
1 ECOS-EURISOL Joint Town Meeting – 28-31/10/2014 - Orsay 

Unité mixte de recherche  

CNRS-IN2P3 

Université Paris-Sud 11 

 

91406 Orsay cedex 

Tél. : +33 1 69 15 73 40 

Fax : +33 1 69 15 64 70 

http://ipnweb.in2p3.fr 
 

Guillaume OLRY 
 

olry@ipno.in2p3.fr 

Status of (some) Spoke cavity 

developments worldwide 



2 ECOS-EURISOL Joint Town Meeting – 28-31/10/2014 - Orsay 

Proofs of inflation in Spoke cavity use… 
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Nowadays… 

2014 

TRIUMF 

FERMILAB 

JLAB 

ODU IPN 
IBS 

IMP 

NIOWAVE 

NPS 

LANL 

JAEA 

RIKEN 

IHEP PKU 



4 ECOS-EURISOL Joint Town Meeting – 28-31/10/2014 - Orsay 

Developments for low and medium 
velocity (β≤0.5) proton and ion Linacs 
 

Developments for electron (β=1) and 
high velocity (β≥0.5) proton and ion 
Linacs 
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IPN involvements 

RIB 

2005-2009: EURISOL Design Study 
 

Prototyping (done): 1 Triple-Spoke 
Cavity 

From 2005: IP-EUROTRANS, CDT, MAX, 
(MYRTE)  

 
Prototyping (on-going): 2 Single-Spoke 

cavities 

ADS Spallation 
Source 

From 2009: ESS 
 

Prototyping phase (on-going): 3 Double-
Spoke cavities 

Construction phase (in 2016): 26 Double-
Spoke cavities 

“in-house” 
R&D 

1999-2004 
 

Prototyping (done): 2 Single-Spoke 
cavities 
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IPN: EURISOL 
Driver 

Post-Accelerator 

Beam  

preparation 

RIB 
 

production  

 

1 prototype built (2011) 
 
@300K  
• tested with several 

tuning systems 
 
@2K 
• 1st RF test showed 

strong multipacting 
barriers 

• Recent RF test failed 
because of cracks 
(weld seam) 
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IPN: MYRRHA 

Design of Single-Spoke cavities at 352 MHz with β=0.37 

24 cryomodules, 48 spoke cavities 

LINAC 2014 

2 fully jacketed Single-Spoke in fabrication (2015)  

Spoke cryomodule Bare cavity 

Same stiffeners as the 
ESS Spoke cavity = cost 
reduction 
(“standardisation”) 

http://myrrha.sckcen.be/en/MYRRHA 
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IPN: ESS 

 Stiffeners for vacuum load 
compensation 

Titanium 
vessel 

 4 ports on cavity 
end-wall for High 
Pressure Rinsing 

Ø100 Coupler 
port 

Mechanical optimisation 

SRF 2013 

3 Double-Spoke cavities being delivered in 2014 

SRF 2013 

MP calculations (after final design, no 
optimisation) 

7 – 13 MV/m 0.3 – 0.6 MV/m 

Design of a double-spoke cavities at 352 MHz with β=0.50 

13 cryomodules 
26 spokes 

LINAC 2014 

FIRST CAVITY RECEIVED (October 13, 2014) 
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IHEP/IMP: C-ADS 
SRF 2013 

• Design of a Single-spoke cavities at 325 MHz with 3 different betas (0.12, 0.21 & 
0.40), more than 100 cavities 

• R&D on other betas and Spoke type 
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IHEP 

Injector I: Two Single-Spoke 0.12, 325 MHz already built, tested in VT and HT. 

J. Dai, private 
communication 

 

VT in Dec. 2012 @ 4 K Bulk BCP 150 um 

Annealing 750 C, 3 hours 

Light BCP 30um 

Baking 100 C, 48 hours 

8 MV/m 
No Quench, FE & MP limitation 

 

HT in Sept. 2013 @ 4 K 

6.5 MV/m 
Limitation: Heavy MP 

SRF 2013 

Mass production has started 
 4/11 cavities already produced and received! 

H. Zhao, “China ADS linac R&D 
progress”, talk given at Linac 2014 
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IHEP 

Main linac: Vertical test of one (over 5) Single-Spoke 0.21, 325 MHz 

J. Dai, private 
communication 

SRF 2013 

VT in Jan 2014 @ 4 K 

11.4 MV/m 
Quench (?) 

Jacked with 

adjustable 

antenna 

From 

design to 

fab. 
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IHEP 

Main Linac: design of a Single-Spoke 0.40, 325 MHz 

SRF 2013 

Fabrication 

started last 

year 

H. Zhao, “China ADS linac R&D 
progress”, talk given at Linac 2014 
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IMP 

Main Linac: Single-Spoke 0.21, 325 MHz: 3 cavities built and tested in vertical 
cryostat 

Y. He, private 
communication 

H. Zhao, “China ADS linac R&D 
progress”, talk given at Linac 2014 
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IMP 

 On-going R&D activities on cavity design 

Chinese Physics C, 
submitted 

magnetic field distribution 

Design of Single-Spoke 0.32, 325 MHz 

electric field distribution 

Y. He, private communication 

Design of Double-Spoke 0.37, 325 MHz 
(as an alternative to Spoke 0.40) 

Design of Double-Spoke 0.52, 325 MHz 

Y. He, private communication 

With Stiffeners Without Stiffeners 

Design of CH-type 0.067, 162.5 MHz 

Y. He, private communication 

Vertical Test 
Sept 2014 
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Development and Performance of Spoke Resonators at Fermilab 
– L. Ristori, Seminar Janv 2014 – IPN Orsay 

For PXIE, 25 MeV, 1 mA (=Injector of Project X) 

SSR1 Single-Spoke Resonator at 325 MHz with β=0.22 
SSR2 Single-Spoke Resonator at 325 MHz with β=0.51 
 
No bellows 

Stainless Steel vessel 

FERMILAB: PXIE 
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FERMILAB 

Spoke with collars Finished end-wall 

2 SSR1 prototypes and 10 SSR1 series cavities 

Prototype: 
jacketed cavity 

Series: bare 
cavity 

Development and Performance of Spoke Resonators at Fermilab 
– L. Ristori, Seminar Janv 2014 – IPN Orsay 

largest series of Spoke 
cavities in the world 
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FERMILAB 
SRF 2013 

Vertical tests @ 2K of the 9 received SSR1: all validated Very high Epk 

Highest Eacc (22 MV/m) and Epk (84 MV/m) ever 
reached in Spoke cavity in CW mode 

LINAC 2014 

No severe degradation from bare cavity tested in VC 
(black dots) to jacketed cavity tested in HC (red dots) 
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IBS: RISP 

• 2 SC Linacs (SCL1 and SCL2) for ions acceleration: proton (600 MeV) to 
Uranium (200 MeV/u) 

• 1 SC Linac for RIB acceleration (18.5 MeV/u) 

LINAC 2014 
H.J. Kim, “Status of the RAON Heavy 
Ion Accelerator Project”, talk given 

at Linac 2014 

RAON (Driver Linac SCL1 and SCL2) 
 

23 SSR1 Single-Spoke Resonators  
at 325 MHz with β=0.30 

 
 
 
 

 

23 SSR2 Single-Spoke Resonators 
at 325 MHz with β=0.51 

LINAC 2014 
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RIKEN Nishina Center SRF 2013 

Rebuncher for intense heavy ions 

First Single-Spoke model in 
Copper under fabrication 

Low frequency 
for better phase 
acceptance 

Triple-Spoke Resonator at 219 MHz with 
β=0.303 
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Developments for low and medium 
velocity (β≤0.5) proton and ion Linacs 
 

Developments for electron (β=1) and 
high velocity (β≥0.5) proton and ion 
Linacs 
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J. Delayen, Superconducting RF Spoke 
Cavities for Electron and High-
velocity Proton Linacs, LINAC 2012 

4 different 
frequencies 

3 different 
spoke type 
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ODU/JLAB 

Generic studies for high velocity protons and ions linac 

First prototype under fabrication: 325 MHz, 
β0 = 0.82 Single-Spoke cavity 

• Design and optimization of double-spoke cavities at 325 and 352 
MHz with β=0.82 and 1 

PhysRev STAB 

MP soft barriers study  
End-wall shape optimisation 
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ODU/JLAB 

For Compact Light Source (CLS) 

• Goal: energy gain > 25MeV with 4 double-spoke cavities at 500 MHz with β0=1 

SRF 2013 

Extra ports on end-wall  cavity preparation 
like the ESS Double-Spoke cavity 

LINAC 2014 

Interesting point: cavity in 2 pieces 
and final welding in the centre 

Leak on cavity's flange 
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JAEA 

For ERL 

ERL 2011 

First Aluminum cavity model for RF and HOM studies 

• Design of a 5-gap spoke cavities at 650 MHz with β0=1 
 
 Compactness and easier HOM extraction compared to 9-cell elliptical cavity  

PASJ 2012 
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KEK/KYOTO/JAEA 

For compact industrial-use X-ray source 
• Design of a 2-gap spoke cavitiy at 325 MHz with β0=1 

LINAC 2014 

Fabrication has just started 
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Thank you for your attention 
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TRIUMF: Balloon Spoke cavity 

No MP > 2 MV/m 

B. Laxdal, private 
communication 
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JLAB 
F. He et al, Design of a beta=1 double 
spoke cavity for the BES-CLS ICS light 
source, FLS2012 

Intensive MultiPacting calculations and cavity shape optimizations to reduce MP barriers 

Surviving MP after 20 RF periods 

1: 1.4-1.8 MV 2: ~1.4 MV 

3: 1.8-4.6 MV 

Suppress MP > 4.6 MV/m 
and reduce the impact 
energy of the 2 points, 

order=1 

Rouding corners 

Original geometry Optimised geometry 
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JLAB 

For Compact Light Source (CLS) 
 

• CW Linac at 4 K for 1 mA 
electron, 4 MeV in, 22 MeV 
out (20MeV minimum). Linac 
length <= 4m 

• Two double-spoke cavities at 
352MHz with β0=1 in one 
cryomodule 

Specification: Vacc/cavity = 9 MV, Ep < 30 MV/m, Bp < 80 mT 

F. He et al, Design of a beta=1 double 
spoke cavity for the BES-CLS ICS light 
source, FLS2012 

Single-Spoke cavity as a first prototype. 


