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Overview

• SPES Layout

• HRMS design  

• MRMS design
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MRMS
HRMS

SPES Layout

Ion source
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To obtain the ions of interest it is necessary :

● To remove isobar ions produced from the source  
with high resolution mass separator (HRMS) 

● Clean up the beam from contaminants introduced 
by the charge breeder  with medium resolution 
mass separator (MRMS) 

Foreword
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Isobaric nuclei table

HRMS selected species

Nominal beam

1/200 selected species

Beam reference: 132Sn produced by ions source

A separation in mass of over 1/20000 ensures a “clean 
selection”, in particular the  132Cs 

ΔM/M=1/11578

ΔM/M=1/133
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A Scaled up version of the separator 
designed by Cary Davids for 

CARIBU project, Argonne

High Resolution Mass Separator

Parameters CARIBU SPES-LNL

Bending radius 500 mm 1500 mm

Beam Energy 50 keV 260 keV

Magnetic field 
A=20

2.9 
kGauss

2.2 
kGauss

Magnetic field 
A=200

9.1 
kGauss

6.9 
kGauss

Bending angle 60° 90°

Entrance/exit 
angle

23 28.4°

Pole gap 80 mm <80 mm

Pole width 620 mm <640 mm

High Voltage Platform
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No aberrations included in the calculation

First order SPES optics
 First order simulation: mass resolving power and beam envelope

Resolving Power = 95000
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Transverse Gaussian distribution in the phase spaces, truncated at 3 , while uniform in 
the longitudinal phase space with a 1 ev energy spread

1/20000 in massMultiparticle simulation
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It is possible to obtain a resolution equal to 1/40000 if the slit at the of system will be 
close. The percentage of nominal beam which assure a clean beam is 53%.  

Transmission=53%

Separation of 1/40000 with 1 eV 
energy spread
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The beam exit the HRMS is injected in the charge breeder, It increases the beam 
charge state and some contaminants are introduced. 
The MRMS is required to clean up the beam. 

Medium Resolution Mass Separator

Beam
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Analysis of contaminants introduced by the charge Breeder. Purple cells show the 
critical resolution value. A resolution of 0.1 % is sufficient. 

Courtesy of Alessio Galatà

Medium Resolution Mass Separator

Resolution (%)

Nominal beam
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Characteristics of the nominal beam at the entrance of the platform
•MRMS Project requirement

Nominal beam =>  132Sn19+@3.04 Mev (40KV+120KV , extraction + platform voltage);
Norm. Emittance in x-x'=0.1 π*mm*mrad;
Norm. Emittance in y-y'=0.1 π*mm*mrad;

Mass resolving power  0.1%

Medium Resolution Mass Separator

Beam input

Parameters

Bending radius 750 mm

Beam Energy 3.04 MeV

Magnetic field 
A=132 q=19+ 2 kGauss

Bending angle 90°

Entrance/exit angle 33,35°

Pole gap 70 mm

Pole width 400 mm
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 First order simulation: mass resolving power and beam envelope 

Medium Resolution Mass Separator
Longitudinal beam dynamics

In FWHM
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Resolving power

Resolving power >1/1000

Simulation of a beam with ΔM/M= 0.1% 

Output

Transverse beam dynamics

Input
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Resolving power

Contaminants with ΔM/M=±1/1000 are ≈ 0% 
of the selected beam

Transverse beam dynamics

Using a slit size equal to the 94 % 
of maximum beam size the
 particles loss are 1 %
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Conclusions
• MRMS Dipoles are commissioning; 

• The study and design of MRMS was preparatory to the 

HRMS study;

• This kind of system are very sensitive to external variable, 

the errors study has been done, we are confident about the 

separator.


