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Context : General goal of nuclear structure theory

Starting from the hadronic level of organization (nucleons + interactions), what novel structures emerge and how theyigvélye b >
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Atomic nucleus

Decay modes A mesoscopic, self-bound system of strongly correlated spin-1/2 and
fF ATSOAYSS &g isnﬁpg‘l—z/z cgaposite fermions in and electroweak interaction.

Emergent SSBs

Reactions
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Emergent SSBs : SSBs obscured byneghgible fluctuations of order parameters but still leave traces

Density profile
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Symmetrypreserving HF WF  Symmetrybroken HFB WF PGCM WF

EMF

Selection rules satisfied
Symmetries of the Hamiltonian
realized in the ground and excited
states
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Longrangeorder/collectivity
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Yannouleas& Landman, 2017
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Context : General goal of nuclear structure theory

2-point correlation function
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Context : General goal of nuclear structure theory
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2-point correlation function
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accurate

Context : Strategies Achieve a il predictive description ?
computationallyaffordable
Era of models Era of effective (field) theories

Ab initio approaches
(empirical NN+NNN
interactions)

Ab initio
approaches

Phenomenological
energy density

Firstprinciples
functional method

energy density
functional method

Interacting
boson

model Interacting

Algebraic boson EFT

model Collective

EFT

Liquid drop Collective

Liquid drop
model model

EFT

X Gives insight about relevant scaldefs
X Ready to be used
W Lack of control

+ double counting issues, error compensation, no error assessment

X Fullcontrolt  systematicallymprovable, no error compensation,
y2 R2dzotS O2dzyiAy3as LJ22ZaaAoAig
X W Force you to step back and rethink
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1) NucleusAinteracting, structureess nucleons

H U { 4 NYzO (i dzNB
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3) SolveA-nucleon Schrédinger/Dirac equation to desired accuracy
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Context : Nuclear structure from a microscopic viewpoint

A fnitio
Systematically improvable frespace I:Iamiltonian In.EFT
ISoIVing Schrddiiger esfudtiorc dzy OG A 2 y I £ = X
Preprocessing H

Refined mambody schemes with controlled uncertainties
Cl (full space diag.) : exponential scaling
Hybrids (valence space diag.) : mixed scaling

Expansion methods (partition, expand and truncate) : polynomial scaling

~

How to challenge ammitio frontiers S)
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auxiliary WF
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Hartree FockBogoliuboWHFB)
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How to improve current EDFs
How to turn EDF in EFT ?
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Expansion Method

low- k

high- k V'S RG

Momentum space
Rank g —— ®
Reduction ' Hgpr(s )‘

RipocheTichaj DuguethPJA (2020)

Frosinj Duguet BaIIy,BefaaujeauI{Taudiére EbranSoma EPJA (202

Which part of correlations should be treated here™

N\

Ab initio WFT : Expansion mahfiydy methods O 'O O
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|. Preprocessing of the Hamiltoni@ > Slmple eXpanSion scheme
— — O

c-EFY low-k S| V-SRG's o
highk | |
Momentum space

Closed shell
~
uVvdyn. - _
- o
Lo
strong I
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weak © Py
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S
c
9
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g .,
2 Partitioning (@)
n
G{AYLX S¢ {
equation sHF
Il.a.
Unperturbed Unperturbed state
m— QO
A' Expansion series ey
oo
OO
I.b. Full Correlated WF SMBPTO

Tichai,Langhammer,Binder, Roth PLB(2016)
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|. Preprocessing of the Hamiltoni@ > Slmple eXpanSiOn scheme
— — O

c-EFY low-k S| V-SRG's o
highk | |
Momentum space

Closed shell
s )
S i
SHF A 160 .
-80 1
|®)
55,’311,‘,'] >0
-90
S
(0]
‘dcs 47 MeV
> G{ AYLX ¢ {
£ 10 equation sHF
c
£

Unperturbed state
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|. Preprocessing of the Hamiltoni@ > Slmple eXpanSion scheme
— — O

c-EFY low-k S| V-SRG's o
highk | |
Momentum space

Closed shell Open shell
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. Preprocessing of the Hamitionief) Expansion scheme with hybrid cost

) O
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Tichai, Gebrerufael, Vobig, Roth, PLB (2018)
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. Preprocessing of the Hamitionief) S Expansion scheme & SSB version
— — O
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Ab initio EDF Tichai, Arthuis, Duguet, Hergert, Som3 Roth PLB (2018)

Expand & Project
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. Preprocessing of the Hamitionief) S Expansion scheme & SSB version
— — O
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Expand & Project Project & Expand
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EMF

PGCM

dHFBreatment

o A B LD
‘K =

Correlated A

Symmetrybreaking A
nucleon WF y 4 g

independentquasinucleonsVF

PostHFB treatment : PGCM

Symmetryconserving (non orthogonal) mixture of symmebseaking HFBacua l@ v* |@Mg>: Ch f( q) I_if’_'..;é (A
i M >v
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PGCM

Tratement HF(S) HF(B) . '_E_:' (Aol o) Calculs HFB contraints
Probleme @A nucléons Aprobléemes a 1 nucléon _-.::: e =29= oo

PostHFB treatment : PGCM
Symmetryconserving (non orthogonal) mixture of symmebmseaking HFBacua

®> 4 |®p.0> Ch f( g) I_i‘?-.:: @\

Initial wave function

x';
-170 -
'175 - B
2 -180 -
E'ISS . ‘ ,
m-190 - Optimized wave
-195 - : function with {q}
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{q ja-%oﬂ.s 0.6
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PGCM

Traitement HF(B)
Probleme & nucléons

PostHFB treatment : PGCM

Aprobléemes a 1 nucléon

E | HF(B)

Symmetryconserving (non orthogonal) mixture of symmebmseaking HFBacua
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= Calculs HFB contraints
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PGCM

Traitement HF(B)
Probleme &Anucléons Aprobléemes a 1 nucléon

>(|q0|,j ) Calculs HFB contraints

E | HF(B) —

PostHFB treatment : PGCM

PGCM —
Symmetryconserving (non orthogonal) mixture of symmebseaking HFBacua Ch “—oo="
y y g ( gonal) ymmebgeaking 4|@HU f( q) I_%g__ (A
170! L4
-175
> 2180 °
L o o
> -185" 3 o
) -190 b
-195 e
o . B
S Y 0.7 08
‘ o3 3 0.5 0.6
l0 Ol O"’
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Développements au niveau posiFB : PGCM, généralites

Traitement HF(B) ! L@) i '-j-?;_‘: (el o) Calculs HFB contraints
Probleme &Anucléons  Aproblémes a 1 nucléon i =/ s —oo- l
PostHFB treatment : PGCM ” PGCM ——
Symmetryconserving (non orthogonal) mixture of symmebseaking HFBacua |® 4 |®MU>: Ch f( q) I'—ng‘ (A
I >v 2=
1
// A ‘//‘/’/'/: ‘/,- /"/-'.|/'/"_,9//; -r[ -170
27 KWWW s
A Y4 S
2B s ety /‘,','.'“"I ',' Y -185
-170 - AN -190
‘;'./‘

-195
-200

] 2YYA&AFNAFG £ £ QSYSNEHAS Fd2YAldzS SiG FdE SyS J-P.EBRAN NYIiA@Sa 17février2023



PGCM

Traitement HF(B) . HF(B') e = (@io) Calculs HFB contraints
Probleme &Anucléons  Aproblémes a 1 nucléon ~ =/ o ol AN

: |

g‘ = [0,0)= th f(q) IZ (&
>V

PostHFB treatment : PGCM
Symmetryconserving (non orthogonal) mixture of symmebmseaking HFBacua

-170
-175
-180
-185
-190
-195
-200
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|. Preprocessing of the Hamiltoni@
) O

low-k
hightk
Momentum space

Cc-EFJ V-SRG's &

>

(A)

NHUT(
Nucleusdependent

.lstmnﬂ
A /\ sHFB
_110 5.5 CA ® PGCM
o B BMBPT(2)
* PGCM-PT(2)
~120 e Exp
> 39.8
= -130
0 42.5
m
—140
—-150 -
A)4.1
* A
—160.--------------------..----------.- 6.1 ___|
Ab initio EDF

pu I on o= { nosimple
T — = 3 ph/gp picture
g -108 = 4 = g 26Gaplessf i
e 110 - E,(: Y 08 i
_u)—{Gap i D_. H (Q) u'-. Gap.‘__.-'d
-114 R ,,.?' . a) e "‘o""' . i b'
0.0 0.2 &4 0.6 0.8 0.0 0.2 0.4 q 0.6 0.8 1.0
) O HOKY—] m O
HF dHFB static
correlations
J
— @ =5
SECE =
°33° 8%
O O
O O] QO
sMBPTO dBMIBPT dBVIBPT PGCMPT

Expansion scheme & SSB version

Open shell

Symmetry-breaking minimum

Closed shell

Symmetry-conserving minimum

Frosini, Duguet, Ebran, Soma EPJA (2022)

Expand & Project Project & Expand
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Application of PGCMPT

@~ o 20

Correlated A
nucleon WF

dHFBreatment

Symmetrybreaking A
independentquasinucleon$VF

ZONe [HFB]
°

22Ne [HFB]
o s il

26Ne [HFB] * °| |?®Ne [HFB]

o 1.2- ;.3 \ | . , N
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00040 040812 -0.40 04081
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®> —) I_::f’..s._f" (190l o)
‘K 3

dHFBreatment
Correlated A Symmetrybreaking A
nucleon WF independentquasinucleonsVF
fm—3
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-0.16
-0.12
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0.04 (i) (0.7, 0.0)
0.00 _ 2.5
".g. 0.0
>
-2.5
_50 _5 O 5
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I 2YYA&&ENAF G £ € QSYSNBAS Fd2YAljdsS S

Application of PGCMPT

(iii) 1.2, 1.2)
MeV I
2.0 176
—78
1.6 —-80
—82
1.2 -84
o ~86
0.8 _asg
0.4{ —90
. —92
0.0 —94
—-0.30.0 0.3 0.860.9 1.2 1.5
B2 -5 0 5
X [fm]
Frosinj Duguet Ebran Bally,Mongelli RodriguezRoth Soma
EPJA (2022)
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dHFBreatment

Correlated A
nucleon WF

ad

Application of PGCMPT 20
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Application of PGCMPT

dHFBreatment Projection on good quantum numbers
_ Mev N,Z,J

-76
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Frosinj Duguet Ebran Bally,Mongelli RodriguezRoth Soma
EPJA (2022)
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Application of PGCMPT

dHFBrreatment Projection on good quantum numbers
N,Z,J

PGCM treatment

Frosinj Duguet Ebran Bally,Mongelli RodriguezRoth Soma
EPJA (2022)
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