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Abstract 
The final status of the 200kW Beam Stop (SAFARI) 

located in the high energy beam transport lines of the 
SPIRAL2 driver accelerator will be presented. Special 
focus will be done on the coupling between beam 
dynamic and thermo-mechanical behaviour. Optimization 
by various fluids studies and calculations led us to an 
original design of a compact copper Beam Stop with a 
counter-current water cooling system. 

INTRODUCTION 
SPIRAL2 facility at GANIL-Caen [1] will deliver high 

intensity rare isotope beams for fundamental research in 
nuclear physics, high intensity stable heavy ions beams, 
and high neutron flux for multidisciplinary applications. It 
will give access to a wide range of experiments on exotic 
nuclei, which have been impossible up to now. The driver 
accelerator will produce various accelerated beams at 
high intensities, especially 40 MeV deuterons up to 5mA.  

This paper describes the studies performed on the high 
energy beam transport lines with a special focus on the 
line from LINAC up to the Beam Stop [2]. Then, the 
complete design of the new high efficiency Beam Stop 
nicknamed SAFARI (Système Arrêt Faisceau Adapté aux 
Rayons Intenses - Optimized Beam Stop Device for High 
Intensity Beams) will be presented [3,4]. Finally, taking 
into account the beam characteristics and activation 
constraints [5],  studies and optimizations have been done 
on cooling and thermo-mechanical dimensioning.  

BEAM DYNAMICS IN THE HEBT 

The High Energy Beam Transport Lines 
Since 5 years, according to the progresses of the 

physics requirements, a lot of parameters were taken into 
account: beam dynamics of various ion species at various 
energies, diagnostics measurements using different 
techniques, quadrupoles, dipoles, and correctors (steerers) 
sizes and locations, valves, vacuum pumps... Transport 
lines cost and building implantation are also crucial 
aspects. Finally, a major pressure on the HEBT design is 
the safety and radioprotection, beam losses have to be as 
low as possible: less than 1W/m of Deuterons beam. 

At the present time, the HEBT lines (Fig. 1) are 
completely defined. Total length is 88.7m. 5 sub-lines 
compose the HEBT:  

 LHE1: from the end of the LINAC up to the 
SAFARI Beam Stop; 

 LHE2: up to the UCx target devoted to the fission 
fragment production; 

 LHNFS: up to the Neutrons For Science NFS 
experimental area; 

 LHS3N: up to the Super Separator Spectrometer S3 
area. 

 
Magnetic and diagnostic elements must work in a large 

range in energy and intensity. From safety studies and 
conclusions, the 200kW beam power (40MeV, 5mA of 
Deuterons) is the worst case in terms of dose rate for 
maintenance and others aspects. 

 
Figure 1: 3D view of the HEBT lines: LHE1 (red), LHE2 
(green), LHNFS (black), LHS3N (blue). 

Beam dynamics up to SAFARI 
The LHE1 line is 21.3m long from LINAC exit up to 

SAFARI entry. According to the detailed composition of 
the line [4], transverse RMS beam sizes at the SAFARI 
entry are equal to 16mm and 3mrad for all species and 
energies in order to take into account to the various 
studies and recommendations:  

 field gradients smaller than the limits, 
 constraints induced by a dedicated Beam Stop room, 
 no focusing lenses in the Beam Stop room, 
 manageable beams in the last section, 
 limited backward neutron and gamma radiation rate, 
 limited vacuum volume. 

 
Figure 2: 5RMS deuterons beam envelops along the 
LHE1 using TraceWin code [6]. BS entrance=154mm. 

The beam size is a compromise between all these 
aspects. In nominal mode, 40W beam losses occur on the 
segmented ring located 1m before SAFARI. This element 
will be a control of size and beam position. 
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