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II Nuclear Many -Body Theory

A Nuclear system is a complex quantum many -body system
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Nuclear Density Functional Theory (DFT) can provide a self  -consistent
description across almost the whole nuclear chart.



II Relativistic Density Functional Theory

A Wide application of Relativistic Density Functional Theory (RDFT)

U Ground state

V Nuclear Mass
Zhang et al., ADNDT 144, 101488 (2022)
V Exotic Nuclei
Meng and Ring, PRL 77, 3963 (1996)

U Nuclear decay

V Beta decay
Niu et al., PLB 723, 172 (2013)
V Proton radioactivity
Zhao et al., PRC 90, 054326 (2014)
Lim et al., PRC 93, 014314 (2016)

U Nuclear fission

Lu, Zhao, and Zhou, PRC 85, 011301(R) (2012)
Zhou, PS 91, 063008 (2016)
Agbemavaet al., PRC 95, 054324 (2017)

U Nuclear rotation

Kodnig and Ring PRL 71, 3079 (1993)
Afanasjev and Abusara PRC 82, 034329 (2010)
Peng et al., PRC 78, 024313 (2008)

Zhao et al., PRL 107, 122501 (2011)

U Nuclear vibration
- b Ojetlali, PRC 66, 064302 (2002)
Paar et al., PRL 103, 032502 (2009)
Liang, Giai, and Meng, PRL 101, 122502(2008)

Niu, Paar, Vretenar, and Meng, PLB 681, (2009)

U Nuclear reaction
Ren, Zhao, and Meng, PLB 801, 135194 (2020)

Ren, Zhao, and Meng, PRC 102, 044603 (2020)

DRHBc Mass Table Zhang et al., ADNDT 144, 101488 (2022) http://drhbctable.jcnp.org/ )
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II Relativistic Density Functional Theory

A Relativistic Density Functional Theory (RDFT)

Meng, Relativistic Density Functional for Nuclear Structure, World Scientific, 2016

U Meson-exchange: interact via exchange of mesons

Direct | Exchange
(Hartree) (Fock)

U Mean-field (MF) approximation
move independently in an averaged potential

Local MF Nonlocal MF



II Lagrangian Density for RDFT

A Lagrangian density fl fl  fl

_ - 1 —
Lr=— w[gao' +gsT 0+ gw'}’uw,u, + gp')/u'? . ﬁ/.L + e’Y'UJ i AIL]¢
T NSRS /R
w[mﬂ%’}/ Oum - T + Vel 9" p]y
Z pseudo- vector z tensor
(Z- PV) (z-T)
A Some of the commonly used effective interactions
Method Interaction o(S) w(V) pV) =x(PV) p(T)
PC-PK1 Vv vV vV
Hartree DD-ME1 v \/ \/
DD-ME2 Vv Vv Vi
PKO?2 Vi vV vV
PKOI1 v v v v
Hartree-Fock PKO3 Y Y Y Y
PKAI v v v v v




II Exchange terms in RDFT

A The exchange terms are included within  Relativistic Hartree - Fock model

Bouyssy(1987), Long(2006)Geng2020)

A History of relativistic Hartree -Fock (RHF) model

i

i

1987: First systematic applications Bouyssy, PRC (1987)
1993: Employ non-linear terms Bernardos, PRC (1993)
1995: Employ density-dependent coupling constants Shi, PRC (1995)
2006, 2007: Good descriptions for finite nuclei ( PKOi and PKA1L) Long (2006, 2007)

2010: Relativistic HartreeFock-Bogoliubov (RHFB) Model Long, PRC (2010)
2011, 2020, 2022: Axially deformed RHF and RHFB model Ebran(2011),Geng (2020, 2022)

A Importance of the exchange terms U-PV, ¥-T
U Naturally include tensor force Jiang(2015), Wang(2018)
U Improvement on the shell evolution Long(2007, 2009), Li(2016), Liu(2020)

U Selfconsistent description of spinisospin excitation Liang(2008,2012)
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II Shell Evolution of 4

A Energy of first
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A Enhanced quadrupole collectivity is observed at the neutron
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neutron -rich isotones, which agrees with experimental observations.



II Shell Evolution of 4

Isotonic Chain

A Contributions of the
coupling to the U
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A The tensor force plays an important role in the shell evolution of O T
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II New Magic Numbers N = 32 and 34

A New magic numbers 0 o cand o thave been confirmed in Ca isotopes
experimentally according to the ¢ excitation energy and the mass.

I L] I L] L] L] I L] I L] I I L] I L] I L] I L] I L] I
4 - -
18 M 8= Sz(N) - 85, (N+1)

m  Exp.
16 | ¢ —80— PKA1 - i
Ly --0--PKO3 | |
14 | R - T DD_ME2 -
= 12 F
s |
<10 F
(p] -
8
6 |- -
4 -
L a3 1 1 I [ T N |

28 30 32 34 36 38 40
Neutron number Neutron number

J. Liu et al., PLB 806, 135524 (2020)

PKAL can reproduce the two -neutron separation energies,
that implies new magic numbersat 0 o cando t



II Single - Particle Levels of Ca Isotopes

A Evolution of the neutron single -particle levels for Ca isotopes
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J.J.Li etal., PLB 753,97 (2016)

The effective interaction PKAL presents subshells at both O ocandort



II Shell Gaps of 4 and along Isotonic Chains

A Shellgapsat O o cand o talong the isotonic chains
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The “-PV and” -T are dominant for the new shellgaps 0 0 ¢
but tiny contributions to the shellgaps 0 ot



II Emerge nce of Subshell at -

A The central -depressed density profiles reduce the spin  -orbit splitting of
' ¢ gtates leading to the new magic number 0 o1
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II Self-consistent description for Spin -1sospin Excitation

A GamowTeller Resonance A Spin-dipole Resonance
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J. Meng et al., AIP CP 1235, 29 (2010) H.Z. Liang et al., PRC 85, 064302 (2012)

A RHF can self -consistently well describe the spin  -isospin excitations
without any additional parameters.
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PC-PKF: RDF with Localized Exchange Terms

New relativistic density functional @ PCPKE Localized exchange terms
U Relativistic point-coupling: zero-range interaction
U Fierztransformation: __ —
Express the exchange terms as superpositions of
Hartree terms Sulaksono(2003)

PG PKF canself -consistently describe the Gamow -Teller resonance

excitation energy without adjusting additional parameters
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I Relativistic Optimized Effective Potential Method

A Kohn-Sham (KS) Density Functional Theory v konn, LJ. Sham, Phys. Rev. 140 (1965) A1133

Gt

Figure from Drut et al., PPNP 64, 120168 (2010)

Construct the energy density functional
with the orbitals from a Kohn-Sham
potential which generatesthe sameground-
state density asthe interacting system

RKS equation

RHF equation

A Relativistic Optimized Effective Potential (ROEP) Method

S Ex

Perturbate Kohn-Sham potential with AUk (=) = - — Ux (=)
Pr(®) @ (x)
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Firstorder changes on densities and current _

A Relativistic Krieger -Li-lafrate (RKLI) approximation



