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DRHBc mass table project

•DRHBc mass table project for ground state of nuclei with axial symmetry has begun 

in 2018 (Mass table for even-even nuclei is published in 2022).

K. Zhang and DRHBc Mass Table Collaboration, Atomic Data and Nuclear Data Tables 144 101488 (2022).
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Deformed Relativistic Hartree-Bogoliubov theory in continuum



Introduction to DRHBc with PC-PK1
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H. Liang et al, Phys. Rev. C 87, 014334 (2013).

• Contact interactions 
between nucleons 
using PC-PK1 are 
adopted to 
Lagrangian.

Exotic nuclei

prolateoblate
�2 > 0
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• Axial deformation 
degrees of freedom 
are included.

• Dirac Woods-Saxon 
basis is adopted; 
continuum is 
considered.
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Deformed Relativistic Hartree-Bogoliubov theory in continuum

• Pairing potential is 
consistently included 
and solved together 
with mean field using 
HB equation.J. Meng et al, Prog. Part. Nucl. Phys. 57, 470 (2006).
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Neutron drip line shift

• In the present of the continuum, including pairing potential and deformation could 

change the neutron drip line.

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

X. Y. Qu et al, Sci. Chin. Phys. Mech. Astron. 56, 2031 (2013).

E. J. In et al, Int. J. Mod. Phys. E 30, 2150009 (2021)

(RCHB: continuum+pairing potential)
(DRHBc: continuum+pairing potential+deformation)
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• The alpha decay process could be studied using DRHBc theory.


• Alpha decay mainly occurs in neutron-deficient nuclei.

Research motivation

Time t
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• We need to know the wave number k(r) consisting of Vl, VN, and VC and the points r1, 
r2, and r3 (V=    ).

Alpha decay with WKB approximation
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S. A. Gurvitz et al, Phys. Rev. Lett. 59, 262 (1987)
C. Xu et al, Phys. Rev. C 74, 014304 (2006)
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Z
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Alpha decay with WKB approximation

Phys. Rev. Lett. 59, 262 (1987)

R. E. Lange, Phys. Rev. 51, 669 (1937)
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P↵ = 1

Preformation factor (of alpha particle) 

to fit experimental data

Bohr-Sommerfeld quantization condition (extension of Bohr model):

M3Y effective nucleon-nucleon interactionfrom AME2020

G. F. Bertsch et al, Nucl. Phys. A 284, 399 (1977)

G. R. Satchler et al, Phys. Rept. 55, 183 (1979) 

A. M. Kobos,  Nucl. Phys. A 384, 65 (1982) 

normalization factor (for bound-stated wave function)

(l=0 for even-even nuclei)

G. R. Satchler et al, Phys. Rept. 55, 183 (1979), A. M. Kobos,  Nucl. Phys. A 384, 65 (1982) 
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Comparison method

1. Empirical formulae 2. Two-parameter Fermi form 3. DRHBc
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Only spherical component is calculated.

Standard deviations to compare: 
only alpha decay ~ 100%

SLH (Nucl. Phys. A 259, 259 (2018)

UNIV (Phys. Rev. C 83, 014601 (2011)

UDL (Phys. Rev. Lett. 103, 072501 (2009) 

ADF (Nucl. Phys. A 970, 259 (2018) 

ZZCW (Phys. Rev. C 95, 014311 (2017))
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Result - Empirical formulae

• With the exception of ZZCW, the predictions are biased.


• The results with ZZCW shows a weakness near proton drip line.
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Result - Two-parameter Fermi form

• The results with Two-parameter Fermi form predict experimental data as well as the 
results with empirical formulae.


• Systematically, Half-lives are greater (decay slowly) than experimental data.
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Result - DRHBc (spherical component)

• The results with DRHBc (     ) also predict experimental data as well as                     
the results with empirical formulae.


• Systematically, Half-lives are greater (decay slowly) or less than experimental data.
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Result - DRHBc
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Empirical formulae
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�DRHBc = 0.309

• The results using DRHBc best predict the half-lives.


• It shows consistency with experimental data from close proton drip line to stable region.
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Summary

• Calculated alpha decay half-lives were compared with experimental data.


• Alpha decay half-lives with WKB approximation predict the experimental data as 
well as Alpha decay half-lives with empirical formulae.


• Alpha decay half-lives with DRHBc best predict the experimental data and predict 
consistently not only near proton drip line but also stable region. 


• The density distributions of neutron-deficient and stable nuclei predicted by 
DRHBc are reliable.



Thank you for your attentions.


