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SPIRAL 2 RF SYSTEMS

Status report 

Marco DI GIACOMO
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The ProjectThe SP2 Project

Digging begins this year, 

Building available end of 2011

Linac tunnel at -9.5m, amplifiers at ground level

Second generation RIB facility, 190 M€ (man power included)

Very important investment with respect to the present GANIL
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Facility Layout

A/q=6 

option

DESIR
Low Energy RIBS

RIB Production

A/q=3   HI ECR

A/q=2   LI ECR

LINAC

CIME cyclotron
Radioactive beams (SPIRAL1) 1999

S3

NFS

RFQ

C01,C02,CSS1,CSS2 

(since 1982)
Stable beams : C…Uranium < 96 Mev/A

Existing Exp. Areas
Stable beams and RIBs

CIME cyclotron
Radioactive beams (SPIRAL1) 1999

+ Radioactive beams (SPIRAL2) 2013
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Driver parameters

Q/A
Intensity range

(mA)

Energy range

(Mev/u)

CW max beam Power

(kWatt)

Protons 1 0    - 5 2     - 33 165

Deuterons ½ 0   - 5 2     - 20 200

Ions ≥ 1/3  0    - 1 2      - 14.5 43.5

Ions 
≥   1/6

(1/7)
0   - 1 2      - 8.5 51

Also 3He1+  and 4He2+  for beam tests and physics…

88.0525 MHz machine
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CavitiesCavities

RFQ

3 MEBT Rebunchers

12 CM A

7 CMB

26 fixed, capacitive couplers 



L
a

b
o

ra
to

ir
e

 c
o

m
m

u
n

 C
E

A
/D

S
M

 -
C

N
R

S
/I

N
2

P
3

M
. 

D
i 

G
ia

c
o

m
o

 –
C

W
R

F
1

0

7

RFQ

Segment S5 under construction

• 4-vane RFQ (q/A: 1, 1/2, 1/3)

• Design: Saclay/IRFU

• P = 160 ÷ 200 kW (@113 kV)

• Qo = 14000

• 4 input couplers

• Independent amplifiers

• Voltage low: 8 plungers/section

• Fine tuning: water temperature 

• Manufactured in Solid Cu

• S5: delivered soon

• Other segment planning: under discussion

• 4 inductive couplers in S4

http://www-dapniai.cea.fr/Page/12/Sigle-Irfu-Vp_der_redp.gif
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MEBT Rebuncher• 3 gap RF structure

• HW tank, QW stems

• Design: Ganil

• Manufacture : SPG + Corima

• P = 4.5 kW @ 120 kVbeam

• Qo = 7500

• Cu plated stainless steel tank

• Solid Cu internal element

• Straight stems (vs split ring) 

for easier cooling

• Cu braids instead of sliding 

contacts (short stroke) 

• First cavity delivered (to used as R2) 

• RF Test in progress 

• R1 and R3 planned by March 2011
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CMA

Maximum gradient reached during the 

first RF power tests: 10.3MV/m

1.E+08

1.E+09

1.E+10

0 1 2 3 4 5 6 7 8 9 10 11 12

Eacc (MV/m)

Q0

Prototype QWR A (beta 0.07)

AZ1 (Cu bottom)

AZ2

AS3

Lacc = β × l = 0.24m

Vertical test - T=4.2K

       QWR A (b=0.07)
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QWR , 2-gaps

6.5 MV/m Max Eacc

Tuner : deformation of 
the outer tank

Capacitive coupler

• First CMA ready

• 1 CM/1.5 months

http://www-dapniai.cea.fr/Page/12/Sigle-Irfu-Vp_der_redp.gif
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CMB

Maximum gradient reached during the 

first RF power tests: 8MV/m but no H shield

Power coupler                    tuner

1.E+08

1.E+09

1.E+10

0 1 2 3 4 5 6 7 8 9 10 11 12

Eacc (MV/m)

Q0 MB01 Gilia

MB02 Erentrude

MB03 Véréna

MB04 Colette

MB05 Sylvana

MB06 Richardine

MB07 Pézenne

MB09 Thelma

MB10 Praxède

MB11 Danièla

MB12 Ghislie

MB13 Sybille

10W Limit

3 W limit

Lacc = β × l = 0.41 m

Vertical test @ T=4.2K

       QWR B (b=0.12)                 
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Power Systems

Power systems
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RFQ Amplifier : 4x 60 kW amps

• 60 kW each, pulsed and CW, 

• Two stages:

• 3 kW solid state driver

• TH535 Tetrode, 10 kV HV supply
TH 18546 final stage cavity

• CPU: Siemens PLC

165 kVA HV transformer

Tube cavity

HV Power Supply
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RFQ Amplifiers

Long time tests at 60 kW

• Long time tests of the 
amplifiers achieved at LNL 
lab. (INFN Italy) (end 2009)

• AMP1 being used for 
commissioning tests of other 
power devices.

Pulse response
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Solid state amplifiers

0

2
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16

18

20

Solid State Amplifiers : call for tender requirements (total power 305 kW)

mdg 10/10/09

kW

cavity

power margin / cavity > 30%

Series contract still under signature ………….

20 kW example
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VSWR protection

SC cavities require high VSWR 

operating conditions, during:

• Coupler conditioning

• Low intensity beam operation (if fixed 

coupler)

External circulator to protect not only 

the transistors but also the combiners 

and the T-lines. 

Adjustment of line length between circulator and cavity (minimum E field 

on the circulator) to reduce

• loss in the ferrite,

• residual reflected power towards  the amplifier

Adjustment of line length between amplifier and circulator to optimize

amplifier working impedance. 

RF measurements seem not trivial after the circulator. Directional coupler 

position still to be chosen. 

• Pdir probably read before the circulator. 

• Cavity reflected power, Prev, measured at the circulator load (thermal 

and/or RF).
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Amplifier class
Class C initially (2005) chosen for 

• higher efficiency (60% AB vs 80% C)

• maximum reliability (FM market experience)

• best price

No particular problem observed with feedback A and  stability well below 

requirements  (<1% and < 0.5°) thank to the DLLRF bandwidth (>100 kHz)
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Amplifier class
But
• New transistors have much better 

efficiency

• Class AB bias grants better matching at 

all power level and lower harmonics.

• then,  final choice:

• class AB, with 20÷25 dB input dynamic 

range for 35 dB output dynamic range.

• 10 dBm input signal for maximum 

output power
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Circulateurs

• AFT design and manufacture

• P = 10, 20, 60 kW

• 10 and 20 kW are only water cooled: 5l/m

• 60 kW: water cooled and trim coil 

• All 20 and 60 kW tuned at Ganil

• 10 kW: all commissioned

• 20 kW: end of tuning and commissioning tests in Mai

• 60 kW: commissioning tests of the 1st one next June.

60 kW internal view

10 kW

60 kW
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Power Test Bench

VSWR

0                     45                     90 mm

Variable VSWR device

(20 kW, 88 MHz)

Available parameters: flowmeters, output water temperatures
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Circulateurs
Return loss (S11) = -26 dB ÷ -23 dB (50W@10kW) 

Insertion loss (S21) = -0.2 dB  (500W@10 kW) 

Isolation (S12) = 26 dB ÷ -23 dB (50W@10kW) 

Bandwidth = > ±200 kHz 

cold fo:  ~86 MHz

Warm fo shifting -100 KHz/kW

Lowest E field on the ceramics reduces losses
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Transmission lines

• Derating = Decrease of maximum power due to VSWR

• Factor 2 if Pdir+Prev=Pmax, 

Factor 4 if Vdir+Vrev=Vmax

• EIA15/8" Derating test with shorted line: inner coax melted at 7 kW

• EIA 31/8" used on the test bench at 10 and 20 kW, all kind of 

mismatches (amplitude and phase) with no problems.  

VSWR=∞ 

Inner placed at λ/4 from short circuit 
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Transmission lines
T-LINE STANDARDS  Amplifier to Circulator Circulator to Cavity

RFQ 4-1/2 4-1/2

Rebuncher1 et R3 1-5/8 3-1/8

R2 1-5/8 1-5/8

CA1 to CA8 1-5/8 1-5/8

CA9 to CA12 1-5/8 3-1/8

CB1 to CM14 3-1/8 3-1/8
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Conclusions

Project
The building availability is approaching quickly. A lot of work 

to prepare the integration of the RF systems is being done 

too. 

RF Power System
A lot of work due to contracts already signed, and a lot still 

to come. Very taught but exciting period as we are learning 

very much. 

First beam tests planned end of 2012 

And I’m here to learn even more … 

Most of cavities and accelerator RF devices will be ready 

to be installed as soon as the building comes out. 
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