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Singly-closed nuclel

Appearance of low-lying deformed states (intruder 0+)

12¢ 2924
’ , g1
e "1 I 54
12%) 2513 S - —_— 2548 e
s + ” * T
(is) .‘.“l 712 2710 P - 1 W15+ 1.10us $70ns 2* s
IU‘I NIEY . 1 Ven .l”. A".l‘ \~‘ l;' "4 .LL' ::.w.} 'o— e
| s (12 -
s it | S 8] . = o0
V—Zﬁ 3t 21 [ 5 2408
o Y " s
(10%) by 1 /.8 ] 'I t Py
—_— ® "’ ’
I5*%) 182 ¢
(8% 2138 — J g 2137
P
— > - ”,
. L <160 ‘v N
\ ’
. ' . ’
.\ (0 AL &t (2] 7
Y g ’
RN, 1 K0S 14 ¢
+ v — | TW [
(s 1788 " (6% 1738 /2~ S 4 & 1T% & 7%
— — —_—
. hE o 1663 " ,’
. - - , i ’
. (8*%) lfn. ’
. " 1531 4* IW.I
+ E b .
'_4 1446 “nt 141} 6* 1“’ 1 4 2* 1480
\—
. . 37 1)
b \\ “h WY = “ . 3
\ (5% 1262
.
e 1
'—' e “Ié.u 1120
b ~
\‘ .
\‘ .~ 4
2% e N
—
-
~
s
oy N
_..Q‘
0 0 ot { 0 ( o* 0 ot 0 0+ 0 * 0 o* 0 0 0
150 152 154 186 190 192 194 196
b M b b M b M Pb M



Mean-field (density functional) approaches

* Minimization of the total energy
automatically determines s.p. energies, (pair,
def.) correlations, etc. for a given nucleus.

* Spherical shell gap at N=20 1s about 4 MeV
(SKM*)
— Deformed H.F. ground state (SkM*)
— Spherical H.F. ground state (SGII)

— Correlation beyond the mean-field 1s important.



VAP on parity

Parity-projected wave function

‘ (I)> = det {¢1 U ¢n} ( Slater determinant )
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Parity-Projected Skyrme Hartree-Fock equation

(h=1-F)g, =(@[P|®)ih,§, =Y &,(¢,|h,|0)}+(E-EDd= e,
E, = (®|H|D) &i(r)=21¢j(F)(B‘l)g B, =fdl_;¢i(l_;)¢j(_’_;)

3D space is discretized in lattice
Single-particle orbital: ¢.(r) =19 (rk)}k=l,---Mr9 i=1-,N

hy

N: Number of particles

Mr. Number of mesh points

£
> Spatial mesh size is 0.8 fm.
Dénsity of 2Ne Ohta, Yabana, Nakatsukasa,
K™= 0" state Phys. Rev. C70 (2004) 14301
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Density of **°Mg ( SGII )

Even-parity
K®=0" (B,=0.223)

PPSHF ground solution

Odd-parity
K*=1-,0" (80.2%,19.7% )




Spectra of 3'Mg ( SGII )

Excitation Energy ( MeV )
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Large deformation
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Density of 32Mg (SGH), — PPSHF ground solution

Kr=0" (B=0.095)—  Kr=1-




Spectra of Mg (SGII)

Excitation Energy ( MeV )
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Significant rotational correction

Large deformation
(sd — pf)’
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leads to the deformed ground state.

Rotational correlation
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Spectra of 3*Mg ( SGII )

Excitation Energy ( MeV )
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Large deformation
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B(E2: 2*,—07)) value of Mg isotopes (e*fm?)

(e?fm™)
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VAP” cal. for **Mg (SGII parameter set)
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Potential Surface of **Mg

Contour lines
in every 500 keV
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In PPSHF+AMP, the ground energy is 990 keV lower than
minimum energy on symmetry axis.




VAP™!for **Mg

20
~~ 8+
2
215_ 8 + — 6+
~— 8+t ——
> +
> 7 — s
c 10
5 6+ 6+ 4+
c 6+ — 5 + — 3+
S —
s, 3+
9 4+ 2+ 4 +
L

2+ 2+
O 0+ —— 0+
Te O+ K= 24 K=0++2+
K*=0+ K"=2

EXP



Gogny-GCM (1D)

R. Rodriguez-GuzmanlJ. L. Egido and L. M. Robeldo, Nucl. Phys. A709, 201 (2002)
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* “Mean-field"’-based approaches

— Energy density functional is universal (no tuning
involved)

— GCM cal. with 2D real coordinates is a state-of-
art technique

* Further developments
— VAP on both parity and angular momentum
— GCM with complex coordinates

* Insights into lol (?)

— Significant effect from rotational (def.) correlations
In relatively light systems

— Pairing & def. & rot. correlations can be
“cooperative” in the shell closure.

— Shape fluctuation effect



