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Magnetic spectrometry:  
Using static magnetic fields to learn about 

microscopic world 
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Some analogy 
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MAGNEX: a QD spectrometer 

Scattering  
Chamber 

Quadrupole Dipole 

Focal Plane  
Detector 
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F. Cappuzzello et al., “MAGNEX: an innovative large acceptance 
spectrometer for nuclear reaction studies” in: Magnets: Types, Uses 

and Safety, Nova Publisher Inc., New York, 2011, pp 1-63 

Energy  "E/E # 1/1000 
 
Angle  "θ # 0.2° 
 
Mass  "m/m  # 1/160  

MAGNEX resolution 

We have 
measured in a 
wide mass range  
(from protons to 
medium-mass 
nuclei) 
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The large acceptance problem 
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Hardware minimisation of aberrations 
•  Shaping of dipole entrance and exit boundaries  

     (8th order polynomial shape) 

•  Introduction of surface coils in the dipole pole tips 

•  Rotation of the focal plane detector of 59° 

•  Shift of the focal plane detector 
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Software ray-reconstruction 

if XX
!!

!" :1F

ALGEBRIC  RAY-
RECONSTRUCTION 

"  Solution of the equation of motion for each 
detected particle 
"  Inversion of the transport matrix 
"  Application to the final measured parameters 

fi XX
!!

!:F
Inversion of the transport matrix 

3) High resolution 
measurement at the 
focal plane (highly 
performing 
detectors) JJ,

2)   Algorithm to 
transport and 
invert  

1)  Detailed knowledge 
of the geometry and 
magnetic field 



1) Detailed knowledge of the magnetic field 
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Measurement of the field (3D map) 

Interpolation of the field  
• A.Lazzaro et al., NIMA 570 (2007) 192 

• A.Lazzaro et al., NIMA 585 (2008) 136 

• A.Lazzaro et al., NIMA 591 (2008) 394 

• A.Lazzaro et al., NIMA 602 (2009) 494  JN,



Geometrical 
Parameters at 

the FPD 

Physical 
Parameters at 

the target 

F. Cappuzzello, et al., NIM A 638, (2011) 74  

Direct 
transport 

fi XXF
!!

!:
ALGEBRIC   

RAY-
RECONSTRUCTION 
(Differential Algebras)  COSY-

INFINITY 

Solution of the equation 
of motion for each 
detected particle 

2) Algorithm to transport and invert 
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Geometrical 
Parameters at 

the FPD 

Physical 
Parameters at 

the target 

F. Cappuzzello, et al., NIM A 638, (2011) 74  

Inver
ted transport 

if XXF
!!

!" :1
ALGEBRIC   

RAY-
RECONSTRUCTION 
(Differential Algebras)  COSY-

INFINITY 

Solution of the equation 
of motion for each 
detected particle 

2) Algorithm to transport and invert 
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3) MAGNEX Focal Plane Detector 
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Ion 
trajectory 

Silicon detectors 

Cathode 
(-950V) 

Frisch grid 
(0V) 

Induction pads 

DC wires (750V) 
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Silicon detectors 

cathode 

Frisch 
Grid 

Induction Pads 
Proportional 
Wires 

Frisch grid 
(0 V) 

DC4 DC3 DC1 DC2 

PC 

Induction 
Pads 

Proportional 
Wires (750 V) 
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Particle Identification 

dlr EEET ++=

F. Cappuzzello et al., NIM A 621 (2010) 419 
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Examples of energy spectra 
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Angular distributions 

12Cg.s.(0+),j14Cg.s.(0+)   L = 0 
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Our experiment: 

3-peaks alpha source in the scattering chamber 
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