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at stability

I double magicity + superdeformed states: 160, 4°Ca, 56Ni
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Shell structure and correlations

at stability
I double magicity + superdeformed states: 160, 4°Ca, %Ni

far from stability
I Vanishing of shell closure: Li, 3>Mg, #°Si, %8Ni, 80zr ...

I New gaps: 20, *Ca ...



Shell structure and correlations

at stability
I double magicity + superdeformed states: 160, 4°Ca, %Ni

far from stability
I Vanishing of shell closure: Li, 3>Mg, #°Si, %8Ni, 80zr ...

I New gaps: 20, *Ca ...

Monopole eld (spherical mean eld)

Interplay between Multipole correlations (pairing, Q.Q, ...)

For the Monopole eld itself,
single particle eld

interplay between two-body interaction (T=1, T=0)



Intruders in Sc chain
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Intruders in Sc chain
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Intruders in Sc chain
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Intruders in Sc chain
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Stable Nuclei
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In 45Sc, normal states and intruder states are degenerated!
But the proton shell gap remains more or less constant ...
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| good description in terms of ph
excitations

| Decay of the SD bands shows the
mixing between npnh con gurations

powered by LATEX
=} (=) = = E DHaAe



SD band in 36Ar
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agreement of 4p4h calculations
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| good description in terms of ph
excitations

I Decay of the SD bands shows the
mixing between npnh con gurations

I Mixing should not destroy the
agreement of 4p4h calculations

I Complex mecanism and theoretical
challenge
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Decay out of the SD band in  Ar
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incorporate correlations at xed con gurations:

| 12 MeV from the gure

I additionnal 8 MeV from d 5 blocking (5 MeV with respect to Op-Oh state)
2

I near degeneracy of Op-Oh and 4p-4h states




Decay out of the SD band in

-200

-205

< -210

in MeV

-215

Energy (
)
N
(=]

-225

-230

-235

S6Ar

®-® lowest Slater determinant
+

B-H [owest cprrelated 0

4 mixed 0

=
- -
\“\ _—
-
*
*
| L | L | L | L |
0 2 6

4
number of particles in the pf-shell

diagonalization in the full valence space:

I relative small mixing between Op-0h (70%) and 2p-2h states

| relative small mixing between 4p-4h (70%) and 6p-6h states

| no mixing (through 2p-2h states) between GS and SD bands
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improvment upon 4p-4h calculations

backbending reproduced and correct moment of inertia
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Decay out of the SD band in  Ar
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| good overall agreement between experiment and calculations



Decay out of the SD band in  Ar
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| good overall agreement between experiment and calculations

I reconstruction of 4p-4h results due to mixing with 6p-6h states (as deformed as 4p-4h ones)



Decay out of the SD band in
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I reconstruction of 4p-4h results due to mixing with 6p-6h states (as deformed as 4p-4h ones)

I E. Caurier, F. Nowacki, and A. Poves
Phys. Rev. Lett. 95, 042502 (2005)



Decay out of the SD band in  6Ar

Out-band transitions in the SD band of 36Ar
(B(E2)'s in e2fm* and energies in keV)
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Extreme Correlations: the case of 4°Ca

In the valence space of two major shells
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Extreme Correlations: the case of 4°Ca

The relevant con gurations are:
I [sd]? Op-Oh in 4°Ca, SPHERICAL

I [sd]?°[pf]* 4p-4h in °°Ca, DEFORMED

| [sd]*6[pf®  8p-8hin “°Ca, SUPERDEFORMED

1f5=

pf-shell

sd-shell



The superdeformed band: 8p-8h
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The Superdeformed band: Mixed calculation
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Huge correlation energies!!!
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The np-nh energies as a function of J
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Quasi-SU3 + Pseudo-SU3 interpretation

In the 4p-4h intrinsic state of “°Ca, the two neutrons and two
protons in the pf-shell can be placed in the lowest K=1/2
quasi-SU3 level of the p=3 shell. This gives a contribution
Qo=25 b?. In the pseudo-p shell p=1 we are left with eight
particles, that contribute with Qo=7 b?. For the 8p-8h state the
values are Qp=35 b? and Qp=11 b?

Using the proper values of the oscillator length it obtains:
40Ca 4p-4h band Qp=125 e fm? (Qp=148 e fm?)
40Ca 8p-8h band Qp=180 e fm? (Qp=226 e fm?)

In very good accord with the data. The values in blue assume
strict SU3 symmetry in both shells. The SM results almost
saturate the quasi-SU3 bounds. The SU3 values are a 25%
larger.



Alternative scenario: Island of Inversion at N=20

EOpOh-E 2p2h
N
‘

«O» «Fr «

powered by LATEX
O E VDAl



Evolution of nuclear shells due to Tensor force
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FIG. 1 (color). (a) Schematic picture of the monopole interac-
tion produced by the tensor force between a proton in j. . =
[+ 1/2 and a neutron in jL _ = [’ + 1/2. (b) Exchange pro-
cesses contributing to the monopole interaction of the tensor
force.

T. Otsuka et al.,

Phys. Rev. Lett. 95, 232502-1 (2005)
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4 spin O wave function of relative motion

FIG. 2 (color).

Intuitive picture of the tensor force acting two

nucleons on orbits j and j'.



Evolution of nuclear shells due to Tensor force

(a) Proton ESPE (b) Proton ESPE
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FIG. 4 (color). Proton (neutron) ESPE as a function of N

Lines in (a)—(c) show the change of ESPE’s calculated from the
7 + p tensor force. Points represent the corresponding experi-
mental data. (a) Proton ESPE’s in Ca isotopes relative to 1dy,.
Points are from [13]. (b) Proton ESPE’s in Ni isotopes; calcu-
lations only. See [19] for related experimental data. (c) Neutron
ESPE’s in N = 51 isotones relative to 2ds/,; points are from
[21]. (d) Proton ESPE’s in Sb isotopes; points are from [18].
Lines include a common shift of ESPE as well as the tensor
effect (see the text).
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KEY NUCLEI: 39K, 47K, 41Ca, 3°S;j

I evolution of the 3 -3" doublet in K chain
I evolution of the 7 -3 splitting in N=21 isotones

. + . .
I evolution of the 3™ in K chain ???
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Ganil 2005: S. Grevy et al., accepted in Phys. Rev. Lett.
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Silicon chain | Initial calculations ®si  4lca
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Ganil 2005: S. Grevy et al., accepted in Phys. Rev. Lett.
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Ganil 2005: S. Grevy et al., accepted in Phys. Rev. Lett.

Initial calculations 3°si  41ca

| weakening of f7 -p 3 gap from 4!Ca to 35si
2 32

- ds hole energy moved from 8.3 to 7.3 MeV
2

in4’K  opening of the Z=14 gap with N
- weakening of p3 -p; gap from *'Cato 3°Si
2 2

- “pairing renormalization”
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Silicon chain | Initial calculations ®si  4lca
3 . . . .

2+ excitation energy | weakening of f7 -p5 gap from “ICa to ¥*si
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- ds hole energy moved from 8.3 to 7.3 MeV
2

in4’K  opening of the Z=14 gap with N
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| shell closure falls to 20 %
strong OBLATE deformation ( 0.45) for
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Ganil 2005: S. Grevy et al., accepted in Phys. Rev. Lett.

powered by LATEX
o = = = E Dac



shell model
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Summary

I competition between monopole and multipole elds
determines magicity

I monopole tensor partly responsible for vanishing of shell
closures

| pairing renormalization or pairing quenching ?

I tensor mechanism less obvious in tin isotopes
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