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▪ Continuum and pairing correlations play a critical role in exotic nuclei.

▪ Relativistic continuum Hartree-Bogoliubov (RCHB) theory
− treat pairing correlations in the presence of the continuum properly

− RCHB theory is used to explore nuclear mass, especially nucleon drip 

lines by assuming spherical symmetry

− Calculations for 8 ≤ 𝑍 ≤ 120 isotopes was completed1)

[1] X.W.Xia, et al., At. Data Nucl. Data Tables 121-122 (2018) 1-215

▪ Deformed RHB (DRHB) theory in continuum
− assume axial symmetry

− Investigate deformation effects on the neutron drip line



▪ Our purpose

− effect of deformation on position of neutron drip line with DRHB theory

− Ar isotopes as examples 

▪ Covariant density functional theory

meson exchange point coupling

− Finite-range meson-exchange

− Zero-range point-coupling



▪ Lagrangian density of the point-coupling model1)
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▪ Relativistic Hartree-Bogoliubov (RHB) equation1)

• Dirac Hamiltonian

where scalar and vector potentials

with local densities
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[1] Kucharek and Ring, Z. Phys. A 339, 23 (1991)
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▪ The point-coupling constants of PC-PK1 set1).

fitted to observables of 60 selected spherical nuclei, 

including the binding energies, charge radii, and empirical pairing gaps.

[1] Zhao, Li, Yao, Meng, PRC 82, 054319 (2010)

Relativistic continuum Hartree-Bogoliubov theory



• Pairing potential 

with a density-dependent delta pairing force

𝑉𝑝𝑝 𝒓, 𝒓′ =
𝑉0
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)

with the saturation density 𝜌𝑠𝑎𝑡 = 0.152 𝑓𝑚−3, 

and the pairing force strength 𝑉0 = −380.0 𝑀𝑒𝑉 ⋅ 𝑓𝑚3

[1] Kucharek and Ring, Z. Phys. A 339, 23 (1991)

Relativistic continuum Hartree-Bogoliubov theory

▪ Relativistic Hartree-Bogoliubov equation1)
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▪ For axially deformed nuclei, potential S(𝒓) and V(𝒓) and densities 

are expanded in terms of the Legendre polynomials

𝑓 𝒓 =෍
𝜆
𝑓𝜆 𝑟 𝑃𝜆 cos 𝜃 , 𝜆 = 0, 2, 4, …

𝑓𝜆 𝑟 =
2𝜆 + 1

4𝜋
න𝑑Ω𝑓 𝒓 𝑃𝜆 (Ω) .with

▪ Quasiparticle wave functions U and V are expanded in terms of 

spherical Dirac spinors 𝜑𝑛𝜅𝑚(𝒓𝑠𝑝)
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Deformed RHB theory (DRHB) in continuum



▪ Numerical parameters in calculation

Numerical details: box size, mesh size

− box size, mesh size



Numerical details: energy and angular momentum cutoff

− energy cutoff, angular momentum cutoff

▪ Numerical parameters in calculation



▪ Density-dependent delta pairing force

𝑉𝑝𝑝 𝒓, 𝒓′ =
𝑉0
2
(1 − 𝑃𝜎)𝛿(𝒓 − 𝒓′)(1 −

𝜌(𝒓)

𝜌𝑠𝑎𝑡
)

with the saturation density 𝜌𝑠𝑎𝑡 = 0.152 fm−3, 

and the pairing force strength 𝑉0 = −380.0 MeV ⋅ fm3

Numerical details: Pairing strength



▪ Comparison of binding energies between experimental values1)

and calculations by using RCHB and DRHB theory + PC-PK1

[1] X.W.Xia, et al., At. Data Nucl. Data Tables 121-122 (2018) 1-215

Both models reproduce well the experiment

Results



▪ Comparison of Fermi energy and two neutron separation energy 

between calculations by using RCHB and DRHB theory + PC-PK1

In the case of Ar isotopes, the neutron drip-line nucleus 

from 62Ar in the RCHB to 70Ar in the DRHB calculations

Results

N=44 N=44



Element (Z) More N Element(Z) More N

O (8) 2 Ca (20) 10

Ne (10) 10 Mo (42) 12

Mg (12) 6 Ru (44) 10

Si (14) 6 Pd (46) 13

S (16) 6 Cd (48) 6

▪ Compare with FRDM(finite range droplet model)1), 

the neutron drip-line nucleus predicted by RCHB2) theory has more neutrons.

▪ The neutron number of the most neutron-rich even-even nuclei predicted to 

be bound in the RCHB and DRHB theory, in comparing with the calculations 

without pairing correlations

Element (Z)

Neutron number

Element(Z)

Neutron number

No 

pairing
RCHB DRHB

No 

pairing
RCHB DRHB

O (8) 20 20 20 Ca (20) 40 60 58

Ne (10) 20 32 30 Mo (42) 112 112 78

Mg (12) 34 34 34 Ru (44) 112 112 114

Si (14) 34 38 38 Pd (46) 112 118 118

S (16) 40 40 40 Cd (48) 112 126 124

Ar (18) 40 44 52

[1] P.Moller, et al., At. Data Nucl. Data Tables 59 (1995) 185. [2] X.W.Xia, et al., At. Data Nucl. Data Tables 121-122 (2018) 1-215

Results

Preliminary

Preliminary



▪ Example of mass table with DRHB theory

• Z=18 (Ar) isotopes

Mass table with DRHB theory

A N
𝑬𝒃
𝒄𝒂𝒍

(MeV)

𝑬𝒃
𝒆𝒙𝒑

(MeV)
𝑬𝒃
𝒄𝒂𝒍/A

(MeV)

𝑬𝒃
𝒆𝒙𝒑

/A

(MeV)

𝑺𝟐𝒏
(MeV)

𝝀𝒏
(MeV)

𝝀𝒑
(MeV)

𝑹𝒎

(fm)
𝑹𝒏

(fm)
𝑹𝒑

(fm)
𝑹𝒄
𝒄𝒂𝒍

(fm)
𝑹𝒄
𝒆𝒙𝒑

(fm)

32 14 245.13 246.40 7.66 7.70 31.91 -17.70 -1.55 3.150 2.996 3.265 3.361 3.346

34 16 277.03 278.72 8.15 8.20 26.89 -14.80 -3.27 3.183 3.109 3.247 3.344 3.365

36 18 303.92 306.72 8.44 8.52 23.92 -12.36 -5.64 3.265 3.245 3.285 3.381 3.390

38 20 327.85 327.34 8.63 8.61 16.03 -10.67 -8.69 3.313 3.329 3.296 3.391 3.402

40 22 343.88 343.81 8.60 8.60 15.00 -7.90 -10.82 3.367 3.418 3.304 3.400 3.427

42 24 373.29 359.34 8.54 8.56 14.41 -7.33 -12.49 3.429 3.507 3.321 3.416 3.441

44 26 384.08 373.73 8.48 8.49 10.79 -6.61 -14.01 3.490 3.591 3.339 3.433 3.445

.. .. .. .. .. .. .. .. .. .. .. .. .. ..

Preliminary



Summary

▪ We studied on deformation effect on the position of neutron drip line 

with DRHB + PC-PK1 calculation in continuum.

▪ We compared the neutron number of the even-even nuclei predicted 

to be bound in the RCHB and DRHB theory, taking Ar isotopes as an 

example.

▪ We can find that the deformation would affect the position of neutron 

drip line.

▪ Future work

− Additional calculations for other isotopes to study on deformation effects 

of neutron drip line position

− Study on other characteristic of deformed nuclei such as decoupling 

shape of halo and core densities



Thank you



Pairing energies for argon isotopic chain



▪ Mass table calculated by RCHB theory 



Why adopt density functional PC-PK1?

Data for 2149 nuclei from Audi et al. NPA2003 Meng, Peng, Zhang, Zhao, Front. Phys. 8, 55 (2013)

A crucial test for covariant density functional theory 

against new and accurate mass measurement for 53 

neutron-rich isotopes from Sn to Pa

− For 12 even-even nuclei, the theory agrees the data 

within about 600 keV.

− For 25 odd-A and 16 add-add nuclei, the rms values 

given by PC-PK1 are still within 1MeV.

Zhao, Song, Sun, Geissel, Meng, Phys. Rev. C 86, 064323 (2012)


