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Operational experience with the BO RF systemOperational experience with the BO RF system

TheThe BOBO RFRF plantplant waswas commissionedcommissioned midmid 20052005..

5-cell copper cavity of the LEP type 
in the SOLEIL Booster

35 kW solid state amplifier and LLRF 
system in the Booster RF room

UpUp toto date,date, afterafter ~~ 99 550000 runningrunning hours,hours, onlyonly aa singlesingle triptrip inin operation,operation, duedue toto aa humanhuman
mistakemistake

TheThe 3535 kWkW solidsolid statestate amplifieramplifier hashas provedproved toto bebe veryvery reliablereliable ::
44 (o t(o t ofof 147147)) mod lesmod les hadhad aa failingfailing badbad solderingsoldering ((33)) ++ 11 filterfilter ((00 transistortransistor fail refail re !)!)

Don’tDon’t playplay withwith thethe equipmentequipment duringduring thethe operationoperation !!

-- 44 (out(out ofof 147147)) modulesmodules hadhad aa failingfailing badbad solderingsoldering ((33)) ++ 11 filterfilter ((00 transistortransistor failurefailure !)!)
-- InIn anyany case,case, thatthat diddid notnot affectaffect atat allall thethe operatingoperating conditionsconditions andand couldcould bebe quicklyquickly repairedrepaired
duringduring scheduledscheduled machinemachine shutdownsshutdowns..



Commissioning of theCommissioning of the SR RFSR RF

As scheduled for SOLEIL As scheduled for SOLEIL -- phase 1, with Iphase 1, with Ibeambeam < 300 mA and a reduced number of insertion < 300 mA and a reduced number of insertion 
devices, one half of the SR RF system was installed and commissioned, during summer 2006       devices, one half of the SR RF system was installed and commissioned, during summer 2006       
(CM1, cryogenic plant, 2 amplifiers,(CM1, cryogenic plant, 2 amplifiers, control and LLRF systems).control and LLRF systems).

The goal of storing up to 300The goal of storing up to 300 mA of stable beam, using a single CM, was quickly achieved.mA of stable beam, using a single CM, was quickly achieved.

At first, without the RF feedbackAt first, without the RF feedback, the cavity was slightly detuned in order to cope with the , the cavity was slightly detuned in order to cope with the 
Robinson instabilityRobinson instability, at the expense of ~ 10 kW extra reflected power., at the expense of ~ 10 kW extra reflected power.
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Later on, we have commissioned the RF feedbackLater on, we have commissioned the RF feedback, which enabled to store up to 300 mA , which enabled to store up to 300 mA 
stable beam without any tuning offset, hence saving ~ 10 kW of reflected power.stable beam without any tuning offset, hence saving ~ 10 kW of reflected power.



Commissioning of theCommissioning of the SR RFSR RF
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Under these conditions, at cst VUnder these conditions, at cst Vcavcav = 1 MV, = 1 MV, 
the tuning loop is continually active, the tuning loop is continually active, 
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Commissioning of theCommissioning of the SR RFSR RF

Injection at constant tuningInjection at constant tuning

Considering the difficulties encountered on SuperConsidering the difficulties encountered on Super--3HC at ELETTRA with a similar tuning 3HC at ELETTRA with a similar tuning 
system, which happened to get stuck after ~ 50 millions of motor steps, it was proposed to system, which happened to get stuck after ~ 50 millions of motor steps, it was proposed to 
operate at constant tuning during the injectionoperate at constant tuning during the injection, in order to use the tuners more sparingly., in order to use the tuners more sparingly.
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Injecting at constant tuning Injecting at constant tuning 
requires a ramping of Vrequires a ramping of Vcav cav ;;
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Ramping VRamping Vcavcav from 650 kV at 0from 650 kV at 0--current, up to 1.4 MV at 300 mA, with fixed tuning angle,          current, up to 1.4 MV at 300 mA, with fixed tuning angle,          
ψψ = 60= 60°° allows to maintain Pallows to maintain P < 50 kW and Pi ~ 145 kW (green plot)< 50 kW and Pi ~ 145 kW (green plot)

beam [ ]

ψψ  60 60 , allows to maintain P, allows to maintain Prr < 50 kW and  Pi  145 kW (green plot).< 50 kW and  Pi  145 kW (green plot).

Energy and phase acceptance at low RF voltage ?Energy and phase acceptance at low RF voltage ?



Commissioning of theCommissioning of the SR RFSR RF

Injection at constant tuningInjection at constant tuning

At VAt VRFRF as low as 1.3as low as 1.3 MV (650 kV / cav), E & MV (650 kV / cav), E & ΦΦ acceptance strongly reducedacceptance strongly reduced

V = 1 3 MVV 2 MV

Injection at constant tuningInjection at constant tuning

VRF = 1.3 MV
Фs = 50° + 3 σVRF = 2 MV

Фs = 30°
+ 3 σ

- 3 σ
- 3 σ

The experience demonstrated that it remains tolerable :The experience demonstrated that it remains tolerable : injection efficiency nearly injection efficiency nearly 
unaffected while keeping Vunaffected while keeping VsinsinΦ cstΦ cst : V(I: V(Ibb) and ) and Φ(V), Φ(V), numerically controlled via the PLCnumerically controlled via the PLC
Precise control of Φ(V) required for operating with the multibunch transverse feedbackPrecise control of Φ(V) required for operating with the multibunch transverse feedback
Constant tuning mode routinely used in operation ; easy switching from constant to Constant tuning mode routinely used in operation ; easy switching from constant to 
variable tuning mode (for run dedicated to machine R&D variable tuning mode (for run dedicated to machine R&D free control of Vfree control of VRFRF))



Commissioning of theCommissioning of the SR RFSR RF

Injection at constant tuningInjection at constant tuning Robinson stabilityRobinson stabilityInjection at constant tuning Injection at constant tuning –– Robinson stabilityRobinson stability

VVcavcav : 0.65 : 0.65 1.4 MV, 1.4 MV, ψψ = 60= 60°°
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Operational experience with the cryomodule (CM1)Operational experience with the cryomodule (CM1)

CM1 had been RF conditioned with full reflection CM1 had been RF conditioned with full reflection 
(I(Ibeambeam= 0) up to 200 kW= 0) up to 200 kW per coupler,per coupler, at CERNat CERN and 
then up to 80 kW, once installed in the SOLEIL SR 
(always kept under UHV)(always kept under UHV).
ReRe--conditioning with beam went quite smoothlyconditioning with beam went quite smoothly :       
a few coupler vacuum trips, at first when reaching       
P > 160 kW ; further conditioning likely would be ; g y
required for operating at such power level ; 
however, with proper settings, P < 145 kW          @ 
300 mA with a single CM, which is more 
demanding than 500 mA with 2 CMsdemanding than 500 mA with 2 CMs.
Not the least trip under nominal operating conditionsNot the least trip under nominal operating conditions
No evidence of HOM excitation : No evidence of HOM excitation : up to 300 mA, power dissipation in the HOM loads always 

li ibl & id l b h ill ti < 0 1°negligible & residual beam phase oscillations < 0.1°
Taking care of using the cavity tuners sparinglyTaking care of using the cavity tuners sparingly cst tuning operation as much as possible
+ additional diagnostic+ additional diagnostic rev counter for early detection of signs heralding a sticking

R&D for improved design
- gear box
- transmission screw Test bench



Operational experience with the cryogenic plantOperational experience with the cryogenic plant

At the beginning of the commissioning, At the beginning of the commissioning, 
difficulties were encountered with LHe difficulties were encountered with LHe 
feeding and pressure instabilities insidefeeding and pressure instabilities inside

This was solved after bringing in slightThis was solved after bringing in slight

feeding and pressure instabilities inside feeding and pressure instabilities inside 
the cavity He tank, due to an unexpected the cavity He tank, due to an unexpected 
thermal load on the cryogenic valve box. thermal load on the cryogenic valve box. 

This was solved after bringing in slight This was solved after bringing in slight 
modifications on the cryogenic valve box  modifications on the cryogenic valve box  

Pressure variations below Pressure variations below ±± 22 mbar,  mbar,  
namely namely ±± 0.10.1°° in phase.in phase.

A few shutdowns caused by utility losses 
(water / electrical) fast restartfast restart

Not the least trip in operation.Not the least trip in operation.

Forthcoming upgradesForthcoming upgrades improve the autonomy
- Process modification take profit of the autonomy provided by the Dewar
- UPS extension to all the Cold-box components 
- Cold-box dedicated water-cooling



•• The two 180 kW solid state amplifiers for CM1The two 180 kW solid state amplifiers for CM1

Operational experience with the RF power amplifiersOperational experience with the RF power amplifiers

•• The two 180 kW solid state amplifiers for CM1 The two 180 kW solid state amplifiers for CM1 
have demonstrated good reliability in operation. have demonstrated good reliability in operation. 
After ~ 7 500 running hours, only 4 trips :
- 3 due to human mistakes (a fault in the 

interlock logic, a wrong manipulation, a   
cable pull out by accident)

- 1 due to a failure on preamplifier module
•• Although not perturbing for the operationAlthough not perturbing for the operationAlthough not perturbing for the operation,Although not perturbing for the operation,

56 (out of 1400) modules have suffered from 56 (out of 1400) modules have suffered from 
transistor failures in operation;transistor failures in operation;
forfor 1010 ofof themthem itit waswas thethe result of a circulator result of a circulator 

l d b ddi h ll d b ddi h lload failingload failing solved by adding thermalsolved by adding thermal greasegrease

• Failure rate < 3.5 % / year pessimistic, as it includes part of the infant mortality, lack 
of grease, damages by accident on amplifier 1 expectedexpected failurefailure rate  ~ 1%rate  ~ 1%

longer running periods are required to find out the actual MTBF

- Upgrading of the 350 MHz design (investigation of other suitable transistors)
C ll b ti ith ESRF ( 50 t f 50 kW)

longer running periods are required to find out the actual MTBF
• 100 available spare modules turn over : 50 usable in house while 50 under repair

Collaboration with ESRF (~ 50 towers of 50 kW)
- Other freq. :  300 W module @ 500 MHz 476 MHz (2 x 40 kW for LNLS)

90 x 15 kW @ 1.3 GHz 4th generation LS (ARC-EN-CIEL)

R&DR&D



Operational experience with the LLRFOperational experience with the LLRF
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Fast digital LLRFFast digital LLRF
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Summary & conclusionsSummary & conclusions

• Up to date, the BO and half of the SR RF systems have been commissioned

• The technological choices sc cavities and high power solid state amplifiers both• The technological choices, sc cavities and high power solid state amplifiers, both  
designed in house, were quite challenging

•• The first operational experience is fully satisfactory :The first operational experience is fully satisfactory : after ~ 9 500 running hours
in the BO and 7 500 in the SR only a few trips in operation due to minor incidentsin the BO and 7 500 in the SR, only a few trips in operation due to minor incidents

CMCM : Improve the frequency tuning system: Improve the frequency tuning system
AmplifiersAmplifiers : MTBF of transistors (?): MTBF of transistors (?)

• Several laboratories are about to adopt the solid state technology “à la SOLEIL”
@ 352 MHz : CEA and ESRF
@ 500 MHz : LNL-Legnaro, LNLS-Brazil, SLS-PSI, NSLS II-Brookhaven (?)  

Collaborations nder disc ssionCollaborations under discussion
R&D is going on at SOLEIL  L - Band

• The 2nd half of the SR RF system, which is under fabrication, should be implemented
i M 2008 i l f (4 4 MV d 500 A)in May 2008   nominal performance (4.4 MV and 500 mA)
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