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Figure 1 (Color online) Contour path C¢ to perform the integrals of the
Green’s function for the Dirac equation on the single particle complex
energy plane. The path is chosen to be a rectangle with the height ¥ and
the length & from €, to €2, The red crosses with Ree < 0 denote the
discrete single particle bound states and the green thick line with Ree > 0
denotes the continuum. The dashed line indicates the approximate posi-
tion of the Fermi surface A,. Taken from ref. [53].
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Ve
>
-
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DX 45l ) 5 A R R s R 7 R 2 . HC ) SR 1541

Figure 2 (Color online) Contour path Cg to perform the integrals of
the Green’s function for the RHB equation on the quasiparticle complex
energy plane. The path is chosen to be a rectangle with the height y and
the length E¢y. The red crosses with energy 0 < E < —A denote the dis-
crete quasiparticle states and the green thick line with E > —A denotes
the continuum. A is the Fermi energy. Taken from ref. [54].
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M BCS AL F SR8, J8 1 A A 7% p8 i 4 i
SRS TR, Ban T AR R TR E R DR
FARW], L b ) LR AN AR IR T AL I S5 R 2
KEIE

HAT, SR IR A 5 07 B AP K
— P B T G R B BRSBTS RS I
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bilization Method, RSM) [70-761 | & bR ¥ 757 (Complex
Scaling Method, GSM) [77-821 &5 555 bR 77006} B
KL HARSHIB L, KPR B3] AE AR B4R b e
8.

e Z L4, XS P BER R R £ e
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H SCHR [53]

Figure 3 (Color online) Neutron density of states ny(g) for different orbits x in 12081y obtained in the GF-RMF calculations with the effective
interaction PK1 and the coordinate space size Rypax = 20 fm (blue line), and compared with n,(€) obtained with V = § = 0 in the continuum (red line).

The dashed line represents the continuum threshold. Taken from ref. [53].
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R JETHL 20 oo T AL T RS AE R ecr /& GF-RMF IR, B BRI b 7255 B (B 3) (AT 2: g0y EAER TILST
FAF T BB ITIERSE R |Ae| RPIFHESL FREE 2. AL MeV. HUH STHR [53]

Table 1 Neutron single particle energies for the bound states in '2°Sn. &g is given by the GF-RMF method which are obtained by extracting peak

energies of n,(€) in Figure 3, &,y is the result by the discretized method with the box boundary condition, and |Ag| represents the difference between

the results by the two methods. All quantities are in MeV. Taken from ref. [53]

IEFHR TR
nl; nl;j
£GF Ebox |Ag| €GF Ebox |Ag|

Is1/2 -57.7043 -57.7043 0.0000 1p3/2 -49.2053 —49.2053 0.0000
ld5/2 -39.3590 -39.3590 0.0000 lpl/z -47.9166 -47.9166 0.0000
1d3 -36.5029 -36.5029 0.0000 17 —28.7538 —28.7538 0.0000
281/2 -33.2498 -33.2498 0.0000 1f5/2 -24.0787 -24.0787 0.0000
1g9/2 -17.8306 —-17.8306 0.0000 2p3/2 -20.9125 -20.9125 0.0000
lg7/2 —11.4990 —11.4990 0.0000 2p1/2 —19.5882 —19.5882 0.0000
2ds -9.7489 -9.7489 0.0000 lhy ), -6.9592 -6.9592 0.0000
2d3/2 -7.9307 -7.9307 0.0000 2f7/2 -0.5708 -0.5692 0.0016
3s1)2 —7.5663 -7.5663 0.0000 3p3/2 -0.1371 -0.0820 0.0551

75, MR |Ae| FTLUE R HE B, W TR R AR,
6P R BT VR B B TR I 45 RAE 0.1 keV 2R
R AR, X T 95 AR A I RELL 267 5 1 3ps 0, IFHTT
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TN T AR B T AARR 2 B /N FAEE M fid
55 R 2 6 0 bR A IE BT AT N, DR AS REVEE G
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S ik 921, RMF-CSM J5i% 1881 D) K2 RMF-ACCC 5
kB B g RHAT IR, R 2, ERE T
NL3 A %0 EAF ] GE-RMF i3 3 1205 JL4R

SMREEAM . WRPATLUE I, Bk 7AW SEiLiE
BB BAEI) ) IHRES, 1E NL3 ZHCT A MR 07
TR g S HA AR B Es R

A, DUR 7 12080 1 rh 5 KI5 L8, 18
R Hr SR T A R A, 45 T B TR S
oA, JF B BO RS B BE R AN 58 5L 0 TR B
AR BRI B 92T DAZS 5 A T ik — S S 3
PRAHIEE R, R MR BT 202 — MR A R W
FE AT U RRL T HLIR A I V.

4 EhF Zr AREENESNR

H S5 BRI — B &A% Lk, IS UK
IR AL 90— B AL 78 1) — T4 R
1985 4, Tanihata 5 1 35 18 13 ) &2 AH FLAF FH AR
UL B R ORRER, N S 208 M
THTAL R 208pb A2 01, 3E—BAF 7T £, UL A
A BN 0L S, BANERAMY PG
T BRAEAZC JE B, 23 18 oy A VG AR K, FERR TR
gl T, KR SRR < 7w, L B
PRl <mA%. Boa, fEHA R A R BL T AR
(1) — LY, 110, °He, ®He, !'Be, “Be, *B, B, !B,
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F2 A GF-RMF J77% RMF-S 773k 21, RMF-CSM J7i% 1881, RMF-RSM J5i% 87 LA Sz RMF-ACCC 757 81 45 Hi ) 1208n
FITSEARAS pyjas hoyas B2, i13y0i112 Pl jrsyo IOAEELRIBEIE ). HHECHFR A PRI A NL3 45 ROH (. B BRI 98 BE 1 PR A M.
I SCHR 153)

Table 2 Energies and widths €(T") of single-neutron resonant states in 12081 obtained by different methods. RMF-GF, RMF-S [92], RMF-CSM [88],
RMF-RSM [87], and RMF-ACCC [85] respectively represent results from the Green’s function method, the scattering phase-shift method, the real
stabilization method, the complex stabilization method, and the analytical continuation in the coupling constant approach based on the RMF theory with
PK1 and/or NL3. All quantities are in MeV. Taken from ref. [53]

P12 hy fs) i3 i Jis/2
PKI GF-RMF 0.031(0.086) 0.251(0.0001) 0.887(0.064) 3.469(0.003) 9.700(1.272) 12.956(1.375)
RMF-RSM - - 0.870(0.064) 3.469(0.005) 9.811(1.275) 12.865(1.027)
GF-RMF 0.017(0.109) 0.232(0.0002) 0.685(0.042) 3.264(0.003) 9.465(1.214) 12.588(1.340)
RMF-S 0.176(0.316) 0.229(0.000) 0.657(0.031) 3.261(0.004) 9.751(1.384) 12.658(1.051)
NL3 RMF-RSM - - 0.674(0.030) 3.266(0.004) 9.559(1.205) 12.564(0.973)
RMF-CSM - - 0.670(0.020) 3.266(0.004) 9.597(1.212) 12.578(0.992)
RMF-ACCC 0.072(0.000) 0.232(0.000) 0.685(0.023) 3.262(0.004) 9.600(1.110) 12.600(0.900)

15C, 19C, 2¢, 2N, BN, 20, 1TNe, 2Ne, 3'Ne, Mg,
B\g, 27p Al 28 2 196-101]
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Figure 4 (Color online) (a) Two-neutron separation energy Sy, for the
neutron-rich Zr isotopes obtained in the GF-RCHB calculations. Taken
from ref. [54]. (b) Neutron canonical single-particle levels &, around
the Fermi surface obtained in the discretized RCHB calculations. The
dashed line denotes the neutron Fermi surface A,,. Similar figure can be
seen in ref. [4].
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Figure 5 (Color online) (a) Neutron root-mean-square (rms) radius
rnms and (b) neutron density py (r), for the neutron-rich Zr isotopes. The
filled circles and the solid lines are the results of the GF-RCHB calcula-
tion while the open circles and the dotted lines are those obtained in the
discretized RCHB calculation. Taken from ref. [54].
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Figure 6 (Color online) Neutron root-mean-square radius rms x of the
s, p, d, and f orbits in the neutron-rich Zr isotopes. The filled symbols are
the results obtained in the GF-RCHB calculations while the open sym-

bols are the results obtained in the discretized RCHB calculations. Taken
from ref. [54].
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Figure 7 (Color online) Compositions of the total neutron density
from different orbits p(r)/p(r) as a function of the radial coordinate
r for'8Zr by the GF-RCHB theory. The solid lines denote the negative-

parity states, and the dashed lines the positive-parity states. Taken from
ref. [54].
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Figure 8 (Color online) (a) Neutron occupation number density n,(E)
and (b) neutron pairing number density 7, (E) within quasi-particle en-
ergy range 0-5 MeV for different orbits «k in '?®Zr by the GF-RCHB
theory. The black solid line represents the threshold of the quasi-particle
continuum E = —A. Taken from ref. [54].
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Table 3 Energies Egr and widths I" for the quasiparticle states near the
continuum threshold of '?8Zr which are extracted from the neutron oc-
cupation number density n,(E) and the neutron pairing number density
fix(E) in Figure 8 obtained by the GF-RCHB calculations, in compari-
son with the quasiparticle energy Ep,x obtained by the discretized RCHB
calculations. All quantities are in MeV. Taken from ref. [54]

ni(E) fix (E)
EGr r EGr r Foor
P32 0.3934  0.1082 0.3948 0.1098 0.4872
P12 0.4075 0.1799 04100  0.1836 0.5548
f7/2 0.7527  0.0183 0.7527 0.0183 0.7640
fs/2 1.3973 0.1250 1.3975 0.1263 1.4136
hg /2 2.3266  0.0055 2.3266  0.0055 2.3271
hyy 3.6676  0.0004 3.6676  0.0004 3.6689
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This article provides a brief review on the Green’s function covariant density functional theory (GF-CDFT), and its appli-
cation for the nuclear structure. By reviewing the research status of exotic nuclei and the problems of traditional theory in
treating continuum, the Green’s function method in nuclear physics is introduced. The GF-CDFT theory is then presented
in detail, including a short introduction to the Green’s function method, Green’s function relativistic mean field (GF-RMF)
theory, and Green’s function relativistic continuum Hartree-Bogoliubov (GF-RCHB) theory, in which the detailed equa-
tions in solving the radial Dirac equation and RCHB equation by Green’s function method are given. As to applications,
GF-RMF theory is applied to study the single-particle resonant states, in which the energies and widths for the resonant
states of 120Sn are provided; GF-RCHB theory is applied to study the giant halos in the neutron-rich Zr isotopes, in which
the extended density distribution as well as the energies and widths of the resonant states playing important roles for giant
halos are well described.
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