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Metodi	
  di	
  Produzione:	
  In-­‐Flight,	
  ISOL	
  
	
  



•   Λ  (10-10sec) 
•  Ξ   (10-10sec)	


•  Li11  (neutron rich)    
•  Sn107 (proton-rich)   





284 isotopes with T1/2 > 109 year 
Our beams till 1989 ! 

Un po’ di Storia… 
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Un po’ di Storia… 
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First Isotope Separator experiment 
Niels Bohr Institute 1951 
fast n on U:  Kr and Rb isotopes 

Un po’ di Storia… 
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Selective detection method: α decay 

Un po’ di Storia… 
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Light-ion induced spallation 
Heavy-ion induced fusion 

Un po’ di Storia… 
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Projectile and target fragmentation 

Un po’ di Storia… 



TODAY: Around 3000 of the expected 6000 nuclei have been observed  
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Reazioni	
  di	
  Produzione	
  















 In generale: 
 
•  Piccate ad angoli in avanti 
•  σ ≅ 10-1 – 10 mbarn 
•  few-nucleons away from projectile and target 

Reazioni di Produzione  
Transfer 



Reazioni di Produzione  
Fusion 

292 MeV 54Fe + 92Mo → 146Er(p4n)141Ho 

402 MeV 78Kr + 58Ni → 136Gd(p4n)131Eu 

A.A. Sonzogni et al., Phys. Rev. Lett. 83  1116 (1999) 
D. Seweryniak et al., Phys. Rev. Lett. 86  1458 (2001) 



Participant-spectator reactions  
at relativistic energies  

( above 100 AMeV )  

Reazioni di Produzione  
Projectile Fragmentation 
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Random removal of protons and neutrons from heavy 
target nuclei by energetic light projectiles (pre-
equilibrium and equilibrium emissions). 

Spallation 

Reazioni di Produzione  
Target Fragmentation 



Reazioni di Produzione  
Comparisons 







Optimum Reazioni di Produzione  
 













The	
  rela:ve	
  energy	
  loss	
  in	
  the	
  degrader	
  is	
  
given	
  by:	
  
	
  
	
  
K:	
  constant	
  typical	
  of	
  the	
  degrader	
  
A:	
  nucleus	
  mass	
  
e:	
  thickness	
  of	
  the	
  degrader 	
  	
  
Z:	
  atomic	
  number	
  

L  ENERGY STRAGGLING 
L  ANGULAR STRAGGLING 

L NUCLEAR REACTIONS 

INTENSITY  
LOSS 

Thickness	
  and	
  material	
  	
  are	
  chosen	
  	
  
as	
  a	
  compromise	
  between	
  

	
  desired	
  and	
  undesired	
  effects	
  



























Efficienza	
  di	
  diffusion-­‐effusion	
  da	
  temperatura	
  	
  

Beam 

Multi-slice target 



Ottima qualità dei Fasci ISOL 
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Radioactive Beams 
ISOL (Isotope Separation on Line) In-Flight (Fragmentation) 

Advantages:  
no chemical processes involved, 
high-intensity beams 

high intensity beam  
p,He 

§  heavy elements 
§  target nuclei break into 
  fragments (desired isotopes) 
§  fragments are extracted  
   heating the target to high T 
   (diffusion process) 

§  diffused atoms are collected 
§  ionized  
§  separated 
§  re-accelerated 

•  high intensity beam  
  of heavy elements hits  
  thin production target 
 
•  beam atoms fragment 
  into smaller atoms 
 
•  fragments proceed  
   with same speed and 
   are separate by a magnet 
 
Relativstic beams, forward focus 

Advantages:       excellent beam quality 
Disadvantages: development of diffusion process for 

              each elements GSI: fast beams ≥ 50 MeV/A 
RIA: primary beams: 400MeV/A 
           up to 1pµA 
RIKEN: primary beams: 400MeV/A 
                up to 1pµA (first phase:May 2005) 

Rex-Isolde: 3.1 MeV/A (Z=2-88), ≈104-1011 ions/s 
Spiral: 1.7-25 MeV/A (Z=2-36), up to 1011 ions/s 
Spes: 20 MeV/A (Z=80-160), up to 109 ions/s 

τ > 100 ms 

τ < 1 µs 



…  


