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e Effective nucleon-nucleon interaction:

Gogny force (D1S-DIM) that is able to describe properly many phenomena along the whole
nuclear chart. 2
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o Effective nucleon-nucleon interaction:
Gogny force (D1S-DIM) that is able to describe properly many phenomena along the whole

nuclear chart. 2
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+Vooulomb (rl : 7~2) Coulomb term density-dependent term

e Method of solving the many-body problem:

First step: Particle Number Projection (before the variation) of HFB-type wave
functions.
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o Effective nucleon-nucleon interaction:
Gogny force (D1S-DIM) that is able to describe properly many phenomena along the whole

nuclear chart. 2
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+Veoulomb (rl : 7“2) Coulomb term density-dependent term

e Method of solving the many-body problem:

First step: Particle Number Projection (before the variation) of HFB-type wave
functions.

Second step: Simultaneous Particle Number and Angular Momentum Projection
(after the variation).
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o Effective nucleon-nucleon interaction:
Gogny force (D1S-DIM) that is able to describe properly many phenomena along the whole

nuclear chart. 2
S 5 \2 2
V(1.2) =) e M7Vl (W + BiP? — H;PT — M;P°P")  central term
1=1
PO W (01 + o)k X 8(Fy — o)k Hs(1+ 2o P7)S(F — ) p® (7 + 72)/2)

+Veoulomb (rl : 7“2) Coulomb term density-dependent term

e Method of solving the many-body problem:

First step: Particle Number Projection (before the variation) of HFB-type wave
functions.

Second step: Simultaneous Particle Number and Angular Momentum Projection

(after the variation).

Third step: Configuration mixing within the framework of the Generator Coordinate
Method (GCM).
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AXxial calculations #*Mg

Configuration mixing within the framework of the
Generator Coordinate Method (GCM).

|\IJI;N’Z;0>:ZfI;N’Z;G( )P PNPZ|(I)( )>
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& Configuration mixing
I;NZ LiNZio \fLNZY\ (LiNZio _
> (Hﬁﬁ’ — BTN g ) fo 7T =
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HENZ = (®(B)| Hay PPN PZ|0(8))) + 5N 7 [0(8), @ (8)]

& Hill-Wheeler-Griffin equations

- Energy spectrum
- Observables (mass, radius, B(E2), etc.)
- “Collective wW.f.” 15 -1 -05 0 05 1 15
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Triaxial calculations #*Mg

Configuration mixing within the framework of the
Generator Coordinate Method (GCM). K
and deformation mixing

IM;NZo) =Y fip "UMK;NZ;p7)
KB~y

I;NZ I';NZ;oc \rI;NZ INZO‘_
> (M — NP NG g ) Fi7 = 0
K//B/,-Y/

- Axial ground state rotational

band

- Second band associated to a
gamma band

-Third band with shape mixing
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Triaxial calculations #*Mg

Configuration mixing within the framework of the Generator Coordinate Method (GCM).
K and deformation mixing
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e Magic numbers in the valley of the stability

v’ Very stable (high binding energies per nucleon and separation energies).
v Spherical shape.
v High excitation energy of the first 2* state.

v' Small reduced transition probabilities between the first 2* and ground states.

v' Magic numbers (2, 8, 20, 28, 50, 82, 126) correspond to the shell closures of a
harmonic oscillator+spin-orbit single particle potential.

e Magic numbers in exotic nuclei

v Degradation of the traditional shell closures: 32Mg (N=20), *2Si (N=28)
v Appearance of new shell closures: N=32
v Key relevance in r-process nucleosynthesis (waiting points)

¥’ Shell quenching in N=82 for Cadmium isotopes?
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e N=32 and/or N=34 in Ca, Ti and Cr isotopes.

The tendency of the experimental data for the excitation energies E(2%) and transition
probabilities B(E2,0™—=>2") shows the presence of sub-shell closures.
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e N=32 and/or N=34 in Ca, Ti and Cr isotopes.

The tendency of the experimental data for the excitation energies E(2%) and transition
probabilities B(E2,0™—=>2") shows the presence of sub-shell closures.
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e N=32 and/or N=34 in Ca, Ti and Cr isotopes.
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e N=32 and/or N=34 in Ca, Ti and Cr isotopes.
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v' AXIAL calculations

v Good agreement in the binding energies and
two neutron separation energies.

v Excellent qualitative agreement for the excitation
energies E(27)

v N=32 is a good sub-shell closure while
N=34 is not.

T.R.R and J.L. Egido, Phys. Rev. Lett. 99,06201 (2007)
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e N=32 and/or N=34 in Ca, Ti and Cr isotopes.

v' AXIAL calculations

v Good agreement in the binding energies and
two neutron separation energies.

v Excellent qualitative agreement for the excitation
energies E(27)

v N=32 is a good sub-shell closure while
N=34 is not.

T.R.R and J.L. Egido, Phys. Rev. Lett. 99,06201 (2007)
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e N=32 and/or N=34 in Ca, Ti and Cr isotopes.
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v' AXIAL calculations

v Good agreement in the binding energies and
two neutron separation energies.

v Excellent qualitative agreement for the excitation
energies E(27)

v N=32 is a good sub-shell closure while
N=34 is not.

v’ Staggering of the B(E2) in Ti isotopes is
reproduced without any effective charges

v Qualitative agreement in the B(E2) especially
in the lightest isotopes.

T.R.R and J.L. Egido, Phys. Rev. Lett. 99,06201 (2007)
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Shape evolution in the Cadmium isotopic chain

S e e
G W A S
v’ Shape evolves from I | a - il bl o T
N=50 to N=82 magic Y

9

number through prolate
axially symmetric
structures

v Highest deformation
is found in mid-shell

nuclei (f~0.2)

Vv’ Rest of calculations
will assume axial
symmetry
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e Systematics of the E(2) and B(E2) in Cadmium isotopes
o~ .
— | T gg _____ i | v AXIAL calculations
Re D et , 5 % 9
© g4 ® . e |
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@ I % excitation energies and B(E2) transition
@02y ¢ S probabilities from shell to shell
ol v' N=50-58 parabolic behavior (filling g7,
35 : L ] She”)
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3 » Cd ® Experiment ::,: «
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© SN F
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—15} o © E
X 1 i ‘ @ _____ o S @@@® . j
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05 F O @@ ¢ -0 .9 .9 0 O ® 4 4 .
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0 * 9712 0570, 03/2,51/2 hyqs 4
48 52 56 60 64 68 72 76 80 84
Neutron number T.R.R,J.L. Egido,A. Jungclaus, Phys. Lett. B 668,410 (2008)
y
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Re D et , 5 % 9
204 A o 8 i
— U. Ry ° . )
= P “e, v Good qualitative agreement for the E(2Y)
@ I % excitation energies and B(E2) transition
@02y ¢ S probabilities from shell to shell
ol v' N=50-58 parabolic behavior (filling g7,
35 : L ] She”)
- ®
3 » Cd ® Experiment ::,: «
<25 - . 28 O Theory i v N=60-70 flat behavior (filling ds/, d312, si12
© SN F
2 2 . shells)
~15 " o Q ’ ~
al a3 @ _______________ PRl SUN S I .
T T e Og f TrOg. g O @f ; v Anomalous behavior of E(2*) for '28Cd has
05 - @ 00 0. o 0.0 o 0O ® : :
: A been is well reproduced
0 * 9712 0570, 03/2,51/2 hyqs 4
48 52 56 60 64 68 72 76 80 84
Neutron number T.R.R,J.L. Egido,A. Jungclaus, Phys. Lett. B 668,410 (2008)
y
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| Introduction 2. Nuclear structure 3.0vVPRPB decay 4, Summary and outlook

Triaxial calculations in rp-process waiting point 80Zr

e Five minima are closer in energy whenever the rotational invariance is restored.

* Absolute minima corresponds to deformed configuration 5~0.55

e Barriers between the minima are less than 1 MeV. Mixing?

TRR and J.L. Egido, Phys. Lett. B 705, 255 (201 1).
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| Introduction 2. Nuclear structure 3.0vVPRPB decay 4, Summary and outlook
Triaxial calculations in rp-process waiting point 80Zr
e Five minima are closer in energy whenever the rotational invariance is restored.
* Absolute minima corresponds to deformed configuration 5~0.55
e Barriers between the minima are less than 1 MeV. Mixing?
MeV

I
©O - N W H» 01 O N 0 ©

o
o
i

PNAMP /=0

TRR and J.L. Egido, Phys. Lett. B 705, 255 (201 1).
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| Introduction 2. Nuclear structure 3.0vVPRPB decay 4, Summary and outlook

Triaxial calculations in rp-process waiting point 80Zr

r 4 N N N N (7 ) )
8 0.15
I 10 0 - M
L 3 7
0.1
4 - 0.25 83 ——
L (10) 6 l 0-38 8 02 75 —_ 4q —— 0.05
6 | 71 0.57 0.25
i 074 0.20 ' 6 1 0
L 0.33 5 0O 02 04 06 08 0 02 04 06 08
54 l v 0.11 0.15
L | 6 v ¢ 0.43 0.10 60 V-1st exc. 60
0.41 4 0.23
- 0.40 0.45
3 4, v ¥ 63 —_— 0.1
81 — 8 I 5 y
r 0.24| 055 022 o 2 | 27 —— 0.05
’; 3 (8) —— 33 62 —_ 5 0.32 4 °f7 10 .
() r 26 v v 1 | 5 - 0.06 .
2 0.40 0.18 44 v 014 05 —~_ 0O 02 04 06 08 0 02 04 06 08
~ 5 070 4q | oz » 32 ot 2nd exc. 605 y-2nd exc. 60 015
x ~ 0.61
LLI 25 X ¥ __ 0.1
- 0.13 5 .
6y 42 —— —
i (6) — 1 3 1= 2,
0.40 0.31 04 10 10 0.05
L 0.34 23 3 0 03 —_— .
L 0.65
2, —y
1 - 2 0.15
0.23
L (4) — 41 —— 02 v
0.1
[ 0.58
r 0.05
@O— || 2, 4
i 0.39
- (0) 0 . 0
0O 02 04 06 08 0 02 04 06 08
Exp g.s. Y-g.S. 1stexc. y-1stexc. 2nd exc. y-2nd exc. 3rd exc.  4th exc. By B
AN 2N 2N J 2N J/

TRR and J.L. Egido, Phys. Lett. B 705, 255 (201 1).
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| Introduction 2. Nuclear structure 3.0vVPRPB decay 4, Summary and outlook

Triaxial calculations in rp-process waiting point 80Zr

0 NI 10 . .o
- | -Several rotational bands and gamma bands partners associated to the different minima of
4 . the potential energy surfaces. 5
| -Axial ground state rotational band in agreement with the experimental levels 5
3 | | (relevance of beyond-mean-field effects).
% - Two triaxial rotational bands. |
= 5
W2 | - Four excited 0" minima within a range of ~2.25 MeV = MULTIPLE SHAPE
COEXISTENCE 5
1 | - However, these levels are not thermally populated in astrophysical conditions (T~100 keV) *
- Electromagnetic transitions are much faster than beta decay half-lives = NO INFLUENCE s
O r | in the rp process nucleosynthesis

- AN N\ N\ NG N\ - - J

TRR and J.L. Egido, Phys. Lett. B 705, 255 (201 1).
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| Introduction 2. Nuclear structure 3.0vPBP decay 4. Summary and outlook
Triaxial calculations #4S

0.@ 60

v' N=28 shell closure is already
broken at the PN-VAP level

v’ Very flat surface in the gamma
direction: Shape mixing rather than
shape coexistence

¥ Oblate shapes are a bit lower in
energy for =0 and the contrary for

I=4

T.R.R and J.L. Egido, PRC 84, 051307 (201 1)
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| Introduction 2. Nuclear structure 3.0vVPRPB decay 4, Summary and outlook

Triaxial calculations 44S

81 ( N ( \ v Very good qualitati
. y good qualitative
I (a) Theory (b) Experlment description of the observed
] e 6 PRL 105, 102501(2010) and PRC 83,061305 (2011) | levels and reduced transition
5 ] probabilities.
B 78
i 1 198
T v We predict three
% I 130 different bands strongly
= 4 - 2% mixed, being the level 273
~ | the band head of a quasi-
L D gamma band.
2 -
O -
L - J - J

TR.R and J.L. Egido, PRC 84, 051307 (201 1)
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| Introduction 2. Nuclear structure 3.0vVPRPB decay 4, Summary and outlook

N\
g.s. band 1st exc. band

08 60

magic number.

quasi-gamma band.

coexistence.

o v Deformed ground state with triaxial
! shape mixing.Weakening of the N=28

V' Prolate first 0* excited state.

v There is not a clear signature of
rotational structures except for the

v We find shape-mixing rather shape

TR.R and J.L. Egido, PRC 84, 051307 (201 1)
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| Introduction 2. Nuclear structure 3. OVBPB decay 4. Summary and outlook

Process mediated by the weak interaction which occurs in those even-even nuclei where

the single beta decay is energetically forbidden.
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($7]
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Process mediated by the weak interaction which occurs in those even-even nuclei where
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Half-life neutrinoless double beta decay (Doi et al (1985))

(1777 (0% o*))_1 = Gou [M*%7]] (<m >>2

1/2
light-neutrino exchange mechanism me
e Kinematic phase space factor: Gop = (Gga(0 / (Z,e1)Fy(Z, 2)
647° ln2
Xp1p20(e1 +e2 — Ef — d€1d€2d(ﬁ ]%1)
e Effective neutrino mass: ( B Z
my) =

e Nuclear Matrix Element (NME):

2
AfOvBB — _ (gv(0)> Mguﬁﬁ n MOyﬁﬁ M%yﬁﬁ

/1

Fermi Gamow-Teller Tensor
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| Introduction 2. Nuclear structure 3. OVBB decay 4. Summary and outlook

2
Ov gV(O) Ov Ov Ov
AfOvB8 _ (gA_(O)) MO | 088 _ s

e Each term can be written as the expectation value of a transition operator acting
on the initial al final states:

Ov 210%
Mg - <O}F‘Og 55\0%

* Nuclear structure methods for calculating these NME:

e Quasiparticle Random Phase Approximation in different versions: QRPA, RQRPA,
SRQRPA. (Tubingen group, Jyuvaskyla group)

* Interacting Shell Model -ISM- (Strasbourg-Madrid collaboration, Michigan)
* Interacting Boson Model -IBM- (Yale group)
* Projected Hartree-Fock-Bogoliubov -PHFB- (Lucknow-UNAM group)

* Energy Density Functional

MSU Seminar, Nov 2012 Energy density functional methods for nuclear structure... Tomas R. Rodriguez
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| Introduction 2. Nuclear structure 3. OVBP decay 4. Summary and outlook

2
v gV(O) Ov Ov Ov
AfOV88 _ (gA_(O)) MO | 098 _ NP

e Each term can be written as the expectation value of a transition operator acting
on the initial al final states:

Ov A0v
Mg = <O}L‘Og Bﬁ‘oj>

* Nuclear structure methods for calculating these NME:

Different ways to deal with:

- Finding the best initial and final ground states.

- Handling the transition operator (inclusion of most relevant terms, corrections,
approximations, etc.).

Some remarks about these methods:

- Calculations with limited single particle bases.

- Interactions fitted to the specific region (ISM) or to each nucleus individually (rest).
- Difficulties to include collective degrees of freedom.

- Problems with particle number conservation.

MSU Seminar, Nov 2012 Energy density functional methods for nuclear structure... Tomas R. Rodriguez
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(0; Ny Zy3 q¢108"7° |03 Ni Z3; i) —
\/<0§Nfo§Qf|fO§§qu2f§Zf><0§NiZiQQjO;NiZi;Qi> A_ I 50
2
0.8
0.6 )
0.4 1 4.0
0-2 o 130
0 ‘ )
o= 2.0
-0.2 )
-0.4 -
-0.6 0o :
-06 -04 -02 0 02 04 06 0.8 -06 -04 -02 0 02 04 06 0.8

- GT strength greater than Fermi.
- Similar deformation between mother and granddaughter is favored by the transition operators
- Maxima are found close to sphericity although some other local maxima are found
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(0; Ny Zyg; |02 105 Ni Zis qi)
\/<0; Nfo; Qf|0; Nfo; Qf><0; N; Z: a:100 N2 7. a:

' IG.O
0.8 0.4 | i
0.6 |
-4.0
04 0.3 r-- °Sm (0 |
0.2 Al ]
é 3.0
O N -
L 0.2 2.0
-0.2
-0.4 0.1} 1.0
0. Nummmm 00| _____ =-0.0
-0.6 -0.4
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- Similar de -0.5 0 0.5 rs
- Maxima ¢
- Final rest ﬁ Ilective
states with.... ... ..
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(0: Ny Zy; 44108 |0; NiZiz i) A= I 50
VA0: Ny Zy;4r10; Ny Z53 q5)(0; NiZi3 0:10; Ni Zi; ¢:)
2 6.0
0.8 - - 1 -
-5.0
0.6 - ]
0.4 - - 1 1 +4.0
0.2 i ‘
1 3.0
O i
2.0
-0.2
04 - ; ] 1.0
-0.6 0 0.0

-06 -04 -02 0 02 04 0.6 0.8 -06 -04 -02 0 02 04 0.6 0.8

- GT strength greater than Fermi.

- Similar deformation between mother and granddaughter is favored by the transition operators
- Maxima are found close to sphericity although some other local maxima are found

- Final result depends on the distribution of probability of the corresponding initial and final collective
states within this plot
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(0; Ny Zg; 710277 10; Ni Zis ;) A— I 50
VA0 N Z 3 q¢10; Ny Zg; q5)(0; NiZis 65]0; NiZi; i)
0.8 - - - i N i
-5.0
0.6 -

0.4 - 1.28 | L40

02 AfOvBs -
. Mp 0.43 |
ga |20

0.4 |M%I/O%?‘ = 1.71 o

' 3.0

0.0
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- GT strength greater than Fermi.

- Similar deformation between mother and granddaughter is favored by the transition operators

- Maxima are found close to sphericity although some other local maxima are found

- Final result depends on the distribution of probability of the corresponding initial and final collective
states within this plot
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| Introduction 2. Nuclear structure 3. OVBPB decay 4, Summary and outlook

(0; Ny Zyg; |02 105 Ni Zis qi)
V{0 N Zg;qr|0; N Zgs; g5 ) (05 NiZis ¢i|0; NiZis i)

- GT strength greater than Fermi.
- Similar deformation between mother and granddaughter is favored by the transition operators
- Maxima are found close to sphericity although some other local maxima are found
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(0s Ny Z3 4| O¢""7 105 NiZi; i) A — 76
V{0 N Zg;qr|0; N Zgs; g5 ) (05 NiZis ¢i|0; NiZis i)
l 6.0

- 5.0

40

- GT strength

- Similar defo! -0.5 0 0.5 lon operators

- Maxima are B d

- Final result « and final collective

states within
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(0: Ny Zy; 44108 |0; NiZiz i) A — 76
V{0 Ny Zy;q50; Ny Zg; qp)(0; NiZis 43|05 Ni Zis qi)
2 6.0
I° 1
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- 4.0
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- GT strength greater than Fermi.

- Similar deformation between mother and granddaughter is favored by the transition operators
- Maxima are found close to sphericity although some other local maxima are found

- Final result depends on the distribution of probability of the corresponding initial and final collective
states within this plot

MSU Seminar, Nov 2012 Energy density functional methods for nuclear structure... Tomas R. Rodriguez



-
TECHNISCHE

=i \ UNIVERSITAT
DARMSTADT

|. Introduction 2. Nuclear structure 3. OVBP decay 4, Summary and outlook
(0; Ny Zg; 710277 10; Ni Zis ;) A — 76
VA0 N Z 3 q¢10; Ny Zg; q5)(0; NiZis 65]0; NiZi; i)
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- GT strength greater than Fermi.
- Similar deformation between mother and granddaughter is favored by the transition operators
- Maxima are found close to sphericity although some other local maxima are found

- Final result depends on the distribution of probability of the corresponding initial and final collective
states within this plot
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| Introduction | | 2. Nuclear structure 3. OVBB decay 4, Summary and outlook
LR — | | | 7
10 GCM+PNAMP —
9l-m Spherical PNAMP - i
8 — | [ | —
B L |
/ i [ | ] H | |
o u _
s O . :
B ® |
= 5 i Y ® o o |
4+ m ® 5 ® ® =
3 _
L . |
2r o ]
1 | p—
0 i | | | | | | | | | | | |

48 76 82 96 100 116 124 128 130 136 150
A

Noticeable difference in the NME if only intrinsic spherical configurations are considered
without configuration mixing.
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Gogny DIS parametrization
A 48 | 76 | 82 | 96 | 100 | 116 | 124 [ 128 | 130 | 136 [ 150 | 152 | 164 | 180
MOV | 237 | 460 | 422 | 565 | 508 | 472 | 4.81 4.11 5.13 | 4.20 | 1.71 1.07 | 0.64 | 0.58
T12 | 285 | 769 | 208 | 548 | 864 | 924 | 16.2 | 343.1| 884 | 127 | 165 4.2 1.3 1.6
(y) | X1 02 | x1023 | x10%3 | x10%8 | x1023 | x10% | x1023 | x1023 | x10%3 | x1023 | x1023 | x103" | x1036 | x1034
Gogny DIM parametrization
A 48 | 76 | 82 | 96 | 100 | 116 | 124 [ 128 | 130 | 136 | 150 | 152 | 164 | 180
MOV | 243 | 464 | 428 | 570 | 519 | 4.83 | 4.71 3.98 | 507 | 429 | 1.36 | 0.89 | 0.50 | 0.38
T2 | 27.1 756 | 202 | 538 | 828 | 882 | 16.9 | 3658 | 9.05 | 12.2 | 26.1 6.2 2.1 3.8
(y) | X1 02 | x1023 | x10%3 | x10%8 | x1023 | x10%8 | x1023 | x10%23 | x1023 | x1023 | x1023 | x103" | x1036 | x1034

double beta decay

double electron capture
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e GCM+PNAMP ¢ IBM-2 A QRPA(Tu) T.R.R., Martinez-Pinedo, PRL 2010
m ISM * PHFB v QRPA(Jy)
7 | | | | | | | QRPA (Jy): )M.
i * | Kortelainen, J. Suhonen,
PRC 75, 051303(R)
6 - M < (2007) and PRC 76,
. O~ { 024315 (2007)
5 - £ Te MY .
PY / e —— - I . * . QRPA(Tu): F. Simkovic
- P $ ~_ X " 1 etal, PRC 77, 045503
4 + / M v ¢ - (2008)
% i / v v * A A \\ -
% 3 // A 2 ISM: J. Menendez et al.,
— \ p—
/om . . N - A \ PN PRL 100, 52503 (2008)
i o |
o L « u \ N IBM-2:J. Barea, F.
A ® lachello, PRC 77,
I 1 045503 (2008)
1 B [ ]
i i PHFB: K. Chaturvedi et

480, 76Ge 82ge 967, 100\5116Cq 124Gy 12876 130T 136y 150N (2008)

- Higher values than the ones predicted by ISM calculations (larger valence space, lower seniority
components).

- For A=76, 82, 128, 150 we predict smaller values than the ones given by QRPA and/or IBM while
for A=96, 100, | 16, 124, 130, 136 larger values are obtained.

- Consistent results with the rest of the models. Notice that we are using the same interaction for
all the nuclei.

- Further studies are needed to understand what is missing in the different models.
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| Introduction 2. Nuclear structure 3. OVBPB decay 4, Summary and outlook
e GCM+PNAMP ¢ IBM-2 A QRPA(Tu) T.R.R., Martinez-Pinedo, PRL 2010
m ISM x PHFB v QRPA(Jy)
7 | | | | | | | QRPA 7 Jy): )M.
i Ko~ 2n, J. Suhonen,
¢ j | 51303(R)
6 M °RC 76,

.. Simkovic

c ?‘ ~C 77, 045503

.3)

«% ISM: J. Menendez et al.,

N PRL 100, 52503 (2008)

« O \ IBM-2:J. Barea, F.

2 A $ S % lachello, PRC 77
- 1 045503 (2008
1 \) \[\O ) (2008)

| PHFB: K. Chaturvedi et

_ | | | ?\ $ | | | | al. PRC 78, 054302
0 C:XQO \.,n 12874 130T 136yg 150N (2008)

Q:‘ -ced by ISM calculations (larger valence space, lower seniority

. //o\\\ . . ?\ %5\
o g TT-e--o_ X e \% S

- Higher vali- %
compone \e\

- For A=7¢ C« predict smaller values than the ones given by QRPA and/or IBM while
for A=96, 10 ?\ , 130, 136 larger values are obtained.

- Consistent rg . with the rest of the models. Notice that we are using the same interaction for

all the nuclei.
- Further studies are needed to understand what is missing in the different models.
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| Introduction 2. Nuclear structure 3.0vVPRPB decay 4. Summary and outlook

* Energy density functional methods provide a reliable description of
nuclear structure observables and NMEs in lepton number violating
processes.

* Other degrees of freedom should be also explored (pairing
vibrations, octupole deformations, triaxiality, explicit quasiparticle

excitations...)

* Need of energy density functionals adjusted to beyond mean field
results.

* Description of odd nuclei at the same level.
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