 
casemate

Ion source & LEBT 50 keV MEBT
...352 MHz SPOKE LINAC

... ...

704 MHz ELIPTICAL LINAC 0.5 704 MHz ELIPTICAL LINAC 0.6590 MeV 200 MeV 600 MeV

Goal = reach a frozen advanced design by 2010...Goal = reach a frozen advanced design by 2010...

Advanced reference designAdvanced Advanced referencereference designdesign

IN
-W

O
R

K

OptionalOptional ((atat least 2 ion sources)least 2 ion sources)
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TraceWinTraceWin (CEA)(CEA)

�� EnvelopeEnvelope code code withwith 1st 1st orderorder spacespace chargecharge

�� InteractingInteracting withwith GenLinWinGenLinWin for the SC for the SC linaclinac longitudinal longitudinal optimizationoptimization

BenchmarkedBenchmarked withwith: Transport (CERN), Beta (CEA), : Transport (CERN), Beta (CEA), PathPath (CERN)(CERN)……

PartranPartran (CEA)(CEA)

�� MultiparticleMultiparticle code, code, withwith 3D 3D spacespace charge routines.charge routines.

�� CouplingCoupling withwith TOUTATIS (CEA) for RFQ TOUTATIS (CEA) for RFQ multiparticlemultiparticle simulationssimulations

BenchmarkedBenchmarked withwith: Lions (GANIL), Impact (LANL), : Lions (GANIL), Impact (LANL), DynamionDynamion (GSI), (GSI), ParmilaParmila (LANL), (LANL), AlodynAlodyn

(INFN), (INFN), PathPath (CERN)(CERN)……

Code package crucial Code package crucial capabilitiescapabilities

�� «« Close to realClose to real »» beambeam tuningtuning proceduresprocedures usingusing simulatedsimulated diagnosticsdiagnostics

�� Use of 3D Use of 3D fieldfield mapsmaps for for mostmost of the of the elementselements ((focusingfocusing magnetsmagnets, RF , RF cavitiescavities), ), highhigh--orderorder

aberrations aberrations takentaken intointo accountaccount for the for the othersothers ((dipolesdipoles) ) 

�� PossibilityPossibility to to performperform statisticalstatistical errorerror studiesstudies

Advanced reference designAdvanced Advanced referencereference designdesign

... with assessed start... with assessed start--toto--end beam dynamicsend beam dynamics
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The reliability requirementThe The reliabilityreliability requirementrequirement

-- Beam trips longer than 1 sec are forbiddenBeam trips longer than 1 sec are forbidden to avoid thermal stresses & fatigue on the to avoid thermal stresses & fatigue on the 

ADS target, fuel & assembly & to provide good availability.ADS target, fuel & assembly & to provide good availability.

SPECIFICATION : less than 5 per 3SPECIFICATION : less than 5 per 3--month operation cycle (MYRRHA / XTmonth operation cycle (MYRRHA / XT--ADS)ADS)

-- Reliability guidelines have been followed during the ADS accelerReliability guidelines have been followed during the ADS accelerator designator design

1.1. Strong component design (Strong component design (““overdesignoverdesign””))

-- All components are All components are deratedderated with respect to technological limitationswith respect to technological limitations

-- For every For every linaclinac main component, a prototype is being designed, built and testedmain component, a prototype is being designed, built and tested

2.2. Inclusion of Inclusion of redundanciesredundancies in critical areasin critical areas

-- Possible doubled frontPossible doubled front--end (hot standend (hot stand--by injector), solidby injector), solid--state RF power amplifiers state RF power amplifiers 

where possiblewhere possible……

3.3. Enhance the capability of Enhance the capability of faultfault--toleranttolerant operationoperation

-- ““FaultFault--tolerancetolerance”” = ability to pursue operation despite some major faults in the = ability to pursue operation despite some major faults in the system  system  

-- Expected in the independentlyExpected in the independently--phased superconducting phased superconducting linaclinac

(for both RF faults and QP doublets faults)(for both RF faults and QP doublets faults)
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Local compensation methodLocal compensation Local compensation methodmethod

GOALGOAL:: Recover most of the SCRF cavities fault conditions Recover most of the SCRF cavities fault conditions 

without stopping/loosing the beam more than 1secwithout stopping/loosing the beam more than 1sec

STRATEGY:STRATEGY:

-- ““Local compensation methodLocal compensation method”” in the case of a RF unit or cavity failure : in the case of a RF unit or cavity failure : 

adjacent cavities are retuned to provide the missing energy gainadjacent cavities are retuned to provide the missing energy gain to the beamto the beam

-- Requires independentlyRequires independently--powered RF cavities, good velocity acceptance, moderate energy powered RF cavities, good velocity acceptance, moderate energy 

gain per cavity & tolerant beam dynamics designgain per cavity & tolerant beam dynamics design

-- FAST retuning to be performed using preFAST retuning to be performed using pre--tabulated settabulated set--points databases stored into the points databases stored into the 

digital LLRF digital LLRF FPGAsFPGAs

CONTEXTCONTEXT:: We have a strongly nonWe have a strongly non--relativistic beam, and any energy loss will relativistic beam, and any energy loss will 

imply a phase slip along the imply a phase slip along the linaclinac, increasing with the distance, that will , increasing with the distance, that will 

push the beam out of the stability region push the beam out of the stability region --> BEAM LOSS> BEAM LOSS


