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Green functions many-body method
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Green function self-consistent methods find spectra of
the Hamiltonian operator
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Green functions many-body method

Dyson Equation

glw+in) = g° (w+in) + g°w+ iNZ*(w + ing(w + in)

“Dressed” (with correlation) HA) =T =Ty, (A+1)+V+W
Particle Propagator
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“Bare”” Propagator
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Green functions many-body method
Dyson Equation

glw+in) = g° (w+in) + g°w+ iNZ*(w + ing(w + in)

““Dressed”’ (with correlation)

Particle Propagator
Interaction between the

particle and the system

# — A + (physical choice)

Fragments and changes energy
of the “bare” state

“Bare”” Propagator
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Green functions many-body method

Dyson Equation

glw+in) = g° (w+in) + g% + iNZ* (w + in)g(w + in)

Equation of motion # — + +

hZ
(E +%V,2ﬂ) gr,v; ED)=6(r—r)+ [dr'2*(r,r'"; E,Dg (", r; E,T)

Corresponding Hamiltonian
2

h
H(r,r") = —%V,Zﬂ + X*(r,v"; E,T)

2. corresponds to the Feshbach’s generalized optical potential

Escher & Jennings PRC66 034313 (2002)
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Hamiltonian method: self consistent Green functions

glw+in) = g° (w+in) + g% + iNZ* (w + in)g(w + in)

Faddeev RPA
ADC(3) O Partic!e hf)le

HF = ) &-----= ‘polarization’
ADC(1) propagator
O G-

(ph-RPA)
------ Particle-particle (pp-RPA)
two-body correlation ‘ladder’ propagator
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|
(Non) Hamiltonian method: nuclear field theory ansatz

Independent Particle Collective Phonon

0.8
r/r,

mean field Random Phase Approximation
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Nuclear Field Theory | Self Consistent Green Function

= A +
Z* — Z* —
: : .. coupling from Hamiltonian
Coupling of physical quantities ,
o . matrix elements
Exploits different truncations :
Full single valence space
72 A, G(T, (1))
<
J1 : self-energy particle
Vertices -
(ME) @ (optical potential) structure
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Summation
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How the imaginary part arises in dissipative systems
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Complex roots of the Green function

Implemented in NFT
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How the imaginary part arises in dissipative systems
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Complex roots of the Green function

Implemented in NFT
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Nucleon elastic scattering
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The irreducible self-energy is a nucleon-
nucleus optical potential™*
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correlated mean-field &

Y
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*Mahaux & Sartor, Adv. Nucl. Phys. 20 (1991), Escher & Jennings PRC66:034313 (2002)
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- Solve Dyson equation in HO Space, find Zf{];:, (E)\

4

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

kZ e
S ) + f k'l (527 G,k ED ) ) = By (k)
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max
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Knockout Spectroscopic Factors

2

k % /
%I/Jz,j(k) + [dk'k'” (Zl’J (k,k’,E)) Y, (k') =Evy; (k)

2
Norm of overlap wavefunctions

SF = |<r qn,ﬁ“‘”‘clng_s_)

But also the shape of the overlap wavefunction!
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Collaboration with C. Bertulani
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Conclusions (1)

* The non-local generalized optical potential corresponding to
nuclear self energy can be calculated in several, different,
ways.

* Imaginary part can arise spontaneously in non-hamiltonian
cases.

* Reaction properties calculated from bound state description
might differ from effective pure single-particle description.
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SRG-N3LO, A = 2.66fm™1

n+ 0 (g.s.)
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_ _ _ Navratil, Roth, Quaglioni, © . _
PRC82, 034609 (2010) 2 @
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NNLO
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Using the ab initio optical potential for neutron elastic scattering on
Oxygen

103 160(n,n)1%0 E, = 3.286 MeV

® Lister and Sayres, Phys Rev 143, 745
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10: 0Ca(nn)*Ca E, =276 MeV
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Overlap function 04
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Knockout Spectroscopic Factors

2
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2
Calculated from overlap wavefunctions

SF = |<r qn,&“‘”‘cbg_s_)
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Nucleus Es <7“2>%Z <7“2>é/1i Cws Car O'(‘;‘;S affF oV oSF 1C?Sar
(state) [MeV]| [fm] [fm] |[fm™/2]|[fm~"/?]| [mb] | [mb] | [mb] | [mb]

"0 (mlpsse)| 8.877| 2.856 | 2.961 | 6.785 | 7.172 |27.38|28.60(27.19|27.42| 0.548

Deviation of quasifree (p, pn) 5% <1%
cross section calculation
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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.

* Spectroscopic Factors from ab-initio overlap wavefunctions
differ from effective wood saxon. These do not seem to
depend much on proton-neutron asymmetry

160(n,n)1%0 E, = 3.286 MeV

® Lister and Sayres, Phys Rev 143, 745
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Why optical potentials?

- Optical potentials reduce many-body A\ neeca 3|

3 E,,, > 100
10% E

complexity decoupling structure Nk |
contribution and reactions dynamics. %1019 (PO
- Often fitted on elastic scattering data .

(locally or globally)

- A microscopic model is difficult but
worth it
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.... 10°

1
39,
10 B K(n,n)"K "
W
10° F )
‘ 37 10° F
10 , X e e
10" F v
@ 43 » <
. 10° F o + z
1000 | A 10 651~ - ey
< 10° o> Z 10’ 1210 y L
= £ woo JOIE 32
2 S 10° > E10* S10° N
= a 141 3Q . a =
© T 10" F 3 0° N = y
o 35 35 © Songsl o,
T 10 oo Cl(nn)°Cl {°_ . . " : v
6 cl ot ST : &
10 2N~ o2 . Y
107 N
100 " —e 3
10 =/
107 ’ 650 N 400
S\l
. . . . . . . . . . . 107 10* 10° Nk /?
10' 20 40 60 80 100 120 140 160 180 200 220 240 0 30 60 90 120 150 180 0 30 60 90 120 150 180 0 30 60 90 120 150 180

10°
E(MeV) E(MeV) 0, (deg) 0, (deg) 0, (deg)

Koning, Delaroche, NPA713, 231 (2002)

15/06/2018 Andrea Ildini



