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Superconducting MYRRHA Linac
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Introduction

3 sections :
u48 Spoke Resonators : ̡g = 0.35 - 352.2 MHz - Eacc(@ ̡ opt) = 6.2 MV/m
v34 5-cell elliptical cavities : ̡g = 0.47 - 704.4 MHz - Eacc(@ ̡ opt) = 8.2 MV/m
w60 5-cell elliptical cavities : ̡g = 0.35 ς704.4 MHz - Eacc(@ ̡ opt) = 11 MV/m



Reliability & Goals
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ÎDemonstrate the ADS Concept & Transmutation 
¦Coupling:  Accelerator 

+ spallation source 
+ subcritical reactor

ÎAvoid beam trips longer than 3 seconds to 
minimise thermal stresses and fatigue on target, 
reactor & fuel assemblies.
¦Specifications: Less than 10 trips per 3 months operation 
cycle.

Consequences on LinacDesign :

ÎάhǾŜǊŘŜǎƛƎƴέ ƻŦ ǘƘŜ ŎƻƳǇƻƴŜƴǘ Υ 
¦Operation margin between operation and technological limitations (from beam optics to R&D)

ÎRedundancy & Fault tolerance :
¦Big phase and energyacceptance of superconducting cavities

¦/ŀǇŀōƛƭƛǘƛŜǎ ƻŦ  Ŧŀǎǘ ǊŜǘǳƴƛƴƎ ŦƻǊ άfast fault-ǊŜŎƻǾŜǊȅ ǎŎŜƴŀǊƛƻǎέ and failures compensations.

9 Requires LLRF & control system for cavity tuning system operating in CW.
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Fault scenario
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ÎTypical case : One cavity loose its RF power supply. 
¦Region of interest of the MYRRHA superconducting Linac: ̡ g = 0.47

Cavityvoltage

Cavitysynchronousphase

Lossesalongthe linac

¦Without linac retuning the beam is lost.



Fault recovery scenario  : compensation
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ÎCompensation Strategy : the failure of a cavity is compensated by the 4  neighbours cavities:
¦2 cavities placed upstream the failed one
¦2 cavities placed downstream the failed one

Cavityvoltage

Cavitysynchronousphase

ÎPhases & accelerating fields have to be modified in less than 3 seconds.

ÎNo beam during the procedure.



Feasibility of retuning procedures
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ÎTo study the retuning procedure of superconducting 
cavities a MatlabSimulinkTM model have been established. 
2 feedback loops were modelled :

¦RF feedback loop
¦Frequency tuning system of the cavity 

feedback loop.

ÎModel based on a ̡g = 0.475-cell elliptical cavity prototype (from TRASCO project).   

·Motor:
«slow»action(~ 1 s)
Largedetuning (~ 250kHz).

·Piezoelectric actuators : 
«Fast»  action (~ 1 ms) 
Fine detuning (~ 2 kHz).



Feedback loops modelled
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ÎRF feedback loop :
¦Based on an existing  digital LLRF system

¦Modelled as Delay + ZOH + BP filters + IOT 
transfer function.
¦PI correctors tuned to minimise Beam loading

ÎFast tuning system feedback loop

¦Needed to minimise power consumption & compensate 
perturbations (Lorentz, microphonics)

¦Transfer function of piezoaction have been measured 
and modelled.

¦Optimum frequency detuning :


