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01 Introduction

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

Drip-line | 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 completed?

= Deformed RHB (DRHB) theory in continuum

— assume axial symmetry
— Investigate deformation effects on the neutron drip line

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



01 Introduction

= Covariant density functional theory

meson exchange point coupling
— Finite-range meson-exchange

— Zero-range point-coupling >----< ‘

= Qur purpose

— effect of deformation on position of neutron drip line with DRHB theory
— Ar isotopes as examples



02 Relativistic continuum Hartree-Bogoliubov theory
|

= |agrangian density of the point-coupling model?)
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[1] Zhao, Li, Yao, Meng, PRC 82, 054319 (2010)



02 Relativistic continuum Hartree-Bogoliubov theory

» Relativistic Hartree-Bogoliubov (RHB) equation?

(hD—/l A )Uk _r Uk
—A —hp+ M)\, )T TR\,

« Dirac Hamiltonian
hp =a-p+BM+S))+V(r)
where scalar and vector potentials
S(r) = asps + Bsps + vsps + SsAps
V(r) = aypy +yvvpy + Sylpy + eAg + aryTapry + SpyT3ATy,

with local densities

ps= ) VW), pv =) VEOWe@),

k>0 k>0

Prv = Z Vk+ (r)T3Vi(r)

k>0

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



02 Relativistic continuum Hartree-Bogoliubov theory

= The point-coupling constants of PC-PK1 setb.

Coupling Value Dimension
constant

o —3.96291 x 10~ MeV 2
Bs 8.6653 x 10~ MeV ™
Vs —3.80724 x 1077 MeV~®
S —1.09108 x 10710 MeV~*
oy 2.6904 x 10~ MeV 2
Yv —3.64219 x 10718 MeV
Sy —4.32619 x 10710 MeV
drvy 295018 x 10_5 1\/16\[_2
Srv —4.11112 x 1071 MeV~™*

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)



02 Relativistic continuum Hartree-Bogoliubov theory

= Relativistic Hartree-Bogoliubov equation?)

(hD—/l A )Uk _r Uk
—A —hp+ M)\, )T TR\,

« Pairing potential

with a density-dependent delta pairing force
p(r)

sat

)

with the saturation density pg, = 0.152 fm™3,
and the pairing force strength V, = —380.0 MeV - fm3

VPP(r,r'") = %(1 —POYS(r—rH(1 -

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



03 Deformed RHB theory (DRHB) in continuum

= Quasiparticle wave functions U and V are expanded in terms of
spherical Dirac spinors @, (rsp)

U (rsp) = ) ) Onem (D)

nK

Vesp) = ) vl Prim('sP)
nk ] ]
| (a Y}, ms>>

The basis wave function reads rs) = — .
QDnK‘m( ) r _Fn}c(r)yjl (.QS)

m

» For axially deformed nuclei, potential S(r) and V(r) and densities
are expanded in terms of the Legendre polynomials

fr) = Zaf,-l(r) P,(cos0),1 = 0,24, ..

24+ 1
41t

with fL(r) = J dQf (r)P, ().



04 Numerical detalls: box size, mesh size

= Numerical parameters in calculation
— box size, mesh size
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04 Numerical detalls: energy and angular momentum cutoff

= Numerical parameters in calculation
— energy cutoff, angular momentum cutoff
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04 Numerical detaills: Pairing strength

= Density-dependent delta pairing force

p(r)
Psat )

with the saturation density pq = 0.152 fm~3,
and the pairing force strength V, = —380.0 MeV - fm3

Vo
VPP(r, 1) = > (1-P%6(r—7r)H(1 —
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05 Results

= Comparison of binding energies between experimental values?
and calculations by using RCHB and DRHB theory + PC-PK1
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Both models reproduce well the experiment

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



05 Results

A, (MeV)

Comparison of Fermi energy and two neutron separation energy
between calculations by using RCHB and DRHB theory + PC-PK1
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In the case of Ar isotopes, the neutron drip-line nucleus
from 62Ar in the RCHB to "°Ar in the DRHB calculations

Y PC-PK1

?ﬁ;{ Preliminary
1!
Bp

L

B —-D--I#CHB_'
%4 -~ - DPRHB A

. | ]
e T R AN

o

28 32 36 40 44 48 52 56 60.64 68

Mass number



05 Rresults

= Compare with FRDM(finite range droplet model)?),
the neutron drip-line nucleus predicted by RCHB?2 theory has more neutrons.

Element (2) More N Element(2) I\/Iore \\ Pre||m|nary

O (8) Ca (20)
Ne (10) 10 Mo (42) 12
Mg (12) 6 Ru (44) 10
Si (14) 6 Pd (46) 13
S (16) 6 Cd (48) 6

» 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 Preliminary

Neutron number

Neutron number

Element (2) pa[?r(i)ng RCHB DRHB Element(2) pal?lr?ng 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



06 Mass table with DRHB theory

= Example of mass table with DRHB theory

« Z=18 (Ar) isotopes Preliminary

ES™ E;®  ESYA EJPIA Sy A, R, R, R, R

(MeV) (MeV) (MeV) (MeV) (fm) (fm) (fm) (fm)
32 14 245.13 246.40 7.66 7.70 3191 -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 -1236 -5.64 3.265 3.245 3.285 3.381 3.390

38 20 32785 32734 8.63 8.61 16.03 -10.67 -8.69 3.313 3.329 3.296 3.391 3.402

40 22 343.88 34381 8.60 8.60 15.00 -7.90 -10.82 3.367 3.418 3.304 3.400 3.427

42 24 373.29 35934 8.54 8.56 1441 -7.33 -1249 3.429 3.507 3.321 3416 3.441

44 26 384.08 373.73 8.48 8.49 10.79 -6.61 -14.01 3.490 3.591 3.339 3433 3.445




07 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



00 Pairing energies for argon isotopic chain

] I I I ]
0 —————————————————
Neutron 1
=10 -
-20 -
— [ —0O— RCHB
2 30F —o— DRHBC -
E -3
5 0 -(aI.) | | | | i
tI:: 5',"',::',':','::,:::
g, Proton «
c
= 0F- - - -
1]
o
-5 -
10 -M -
_15 a ' 1 | [l 1 | a 1 a | 1 a a l a 1 [l
16 24 32 40 48 56

Neutron number



00 mass table calculated by RCHB theory

= Mass table calculated by RCHB theory
Atomic Data and Nuclear Data Tables 121-122(2018) 1-215
Contents lists available at ScienceDirect
Atomic Data and Nuclear Data Tables
[ER journal homepage: www.elsevier.com/locate/adt
The limits of the nuclear landscape explored by the relativistic
continuum Hartree-Bogoliubov theory
X.W. Xia®, Y. Lim ", PW. Zhao **, HZ. Liang ', X.Y. Qu**, Y. Chen *", H. Liu %, LF. Zhang ‘,
S.Q.Zhang¢, Y. Kim*¢, J. Meng 4*4*
* School of Physics and Nuclear Energy Engineering, Beihang University, Beijing 100191, Ching
= Cyclotron Institute, Texas A&M University, College Station, TX 77843, USA
© Rare lsotope Science Project, Institute for Basic Science, Daejeon 305-811, Republic of Korea
4 State Key Laboratory of Nuclear Physics and Technology, School of Physics, Peking University, Beijing 100871, China
® Physics Division, Argonne National Laboratory, Argonne, IL 60439, USA
¥ RIKEN Nishina Center, Wako 351-0198, Japan
& School of Mechatrenics Engineering. Guizhou Minzu University, China
" Institute of materials, China Academy of Engineering Physics, Sichuan, 621907, China
! Department of Physics, University of Stellenbosch, Stellenbosch, South Africa
Table 1
Ground-state properties of nuclei calculated by RCHB theory with PC-PK1, in comparison with the available data of masses and charge radii. In addition, the data labeled with underline means the nucleus is unbound.
A N EC E&"P E&L 1A E:xp JA San Sop Sn Sp An X Rin Rn R, RGl REXP (P iTIN)
(MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (fm) (fm) (fm) (fm) (fm)
Z=38(0)
12 4 60.44 58.68 5.04 4.88 —19.45 0.44 2738 2.335 2919 3.027 o' o*
13 5 77.81 75.56 5.99 5.81 17.38 —=17.01 —-0.99 2619 2.373 2.762 2.876 o' 3/2
14 6 101.86 98.73 7.28 7.05 41.42 24.05 —19.96 —-1.34 2.465 2.238 2.621 2741 ot 0*
15 7 112.81 111.96 7.52 7.46 34.99 10.95 —15.48 —5.43 2599 2.537 2.652 2770 ot 1/2
16 8 127.29 127.62 7.96 798 2543 14.48 —11.64 —7.83 2638 2626 2.649 2.768 2701 ot o*
17 9 132.48 131.76 7.79 775 19.67 5.19 —13.49 -9.79 2.690 2733 2.642 2.760 2.695 ot 5/2*
18 10 141.63 139.81 7.87 777 14.34 9.15 —6.94 —-11.79 2.736 2.807 2.644 2.763 2775 ot 0*
19 11 145.27 143.76 7.65 7.57 12.79 3.64 —6.18 —13.50 2,792 2.896 2.642 2.760 ot 5/2%
20 12 153.16 151.37 7.66 757 1154 7.89 —5.76 —15.10 2.842 2964 2.649 2.767 o 0*
21 13 156.04 155.18 743 7.39 1077 2.88 —5.74 —16.16 2.935 3.096 2.653 2.771 0t 1/2*
22 14 162.91 162.03 741 7.36 9.75 6.87 —4.79 —18.54 2.955 3111 2.659 2777 o* 0*
23 15 166.49 164.77 7.24 7.16 10.45 358 —3.63 —19.61 3.001 3.173 2.650 2.768 ot 1/2%
24 16 170.90 168.95 7.12 7.02 7.99 4.41 —3.39 —-2052 3.082 3.268 2672 2.789 o' o'
25 17 172.02 168.18 6.88 6.73 5.53 1.12 —3.41 —23.79 3.169 3.370 2.692 2.809 ot 3/2t
26 18 175.10 168.86 6.73 6.49 4.20 3.08 —2.14 —22.36 3.230 3.428 2732 2.847 ot 0*
27 19 175.57 6.50 3.56 0.47 —0.89 —23.36 3310 3.516 2.760 2.874 ot 3/2+
28 20 178.02 6.36 2.92 245 —-0.89 —23.36 3.370 3.576 2.790 2.903 ot o*
o 2.55 0.054




00 Why adopt density functional PC-PK1?
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