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Relativistic ab initio in nuclear structure

Bonn potential

D Anastasio et al., PhysRep100, 327 (1983)

Realistic mesonic nuclear force

R Machleidt, et al., PhysRep149, 1 (1987), AdvNuclPhys19, 189 (1989) 

Nijmegen potential…

Paris potential
M Lacombe, et al., PhysRevC21, 861 (1980)

Relativistic Brueckner-Hartree-Fock
(RBHF) theory

V G J Stoks, et al., PhysRevC46, 2950 (1994)

Early proposals for RBHF

Nuclear matter with momentum-
independence approximation (mom.-ind. app.)

C J Horowitz & B Serot, NuclPhysA464, 613 (1987)

1/15

R Brockmann & R Machleidt, PhysRevC42, 1965 (1990) 

G Q Li, et al., PhysRevC45, 2782 (1992)



Finite nuclei with local-density approximation

RBHF with projection method
T Gross-Boelting, et al., NuclPhysA648, 105 (1999)

Relativistic ab initio in nuclear structure 2/15

RBHF theory, cont’d

E V E Dalen, NuclPhysA744, 227 (2004)

DBHF with LDA, 1990

H Muether, et al., PhysRevC42, 1981 (1990)

Finite nuclei with fully self-consistent
solutions

RBHF self-consistently
solved, 2016

……

S H Shen, et al., ChinPhysLett33, 102103 (2016)
PhysRevC96, 014316 (2017)

New high-precision Bonn potentials &
applications

RBHF in full Dirac space

C C Wang, et al., ChinPhysC43, 114107 (2019)
JPhysG47, 105108 (2020)

S B Wang, et al., PhysRevC103, 054319 (2021) and more to be talked next…



L Blokhin, et al., PhysRevLett74, 4149 (1995)

Why relativity 3/15

Nuclear matter saturation properties successfully reproduced
with two-body force only

R Brockmann & R Machleidt, PhysRevC42, 1965 (1990) 

Some non-relativistic phenomena have relativistic origins
Spin-orbital coupling & pseudospin symmetry as evidences for
scalar & vector potential

Non-relativistic calculations exhibit
high uncertainties at high density

Symmetry energy 
by Skyrme DFT

C Drischler, et al., PhysRevLett122, 042501  (2019) M B Tsang, et al., PhysRevLett86, 015803 (2012) 



The nuclear matter studied with 
relativistic Brueckner-Hartree-Fock theory
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One-boson-exchange potential

Bethe-Brueckner-Goldstone expansion
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Machleidt, et al., AdvNuclPhys19, 189 (1989) 
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𝐸!∗ +𝑀∗

2𝑀∗ 1, 𝝈 ⋅ 𝒑/2𝑀 #|𝜆⟩
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Self-energy of in-medium nucleon with positive energy states (PESs)
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Ambiguities

T Gross-Boelting, et al., NuclPhysA648, 105 (1999)



Nuclear matter studied with RBHF theory

with both PESs & negative energy states (NESs)Full Dirac space

𝜓 𝒑, 𝜆 =
𝑢 𝒑, 𝜆

𝑣 𝒑, 𝜆 = 𝛾:𝑢 𝒑, 𝜆 (𝑣̅𝑣 = −1, 𝑣̅𝑢 = 1𝑢𝑣 = 0)

𝐺 = ⟨.𝑢.𝑢|𝐺|𝑢𝑢⟩ ⟨𝑣̅ .𝑢|𝐺|𝑢𝑢⟩
⟨.𝑢.𝑢|𝐺|𝑣𝑢⟩ ⟨𝑣̅ .𝑢|𝐺|𝑣𝑢⟩ = 𝐺@@@@ 𝐺A@@@
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B@B!@| 𝑢 𝒑, 1/2 𝑢 𝒑′, 𝜆′ ⟩

(ℎ, ℎ% = ±)

𝑀∗ = 𝑀 + 𝑈- 𝐸6∗ = (𝒑 + 𝑈/)*+𝑀∗*

𝐸6@ = 𝐸6∗ + 𝑈.𝐸6A = −𝐸6∗ + 𝑈.
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S B Wang, et al., PhysRevC103, 054319 (2021)

7/15Symmetric nuclear matter

Single-nucleon potential

𝜀6 = 𝑝 + 𝑈/ * + 𝑀 + 𝑈- * + 𝑈. −𝑀



S B Wang, et al., PhysRevC103, 054319 (2021)

8/15Symmetric nuclear matter

Saturation properties
Coester line
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9/15Asymmetric nuclear matter

The effective mass

Dirac mass

S B Wang, et al., arXiv: 2203.05397
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Symmetry energy
H Tong, et al., AstroPhysJ930, 137 (2022)



Neutron star properties
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Neutron star core matter in beta-equilibrium

Neutron star
weak

Strong force

H Tong et al., AstroPhysJ930, 137 (2022)
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(𝐺 = 𝑐 = 1)

H Tong et al., AstroPhysJ930, 137 (2022)

12/15Neutron star properties

Tolman-Oppenheimer-Volkov equations



Tidal deformability

Surface redshift

Love number

Compactness

𝑧 = 1 − 𝐶 A+* − 1

13/15Neutron star properties
S B Wang, et al., arXiv:2206.08579



The momentum of inertia of slow-
rotation neutron star

𝐼 =
8𝜋
3 F

.

C
𝑑𝑟 ⋅ 𝑟D𝑒AE(G)

b𝜔(𝑟)
Ω

𝜀 + 𝑃

1 − 2𝑀𝑟

ionsI-Love-Q relations (Q as quadrupole momentum)

14/15Neutron star properties
S B Wang et al, arXiv:2206.08579



Summary & perspectives
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15/15Summary & perspectives

Relativistic Brueckner-Hartree-Fock (RBHF) theory
in full Dirac space is constructed

In the full Dirac space, the single-nucleon potentials can be
solely determined

In full Dirac space, asymmetric matter predictions agree with those
from projection method quantitively, such as Dirac mass splitting

RBHF in full Dirac space applied to neutron star

Full Dirac space predicts neutron star more compact for given
neutron star mass

Full Dirac space predictions also conform to neutron star universal
relations

Accomplish more with RBHF theory

Development of novel relativistic approaches

Three hole-lines Thermodynamically conserved RBHF theory

Three-body force & relativistic effect
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