Open-shell medium-mass nuclei
from ab-initio Green’s function calculations
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Towards a unified description of nuclel

Nuclear Landscape

¢ How to extend to open-shell?
Ab initio
i 'thIS talk Configuration Interaction

Density Functional Theory

o How to link with EDF?
= link to DME =

* How to calculate reactions?
w [[D-(5F [Riosetal 2011]

[Ab—initio Green’s functionsj

= |link to DOM /-\
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State-of-the-art ab-initio nuclear structure theory

* Methods for an ab-initio description of medium-mass nuclei

(1) Self-consistent Dyson-Green’s function [Barbieri, Dickhoff, ...]

(2) Coupled-cluster [Dean, Hagen, Hjorth-Jensen, Papenbrock, ...]
(3) In-medium similarity renormalization group [Tsukiyama, Bogner, Schwenk, ...]

\-> Similar level of accuracy
\-> But limited to to doubly-closed-shell = 1 and + 2 nuclel

* Truly open-shell nuclel
(@) Multi-reference methods: IMSRG + Cl, MR-CC, microscopic VS-SM

(b) Single-reference methods: explicit account of pairing mandatory

\-> Dyson-Green’s functions > (Gorkov-Green’s functions



Dyson Green’s functions

% Spectral function o
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* Green’s function
a ( ' \
w N-particle ground state
[iGab(t’t/) = (Vo' |T {aa(t)az (t/)} 7o) j . One nucleon addition and
b removal (N+1 systems)
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* Dyson equation

[Gab( = G (w) +ZG(O) ) S* (W) Gap (w )J = Solgt.ion.breaklsl QOwn when

pairing instabilities appear




Going open-shell: Gorkov ansatz

* Formulate the expansion scheme around a Bogoliubov vacuum

\-> Zeroth order already incorporates pairing

evern

% Auxiliary many-body state  [¥o) = > en [4§)

N

\—> Mixes various particle numbers

\—> Introduce a “grand-canonical” potential 2 = H—uN

= |[¥o) minimizes Qo = (Yo|QWy)

under the constraint N = (T|N|¥g)
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Gorkov Green’s functions and equations

¥ Set of 4 Green’s functions
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i GL (L 1) = (WolT {au(B)af(t) } [wo)

i Gap(t, ') = (Wo| T {aa(t)as(t')} Vo)

i G2 (t,¢) = (wo|T {af (Haf (1)) } [ Wo)

i Gop(t.t') = (Wo|T {al(t)as(t') } [Wo)
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[ Gap(w) = GO (W) + Z GO (w

w) Gap(w )J

Gorkov equations

[Gorkov 1958]

Sapt(w) T (w)
Yop(w) =

Sap (W) X5 (w)
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18t & 2" order diagrams and eigenvalue problem

* 15t order = energy-independent self-energy

% 279 order = energy-dependent self-energy
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* Gorkov equations >  elgenvalue problem
N
(GBI B (W) ()| = e
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Gorkov equations

Z (tab — fap + Xop(w) Yoy (w) )
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Energy independent eigenvalue problem
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How do we select the poles?

We do not...

w | anczos projection of Gorkov matrix
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= Conserves moments of spectral functions

« Equivalent to exact diagonalization
for NL = dim(E)

1 | anczos
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Testing Lanczos projection

% Good convergence towards exact diagonalization
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= Self-consistency cures results for low Ni



SiNdiNg energies

¥ Systematic along isotopic/isotonic chains become available

+ experiment
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- Qverbinding with A: traces need for (at least) NNN forces




Spectrum and spectroscopic factors

% Separation energy spectrum
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Spectral function

(Dyson 18t order (H F))
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Static pairing
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Dynamical fluctuations
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Shell structure evolution

* ESPE collect fragmentation of “single-particle” strengths from both N+1

> 1 — 2 a4 —
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[Baranger 1970, Duguet et al. 2011]

(Quasiparticle peaks) (Centroids)
10 ;_ f5/2 < o - -~ A_: 10 f5/2 - IR B < ¢_
S 0f Piet——u ﬂ\?ndoﬂj > opte— 2" order _
S o fPe | 2. ™ .
—-10[ v\’\v\,\; — -10| v\'\*L\'\V‘
X i : o i ]
LLI i ] O B ]
20 7 © -20 N -
E d3/2 , 1Cfa. y E w : d3/2 , 1Cfa y ]
- . . . dA1m
-30 N m . 30 [ -
20 22 24 26 28 20 22 24 26 28



% Natural orbit a: paoV! = na"at dap

% Associated energy: €5" = hga®e
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* Dynamical correlations similar for doubly-magic and semi-magic

* Static pairing essential to open-shells




Pairing gap

* Three-point mass differences T Generates O-E oscillations
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& Proof-of-principle only (larger model space needed!)
w Systematic underestimation of experimental gaps

= Missing 3" order and NNN should change picture qualitatively



Conclusions & Outlook

¥ Gorkov-Green’s functions:
first ab-initio open-shell calculations

* Provide optical potentials
for reaction models
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* Implementation of three-body forces

* Formulation of particle-number restored Gorkov theory

* Improvement of the self-energy expansion




