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Outline

@ (Relativistic) nuclear energy density functional
e Adjusting the model parameters
e Applications: ground-state properties
e Applications: giant resonances
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Outline

@ collective Hamiltonian model based on the self-consistent
RMF
e Applications: 24°Pu isotope
e Applications: Pt isotopes
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Outline

@ Summary and outlook
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Relativistic energy density functional

Energy density functional consists of the mean-field and the
pairing contribution

E = ErmFli, ps] + Epp(k, K*)

Elementary building blocks

(O, TY) O, € {1,7} T € {1,975 V5% O}

Isoscalar-scalar density

occ

ps(r) =D bi(r)eik(r)
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Relativistic energy density functional

Energy density functional consists of the mean-field and the
pairing contribution

E = ErmFli, ps] + Epp(k, K*)

Elementary building blocks

(O, TY) O, € {1,7} T € {1,975 V5% O}

Isovector-scalar density
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Relativistic energy density functional

Energy density functional consists of the mean-field and the
pairing contribution

E = ErmFli, ps] + Epp(k, K*)

Elementary building blocks

(O, TY) O, € {1,7} T € {1,975 V5% O}

Isovector-vector current

occ

Ju(0) = > On(r)Fen(r)
k
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Relativistic energy density functional

Energy density functional consists of the mean-field and the
pairing contribution

& = ErmFli, ps| + Epp(k, £*)

Kinetic energy term

=YV / ) (Y + m) ()
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Relativistic energy density functional

Energy density functional consists of the mean-field and the
pairing contribution

& = ErmFli, ps| + Epp(k, £*)

Second order terms

1
Eara = 5 [ [av(pu)6h + aslpa)sh + anp )] o
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Relativistic energy density functional

Energy density functional consists of the mean-field and the
pairing contribution

& = ErmFli, ps| + Epp(k, £*)

Derivative terms

1
Eder = E /5spsApsdr
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Relativistic energy density functional

Energy density functional consists of the mean-field and the
pairing contribution

& = ErmFli, ps| + Epp(k, £*)

Coulomb interaction

e .
ECOUI = 5 /jﬁA“dr

Tamara Niksi¢ (UniZg) XVII NPW Kazimierz Donly 25.9.2010.



Relativistic energy density functional

Energy density functional consists of the mean-field and the
pairing contribution

E = ErmFli, ps] + Epp(k, K*)

Pairing interaction: finite range separable pairing

V(r1, 12, 1y, 15) = GO(R — R)P(r)P(r ) (1-P7)

1 1 3
R=— = = P = — 32
5 (ri+ry), r=ri—ro (r) - e ¢

Parameters a and G are adjusted to reproduce the pairing gap in
the symmetric nuclear matter calculated using the Gogny force.
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Relativistic energy density functional

Couplings are density-dependent

ai(pv) = ai + (bi + cix) e, x= p/psaty, =S8, V, tv

Model parameters
as, bs, Cs, ds, ay, by, dy, by, Ay, Js

Adjusted to empirical ground-state properties of finite nuclei.

Empirical ground-state properties of finite nuclei can only
determine a small set of parameters.
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Nuclear many-body correlations

Implicitly included in the EDF
@ short-range — hard repulsive core of the NN-interaction

@ long-range — mediated by nuclear resonance modes (giant
resonances)

@ the corresponding corrections vary smoothly with the
number of nucleons — absorbed in the model parameters

4

@ heavy deformed systems present best examples of
mean-field nuclei

@ high density of states reduces the shell effects
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Adjusting the model parameters

Empirical mass formula

The calculated masses of finite nuclei are primarily sensitive to
three leading terms in the empirical mass formula

(N-2)?

Eg=a/A AP3
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Adjusting the model parameters

Empirical mass formula
The calculated masses of finite nuclei are primarily sensitive to
three leading terms in the empirical mass formula

22
EB:aVA+aSA2/3+a4¥+---

Fitting strategy
@ generate families of effective interactions that are
characterized by different values of a,, a; and the symmetry
energy S»(0.12fm=3)
@ determine which parametrization minimizes the deviation
from empirical binding energies of a large set of deformed

nuclei
.
25.9.2010. 6/22

XVII NPW Kazimierz Donly

Tamara Niksi¢ (UniZg)



Adjusting the model parameters

Two points from the microscopic EoS curve of Akmal,
Pandharipande and Ravenhall are kept fixed.
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Adjusting the model parameters

O (MeV)

SE (MeV)

.| Rare-earth region

e Sm (Z=62), Gd (Z=64), Dy

; (Z=66), Er (Z=68), Yb

[ a=-16.04 Mev ] (Z=70), Hf (Z=72)
s Actinides

: Th (Z=90), U (Z=92), Pu

o % (Z=94), Cm (Z=96), Cf

oLy Yy kT (Z=98)

" 1 Total

I I I I I
140 160 180 200 220 240 260

A 64 isotopes used in the fit
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Adjusting the model parameters

O (MeV)

SE (MeV)

| Rare-earth region

NI Sm (Z=62), Gd (Z=64), Dy
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[ ay=-16.06 Mev ] (Z=70), Hf (Z=72)
s Actinides

: Th (Z=90), U (Z=92), Pu

o |8 T (Z=94), Cm (Z=96), Cf

LA WD =)

: 1% Total

I I I I I
140 160 180 200 220 240 260

A 64 isotopes used in the fit
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Adjusting the model parameters

O (MeV)

SE (MeV)
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Adjusting the model parameters

O (MeV)

SE (MeV)

.| , Rare-earth region

R T Sm (Z=62), Gd (Z=64), Dy

i o (2=66), Er (Z=68), Yb

| a,=-16.10 Mev ] (Z=70), Hf (Z=72)
s Actinides

Th (Z=90), U (Z=92), Pu
(Z=94), Cm (Z=96), Cf
(2=98)

N Total
A 64 isotopes used in the fit
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Adjusting the model parameters

S (MeV)

SE (MeV)

A

Tamara Niksi¢ (UniZg)
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Rare-earth region

Sm (Z=62), Gd (Z=64), Dy
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(Z=70), Hf (Z=72)

Actinides

Th (Z=90), U (Z=92), Pu
(Z=94), Cm (Z=96), Cf
(Z=98)

Total
64 isotopes used in the fit
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Adjusting the model parameters

S (MeV)

SE (MeV)

Tamara Niksi¢ (UniZg)
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Ground-state properties

Charge radiiJ Quadrupole deformations J

s2 | Nd | 55+ Sm E o4+ Nd 1 04-Sm e
5ol | 03} F*L oaf : B
= 51t ] > P 02} A 4 02t E
£ 51 F Pl O ’
L 50 B o orrF vy 1 01r v 1
. 50T 4™ 1 00 \ peed 1 oof peaad 4
48 r v 1 49 1 o1f ¥ 401ty 4
140 144 148 152 156 160 134 138 142 146 150 154 140 144 148 152 156 160
54— 05 — 05 F— T
04+ Gd 4 04f Dy g
J j P e
a 03t > 1 oaf e
1 1 02} 4 o2} B
o o
| = oaf 4 o1t ~ 1
00 H 00 faed 4
1 ] 01 401 f R
146 150 154 158 162 146 150 154 158 162 166
55 — T ;
sat Er — —
L PP |
- 53 s e
£ 52t * E v &
X
51 B B
" pp-PCI 00 rad 1 DD-PC1
50  DDME2 4 - 5 B 01} | DD-ME2 ---a---
EXP v EMP v
L EXP L L g e EMR ey
150154158162166170174 158 162 166 170 174 178 150154158162166170174 158 162 166 170 174 178
A A A A

XVII NPW Kazim 25.9.2010 9/22



Excitation energies of collective modes
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Implementation of the collective Hamiltonian

model based on the SCRMF

Collective Hamiltonian
Heon = Trot + Lvip + Veour

Rotational energy

The moments of inertia are calculated by using the
Inglis-Belyaev formula.
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Implementation of the collective Hamiltonian

model based on the SCRMF

Collective Hamiltonian
Hco/l - Zot = ,Tvib a4 Vcol/
Vibrational energy

T = - 254\/_[ oy =985 — | £ B0 ]
S|n37\/_r[ \/7S|n378m65+58 \/7S|n378558]

The mass parameters are calculated in the cranking
approximation .
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Implementation of the collective Hamiltonian

model based on the SCRMF

Collective Hamiltonian
Heon = Trot + Lviv + Veou

Collective potential

Ve (B,7) = Etot(8,7) — AViin(8,7) — AViot(8,7)

Corresponds to the mean-field potential energy surface with the
zero point energy subtracted .
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Applications: 2*°Pu isotope

60

Y (deg)

I 16
12

Triaxial effects lower the
I8 barrier.

20
12 T T T T T T T T T T T ]
. L 24°Pu — axial ]
: I S‘ 10 ——— triaxial —
N0, 3 | |
0.0 0.2 04 06 08 10 1.2 =3
B >
(o))
)
ND and SD minima are T
separated by the barrier.
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Applications: 2*°Pu isotope
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Applications: 2*°Pu isotope
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Applications: Pt isotopes
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Applications:

B.E. (MeV

@«
o

~N
2

Eth
47

exp / exp

Eth
27

=2.58

=2.48

Energy (MeV)
o = = n
@ o @& o

14
°

Pt isotopes

16
141
12
S10F
3 MO0
2 08F
w06
“o0af
02[
00f
0 30
v (deg)
Theory Experiment 4
L 92py) ]
8; . 1
L = 6 — o
1 2
5
F o y . s
4, 6, —a
L i 70(30) :
3 38(9) 3
47 2; 102(1‘0) 4

89(5) 109(7 2,
2) 054(4) |
57.1(12)

h

-3
S

Tamara Niksi¢ (UniZg)

XVII NPW Kazimierz Donly

25.9.2010.

16/22



Applications: Pt isotopes
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Applications:

Pt isotopes
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Applications:

Pt isotopes
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. 192

. 9Pt isotope
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. 192

. 9Pt isotope
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Applications: '9?Pt isotope
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Applications: '9?Pt isotope
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Applications: '9?Pt isotope
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Applications: '9?Pt isotope
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Applications: '9?Pt isotope
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Summary and outlook

Summary

Unified microscopic description of the structure of stable and
nuclei far from stability, and reliable extrapolations toward the
drip lines.
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Summary and outlook

Summary

Unified microscopic description of the structure of stable and
nuclei far from stability, and reliable extrapolations toward the
drip lines.

Summary

When extended to take into account collective correlations, it
describes deformations and shape-coexistence phenomena
associated with shell evolution.
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Summary and outlook

Summary

Unified microscopic description of the structure of stable and
nuclei far from stability, and reliable extrapolations toward the
drip lines.

Summary

When extended to take into account collective correlations, it
describes deformations and shape-coexistence phenomena
associated with shell evolution.

Outlook

Further improvements of the model and more systematic
calculations.
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