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« Semi Empirical Mass Formula (Bethe and von Weizsacker, 1935).
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V.M. Strutinsky, Shell effects in nuclear masses and deformation energies,
Nuclear Physics A 95 (1967) 420

Times Cited: 1,664

“Shells” in deformed nuclei, Nuclear Physics A 122 (1968) 1

Times Cited: 1,040
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Finite-Range Droplet Model (FRDM)

P. Moller, J.R. Nix, W.D. Myers, W.J. Swiatecki, At. Data Nucl. Data Tables 59, 185
(1995).

Weizsacker-Skyrme (WS) formula inspired by the Skyrme
energy-density functional and a macroscopic-microscopic
mass formula, with an rms deviation of 336 keV with

respect to the 2149 measured masses in 2003 Atomic
Mass Evaluation.

N. Wang, M. Liu and X. Z. Wu, Phys. Rev. C 81, 044322 (2010).
N. Wang, Z. Y. Liang, M. Liu and X. Z. Wu, Phys. Rev. C 82, 044304 (2010).
[M. Liu, N. Wang, Y. G. Deng, and X. Z. Wu, Phys. Rev. C 84, 014333 (2011).

Isospin for S-O & E_sym + mirror nuclei
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ARTICLE I NFOD ABSTEREACT

Arricle hisrory: By taking into account the surface diffuseness correction for unstable nuclei, the accuracy of the
Received :‘—’5 Ff't_’m“'? 3’-['1_4 o macroscopic—microscopic mass formula is further improved. The rms deviation with respect o essentially
Received in revised form 28 April 2014 all the available mass data falls to 298 keV, crossing the 0.3 MeV accuracy threshold for the first time

Accepred 5 May 2014
Available online 20 May 2014
Ediror: W. Haxron

within the mean-field framework. Considering the surface effect of the symmetry potential which plays
an important role in the evolution of the “neutron skin® toward the “neutron halo” of nuclei approaching
the meutron drip line, we obtain an optimal value of the symmetry energy coefficient | = 30.16 MeV.

Taking into account the surface diffuseness effect of nuclei near the
drip lines in the macroscopic—microscopic mass calculations, the rms
deviation with respect to the 2353 known masses falls to 298 keV
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Accuracy of theoretical descriptions of nuclear masses

Adam Sobiczewski”
National Centre for Nuclear Research, Hoza 69, 00-681 Warsaw, Poland;
GSI Helmholtzzentrum fiir Schwerionenforschung GmbH, 64291 Darmstadt, Germany;
and Helmholtz Institute Mainz, 35099 Mainz, Germany

Yuri A. Litvinov'
GSI Hf!mhﬂfrfzfndrum fiir Schwerionenforschung GmbH, 64291 Darmstadt, Germany
(Received 30 December 2013; published 21 February 2014)

The accuracy of current theoretical descriptions of nuclear masses is studied. Ten theoretical models of various
kinds are taken for the study: the macroscopic-microscopic, purely microscopic (self-consistent), and models
of other natures. Some of them are traditional, but still widely used, while the others are very recent. The most
recently evalvated experimental masses of 2012 are taken for the test of the models. Much attention is given to
the dependence of the accuracy on the region of nuclei described by the models. The macroscopic-microscopic
approaches are still found to be the most accurate in the description of atomic masses. However, the recently
developed purely microscopic models (the Hartree-Fock-Bogoliubov approach) reach comparable accuracy. A

strong dependence of the accuracy on the region of nuclei described is found, knowledge of which is crucial for
a realistic description of specific nuclei.

DOI: 10.1103/PhysRevC.89.024311 PACS number(s): 21.10.Dr, 21.60.—n
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coupling interaction

Lagrangian density

L=y(iy,0" -m)y

1 o 1 B _ | - .
=5 oY) = o Wy )Wy y) -5 o Wy, Wiy )
1 1

_ 3_1 — 4L — ot 12
3By ) = 7sy) =l )ty )]

| _ V= 1 — o I T T
-3 5,0, (ww)o" (W) - 5 0,0, Wy w)0 (Wr'w) - 3 o0,y W )o Wiy )

1—
—872-3!/7)//1(//14# —lF“VF

4 -




.Uuﬁn.? » g

A A -

@ e 74 2
Taat PEKING UNIVE

RSITY

Covariant Density Functional: PC-PK1
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Nuclear Mass
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Meng, Peng, Zhang, Zhao, Front. Phys. 8, 55 (2013)

Long-term plan

Improve the mass description based on
CDFT to 6 ~ 0.5 MeV.

Zhao, Song, Sun. Geissel, Meng, Phys. Rev. C 86, 064324 (2012)
Crucial test for covariant density functional theory with new and accurate

mass measurements from Sn to Pa
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Discrepancy of the CDFT
calculated binding energies
by PC-PK1 with the data for
575 even-even nuclei: (a)
the CDFT calculated binding
energies; (b) the dynamical
correlation energies taken
into account.

Dynamical correlation

energies by 5DCH
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Density of states
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<+ To describe bound states, continuum and the coupling between them,
RHB equation must be solved in suitable methods

<+ Radial RHB equation in spherical case

( J. Meng, Nucl. Phys. A635 (1998) 3, and references therein. )
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FPE Neutron radii
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4 Occupation Number Density
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3 " ‘% J g; Occupation Number Density near Fermi Surface
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Quasi-particle resonances
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Explore the nuclear chart boundary / nucleus
existence limit

O The neutron drip-line nuclei extended by the
continuum couplings should be emphasized.

O Ranging from O to Z=130

O Relativistic Continuum Hartree-Bogoliubov theory
with PC-PK1, which provide a proper treatment of

pairing correlations in the continuum.
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O PC-PK1: for nucleus with Z=8 to Z=130
Box size: 20 fm; mesh size: 0.1 fm
Ja=19/2, E. ;=100 MeV
Density-dependent delta pairing force
p(‘r))
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with the saturation density p,,; = 0.152 fm—3, and the pairing force
strength V, = 685.0 MeV - fm 3
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4 Pairing force and odd-even staggering
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Figure: 10532 bound nuclei from Z=8 to Z=130 predicted by RCHB theory with PC-
PK1. For 2227 nuclei with data, binding energy differences between data and
calculated results are shown in different color. The nucleon drip-lines predicted TMA,

HFB-21, WS3, FRDM , UNEDF and without pairing correlation are plotted for
comparison.




Continuum contributions

ANIITR
REER RO LI KSR Y Afanasjev et al PhysicsLettersB726(2013)680-684
Particle-bound e-e Z<120 nuclei is respectively 2040, 2050, 2057 and 2216 for

DD-PC1, DD-MEZ2, DD-Med and NL3* 130
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Figure: 10532 bound nuclei from Z=8 to Z=130 predicted by RCHB theory with
PC-PK1. For 2227 nuclei with data, binding energy differences between data and
calculated results are shown in different color. The nucleon drip-lines predicted
without pairing correlation are plotted for comparison.
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Figure: 10532 bound nuclei from Z=8 to Z=130 predicted by RCHB theory with
PC-PK1. For 2227 nuclei with data, binding energy differences between data and
calculated results are shown in different color. The nucleon drip-lines predicted
without pairing correlation are plotted for comparison.




Boundary extended by pairing and continuum for Z=20
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For Calcium isotopes, the neutron drip-line is extended from
N=40 to N

=60.
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Boundary extended by pairing and continuum for Z=36
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For Krypton isotopes, the neutron drip-line is extended from
N=82 to N=100.
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Boundary extended by pairing and continuum for Z=62

E [MeV]
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For Samarium isotopes, the neutron drip-line is extended
from N=126 to N=168.
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e ; ¥ ?? Two-neutron separation energy
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Two-neutron separation energy: S: i

350

Figure: Two-neutron separation energy S, of 10532 bound nuclei from O(Z=8) to
Uuy(Z=130) by the RCHB theory with PC-PK1

The nucleus S, <1 MeV are marked in green.



One-neutron separation energy
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Figure: One-neutron separation energy of 10532 bound nuclei from O(Z=8)
to Uuy(Z=130) by RCHB theory with PC-PK1.

The odd-N nucleus S <1 MeV are marked in green.
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Figure: one-proton separation energy of 10532 bound nuclei from O(Z=8) to
Uuy(Z=130) by the RCHB theory with PC-PK1

The nucleus S; <1 MeV are marked in green.
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Figure: Two-proton separation energy of 10532 bound nuclei from O(Z=8)
to Uuy(Z=130) by the RCHB theory with PC-PK1

The nucleus S,; <1 MeV are marked in green.
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Potential difftuse systematics

Halo nucleus in heavy and superheavy nucleus
Proton emission nuclei

Alpha emission nucleli

Heavy-ion emission nuclei

Shell structure evolution

New magic number

Stability line in superheavy mass region

Proton number up-limit
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Outline

Macroscopic-microscopic mass formula
Nuclear mass in CDFT
Energy and width for resonant states in Dirac equation

Energy and width in GF-RCHB

Nuclear landscape extended by continuum
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Perspectives




Deformed RHB theory in continuum
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PK1
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x (fm)

N
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» Describe bound states, continuuh
and the coupling between them, as
well as asymptotical density and
deformation effect self-consistently.

» Predicte shape decoupling between

the core and halo in 2Mg .

Zhou, Meng, Ring & Zhao, PRC 82, 011301R (2010)
Li, Meng, Ring, Zhao, Zhou, PRC 85, 024312 (2012)

> Blocking effect incorporated to treat
odd-A or odd-odd exotic nuclei

> DDDRHB: Generalized to density

dependent meson-nucleon couplings
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O Deformation: halo in 3’Mg and 38Mg

Time-odd effect, continuum, blocking effect and

quadruple deformation consirained
2015-01-13 50
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Constrained deformed RHB theory in continuum developed
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Binding energy and two-neutron separation energy of Ne isotopes
calculated with PC-PK1.
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Single Neutron Levels in 4°Ne in comparison
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Single Neutron Levels in 4°Ne in comparison
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O Summary

»Deformed relativistic Hartree-Bogoliubov theory in continuum: time-odd
component, blocking effect and quadruple deformation constrained

» Covariant density functional theory formulated with Green’s function method

 GF-RMF single-particle resonances
« GF-RCHB giant halo

O Perspectives
» Systematic deformed halo investigation possible

Predicting deformed halo in even/odd A nucleus
Relation between pairing and deformation
Resonance in stable/unstable nucleus

Pairing enhancement/suppress beyond dripline

Continuum and width effect on halo
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. . | Thank you!
CDFT mass with deformation and continuum ...



