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Accurate modeling of  nucleus-nucleus scattering is of  upmost relevance for the upcoming 
Facility for Rare Isotope Beams (FRIB). Traditional tools using radioactive beams at 
intermediate energies (~100 MeV/nucleon and above) include: 

•  Knockout reactions 
Measures the probability of  nucleon removal from the radioactive projectile. The angular 
momentum of  the removed nucleon allows the identification of  single particle levels, and 
the fragmentation of  single particle strength can be obtained. 

•  (p,2p), (p,pn) and (p,pα) reactions 
Provides information on the energy and other quantum numbers of  the struck particle 
in the nucleus. Angular correlations of  the outgoing particles, or the recoil momentum of  
the nucleus, is connected to the momentum distribution of  the struck particle. 

•  Breakup reactions 
Projectile fragmentation into two or three particles via nuclear and Coulomb breakup 
yields information on resonant and non-resonant states of  the incoming projectile, with 
useful for applications in nuclear astrophysics. 
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•  Medium effects are often ignored in the analysis of  
proton- and nucleus-induced knockout reactions. 
Evidently they have pronounced effects both on the total 
cross sections as well as on the width of  momentum 
distributions. 

•  Initial and final state interactions are also frequently 
neglected.  

•  Old computer codes, based on non-relativistic dynamics 
have been indiscriminately used in experimental analyses. 
At FRIB many reactions will be carried out at bombarding 
energies which require a better understanding of  
relativistic corrections to many-body scattering theory. 

•   Without facing such difficult tasks, knockout and breakup 
reactions maybe inaccurate as spectroscopic tools, thus 
jeopardizing the understanding of  nuclear structure. 
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Figure: Momentum distributions. Data 
versus calculations including different 
methods for  medium effects. 
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•  Starting from the nucleon-nucleon interaction, obtain the effects of  nucleon scattering in 
the finite nuclear medium. An improvement of  Brueckner theory combined with reaction 
dynamics is  envisaged. 

•  Explore methods beyond mean field approximations to include the effects of  relativity on 
the correlations of  few particles within the nuclear medium. Understand the origins of  the 
optical potential for direct reactions at relativistic energies. 

•  Develop new computer codes for direct reactions, based on relativistic dynamics to be 
used in future experimental analysis.  

•  Awake interest of  young talented students to such fascinating problems in nuclear 
physics with applications to other areas of  physics.  
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