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Abstract 

The high energy part of the Superconducting Proton 
Linac at CERN (SPL) is composed of two families of 
elliptical 704 MHz cavities with respective beta’s of 0.65 
and 1.0. These cavities are aimed to work in pulsed mode 
(50Hz, duty cycle 5%), with a beam current of 40 mA and 
RF peak power up to 1 MW. 

At CEA-Saclay, in the frame of the FP7/EUCARD 
program (European Coordination for Accelerator 
Research & Development), we designed the beta =1 
cavity. Since this cavity should reach a challenging 
gradient of 25 MV/m in operation, the RF design has 
been carefully optimized. Precise location of high power 
coupler has been determined to achieve the optimal 
external coupling at full beam current, and monopole high 
order modes have been identified and characterized. In 
order to keep the extra power required to stabilize the 
accelerating field in operation, we studied the mechanical 
behaviour of the cavity and how it influences the RF 
characteristics. 

RF OPTIMIZATION OF THE 
GEOMETRICAL PARAMETERS  

The =1 SPL cavity is aimed to work in the pulse 
mode, with the set of machine parameters resulting from 
the optimization of the SPL accelerator design [1] given 
in Table 1. 

 
Table 1 : Design parameters for the =1 part of the SPL 
accelerator 

RF frequency  704.4 MHz 

Cavity   1 

Number of cells 5 

Accelerating gradient (Eacc) 25 MV/m 

Average pulse current (Ibeam) 40 mA 

Synchronous phase (s) -15 ° 

Peak RF power  1 MW 

Repetition frequency  50 Hz 

Duty cycle  5% 

Operating Temperature  2 K 

 

As the design gradient of 704.4 MHz -  = 1 cavities is 
6 % above the gradient specified for XFEL 
superconducting cavities (25 MV/m instead of 
23.4 MV/m), we used the elliptical TTF cavity [2] as a 
starting design. Thus the geometry of inner cells is 
resulting from a scaling from 1300 MHz down to 
704.4 MHz 

The shape of each outer cell has been adjusted 
separately to optimize the RF parameters while fitting on 
beam tubes with different diameters. Though smaller 
diameters could help to increase the shunt impedance, a 
140 mm diameter is fixed on one side due to fundamental 
power coupler (FPC) geometry and Qext specification. 
Since the new Saclay V frequency piezo-tuner has to fit 
the beam tube of opposite side, diameter is fixed to the 
maximum value (130 mm). Our reference cavity ends 
with 80 mm diameter flanges, which means tapered tubes 
at both side of the cavity. From flange to flange, the 
overall length of the cavity is 1393 mm.  

The RF parameters associated with this geometry are 
summarized in Table 2. 

 
The accelerating mode (-mode) in the optimized SPL 

cavity is shown on Figure 1.  
 

Figure 1: E field of the TM01 fundamental mode in the 
beta=1 704.4 MHz SPL cavity. 

The BCS resistance has been calculated using the 
formula [3]: ܴௌ = 2. 10ିସ 1ܶ ൬1݂.5൰ ²݁ିଵ./் 

Table 2: RF parameters of the  = 1 SPL cavity 

Frequency [MHz] 704.4 

Bpk/Eacc [mT/(MV/m)] 4.20 

Epk/Eacc 1.99 

G [Ohm] 270 

Cell to cell coupling 1.92 % 

r/Q [Ohms] 566 

Lacc = Ngap./2 [m] 1.0647 

Maximum energy gain @ Bpk = 100 mT 25 MeV 
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