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Disentangling the nuclear shape
coexistence in even-even Hg
Isotopes using
the interacting boson model
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Mean Field

T SR ™) 4p-4h prol Taken from Duguet et al, PLB 559, 201 (2003)
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Aghndregéﬁ et al, Nature 405 (2000), 430

The angular momentum projected mean field plus
the Generator Coordinate Method generates
different bands with very different deformation.
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*For nuclei near to closed shells, either for neutrons
or for protons, it can be energetically favorable to
have excitations of 2p-2h, 4p-4h ... crossing the
energy gap.

*The np-nh excitations have a lower excitation
energy than expected due to the correlation energy:
pairing and deformed correlations.

*Restricted to light and medium-heavy nuclei, at
present.

%7 i

In heavy nuclei the huge model space imposes some
kind of truncation: symmetry dictated truncation.
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Interact/(ihg Boson Model (IBM)

Nucleons couple preferably in pairs

</
Nucleons "‘\ with angular momentum either

equal to O (S) or equal to 2 (D).
S Those pairs are then described by
means of bosons: s and d.
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Intera\ctlng Boson Model

(configuration mixing)
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Pb isotopes
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Hg isotopes
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Pt isotopes
The two families are | '\ (i -
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How to f|(>w<‘\ the parameters for Hg

Least squares fit to the experimental data, including
excitation energies and absolute B(E2) transitions.

Ndata (X;(data) — X—i(IB*'M))Q

Error (keV)
oc=0.1

o=1 47,05,2; + all the known B(E2) transitions
o= 10

o = 100
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Quadrupole moments
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K. Wrzosek-Lipska, Session 17 (Wednesday)

N. Bree, K. Wrzosek-Lipska, et al., Phys. Rev. Lett. 112, 162701 (2014).
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IBM- CM energy surfaces

Hg
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Deformatlon value for the ground state
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Quadrupole invariants

i = V50 |[Q x Q]'V0),
390 A A .
G3i = —1/ ?‘J(UJ[Q « O x 0] ©[0)

> {0 [1QII2) 2 1Q1107),

Definitions:

: | | |
VSOl @ Il 22 10107

Geometric

- : 60
interpretation 2V orecos BB

3/2
T G

15th Capture Gamma-Ray Spectroscopy and Related Topics Dresden (Germany). 25-29 August 2014



| 7y ©niversidad
=2 | o=V ¥ deHuelva

Quadrupole invariants
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Summary and conclusions
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*\\Ve have given a detailed description of even-even Hg isotopes using
the interacting boson model including configuration mixing: excitation
energies, BE2's, quadrupole moments, deformation, radii, ...

IBM provides a description compatible with sophisticated mean-field
calculations and at the same time gives a very precise description of
spectroscopic properties.

In Hg isotopes the effect of the coexistence is shown in the 2" states
instead than in the 0" (as for Pt), anyhow configuration mixing is
somehow concealed.

In Pb nuclei three configurations coexist, spherical, oblate and prolate,
two in the case of Hg, oblate and prolate, in both cases with a weak
mixing, while in the case of Pt the strong mixing between both
configurations hides the presence of two configurations.

15th Capture Gamma-Ray Spectroscopy and Related Topics Dresden (Germany). 25-29 August 2014
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Thank you
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What IS shape coexistence?

It appears in quantum systems where
eigenstates with very different shapes coexist.

Therefore, it is implicit the existence of a geometric interpretation.

Molecules

—

Nuclei

15th Capture Gamma-Ray Spectroscopy and Related Topics Dresden (Germany). 25-29 August 2014
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Unperturbed energies
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TABLE II: Hamiltonian and T[EE} parameters resulting from the present study. All quantities have the dimension of energy

(given in units of keV), except yy 2 which is dimensionless and ey and ey .2 which are giyenin ypits /W The remaiing

. . . ' ! Nin F N NE2
amiltonian, .e., Yy, Eys2, Ky, and Ky.o are equal to zero, excepf A = 3480 keVi]and w, =

u:’ N2 290 keV.

Nuclens EN KN YN KNLD YN L2 €N ENLn
' Hg 845.0 -41.38 0.01 -20.70 -1.29 - -
M Hg 888.6 -40.21 0.02 -19.63 1.25 - -
" Hg 006.4 -34.99 0.02 -27.99 0.01 - -
" Hg 1032.4 -50.27 0.15 -37.56 0.13 - -
i Hg 1152.1 -54.39 0.36 -38.72 -0.19 1.38 2.41
2 Hg 1253.4 -58.46 (.39 -39.91 -0.17 1.11 2.24
g 1321.9 -58.12 0.41 -38.74 -0.11 1.14 1.94
I 1097.6 -56.95 0.36 -39.57 -0.16 1.07 2.11
S5 Hg 830.4 -53.17 0.20 -38.61 -0.17 1.42 2.13
Y Hg 703.3 ~57.59 0.13 42.57 0.01 1.42" 2.13"
g 697.3 -42.57 0.25 -26.55 -0.60 1.42* 2.13*
Mg 615.8 -44.49 0.19 21.34 -1.32 1.42* 2.13"
1 Hg 545.9 -39.79 0.16 -18.00 -0.85 1.81 2.72*
1 Hg 149.2 -54.08 0.31 -18.00 -0.85 1.83 -
“Hg 199.3 -45.73 1.07 -18.00 -0.85 1.97 -
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Decomposition in an intermediate basis
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Quadrupole invariants

[sotope State (q*) (*b?) {cos3 v) v (deg
Theo. Exp. Theo. Exp. Theo. Exp.
182 07 2.00 2.02(11%) 0.23 —1.33(7557) 25.5 -
05 6.19 9.7(*17) 0.65 0.58(127) 16.6 -
184 07 2.08 1.66(12) ~0.08 —~1.04(133) 31.5 -
07 5.40 15.0(158) 0.54 —0.40(133) 19.2 -
186 07 1.45 1.56(722) ~0.13 - 32.6 -
05 6.07 - 0.60 - 17.7 -
188 07 1.80 1.72(26) ~0.20 —0.64(42) 33.8 -
05 6.06 - 0.59 - 18.0 -
196 0 1.06 - —0.14 - 32.7 -
05 0.68 - ~0.41 - 38.2 -
198 07 0.89 - ~0.29 - 35.6 -
05 0.52 - ~0.57 - 41.7 -
200 0f 0.80 - ~0.79 - 47.3 -
05 0.58 - ~0.87 - 50.3 -
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Quadrupole invariants: step by step

1 1 2 3 4 5 Exact

[}jr 1.93 >9.03 2.03 2.04 2.06 2.08

[};r 2.25 171 > 533 5.36 5.39 5.40
(cos 37)

1 1 2 3 4 5 Exact

[}]" 0.41 p -0.13 p -0.15 p -0.15 e -0.08 -0.08

[}3_ (.35 > 1.03 > .51 ().52 ().54 (.54

<g*> and <cos 3y> for 0°, and 0" as a function of the number

of 2* states included in the sum: "**Hg.
More new experimental matrix elements are welcome!!

15th Capture Gamma-Ray Spectroscopy and Related Topics Dresden (Germany). 25-29 August 2014
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Decomposition of the yrast state wave function
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Decomposition of the yrast state wave function resulting

from the mixing
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