Mean-field models and exotic nuclei

Formalities (energy functionals, observables, adjustment, correlations)

Exotic nuclei — mean field (Sn chain, superheavy elements)

1)
Mv Basics (quality, nuclear matter, isovector, s.p. spectra)
3)
4) Exotic nuclei — collective Correlations (Sn chain, Pb chain)



Many-Body "ap initio"
Theories from N-N input, or QCD (?)
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‘Mean Field . = - (Shell Model Codes
self-consistent // 7 exact diagonalization
effective energy functiona e In mean—field subspace

(Imic—mac

microscopic: mean field, shell corrections
macroscopic: Liquid Drop Model (LDM)
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The Skyrme energy—density functional
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Examples from the variety of forces

Skyrme-Hartree-Fock:

SkM* traditional benchmark

SkP m*/m=1

SLy4/6  isovector trends, neutron EoS
BSk1 energies E only in all stable nuclei

[xs extended SHF:

SkI3/4  el.magn. formfactor, isotope shifts in Pb
Relativistic Mean Field model:

NL-Z2 el.magn. formfactor, surface prop.

NL3 iIsovector info

PC-F1 point coupling variant, fitted as NL-Z2




Nuclear matter properties: iIsoscalar
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Nuclear matter properties: isovect

flexible in SHF, large in RMF
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Quality of Ep in Superheavy Nuclei
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G.s. deformations and fission barriers

beta2 gs deformations with ski4 symmetric barrier [MeV] with ski4

122

120 - ] 120 ¢

[ | H
. 7
18t 1 18+ H 1
4
L :
N116 ¢ ] N116 ¢ ]
9 MeV
2114 1 2114 | 1
Z : :
2 2
=} o
al112 ] 112 ]
110 | | 110 | 5 MeV |
108 A—Q_H.OR—.:. ] 108 | |
HomHmN 164 16 168 170 172 174 176 178 180 182 184 186 HomHmN 164 166 168 170 172 174 176 178 180 182 184 186
Neutron Number N Neutron Number N
beta2 gs deformations with nl3 symmetric barrier [MeV] with nI3
122 ; ; ; ; ; ; ; ; ; ; ; 122 ; ; ; ; ; ; ; ; ; ; ;
120 ¢ ] 120 ]
- o
0.175 7
118 + 0.125 1 118 | m ]
L
3| Lo 5 MeV|
[S [S
2114 | 1 2114 | 1
j o
2 2
=} o
x112 ‘ K112+ i
L) 0 MeV |
106 deform. | 108 |
Hompmm 164 166 168 170 172 174 176 178 180 182 184 186 ”_.omaw 164 166 168 170 172 174 176 178 180 182 184 186
Neutron Number N Neutron Number N

N N



E (MeV)

Collective spectrum of 18¢p

2.5

1.5

0.5

-1442 ¢

HmﬁUU

SkI3

N ot 1443 F
IIIIIIIII N.T — -1444 |
¢
.t m-pimi
B P> -1446
-1447
- -1448 __m________
N.T 0 0.5 1.0
......... ot TTTTTTTT dgformation B,
O+
......... 20 signatur¢ of triple
B ., om======x m+ shape isbmerism
||||||||| M+ O+ N+
+
i o
SLy6-DDDI  SkM* SLy6 SkI3 EXp.

(GCM)




Conclusions

Self consistent mean field:

— excellent description of bulk properties in known nuclei, shapes without prejudices
— universal parameters, but phenomenologically fitted

— uncertainty in extrapolations 7, GDR in light nuclei 7, s.p. spectra ?

— not yet fully fixed: pairing forces, isovector forces

Exotic nuclei:

— neutron radii <> symm. energy, E'p <> shell effects

— superheavy elements: large islands of shell stabilization, fission barriers <+ forces
— shape coexistence at bounds of stability

Collective ground state correlations:

— low energy excitations fairly well reproduced without free parameters,
— problems: B(E2), vicinity of shell closures

— large correlation effects for isotope shifts and energy differences (d2,)
— sensitive to pairing — but pairing yet to be fixed



