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Why optical potentials?

2 particle transfer
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Optical Potentials

Objective: an effective, consistent description of structure and
reactions with a single formalism.

(Hopefully) Predictive power of nuclear reactions measurements
over a range of exotic isotopes.

Method: Optical potential derived from Self Consistent Green
Function and XEFT interactions.

1. reproduce nuclear bulk properties, i.e. binding energy and radii;
NNLO,,,

2. use the same description to consistently generate an optical
potential reproducing elastic scattering data.
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Green Functions (Dyson Equation)
Jap(@) = gls(w) + Y _ g0 (W) T2 5(w)gss(w)

HF
ADC(1)

Particle hole
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Particle-particle (pp-RPA)

two-body correlation ‘ladder’ propagator
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Nucleon elastic scattering
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b The irreducible self-energy is a nucleon-
= nucleus optical potential*
= ma m[)’
= | ey
= \san w =€t
3 > 2 correlated mean-field )
= hd
=3 = = @ resonances beyond mean-field
— Correlat

B D € orrelations

—o—o—'_—\ g /
o ———— ) A 1

g e = >Z =>» This provides consistent many-body

- and scattering wave functions

*Mahaux & Sartor, Adv. Nucl. Phys. 20 (1991), Escher & Jennings PRC66:034313 (2002)
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4

- diagonalize in full continuum momentum space Zl’j*(k, k',E)

- Solve Dyson equation in HO Space, find Zfl’]:, (E)\

k? x
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SRG-N3LO, A=266fm™
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SRG-N3LO, A=2.66fm
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Using the ab initio optical potential for neutron elastic scattering on
Oxygen

b 160 (n,n) 160 E,, = 3.286 MeV

® Lister and Sayres, Phys Rev 143, 745
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Knockout Spectroscopic Factors
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Volume integrals
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NNLOgat neutron comparison
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Derivation of model density functionals

m Lagrange multiplier
/ 2 - A L ,
Y — 5<\IJ|H _ E )\]‘/]|\Ij> — O, Ablnlt!o §o|ut|on used
for variational problem
J=1
Model (ab initio)
one body densities
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Dobaczewski JPG43, 04LT01 (2016)
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Conclusions and Perspectives

* We are developing an interesting tool to study nuclear
reactions effectively.
We have defined a non-local generalized optical potential
corresponding to nuclear self energy.

e This tool is useful to probe properties of nuclear interactions.

* Spectroscopic Factors from ab-initio overlap wavefunctions
do not seem to depend much on proton-neutron asymmetry
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«lmaginary» Parameter
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Why Green’s Functions?
Dyson Equation

gaﬁ( _ga,{? —I_Zgafy 955( ) # :+ +

Equation of motion

h? V2
+_
2m

G(r,r';E)— f de'"2(r, 0" E)G(Y" v ;E) =8(r—r')

Corresponding Hamiltonian

h?

Hp(r,x')= —ﬂVfﬁ(r r')+2(r,r';E+ie)

2. corresponds to the Feshbach’s generalized optical potential
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with  Dipole Response and Polarizability
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160 neutron propagator
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09/10/2017

10

O
[T

0.01

I
4OCa

+n @3.2 MeV

| | | 1 | [ ]
Nmax=13 —— -
Nmax=11 ——

Nmax=9 ——

I I I I I l I

20

40 60 80 100 120 140 160 180

O©c.m. (deg)

Andrea Idini

York




160 and %40
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