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Indirect Methods in Nuclear Physics



Theory for indirect methods for NA 
• Optical potentials: (a) parameter quantification analysis, (b) microscopic theory

• Off-shellness: On-shell energy/momentum of extracted information not well established 
for most reactions. I.e., extracted NA cross sections not the same as with free particles

• Relativistic corrections, 100 MeV/nucleon ~ 10% nucleon mass: (a) kinematics easy, 
(b) dynamics difficult because of retardation, simultaneity. Problem worsens at large Elab

• Quasi-free processes not proved for most THM, knockout, transfer, or CE reactions

• Multinucleon collisions not well assessed in knockout, (p,2p) or CE reactions
•
• Factorization into structure and reaction parts not consistent (e.g., different interactions, 

eigen and scattering states obtained with different Hamiltonians)

• Medium effects, nuclear polarizabilities, coupled channels,  too simplified

• No statistical theory exists for nuclear reactions in the nucleus-nucleus continuum
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