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Introduction

                                  Purpose
Study the domain of applicability of microscopic two-body 
chiral potentials in the construction of an optical potential

Optical potentials                            Applications
● Phenomenological

● Microscopic

Many adjustable parameters set up fitting 
a large amount of experimental data

Built in terms of the underlying NN 
scattering amplitudes

Based on an effective 
NN interaction

● Nucleon-nucleus elastic 
scattering

● Inelastic scattering

● Other nuclear reactions



Why a microscopic approach?

● Microscopic optical potentials do not contain adjustable 
parameters

● We expect a greater predictive power when applied to 
situations where experimental data are not yet available

Study of unstable nuclei 



Statement of the problem

Lippmann-Schwinger (LS) equation for nucleon-nucleus scattering

Separation of the LS equation

Transition operator for the elastic scattering

Free propagator                      Free Hamiltonian                   External interaction



The spectator expansion

The spectator expansion for the optical potential operator



The single-scattering approximation



The single-scattering approximation



The single-scattering approximation

Optical potential operator

The first-order term



The impulse approximation

Useful approximation for the 
intermediate-energy regime

Only two-particle integral equations

Useful approximation for the 
intermediate-energy regime

Only two-particle integral equations 

We neglect the coupling of the struck target nucleon with the residual nucleus

The interaction between the two nucleons is considered as free:

The free NN t matrix The free two-body propagator

Optical potential operator



The first-order optical potential

Elastic scattering amplitude

The first-order optical potential

Momentum transfer                        Total momentum



Optimum factorization approximation

Expansion of the t matrix in a Taylor series in P

Time-reversal invariance of the ground state density matrix

Neutron and proton density profiles

A factorized form of the potential is obtained choosing 



Optimum factorization approximation

The optimum factorized optical potential

Basic ingredients

1. Nucleon-nucleon interaction

2. Neutron and proton densities



Chiral potential up to N3LO

● QCD symmetries are consistently 
respected

● Systematic expansion (order by 
order we know exactly the terms to 
be included)

● Theoretical errors. Order by order in 
a power expansion, the uncertainties 
are of order of 

● Two- and many-body forces belong 
to the same framework

Chiral potential up to the fourth order
Only the two-body part



Chiral potentials up to N3LO

● Three possible choices for the 
LS cut-off:                                
Λ= 450, 500, 600 MeV

● Dimensional regularization of 
the two-pion exchange term in 
the potential

● Three possible choices for the   
LS cut-off:                                   
Λ= 450, 550, and 600 MeV

● Spectral function representation    
Λ' = 500, 600, and 700 MeV

● Available choices                         
(Λ,Λ') = (450, 500), (450, 700), 
(550, 600), (600, 600), (600, 700) 
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Comparison with experimental data

M. Vorabbi, P. Finelli, and C. Giusti, Phys. Rev. C 93, 034619 (2016)
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Chiral potentials up to N4LO

Machleidt et al. (EKMN)
Phys. Rev. C 91, 014002 (2015)

● LS cut-off:    Λ = 500 MeV
● Dimensional regularization of 

the two-pion exchange term

Epelbaum et al. (EKM)
Phys. Rev. Lett. 115, 122301 (2015)

● Semi-local regularization
R = 0.8, 0.9, 1.0, 1.1, 1.2 fm



Comparison with experimental data



Comparison with experimental data



Density-dependent NN chiral potentials

Equation for the optical potential                   External interaction

Inclusion of density-dependent corrections to the bare NN force

DDNN chiral potential operator

Bare NN interaction

Effective density-dependent
in-medium NN interaction 
derived from the LO chiral 
3N force

J. W. Holt, N. Kaiser, W. Weise, Phys. Rev. C 81, 024002 (2010)



Density-dependent NN chiral potentials



Summary and outlook

● Close results and a good description of the experimental cross 
sections are obtained for proton energies up to about 135 MeV

● A better agreement with empirical data is obtained at 200 MeV with 
higher values of the LS cut-off

● EGM-600 potential provides a better description of experimental data 
with the SFR cut-off = 600 MeV

● Improve the inclusion of density-dependent corrections
● Computation of the folding integral
● Inclusion of medium effects

Future improvements

Conclusions
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Thank you!
Merci!

Follow us at 
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