
Old Dominion University Old Dominion University 

ODU Digital Commons ODU Digital Commons 

Physics Faculty Publications Physics 

2011 

Design of Superconducting Multi-Spoke Cavities for High Velocity Design of Superconducting Multi-Spoke Cavities for High Velocity 

Applications Applications 

C. S. Hopper 

Jean R. Delayen 
Old Dominion University, jdelayen@odu.edu 

Follow this and additional works at: https://digitalcommons.odu.edu/physics_fac_pubs 

 Part of the Engineering Physics Commons 

Original Publication Citation Original Publication Citation 
Hopper, C.S. & Delayen, J.R. (2011) Design of superconducting multi-spoke cavities for high-velocity 
applications [Paper Presentation]. SRF2011: 15th International Conference on RF Superconductivity, 
Chicago, Illinois. https://accelconf.web.cern.ch/SRF2011/papers/mopo033.pdf 

This Conference Paper is brought to you for free and open access by the Physics at ODU Digital Commons. It has 
been accepted for inclusion in Physics Faculty Publications by an authorized administrator of ODU Digital 
Commons. For more information, please contact digitalcommons@odu.edu. 

https://digitalcommons.odu.edu/
https://digitalcommons.odu.edu/physics_fac_pubs
https://digitalcommons.odu.edu/physics
https://digitalcommons.odu.edu/physics_fac_pubs?utm_source=digitalcommons.odu.edu%2Fphysics_fac_pubs%2F763&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/200?utm_source=digitalcommons.odu.edu%2Fphysics_fac_pubs%2F763&utm_medium=PDF&utm_campaign=PDFCoverPages
https://accelconf.web.cern.ch/SRF2011/papers/mopo033.pdf
mailto:digitalcommons@odu.edu


DESIG  OF SUPERCO DUCTI G SPOKE CAVITIES FOR HIGH-
VELOCITY APPLICATIO S 

C. S. Hopper1#, J. R. Delayen1,2 
1Center for Accelerator Science, Old Dominion University, Norfolk, VA 23529, USA. 

2Thomas Jefferson National Accelerator Facility, Newport News, VA 23606, U.S.A.

Abstract 
Superconducting spoke cavities have been designed and 

tested for particle velocities up to  ~ 0.6 and are 
currently being designed for velocities up to  = 1.  We 
present the electromagnetic design for two-spoke cavities 
operating at 325 MHz for = 0.82 and  = 1. 

I TRODUCTIO  
Accelerating charged particles from = 0.6 to  = 0.8 

has typically been accomplished using elliptical cavities.  
Single and multiple-gap spoke cavities offer several 
advantages over their elliptical counterparts.  The 
diameter of a spoke cavity is on the order of the half the rf 
wavelength, whereas the diameter of an elliptical cavity is 
twice that.  This allows for either smaller physical 
dimensions at the same operating frequency or close to 
half the operating frequency for the same physical 
diameter.  Since the BCS surface resistance is 
proportional to the square of the rf frequency, spoke 
cavities could allow for 4 K operation as well as a higher 
voltage gain over a wider range of velocities [1, 2]. We 
report here on the design of double-spoke 325 MHz 
cavities for  = 0.82 and 1. 

ELECTROMAG ETIC DESIG  
High surface fields in superconducting cavities can 

have detrimental effects on performance.  If the surface 
magnetic field is too high, quenching can occur and if the 
surface electric field is too high, field emissions can be 
induced.  When comparing the performance of cavities, 
we often refer to the normalized surface fields, Ep/Eacc and 
Bp/Eacc, where Ep is the peak surface electric field, Bp is 
the peak surface magnetic field and Eacc is accelerating 
electric field which is defined here as 

ܧ    = ௐ(ఉబ)ఉబఒ                               (1) 

where Δܹ(ߚ) is the energy gain at the optimal velocity.  
Minimizing these fields is often the first step in cavity 
design, and the results of which are presented here. 

Optimization of Peak Surface Fields 
The cavity’s radius and iris-to-iris length are 

approximately determined by the operating frequency and 
desired .  The peak surface fields, however, depend 
greatly on the shape and dimensions of both the spoke 
base and the spoke aperture region.  All of the results 

presented are at a frequency of 325 MHz and = 0.82 
and = 1.  

Figure 1 shows the spoke parameters discussed here.  
For convenience, we will refer to the elongated dimension 
of the spoke (base or aperture, elliptical or racetrack) as 
either being longitudinal or transverse with respect to the 
beam line.  Both the spoke base and aperture region have 

been investigated with the elliptical, cylindrical, and 
racetrack geometries.    

Spoke Base 
The magnetic field of the fundamental accelerating 

mode in a spoke cavity is more concentrated near the 
outer conductor’s surface and encircles the spokes.  The 
size and shape of the spoke base region can thus have a 
strong effect on the peak surface magnetic field.  The 
spokes run radially through the cavity, so changing the 
size of the base does have an effect in the beam-line 
region as well since the spoke tapers down to the center.  
In figure 3, the normalized magnetic field is shown as a 
function of the spoke base dimensions.  The dimension is 
normalized to the rf wavelength corresponding to a 
frequency of 325 MHz.  More detail on the optimization 
procedure can be found elsewhere [3]. 
    For a longitudinal spoke base orientation, the length of 
the spoke base is changed beginning from cylindrical to a 
value at which the spoke is close enough to the outer wall 

Figure 1: CST MWS view of half the cavity with a 
transverse racetrack design at the base and aperture (a) 
and longitudinal ellipse at the base and transverse ellipse 
at the aperture (b).  Racetrack part of spoke (c) and 
elliptical part of spoke (d).  The dimensions of each 
carry a subscript a or b which refers to either the aperture 
or base. 
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comparable, so it would appear that there is some benefit 
to be had by not strictly balancing the fields in each cell.  
We choose to have the spoke separation slightly below 
β0λ/2 in order to reduce the peak surface electric and 
magnetic fields.   

    
 

Figure 7: Longitudinal electric field profile of the 
fundamental accelerating mode for different spoke 
separation distances. 

 
    The physical dimensions are presented in table 1 and 
the rf properties we have simulated thus far for the 325 
MHz, β0 = 0.82 and β0 = 1 are given in table 2.   

CO CLUSIO  
The optimization for high- spoke cavities is ongoing.  

For both frequencies and values of beta we are 
optimizing, we find that transverse spoke base and 
aperture orientations seem to produce the lowest surface 
fields.  Our results are promising and indicate the need for 
further research in this area, which we are pursuing.   
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Figure 6: Normalized surface magnetic and electric fields 
vs. the spoke separation distance. 

Table 2: RF parameters 

Parameter = 0.82 = 1.0 Units 

Frequency 
fundamental mode 

325 325 MHz 

R/Q  543 621 Ω

Geometrical factor  167 188 Ω 

Ep / Eacc  2.49 2.27  

Bp / Eacc 5.4 5.32 mT/(MV/m) 

Bp / Ep 2.17 2.34 mT/(MV/m) 

At Eacc = 1 MV/m and reference length =   

Table 1: Physical Dimensions 

Parameter = 0.82 = 1.0 Units 

Cavity diameter 629 642 mm 

Iris-to-iris length 956 1178 mm 

Cavity length 1136 1370 mm 

Aperture diameter 60 60 mm 

Spoke separation (/ 2)

0.84 0.86 0.88 0.90 0.92 0.94 0.96 0.98 1.00 1.02 1.04
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