
BEAM DYNAMICS OF SPL: ISSUES AND SOLUTIONS 

P. A. Posocco, M. Eshraqi#, A. M. Lombardi, CERN, Geneva, Switzerland 
#and ESS Lund, Sweden

Abstract 
SPL is a superconducting H- LINAC under study at 

CERN. The SPL is designed to accelerate the 160 MeV 
beam of LINAC4 to 4-5 GeV, and is composed of two 
families of 704.4 MHz elliptical cavities with geometrical 
betas of 0.65 and 1.0 respectively. Two families of cryo-
modules are considered: the low-beta cryo-module houses 
6 low-beta cavities and 4 quadrupoles, whereas the high-
beta one houses 8 cavities and 2 quadrupoles. The regular 
focusing structure of the machine is interrupted at the 
transition between low beta and high beta structure and at 
1.4 and 2.5 GeV for extracting medium energy beam. The 
accelerator is designed for max. 60 mA peak current 
(40 mA average) and max. 4% duty cycle, implying a 
very accurate control of beam losses. In particular the 
choice of the diagnostics and correction system, the 
maximum quadrupole gradient to avoid Lorentz stripping 
and the effect of the RF power delivery system on the 
beam quality are discussed in this paper. 

INTRODUCTION 
SPL, Superconducting Proton Linac [1], is a CERN 

multi user facility with the aim to produce at 5 GeV a 
high power proton beam suitable for a neutrino factory. 
Fixed target experiments are foreseen at lower energies, 
like ISOLDE at 1.4 GeV or Eurisol at 2.5 GeV. 

LINAC4 [2] accelerates H- ions from 45 keV to 
160 MeV in a sequence of normal conducting structures 
at 352.2 MHz and injects the beam into SPL: the H- are 
then accelerated from 160 MeV to 5 GeV by about 240 5 
cells elliptical cavities (704.4 MHz) whose geometric β in 
the low energy part is equal to 0.65 and 1.0 above (see 
Figure 1). The nominal accelerating gradients are 19 and 
25 MV/m respectively. The transition energy between the 
two families is set between 700 and 800 MeV, optimized 
in order to have the best beam dynamics and the most 
efficient acceleration [3]. At the moment two current 
scenarios are under study: while the final power is the 
same (4 MW), the peak current can be 32 or 64 mA, the 
latter being the highest among high power linac projects 
in the world running or under study (see Table 1).  

A large community participates to the SPL design, 
including members of high power proton linac projects 
and of various Universities, companies and Institutes, all 
generally involved in electron and proton linac studies or 
in the technology of SC cavities. 

SPL BEAM DYNAMICS 

General Criteria 
SPL beam dynamics was designed according to the 

following three general beam dynamics criteria:  

Table 1: High Power Linac Projects in the World 

Param. Unit 
SPL 

SNS ESS Project 
X LC HC 

ion  H- H- H- p H- 

Energy [GeV] 5 5 1 2.5 3 

Beam 
power [MW] 4 4 1.4 5 3 

Rep. rate [Hz] 50 50 60 20 CW 

Av. pulse 
current [mA] 20 40 26 50 1 

P. pulse 
current [mA] 32 64 38 50 10 

Source 
current [mA] 40 80 47 60 ≤ 10 dc 

Chopping 
ratio [%] 62 62 68 / 10 

Beam 
pulse [ms] 0.8 0.4 1 2 100 

Duty 
cycle [%] 4 2 6 4 10 

 
• The phase advance per period for zero current does 

not exceed 90 degrees in all planes to avoid beam 
envelope instabilities. 

• The longitudinal phase advance is always smaller 
than the transverse. The ratio between the two is far 
from the peaks of Hofmann plots [4], avoiding 
resonances.  

• The matching between the two cavity families is 
achieved by means of a smooth transition of the 
phase advance per meter.  

Consequently: 
• Maintaining the cavity voltage at its maximum 

except at the beginning of the low β and high β 
sections where the resulting phase advance would 
exceed 90 degrees, the longitudinal phase advance is 
reduced along the acceleration as the beam energy 
increases. 

• Accordingly, the transverse phase advance is reduced 
in order to maintain the ratio. This is obtained by 
lowering the focalization. As the geometrical 
emittance decreases in the acceleration, the resulting 
average beam size remains almost constant along the 
linac. 
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