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Involving most if not all the nucleons Exotic modes

Coherent particle-hole excitations

Why studying again GMR ?

Ab-initio

e Renewed experimental interest , .
Deformation Incompressibility

Investigate new physics

Much is still to be understood !

e No systematic studies (EDF as well)
o Very generic numerical codes needed

e Ab-initio description still seminal



~) Preliminary results

O Conclusions




Theoretical Frame

Ab-initio methods

Ab-initio methods have previously been introduced

@l\ljv> = E, |\V,)

(see V. Somd’'s and P. Demol’s talks)



Theoretical Frame

Ab-initio methods

Ab-initio methods have previously been introduced

@l\yv> = E, |\V,)

(see V. Somd’'s and P. Demol’s talks)

GMR has historically been studied within EDF theory [Garg, Cold, 2018]

Ab-initio unicum: (Q)RPA for spherical systems [Papakonstantinou et al,, 2007]

[Roth et al, 2021]



Theoretical Frame

Ab-initio methods

Ab-initio methods have previously been introduced @

(see V. Somd’s and P. Demol's talks) |\PV> =k, |\va>

GMR has historically been studied within EDF theory [Garg, Cold, 2018]
Ab-initio unicum: (Q)RPA for spherical systems [Papakonstantinou et al,, 2007]

[Roth et al, 2021]

Present goal: First systematic ab-initio study of the GMR

« PGCM Projected GCM, superfluid version of NOCI
« QRPA Superfluid version of RPA
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Pros and Cons

Handle anharmonicities and shape coexistence 0 °

Select on few collective coordinates Q 0

Symmetries are restored 0 °
Computationally expensive ° 0

Harmonic limit of GCM [Brink, Weiguny, 1968]
All coordinates are explored
Symmetries are not restored

Low computational cost

First ab-initio realization very recently developed

1)  PGCM (M. Frosini, CEA Saclay)
2) QFAM (Y. Beaujeault-Taudiére, CEA DAM)

General implementation, can access
1. Doubly-closed-shell nuclei
2. Singly-open-shell nuclei
3. Doubly-open-shell nuclei
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Common features

PGCM and QFAM have consistent numerical settings

e One-body spherical harmonic oscillator basis
O emox = 10
o hw=20MeV

e Chiral two-plus-three-nucleon in-medium interaction

o T.Huther, K. Vobig, K. Hebeler, R. Machleidt and R. Roth, "Family of chiral two-

plus three-nucleon interactions for accurate nuclear structure studies’, Phys.
Lett B, 808, 2020

o M. Frosini, T. Duguet, B. Bally, Y. Beaujeault-Taudiere, J.-P. Ebran and V. Soma,
“In-medium k-body reduction of n-body operators®, 7The European Physical
Journal A, 574), 2021

e Only monopole strength is addressed

e The PGCM wavefunction explores the B, and r2collective coordinates

(Quadrupolar coupling)

10



Benchmarking °O

Proton (Z) #

Doubly-magic nucleus

P P P P P P P
Si Si  Si| si|sSi SiSi
Al Al Al | Al | Al Al Al
Mg Mg Mg|Mg|Mg Mg Mg
Na Na Na|Na|Na Na Na
Ne Ne Ne | Ne| Ne Ne Ne

F F F F E F

o o o|o

N N

C

(Doubly-closed shell)

10 12 14

Neutron (N) #

11



Benchmarking O

A % Difficulty

r[fm]

Total Energy Surface E g5(B,,r)

E. e [MeV]
—50

2.8

2.6

2.4

—-06 -04 -0.2 0 0.2 0.4 0.6

_____________ .

e Single spherical harmonic energy minimum

Benchmark on existing spherical QRPA code
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e No coupling with quadrupolar vibrations ® [MeV]



Benchmarking °O

% Difficulty m Benchmark on existing spherical QRPA code
Total Energy Surface E g5(B,,r) E e Monopole Strength
3 |
—— QFAM
--- QRPA sph
2.8
E
_ 26
2.4 50
w [MeV]
16 1 ‘
06 -04 O I |——craAu
| —— PGCM 2d
= 00 g 'PGCM 1d
% |
S
RETZU | ——— , o
I e Single spherical harmonic energy minimum | S a5 1 i
I e Exact QRPA/QFAM superposition I
: e Excellent QFAM/PGCM agreement : 00 =
I I

e No coupling with quadrupolar vibrations



Deformation effects in Mg

Proton (Z) #

Si
Al
Mg
Na

Ne

Si
Al
Mg
Na

Ne

Si
Al
Mg
Na

Ne

Si
Al
Mg
Na

Ne

Si
Al
Mg
Na

Ne

Si
Al
Mg

Na

10 12 14

Neutron (N) #
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ﬁ A Difficulty
Total Energy Surface E.g5(B,,)
E.x [MeV]
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r[fm]

Deformation effects in Mg

ﬁ A Difficulty

Deformation

Shape coexistence ?

Total Energy Surface E.g5(B,,)
E.x [MeV]

3.4 -85
-90

3.2}
—95

3k
—100

2.8
—105

Ll

_ : | . ! ! ~11
oL 0 02 04 06 08 1 12 0

08 -06-04 02
B2

_______________ .

e Dominant prolate minimum

(1) [Dowie et al., 2020]
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Deformation effects in Mg
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Superfluidity effects in 2°0
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Superfluidity effects in 20
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Superfluidity effects in 20
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