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http://www-win.gsi.de/charms/euro2000.htm 



C. Nociforo, IDPASC School – Siena – 2013 Oct 4-6

1
Nucler reactions to produce
RIBs
• fragmentation
• spallation
• fission
• fusion
• transfer

High Energy

High and Low 
Energy

vfrag ~ vproj

Thick target (few g/cm2) to increase the yields   Y (Z,A) = Nt I proj s(Z,A) e

cross section
transmission, 
selection and
efficency

I proj : N proj / s

Eproj ~ 100-1000 MeV/u , l ~ 2-0.2 fm
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Limitation on the half-life is only given by the 
flight time of the ions through the device.
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J.P. Dufour et al. NIM A 248 (1986) 267
K.-H. Schmidt et al. NIM A 260 (1987) 287

Because the fragments have approximately the same velocity they will loose 
different momenta in the degrader depending on their atomic number Z and 
will exit with different magnetic rigidity.

The final position and 
angle do not depend on 
momentum. 
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Wedge shaped disc and double-shaped wedge machined with mm precision
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disc d=100 mm 

disc 

wedge 
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H. Geissel et al. NIM B 204 (2003) 71
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Since 20 years operative !
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Br – ToF – DE 

method 
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mid FRS focal plane
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J. Kurcewicz et al., PLB 717 (2012) 371
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J. Kurcewicz et al., PLB 717 (2012) 371
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C.B. Hinke et al., Nature 486 (2012) 341
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allowed nuclear b-decay, 
establishing the ‘superallowed’ 
nature of this pure ���������	
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Masses (MATS)
Lifetimes (DESPEC)
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GSI today Future facility
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Primary Beams
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Available intensities determine the type/detail of studies that can be performed

Secondary Beams
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Comparison FRS - Super-FRS 
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MOCADI code

(http://web-docs.gsi.de/~weick/mocadi/)
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MOCADI simulations
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Dipole gaps:   170 mm
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The energy loss for a charged (z) particle crossing a medium (Z, A) dx is:

where with me and re the electron mass 
and classical radius,
NA is the Avogadro´s number.

The parameter

where with Tmax the maximum 
kinetic energy transferred 
to a free electron in a 
single collision, I the mean 
excitation energy and d
the density correction.Neglecting               (*) is the Bethe-Bloch equation.

(*) 
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At non-relativistic energies the ionization energy loss has 1/b2 energy dependence,
whereas at relativistic energies the energy loss is slightly growing. 
It has a minimum at a certain energy; a particle with this energy is called a ´minimum
ionizing particle´ (MIP). The Bethe-Bloch formula describes quite precisely the energy 
losses of projectile z=1, however it fails applied to heavy ions at both low and high 
energies. Therefore, further corrections                 must be applied.

Lindhard-Sørensen (LS) correction takes into account a finite nuclear size.

At Ekin > 500 MeV/u the expression derived for point-like ions is valid:

where                   ,
with a the fine structure 
constant, dk the relativistic 
Coulomb phase shift and k
a parameter used in the 
summation over the partial 
waves.
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The LS correction gives perfect agreement with the experimental data for bare 
projectiles. At lower energies the heavy ions are no longer completely stripped. 
Therefore, z is replaced by the effective charge
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where v0 is the Bohr velocity.
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