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Relativistic Impulse Approximation 
(RIA)

• optical potentials
Dirac equation for a projectile proton scattering 
from a target nucleus given by the optical model:

the momentum space Dirac equation
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by relativistic analog of non-relativistic multiple 
scattering theory, optical potential in coordinate 
space:

1st order term

2nd order term



the generalized RIA optical potential 
in the momentum space for the 1st order term

optimal factorization :                                simple
tρ-form
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density matrices
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each nuclear density distribution
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the 2nd order optical potential in the momentum 
space
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correlation function
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the same parameters as in

J.D.Lumpe & L.Ray, Phys.Rev.C35(1987)1040



density 
distributions 
for Ca isotopes  

relativistic 
mean field 
theory (rmft)

for 60-74Ca               
private communication with 
L.S.Geng in RCNP
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density 
distributions 
for Ni isotopes  

relativistic 
mean field 
theory (rmft)

TMA code :Y.Sugahara & H.Toki

NPA579 (1994) 557
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58Ni
2nd
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60,68,74Ca at 200 MeV
60,68,74Ca at 300 MeV
60,68,74Ca at 400 MeV
60,68,74Ca at 500 MeV

Relativistic 
Impulse 
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48-64Ni at 200 MeV
48-64Ni at 300 MeV
48-64Ni at 400 MeV
48-64Ni at 500 MeV
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66-82Ni at 400 MeV
66-82Ni at 500 MeV
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reaction cross sections & 1st dip position

Ca 
isotopes



reaction cross sections & 1st dip position
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study for neutron distribution
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normalized by
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60Ca
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*proton distributions are fixed to the charge or rmf density
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differential cross section
the 1st Born approx.
t-ρ form

2
2 2 2( ) ( ) ( )

2B
d f t q q
d
σ μθ ρ

π
⎛ ⎞= = ⎜ ⎟Ω ⎝ ⎠h

1st dip position ( ) 0qρ =



mean-square radius
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to determine parameters
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obtained density distribution for neutron
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summary

observables of proton-elastic scattering from 40,48,60-74Ca nuclei

and 48-82Ni nuclei

incident energies : 200, 300,400 & 500 MeV

Relativistic Impulse Approximation         IA2 parameters

Relativistic Mean Field Theory          nuclear densities

medium effects

reaction cross section           a little bit smaller

multiple scattering effect  (2nd order potential) 

contributions            at rather low energy & larger angle 

reaction cross section             a little bit larger

dip positions slightly different but not significant



conclusion
to determine the neutron distribution of unstable nuclei

RIA with IA2 parameter

k=0 for incident proton energies :  200-500 MeV

medium & multiple scattering effects : not significant role

both in reaction cross section and dip positions

target nucleus ; Ni isotopes, Sn isotopes

energy range : 200-500 MeV

1st order calculations of RIA with OF

contour maps for the WS parameters:

near future

0 ,r a
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