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Abstract  
CERN’s R&D programme on the Superconducting 
Proton Linac’s (SPL) superconducting radio frequency 
(SRF) elliptical cavities made from niobium sheets 
explores new mechanical design and consequently new 
fabrication methods, where several opportunities for 
improved optimization were identified. A stainless steel 
helium vessel is under design rather than a titanium 
helium vessel using an integrated brazed transition 
between Nb and the SS helium vessel. 
Different design and fabrication aspects were proposed 
and the results are discussed hereafter.  

INTRODUCTION  
The SPL is an R&D effort coordinated by CERN in 
partnership with other international laboratories, aimed at 
developing key technologies for the construction of a 
multi-megawatt proton linac based on state-of-the-art RF 
superconducting technology, which will serve as a driver 
for new physics facilities such as neutrinos and 
Radioactive Ion Beams (RIB). Amongst the main 
objectives of this R&D effort, is the development of 704 
MHz bulk niobium =1 elliptical cavities, operating at 2 
K with a maximum accelerating field of 25 MV/m, and 
the testing of a string of cavities integrated in a machine-
type cryomodule. 
In an initial phase, at CERN, four β=1 cavities will be 
supplied and will need to be tested together as they would 
operate in a machine-type cryo-module [1]. Fig. 1 
presents the cavity together with its helium tank, main 
coupler [2], HOM coupler, tuner, and cold magnetic 
shielding in the configuration that will be tested at CERN 
in the cryo-module. 

 
Figure 1: SPL β=1 cavity in its helium tank. 

 
 
 

CAVITY 
The main design properties of the β=1 cavities are 
summarised in Table 1, for a 50 Hz pulsed operation, 20 
mA current and 0.8 ms beam pulse length. 

Table 1: β=1 Cavity, Main Design Properties and 
Operation. 

Property Units Value 
Cavity material - bulk niobium
Gradient MV/m 25 
Quality factor Q0 - 5 ·109 

R/Q - 570 
Operating Temp. K 2 
Cryog. duty cycle % 8.22 
Dynamic heat load W 20.4 

MATERIAL 
Cavities will be manufactured using high purity niobium. 
CERN has placed an order to purchase   570 kg of pure 
niobium in the form of sheets and tubes. The whole of the 
material supply goes through an extensive series of tests:  
 Ultrasonic inspection, for continuity faults and for 

attenuation variations (attenuation specification  
< 20%); 

 Surface roughness, Rt (specification Rt ≤ 15 μm). 
 Hardness, HV10 (specification < 60 HV10); 
 Microstructure, for grain size and uniformity; 
 Electrical residual resistivity ratio RRR, in bulk 

material (specification RRR > 300); 
 Tensile properties, longitudinal and transverse to 

rolling direction (specification tensile strengths > 140 
MPa, yield strengths between 50 MPa to 100 MPa, 
elongation at break > 40%). 

MANUFACTURING 
A copper cavity mock-up is under fabrication at CERN 
with the same geometry as the future niobium cavities. 
This mock-up, aiming to be used for real-scale HOM 
measurements, is also used to set all the manufacturing 
parameters and to identify any difficult steps. The 
processes of fabrication such as mechanical design, 
shaping, and welding of half-cells were done by CERN. 
To produce accurate shapes, spinning has been chosen as 
a shaping technique for the half-cells as well as the end 
groups (Fig. 2).  
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