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PC-PK1 + DRHBc : 4829 bound even -ὤnuclei with 8 ÒZ Ò120

DRHBc Collaboration , At. Data Nucl . Data Tables 144, 101488 (2022)

Existence Limit of nuclei
stable nuclei ~ 300 nuclei

unstable nuclei observed  ~ 2700 nuclei

drip-lines predictions) ~10000 nuclei

magic numbers



How were the heavy elements from iron to Uranium made

Systematic nuclear physics 
knowledge: mass, 

b-decay half-ƭƛǾŜǎΣ ǊŜŀŎǘƛƻƴ ǊŀǘŜǎ Χ

Discovery ñ11 greatest unanswered questions of Physicsò

key difficulties in experiments

Accurate description: difficult problem in 
nuclear physics

GW170817neutron-star-
merger event shows that
neutron star merger is one of 
the r-process sites

Key mechanism rapid neutron 
capture process (r-process)

r-process sites

ApJL848, L12 (2017)

Large-scale accurate theoretical 
calculations nuclear are demanded

ɓdecay

electronantineutrino

Gamow-Tellertransition

big process in nucleosynthesis study



Mass accuracy: 1.0 Ā10-6 (~120 keV) 

Resolving power: 200,000   

71 nuclides covered

27 nuclides were measured

8 measured for the first time

8 unresloved ground state and isomeric states

1 isomeric state of 133Sb (E*=4564(170) keV)

Short-Lived Neutron-Rich Nuclei with the Novel 

Large-Scale Isochronous Mass Spectrometry at 

the FRS-ESR Facility Sun et al. NPA 812 (2008) 1-12  

Mass measurement



Facility for Antiproton and Heavy Ion Research

(FAIR) Darmstadt



Å Relativistic Density Functional 

Å Physics close to the drip-line

Å DRHBcmass table collaboration

Å Physics along N=Z nuclei

Å Relativistic density functional theory in 3D lattice 

Å ReCDtheory

Å Toward Relativistic ab initio DFT

ÅLinear alpha -chain

ÅNuclear fusion 

ÅNuclear fission 

ÅChiral dynamics



Relativistic functional PC -PK1



/218

P. Ring Physica Scripta , T150, 014035 (2012) 

Why relativistic ? 

ṉ Spin-orbit automatically included

ṉ Lorentz covariance restricts parameters

ṉ Pseudo-spin Symmetry 

ṉ Connection to QCD: big V/S ~ ±400 MeV

ṉ Consistent treatment of time-odd fields

ṉ Relativistic saturation mechanism

ṉ é

Brockmann & Machleidt, PRC42, 1965 (1990)

Hecht & Adler 
NPA137(1969)129

Arima , Harvey & Shimizu 
PLB 30(1969)517

Pseudospin symmetry

Ginocchio PRL 78, 436 

Relativistic Density Functional for Nuclear Structure

Meng (Ed.),  World Scientific, Singapore (2016) 
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Relativistic Density Functional Theory

Elementary building blocks

Isoscalar-scalar

Isoscalar-vector

Isovector-scalar

Isovector-vector

Densities and currents 
Energy Density Functional

Relativistic Density Functional for Nuclear Structure

Meng (Ed.),  World Scientific, Singapore (2016) 



Covariant Density Functional 

Theory and Applications in 

Nuclear Physics, Nov. 05, 

2015

15:52
10/206

Fermi sea

Dirac sea

2m* å 1100 MeV

V+S å 750 MeV

V-S å 50 MeV

2m å 1900 MeV

continuum

scalar potential: S(r) å -400 MeV V(r) å 350 MeVvector potential:

Dirac equation



Dirac Sea:  Spin symmetry

S. G. Zhou, J. Meng and P. Ring, PRL92(03)262501

p1/2 p3/2



Relativistic functional PC-PK1

12 2024/6/7

Zhao, Li, Yao, Meng, PRC 82, 054319 (2010)



Predictive power

P. W. Zhao, et al. Phys. Rev. C, 86 024324 (2012)

V53 new mass measured at GSI are reproduced well by PC-PK1

(only 11 parameters) with a rms deviation of 0.859 MeV.

Data from L. Chen, et al. Nucl. Phys. A 882 71 (2012)



Z = 102-116

Kaiyuan Zhang, et al

Phys. Rev. C104 (2021) L021301

Predictive power for superheavy nuclear mass and possible stability beyond the

neutron drip line in deformed relativistic Hartree-Bogoliubov theory in continuum

Predictive power



Physics close to the drip -line

Continuum, deformation, clustering, é



From Xin-Hui Wu

Meng and Ring, Phys. Rev. Lett. 77 (1996) 3963

Meng and Ring, Phys. Rev. Lett. 80 (1998) 460

Shell structure, low density̆ continuum ̆ bound state,

spatial distribution, pairing correlation, coupling between

bound state and continuumé

I. Tanihata, et al Phys. Rev. Lett. 55 (1985) 2676

Å Meng, Toki, Zhou, Zhang, Long & Geng, Prog. Part . Nucl . Phys. 57 (2006 ) 470
Å Meng and Zhou, J . Phys. G: 42 (2015) 093101

New phenomena in exotic nucleus 



Halo nuclei

üHalo nuclei have attractedlots of attention since the

discoveryof thehalophenomenonin 11Li .

Tanihata et al., PRL 55, 2676 (1985)

Tanihata et al., PPNP 68, 215 (2013)

22Al : Leeet al., PRL125, 192503 (2020)
29F: Bagchi et al., PRL124, 222504 (2020)

37Mg: Kobayashi et al., PRL 112, 242501 (2014) 

Neutron dripline 

confirmed for Z Ò 10



Density in 11-Li

11Li
J. Meng and P. Ring, PRL 77, 3963 (1996), 

RCHB: Relativist . Continuum 
Hartree - Bogoliubov theory with

denstiy dependent pairing force



J. Meng and P. Ring, PRL 80(1998)460

Giant halos



Meng, Tanihata & Yamaji, PLB419, 1(1998)

Prediction of giant halos 

in Na isotopes

Halo in 35-Na



Deformed halos
VTherehasbeencontroversyovertheexistenceof deformedhalonuclei.

Otsuka, Muta, Yokoyama, Fukunishi, and Suzuki, NPA 588, 113c (1995)

Misu, Nazarewicz, and Aberg, NPA 614, 44 (1997)

Tanihata, Hirata, and Toki, NPA 583, 769 (1995) 

Nunes, NPA 757, 349 (2005)

VConsideringdeformation,pairing, and continuum

effects, the deformed relativistic Hartree-

Bogoliubovtheory in continuum(DRHBc) predicts

deformedhalonuclei.
Zhou, Meng, Ring, and Zhao, PRC 82, 011301(R) (2010)

Li, Meng, Ring, Zhao, and Zhou, PRC 85, 024312 (2012)

VCandidates of deformed halo nuclei have been suggested in

experiment,31Neand37Mg.
Nakamura et al., PRL 112, 142501 (2014)

Kobayashi et al., PRL 112, 242501 (2014)
VDRHBc theoryhasbeenappliedfor haloandotherexoticphenomena.

Sun, Zhao, and Zhou, PLB 785, 530 (2018) 

Zhang, Wang, and Zhang PRC 100, 034312 (2019)

Sun, Zhao, and Zhou, NPA 1003, 122011 (2020) 

Yang et al., PRL 126, 082501 (2021)

Sun, PRC 103, 054315 (2021)

Zhang et al., PRC104, L021301 (2021)

Pan et al., PRC104, 024331(2021)

He et al., CPC45, 101001(2021)



ÅProlate deformation

ÅLarge spatial extension in neutron density distribution

44Mg: Density distributions
Zhou_Meng_Ring_Zhao2010_PRC82-011301R

Zhou_Meng_Ring_Zhao2011_JPConfProc312-092067

Li_Meng_Ring_Zhao_Zhou2012_PRC85-024312

Viewpoint: A Walk Along the Dripline by Paul Cottle and Kirby Kemper
http://link.aps.org/doi/10.1103/Physics.5.49 



Prolate core & oblate halo

× Prolate core, but slightly 
oblate halo with sizable 

hexadecapolecomponent !

× Decoupling of deformation 
between core & halo

Zhou, Meng, Ring & Zhao, Phys. Rev. C 82, 011301 (2010) 

Viewpoint: A Walk Along the Dripline by Paul Cottle and Kirby Kemper
http://link.aps.org/doi/10.1103/Physics.5.49 



Halo in triaxial nucleus 42Al



Since December 5, 2018,  PC -PK1 + DRHBc

DRHBc mass table collaboration



First nuclear mass table including 
continuum effects

RCHB mass table



Drip -lines in variant models 

10532boundnuclei from Z=8 to Z=130 predictedby RCHB theorywith PC-PK1. For 2227

nucleiwith data,bindingenergydifferencesbetweendataandcalculatedresultsareshownin

differentcolor. Thenucleondrip-linespredictedTMA, HFB-21, WS3, FRDM , UNEDF and

withoutpairingcorrelationareplottedfor comparison.

The number of bound nuclides with between 2 and 120 

protons is around 7,000  2 8 J U N E 2 0 1 2 | V O L 4 8 6 | N AT U R E | 5 0 9

See also: Afanasjev, Agbemava, Ray, Ring, PLB726(2013)680

8 Z 120̔9035 nuclei predicted to be bound
Atomic Data and Nuclear Data Tables 121-122 (2018) 1-215



Atomic Data and Nuclear Data Tables 121-122(2018)1-215

Possible existing isotopes 

Atomic Data and Nuclear Data 

Tables 121-122 (2018) 1-215



DRHBcmass table collaboration

PC-PK1 + DRHBc

I. Even ïeven nuclei

II. Even ZïOdd N nuclei

III. Odd - Z nuclei



Deformation improve the accuracy 

V With deformation included, the data can be better reproduced 

DRHBc 2.38 MeV RCHB   9.08 MeV. 

V The rotational correction energy is expected to further improve the 

results for odd nuclei. 

Exp: CPC 45, 030003 (2021)

Even-even: PRC 102, 024314 (2020)
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DRHBcMass Table: even-even Nuclei



DRHBcfor Odd -A and O -O Nuclei


