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Figure 1 (Color online) The difference Eg between the binding
energies obtained from the TODRHBc and DRHBc calculations with
PC-PK1 for the even-odd (i.e., even-Z odd-N) nuclei with 8 < Z < 20
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Figure 2 (Color online) The comparison between the contributions of
the time-odd part in the Hamiltonian, Eyqg, and Eg for the even-odd
(i.e., even-Z odd-N) nuclei with 8 < Z < 20 obtained based on the
TODRHBc calculations with PC-PK1

G QAR N << B o (51 O 7 o 7 N L
533 ArHp JFUA B Kramers /] I 19 BB T RE 90 & AR BY
%, RAERATEA R B, (B A
FIFLE K T 1.21 MeV, S BEREA T+t
FREAR, oS T AR SR —F RE S P B G S50 T e
W 1e. i, ZFTODRHBCHNE Y E VA A, 7
BT AR AR 25 1 — 25 3 A S S PR R,
ik TODRHBc5DRHBe4; A iEZ 22 Eqird A LS T
23 HSF (1] Ay 250 %o 107 P BT MR B

X TFHON RN R, SRS R SRR
AL, [RTERE AT - 25 A% B E oqq ) LT 2 S R T B3 7 o
HEMER. XRR A-Aa R s T & TS5 4
iRt 32 RS DAR WAL R e T i i 2 S S D 18
¥ 525 - A B E oaa PV EA T BEAGAZ B E g tHXT EE, KB
P AREAT, A KB 2 0L A AR X 22 B 7E 10% LY.
AR T Rl 0T RE 2 10 B M)A B SR AR T A 4% R
FIRRRF, T L s T H T AL Y k.

PR T HER AL, AT AHERREHAT U IR AS | 5y
MRS MR R AU, X T8 < Z < 20 R/ 8 a7
¥, WSS PUSIE A S ERTE0.01 LA R . (EAHTE B
J&, ARG AIDRABCIT L H A4 47 A
BB, MiEE ER IR e NIEAR S L5
10°~10° A b SRR 34177 A B 5 50
B AL, i AR B ERIE, LA R R B — AL



ISk

[¥13}#/~ T TODRHBcI A28 < Z < 205uF N Y
A A 15 BARREAR R (time-odd) [R] AN, 25 44
DRHBcééf%Rn(time—even)m]ZI‘Eﬂ B AR 2 g, KT
IR LA 52, BER SN A AE290.1% 1 5 2
T hFtt, ME—R B0, JHETES EERYE
PR R T0.1%. JE—a2 oS A, %
JERESASN S, A op T TR IE 2 o B RSB,
AT L=0RYs B B A B0 0022, AN R FLIE7E SR AT 1
BEESFIT AT LAY R AU AN A 1) DX 8, % R R
PRl e

E3rh, NeMrgp=1.0%, X AH 2R T
0.04 fm, B & TFRIPHAZE. 1ML %
R, BEHRPAR IR ARG W 0] BEXT I & A7 R4 44
ARk, TR, T TR RS2 69 'Nete
YRR T A U e e, B SR
BIEJE 43 B REAS M IE(E, Xt T BEXT R 5 A BRI 4 BE,
T EAR SRS,

3 AR Nerb I REA SN

NS T RV 2 % v e e — N R A A A,
20094F, Nakamura®E A WESZES | &3 'Ne LA R K
(AR, 22 R RO A REVOR, HER
R BEEAT S5, DO M R B A R A Bk A S
SEST s R SR T N 2R UCTT, FAE H
FUP T BRES, = 0157015 MeV, HEETFR NI =3/2".
HNSER B RBR A SR, P 'Nete FIE i th 28 T
Pz SRS AR 25T 5 AT MEZ I
SR, o R REAS B Ne fk 14 K A AR T AR FH
PE—MEOU F VA . REIEHA P LS S0 25 SR B i A &

1 1 1 LS 1 1 1
20 |- ED0000000EEO0 -
- DED0D00000E0000 v,
- DOEO0E0000EE00 %)
- DNOEEC0000CM@ 08
N L [ ] [ [ 0 ]
10  wmOooDoOzZoOE 04
T [FEEEE T - 0w 1
PC-PK1 for even-odd nuclei 0.0
0||||||
0 10 20 30 40 50 60 70
N

B3 (W% )3 TPC-PK1 A TODRHBCH IS TS < Z < 2031
BN A AT R (MR ZAT VB, 132180 77 AR 42 M DRHBC4S
E"J*ﬁﬁ%ﬁﬂlﬁdiff

Figure 3 (Color online) The relative difference rger between the
neutron root-mean-square radii obtained from the TODRHBc and
DRHBc calculations with PC-PK1 for the even-odd (i.e., even-Z odd-N)
nuclei with 8 < Z <20
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Figure 4 (Color online) Single-neutron levels around the continuum
threshold for *'Ne in the TODRHBc¢ (Time-odd) (a) and DRHBc (Time-
even) (b) calculations with PC-PK1. Each level is labeled by the
quantum numbers QF, and the main components in the Dirac Woods-
Saxon basis are given. Taken from Ref. [73]

3351



M4 EF LB O205F57TH F70% L2008

55 QTR =1/2 A—8 H—J7 T, ZHEE &
B EF I Epsn, KRATEBEE G sh 00
MMCEY ik, SRR S 4 T e A RS
R, X4 FI(b), W LIE BIREHe LR A A
KramersfAi H-1 B T-RE & A20~0.2 MeVIUEF AL, [Kl4(a)
I TODRHBcA £ 'Nefl i i 73136 1 T-0.09 MeV,
1M 1&14(b) P DRHBc; H! 9 Hr - F-HLIE 2 T°0.05 MeV, iX
JERHEERY. ik, TODRHBcH S| ARG K 1fES
B0 'Ne i MR R A Jy sk, XA T
— AN 5 | S A SR B

[&]5)#%7% T TODRHBcHIDRHBCI 4475 51 Nefi
TEEM MMM TFYEMNESE Rp,o, UK
TODRHBcH: /i hA% s (Core) 511 4% 1 (Valence)
SIITTIR. o oBlAE BE BS PA B CTIAAR, HUrPAZ 84y
TR, TR T AT S e > 7.2 fmAb, #
B Ry ook G 6 £, R T A VR E R K
. ZEEMN TR 2N B A KR DA 20
J%, NI TODRHBCH G2 Ne &t — > Hirh T-54%.
X} L TODRHBc 5 DRHBc Y45 5 & BH, 1l 4 1638 55 ol
AL BN A BEMAR T 5 B A5 R, XA TRERE R
SE W R R R, SRS AR Bk TR
THEM—2. 1ERXTEE, EISH R T AR 2 Ne
(R BE A3 AT, S5 5057 'Ne s A 3 BE AR H P2T . I REAS
FNRLEIS S, INef HA 'Ne+ In 25k () B 154
E— T S A% B A3 A, AR BRI TE
AT YRR AEAR 50 5 R By 1 core=0.03, Ry core=3.47 fm,

6T T T T

:[Neutronj at z = OJ‘ 1

x (fm)

Jf (107 fm)

T . T T 3
F Total,  wesssen Total (time-even) §
10" L == Core —— Ne -
= = = Valence E
= Lt ]
€ 10 F Angle 3
= R d ]
=~ 103k average
Q:“ E" N
[ ‘s,
10 fr
!
F 1
105 3 Nel
106 1 1 1
0 4 8 12 16

r (fm)

Bl 5 (M4 MR ) TODRHBH 451 Ne i i %5 BE 43 Aii 7 ffi 1]
SRR ISR, IK AN (Core) 54 Hi T (Valence )i 43 B
k. FER L, B gs i TN TR B R A A, DA A I ]
DRHBcFE15° NelfyZ5 5. 1 H SCHk[73]

Figure 5 (Color online) Angle-averaged neutron density distribution
for *'Ne in the TODRHBc¢ calculations, as well as its decomposition into
the core and the valence neutron. The neutron density distribution for
Ne, as well as the result of *'Ne from time-even calculations are
shown for comparison. Taken from Ref. [73]
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Figure 6 (Color online) (a) Distribution of the neutron current in the xy plane with z=0 in *'Ne. The direction and length of the arrows, represent the
orientation and magnitude of the current, respectively. (b) Neutron current as a function of », = x2+y? in the xy plane with z=0 in 3Ne, as well as its
decomposition into the parts contributed from the neutron core and halo. Taken from Ref. [73]
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The study of halo phenomenon in exotic nuclei is one of the most fascinating topics in nuclear physics research. In most
suggested halo nuclei or candidates from experiments so far, the neutron or proton number is odd. The nonrelativistic or
relativistic density functional theory can provide a unified and self-consistent description for atomic nuclei, whether they
are even-even, odd-4 or odd-odd. Within these frameworks, even-even nuclei exhibit time-reversal symmetry, while for
0dd-4 and odd-odd nuclei, the unpaired odd nucleon(s) leads to the vector current, which breaks the time-reversal
symmetry and results in the time-odd field, also known as, the nuclear magnetism. Existing studies on deeply bound nuclei
and rotating nuclei have shown that the nuclear magnetism influences the binding energy, magnetic moment, nuclear
rotations, etc. Due to the extremely weak binding properties of halo nuclei, the nuclear magnetism may significantly
influence the nuclear stability and halo structure, and the related effects remain to be further explored.

Based on the relativistic density functional theory, the deformed relativistic Hartree-Bogoliubov theory in continuum
(DRHBc), which takes into account the effects of deformation, pairing correlations and continuum simultaneously, has
been successfully applied to the descriptions of many halo nuclei, and proved to be a powerful tool to describe both stable
and exotic nuclei. It would be interesting to study halo nuclei by combining the DRHBc theory and the nuclear magnetism.

Recently, based on point-coupling density functionals and considering the effects of deformation, pairing correlations,
continuum, and nuclear magnetism in a microscopic and self-consistent way, the time-odd deformed relativistic Hartree-
Bogoliubov theory in continuum (TODRHBc) was developed, which can provide a unified description for even-even, odd-
A and odd-odd nuclei with halo structures. By using the TODRHBc theory, a systematic study for the odd-mass and odd-
odd nuclei with 8 < Z < 20 is performed, and by the comparisons with the results from the DRHBc theory, the effects of
nuclear magnetism on ground-state properties are investigated. It is found that the nuclear magnetism always provides
additional binding energies, and such additional energies show dependence on nucleon number, deformation and the
configuration of single-particle levels. The polarization effect of the nuclear magnetism on the core is discussed. The
nuclear magnetism makes odd-mass and odd-odd nuclei impossible to be spherical, and decreases the root-mean-square
radii for almost all nuclei, in particular *'Ne near the neutron drip line.

By taking the deformed halo nucleus *'Ne as an example, the effects of nuclear magnetism in halo nuclei are explored
with the TODRHBc theory. A subtle mechanism is revealed that nuclear magnetism may change the single-particle
energies and make an unbound nucleus become bound. The distributions of neutron densities and currents are studied in
detail. It is shown that *'Ne is a one-neutron halo nucleus with a “**Ne+1n” structure, presenting a strong shape decoupling
between the prolate one-neutron halo and the near-spherical core. The time-odd currents caused by nuclear magnetism are
analyzed in detail, and it is found that in *'Ne the halo plays a leading role in the formation of neutron current.

halo nuclei, relativistic density functional theory, deformation, continuum, nuclear magnetism
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