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Exotic nuclei

B The study of exotic nuclei far away from S-stability line is one of
the most important frontiers in nuclear physics.

» Neutron/proton halo Tanihataetal., PRL 55, 2676 (1985)
» Change in magic number ozawaetal, PRL 84, 5493 (2000)
» Pygmy resonance Adrichetal., PRL 95, 132501 (2005)
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Neutron number N
National Nuclear Data Center (NNDC)

DRHBc Mass Table Collaboration, ADNDT 106, 014316 (2022)
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Continuum effect

B |n halo nuclel, the system is weakly bound, and the Fermi energy
IS close to the continuum threshold:

n

Li
Meng et al., PPNP 57, 470 (2006) From X.H. Wu

» The pairing interaction can scatter nucleons from bound

states to the resonant states in the continuum.
— Effects of pairing correlations and continuum

» The density could become more diffuse.
—— Asymptotic behaviors of nuclear density far away from

the center.
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RCHB theory

Based on relativistic density functional theory, with pairing correlation
and continuum effects properly considered, Meng and Ring developed

the spherical relativistic continuum Hartree-Bogoliubov (RCHB) theory.

Meng and Ring, PRL 77, 3963 (1996)
Meng, NPA 635, 3 (1998)

RCHB was successfully applied in many studies on exotic nuclei:

> Interpreting of the halo in XLi wmeng and Ring, PRL 77, 3963 (1996)

» Prediction of the giant halo  veng and Ring, PRL 80, 460 (1998)

» First mass table including continuum effects xiaetal, ADNDT 121,1 (2018)
> ... Meng et al., PPNP 57, 470 (2006)

10°

s s 0 w2 Giant-halo
fm] PRI 77, 3963 (1996) From X.H. Wu
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DRHBc theory

B For axially deformed halo nuclei, Zhou et al. developed the deformed
relativistic Hartree-Bogoliubov theory in continuum (DRHBc), with the
effects of deformation, pairing correlations and continuum taken into
account simultaneously. Zhou et al., PRC 82, 011301 (2010)

B The deformed halo nuclei 442*Mg were predicted
by the DRHBc theory, and the shape decoupling

between halo and core was revealed.

Zhou et al., PRC 82, 011301 (2010)
Li etal., PRC 85, 024312 (2012) From X.H. Wu

In this talk

/\/ The achievements of the DRHBc theory are briefly\
reviewed.

v Recent progresses on charge radii and neutron radii

N based on the DRHBc theory are reported. Y
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DRHBc theory

B Considering mean fields and pairing correlations self-consistently,
the relativistic Hartree-Bogoliubov (RHB) equation for nucleons:

("5 i) () =2(0)
—A* —fz}g +1. )\ ) T T\
Kucharek and Ring, ZPA 339, 23 (1991)
W To properly consider continuum effect, the .
RHB equation is solved in a spherical Dirac ([ - =
Woods-Saxon (DWS) basis. ~

Zhou et al., PRC, 68, 034323 (2003)

S
e

B For the nuclei with axial deformation and 2x; "---HO
spatial reflection symmetry, the densities
and potentials are expanded with Legendre
polynomials:

f(r) = Z falr)Py(cosB), (41=0,2,4, ..., ina)
\

Zhou et al., PRC 82, 011301 (2010)

Dirac sea
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Halo structures

B The DRHBc theory has been applied
In many studies on the interpretations
and predictions of halo nuclel.

» C  pLB 785,530 (2018)
NPA 1003, 122011 (2020) 0 5 0 5 f 05 0 5 10 15

x (fm) x (fm)

> B PRL 126, 082501 (2021)
PRC 103, 054315 (2021)
» Ne scpmABss, 262011 (2022)
PLB 855, 138792 (2024) 0 3INe
-0
» Al  PRC 108, L041301 (2023) 10
PRC 110, 014320 (2024)
» Mg PrCs2 011301 (2010)
PRC 85, 024312 (2012) = =
PLB 844, 138112 (2023) % 0 <
PLB 849, 138422 (2024) 6
-12
» Na PRC 107, L041303 (2023) T e
x (fm)
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DRHBc for masses Ao
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DRHBc mass table https://drhbctable.jcnp.org/

B |n 2018, the DRHBc Mass Table Collaboration was established,
aiming to provide a microscopic mass table that simultaneously
Includes the effects of deformation and continuum.

B The even-Z part of the DRHBc mass table has been completed.

120 F

100 F

N ]
D .

..g 80 .
= ——— RCHB PC-PK1 l 5 ;

= 60 — RHBPC-PKI K -

g RHB NL3* 1 ]

D 40 ——— RMF+BCS TMA -, k
& —— HFB UNEDFI ]
— FRDM(2012) -3 ]

20 WS4 l -5 -

o

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340

Neutron number N

Zhang et al., (DRHBc Mass Table Collaboration) PRC 102, 024314 (2020)
Pan et al., (DRHBc Mass Table Collaboration) PRC 106, 014316 (2022)
Zhang et al., (DRHBc Mass Table Collaboration) ADNDT 144, 101488 (2022)
Guo et al., (DRHBc Mass Table Collaboration) ADNDT 158, 101661 (2024)
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Applications of DRHBc https://drhbctable.jcnp.org/

» Possible “peninsulas” in the nuclear landscape
Zhang et al., PRC 104, L021301 (2021) Pan et al., PRC 104, 024331 (2021)
He et al., CPC 45, 101001 (2021) He et al., PRC 110, 014301 (2024)
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Applications of DRHBc https://drhbctable.jcnp.org/

» Possible “peninsulas” in the nuclear landscape

Zhang et al., PRC 104, L021301 (2021) Pan et al.,, PRC 104, 024331 (2021)
He et al., CPC 45, 101001 (2021) He et al.,, PRC 110, 014301 (2024)

Proton emission and a-decay
Xiao et al., PLB 845, 138160 (2023)  Choi etal., PRC 109, 054310 (2024)

Angular momentum projection and rotating deformed halo nucleli
Sun et al., Sci. Bull., 66 2072 (2021) Sunetal.,, PRC, 104 064319 (2021)

Dynamical correlations with collective Hamiltonian
Sunetal., CPC 46 064103 (2022) Zhang et al., PRC 108, 024310 (2023)

Solar r-process simulation
Choi et al., arXiv:2411.19470 (2024) Pan et al., arXiv:2503.09324 (2025)

Extension to triaxiality and nuclear magnetism
Zhang et al., PRC 108, L041301 (2023) Pan et al., PLB 855, 138792 (2025)

More 1nteresting studies ......
Pan et al., IJMPE 28, 1950082 (2019) Zhang et al., PRC 100, 034312 (2019)
In etal., IJMPE 30, 2150009 (2021) Choi et al., PRC 105, 024306 (2022)
Kim et al., PRC 105, 034340 (2022) Guo et al., PRC 108, 014319 (2023)
Mun et al., PLB 847, 138298 (2023) Zheng et al., CPC 48, 014107 (2024)
Mun et al., PRC 110, 014314 (2024) Zhang et al., CPC 48, 104105 (2024)
Huang et al., PRC 111, 034314 (202 ...
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Chal‘ge radii Collaborator: Prof. J. Meng

B Nuclear charge radius is one of the most important properties in

atomic nuclel, reflecting significant information.
JPG 42, 055108 (2015)

(VR "L L L L O L D ' o B s s ey ' e PN L
100 F DRHBc¢ PC-PKI1 i
5 [ even-Z 55 :
B R0 = 32:::::::;;;:_j_;_,',il:l:::::::::?:::::::::::::::::::::::::::::::::::::E: 258 (fm) -
= . g : i 02 J
= i 5=.
= 60 - o | 184 I -
g 50::::];;::::::::::::::::::::I;;::::::::::::::::::::::::::::]::::: DRHB {}'] -
§ 40 i .: e e (a) R( C) Rexp 0.0 7]

2 e [ '
a‘ 20 — .'.':::::EI.'I:%:::::::::T:T'.i:ir::::::::: 82 — f . —
L i -l"¢ 5:[:] C)-— 0-033 m 0.1 |

U"":"f:""i”.l.l.l.l.|.|.|.|.|.|.|.|.|.|.|.
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340

Neutron number N Exp: ADNDT 99, 69 (2013)
ADNDT 140, 101440 (2021)

» DRHBc reproduces the R, data with ¢ = 0.033 fm, smaller
than the RCHB result ¢ = 0.036 fm. ADNDT 121, 1 (2018)
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Charge radii & deformation S ——
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B For most nuclel, the deformation effect increases R,
B Near Z =100, N = 240, deformation effect decreases R,
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Neutron radii & Halo scales

Collaborators: Prof. S.S. Zhang
Ms. J.L. An

exp(cal) exp(cal) . exp(cal)
Shalo = AR, — Ry (N +m) — R, (N) Equation taken from
AR, R,)™(N +m) — R,"P(N)  PRC 108, L041301 (2023)
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Summary and outlook

The DRHBc theory has been successfully applied in
many studies on exotic nuclei.

Charge radii and their correlations with deformations in
even-Z nuclel are investigated based on DRHBc.

Neutron halo scales of even-Z nuclei are studied, and a
large Sy, Indicates a possible halo structure.

Based on the DRHBc theory and its extensions, more
studies on exotic nuclel are in progress.



Thank you for your attention!

2025/3/26



DRHBc Mass Table Collaboration
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2025/3/26 Exotic nuclei in DRHBc 23



Development of

DRHBc

Meson-exchange functional
PRC 82, 011301; PRC 85, 024312

Density-dependent functional
PRC 85, 067301

Blocking effect
CPL 29, 042101

Point-coupling functional
PRC 102, 024314

Triaxial RHB in continuum
PRC 108, L041301

2010

2012

2018

DRHBc Mass Table
Collaboration

Angular-momentum projection
Sci. Bull. 66, 2072; PRC 104, 064319

Finite-amplitude method
PRC 105, 044312

Collective Hamiltonian
CPC 46, 064103

Time-odd DRHBc
PLB 855, 138792

I

2025/3/26

Exotic nuclei in DRHBc

Automatic blocking
PRC 106, 014316

Optimized basis
PRC 106, 024302

Glauber reaction
PLB 849, 138422
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Lagrangian

B The starting point of the relativistic density functional theory is a
meson-exchange (ME) or point-coupling (PC) Lagrangian.

B APC Lagrangian: £ = £free 4 £¥ 4 gder 4 ghot | pem
E[-re& — @(i,}(ﬂa;t _ 17\/{),’/)’

1 1 _
LY =— 5 s (V) (YY) — Sav(¥ruy)(y"Y)

1 - 1 - -
= 5arsWTY)(T) = Gory (WP ($T),

\ 1 T n 1 n 0
L£der — _ iogay(gbxw)a”(u)w) - §f51..f8y(mm)3"’(W’”@b)

1 - - VT = 1 ~ T = v =
~ RS IT (WF6) = 100, () (7))
1 P - 1 - 1 I i
L = — 2 Bs()* = s () = o [($ra) (97" 9],
em 1 LV n 11—
LM = = P E, — eyt — 2 A,

» Parameters a, S, v, and ¢ are the coupling constants.
Meng (Ed.), Relativistic Density Functional For Nuclear Structure (2016)
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“Pseudo” DRHBc mass table

B Binding energies of odd-Z nuclei are estimated by
Es(Z,N) =5[By(Z +1,N) + By(Z — LN)] = 2[8,(Z + 1 N) + 6,(Z — 1, N)

with odd-even mass differences ¢, approximated by average

palrlng gaps
120 T T T =~ T 120 —T T T T 1 T T
X qeudo ] [ X seudo ]
100 | (a)EeP Ep # 1 wr (b) ESP - Eg X -
N f wi 1 N - 10 "" 1
3 80 i 1 880 82
£ | i s M1 L 126 gaeV)
2 60 | i 4 4 260 4 4
o : 50— Lo 2 4 g : 2
S o 4 & 0
g 40 " iy 41 540t 1 4
At 28.—j 21 8 o
20 - j: 0 o=255MeV R T Yl ,‘f- 0 o=147MeV & 7 1
0 L 1 L 1 1 1 M 1 " 1 M 1 L 1 i 1 " 0 M 1 1 L 1 M 1 "
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Neutron number N Neutron number N

B A “psecudo” DRHBc mass table for all nuclei is established with
the precision close to the “real” mass table, and then applied 1n r-
process simulations. Pan et al., arXiv:2503.09324 (2025)
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