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Horizontal vs. vertical expansion of correlations
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Horizontal vs. vertical expansion of correlations
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Fig. 1. Schematic plot of the energy versus the collective variable. The dark envelopes show the positions
of the local vacua. The domain of the collective variable is defined by Gy, Gma, and the energy cut E,.,,.
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implementation(s)

o Coordinate space representation on a 3d mesh using Lagrange-mesh techniques in a
box.
o "HF+BCS" or “HFB" solved with two-basis method

o full space of occupied single-particle states. There is no inert core; hence effective
charges are not necessary to compensate for basis size and the bare charges are
used. (There nevertheless might be effective charges for reasons related to mapping
the NN interaction onto an EDF).

@ Skyrme energy density functionals.

@ "surface” pairing energy density functionals.
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Spectroscopy from MR EDF — the example of 188Pb

Qo (b)

-30 -20 -10 0 10 20 30 40 50 60 70 8C

E (MeV)

1+ -

0+ mean field—
| AR Y EU I I S T

-04 -02 00 02 04 06 08 1.0 1.
Ba

M. Bender, P. Bonche, T. Duguet, P.-H. Heenen, Phys. Rev. C 69 (2004) 064303.

M. Bender, IPN Lyon (IPN L Id models for the descri



Spectroscopy from MR EDF — the example of 188Pb
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Spectroscopy from MR EDF — the example

Qo (b)

-30 -20 -10 0 10 20 30 40 50 60 70

-30 -20

-10 0

10 20 30 40 50 60 70

Qo (b)

®
x

E (MeV)

— mean field
1 1 1 1 1 1 1 1

-04 -02 00 02 04 06 08 1.0 1.

Ba

M. Bender, P. Bonche, T. Duguet, P.-H. Heenen, Phys. Rev. C 69 (2004) 064303.

-0.4

-0.2

0.0

0.2

October 2017 6 /45

M. Bender, IPN Lyon (IPN L

ld models for the descri



Spectroscopy from MR EDF — the example of 188Pb
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M. Bender, P. Bonche, T. Duguet, P.-H. Heenen, Phys. Rev. C 69 (2004) 064303.

Attention: g?(q) is not the probability to find a mean-field state with intrinsic
deformation g in the collective state
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Spectroscopy from MR EDF — the example of 188Pb
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Spectroscopy from MR EDF: Transition

moments

M. Bender, P. Bonche, T. Duguet, P.-H. Heenen, Phys. Rev. C 69 (2004)
064303.

Experiment: T. Grahn et al, Phys. Rev. Lett. 97 (2006) 062501

@ in-band and out-of-band E2 transition
moments directly in the laboratory
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Mean-field deformation energy: Pb isotopes (SLy6)
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Mean-field deformation energy: Hg isotopes (

data used in J. Yao, M. Bender, P.-H. Heenen, PRC 87 (2013) 034322
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Mean-field deformation energy: Hg, Pb, and Po (SLy

data used in J. Yao, M. Bender, P.-H. Heenen, PRC 87 (2013) 034322
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Impact of J = 0 symmetry restoration on the deformation energy (SLy6,C

data used in J. Yao, M. Bender, P.-H. Heenen, PRC 87 (2013) 034322
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Shape coexistence in the neutron-deficient Pb isotopes
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Shape coexistence in the neutron-deficient Pb region
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Shape coexistence in the neutron-deficient Hg isotopes

data used in J. Yao, M. Bender, P.-H. Heenen, PRC 87 (2013) 034322
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coexistence in the neutron-deficient Hg isotopes
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Shape coexistence in the neutron-deficient Po isotopes

data used in J. Yao, M. Bender, P.-H. Heenen, PRC 87 (2013) 034322
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Shape coexistence in N = 106 isotones
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Shape coexistence in

= 106 isotones
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E?2 strength

J. Yao, M. Bender, P.-H. Heenen, PRC 87 (2013) 034322
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EO strength

J. Yao, M. Bender, P.-H. Heenen, PRC 87 (2013) 034322
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EO strength

J. Yao, M. Bender, P.-H. Heenen, PRC 87 (2013) 034322
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Construction of better parameterizations: control of surface properties
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Construction of better parameterizations: control of surface properties C
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Construction of better parameterizations: control of surface properties

W. Ryssens, M. Bender, P.-H. Heenen, in preparation
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W. Ryssens, M. Bender, P.-H. Heenen, in preparation
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Construction of better parameterizations: control of surface properties

W. Ryssens, M. Bender, P.-H. Heenen, in preparation
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Construction of better parameterizations: control of surface properties cir

Full 8-y plane of °Zr for the parameterization SLy5s1 — SLy5s8
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Low-lying states in #Ca
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Left: Non-projected total energy of the HFB vacua (without LN correction) relative to the
spherical configuration. Middle: N = 26, Z = 20 projected total energy of the HFB vacua

relative to the spherical configuration. Right: Energy of the projected N = 26, Z = 20,

J = 0 HFB vacua.
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Low-lying states in #Ca
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Top row: Right: Energy of the J = 0 HFB vacua. Middle: Energy of the lowest K-mixed J = 2 projected state . Right:
Energy of the second K-mixed J = 2 state . Bottom row: Right: Energy of the J = 3 state. Middle: Energy of the lowest
K-mixed J = 4 projected state. Right: Energy of the second K-mixed J = 4 state. The total energy is relative to the
minimum of the J = 0 energy surface. All states are projected on N = 26, Z = 20,
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Low-lying states in #Ca
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Low-lying states in #Ca

150
150

130

120

110

100

9.0 .
50 [} A wons [ 150, |1
0 0 _

0

20

ol

00

€, (MeV)

00 01 02 03 04 05 06 07 0.8 09 1.0 1.1 1.2 0.0 01 02 0.3 04 05 06 0.7 08 09 1.0 11 12

| 1

10 B —
= 3
% 2
IS / q &
a0 ]

. _SEyMro
. 0.4 0.5 06 07 08
2r SLyMRO ] By

00 01 02 03 04 05 06 07 08 0f
By Bender, Bally, Heenen, to be published

M. Bender, IPN 2017 34 /45



Low-lying states in #Ca
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Low-lying states in #Ca
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Low-lying states in #6Ca

collective wave function of the four lowest 0" states
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Low-lying states in #6Ca

collective wave function of the four lowest 0" states
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Low-lying states in #Ca
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Low-lying states in #6Ca
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Low-lying states in #6Ca
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Low-lying states in #6Ca
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Low-lying states in #Ca

il i2  Ei Ef DeltaE m(EQ)  rho(EQ)
MeV MeV MeV e fmA2 e

Ji= 0->J)f=120
1 1 0.000 0.000 0.000 226.856 12.271
2 1 2.500 0.000 2.500 3.109 0.168
3 1 6.622 0.000 6.622 0.251 0.014
4 1 7.271 0.000 7.271 0.278 0.015
2 2 2.500 2.500 0.000 240.720 13.021
3 2 6.622 2.500 4.122 3.150 0.170
4 2 7.271 2.500 4.771 -0.481 -0.026
3 3 6.622 6.622 0.000 266.516 14.416
4 3 7.271 6.622 0.649 -1.629 -0.088
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Laboratory densities

J. M. Yao, M. Bender, P.-H. Heenen, PRC 91 (2015) 024301
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or ) ) ) ) ] Contour plots of the 3D proton densities (in fm73) in the y = 0 plane for the 01+
08
A0 05 00 05 10 15 (a), 2Jr (b), 4Jr (c) states (with M = 0) in 2*Mg.

Transition den5|ty in the laboratory between GCM states |J;M; ;) and |Jf My pis) assuming axial HFB states
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= 871-2 2 KO 0K q 1p(rg/ q
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For the density of the GCM state |JMu) one obtains
M J JJKO IS N
P = £ fo qEYm(r) JMAO\JM)Z(JO/\KUK /dr Pt (r#) YK ()
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@ Projected GCM is a versatile model enabling the description of many different
situations (fluctuations in shape, shape coexistence, shape mixing) on the same
footing.

@ The mixing of shape coexisting states depends on many subtle details of the
modeling.

o New generation of effective interactions is on its way.
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