hERE  YEFE hFE RXF 2016 %E46% H14#7:012003 <¢/ ORERE) et
SCIENTIA SINICA Physica, Mechanica & Astronomica phys.scichina.com SCIENCE CHINA PRESS

WA FEFathEEREZRIEREENAEE

BARBSINN B PRV BRI TS —— NIRFEAAINAL
iR

¥ £ 0@ *
J& &

O H E R BRI Y BLAT ST, BB E K SR EG E, dE T 100190;
@ =2 F B D % 5K S = SRR A L, 224 730000
* B R N, E-mail: sgzhou@itp.ac.cn

WeRE H 393: 2015-11-09; #2232 H3A: 2015-11-12; B2 R H 3: 2015-12-14
[ 5 E A SR TR BRI (45 2013CB834400). E R H AR ¥4 (iES: 11120101005, 11275248, 11525524) FlH E R Fe iR 6 #
TREZEFHTH (5 KICX2-EW-NO1) %8

BE ERTEOMETEZEHE LY ZTHEGTE — KU T T ERLONEZL — KPR & 43K
TR 7 B BE R, T KB SR BT SN TARE THANWE AL 8L UTE
EACIRAFEARNBAELFZE PRI T A ENTE DAL -Frft(BEBERT -4 -Fak
AEFOKBLTE - B2 - B2 e AR ) RIT T ik A GBI 8 7 2 =5 8] o KL 50 7 R B SRR 77 . R A MR B A 1 B OROK
WR-A%-FRREZAIMBEAERRETW IR ES, MEZCF R R BETH AR ES. B, FE
LERTFANAANLRESBRIARES. E o AR ESNAR, N4 5 XL GG E SR T H#
T Y B T AR R AR

XA A FEZRER KT AR, 8RN, A AR

PACS: 21.60.Jz, 21.10.Pc, 03.65.Pm, 03.65.Ge

il

15l A A R B T T B T2 ) AR L

AT AR SEI. AH R, T EN T IR B AR

R, FE AR VR A ST A TR A% G 1
JR AL D ERRIE TC (1 — A B B Uk, AL
BRI R S A AR S PR R T i T
— R S5AEG AR R R A A B, P32
Z PR BA ST IO A. B4, R TR

HH (~ —400 MeV) FIREH (~ 350 MeV) H1iz3),
OO T IR 25 AZ ) SR LRIV I L AR IR TR
(B NE - PUERE S B FOR 15 IR B e AR
(PR 2 OCE 2L A, PR iz IR A 2

SIFREE: A BT 2K KL Se i o (4 SR A

10.1360/SSPMA2015-00566

MIRTEAZAKCHL e 7 AR VAR o B 2 WU BE 22 792 ROLEE, 2016, 46: 012003
Zhou S G. Single particle states in the Fermi sea and Dirac sea in spherical nuclei (in Chinese). Sci Sin-Phys Mech Astron, 2016, 46: 012003, doi:

© 2015 (PEIRE) it

www.scichina.com




Jdsr. REEB WESE T3 ORI 20164F H4e s W1

R AL PR BV pR AR AE R IR R B AR E
LB 2 1 R 1% A 5 WO A YE BT TS TR
K]

USSR R, R AR B FE iz sR PR H B R
JetEfS T EE R, B WERERY R RIZE
s MWIEF R TR REEZ . WREZY R 21T
Bz WA FIAEENE BAREG B 9] ARG H HU0 %
FEARH . WA FASHAESL B i AR A HELL . AHXT 18
Hartree 157849 &€ 31| #H %} 18 Hartree-Bogoliubov 57 |
MAHXS 12 Hartree 152414 J& 2 A% & Hartree-Fock 45
RISty R B AHXT 18 Hartree-Fock-Bogoliubov 15
LIS S b7k Va2 ol SR 5TR 7B i (VW =

TE R 1% PR 5 B2 e B () HE Se i A2
o SR T IS 3N TR —— K s T R
e EE AL BEE T E ORI R AT E LR
JIH 3, CASEHL 7R BRI T EAE 2 4B R
A [A] U3 Bl A = AR AR A s A (] U SR AR v
J7 e SRAFIX LR AT A K b v T R, — T T AT LA
HESH TR R FE, 53— 7 1 R8P SR AT 7t H L
YRR e . SEBR b, BRSO AR T R ) 1
BRICAZIK DL v J7 AR AT IR I, Rt~ 5 1
VIR A ZE, AR BUS T R Rk e 15161,

VTR S G BRIGAZ H A% 3K 5 07 2 B EfE
RAR, B T S5 AR v B RS DAL
ANAH IR BB ) R &5 HA P AR % RN ek R ) IR
B2 AR RL e T A2 AT 78 AA R 25 1) ik 2% [
KA AL T7 R PR AR o - 2% - B AR
() SR AR KL 5 5 F2 ()t R HR 4 7 HA P A 15 H 1)
I BEXS FR 1.

2 EXFHIRB IR R 51

P AR Lz o BARHE A 2K, 7 AR A T
P55 mifh BT A SR, 70l AR B R
B E EAREI R . D, AR IR B B AT LA
4 A () ARENE B RGN TR HE B2 B (2)
W BUR BB N T3S FEZ 1R (3) ARkt
R B ) e M B S ST B () A T RO AR 1
R Iz B ANTE IR SR 12 5 2

bRt 2, #T DLFH 2R AL 5 e S A% T 1 iE 3 7
FE —— ZkFive AR R, (X CAAEZR M B RS A
TS BT RN 2 R R R, PLIRE T
5H
L= V(19— M)Yi+ 54006~ U(0) ~ 8o WioW
— %QMVQ‘“’ + %mﬁ,wﬂ 0" — g0 Wiy,

1 1 _
— R R + S pup — g Wiy

—%Fqu“v—eVil_Tﬁﬁll’i- (1)
Hrp,
U(o) = sm2o® + 020" + 1g30*, 2)
2 3 4
N o TR EREE I,
Quy =y — dywy, 3)
Ry = aqu - aqu —8p (Pu X py), “4)
Fuv = duAy — dAy, (5)

NERIIRBETRT. WAL RE LR, 720 BT
T RG-S 3 5y, 7T CAHES: I T KB 50 7

F2,

[@-p+V (r)+B(M+S(r)]vi(r)=&yi(r), (©)

DA S A TR s 3 T 2,
(—V2+m§)02 —8oPs — 820% — g30°, (7
(—V?+mg) @ = gopy —c30°, ®)
(=v2+m2) p = gpps, ©
—V?A = epc. (10)

RETRERE Ak, 2 B IR IA AR
Xt T BRI SR T 4%, IR 5 ¢ R KR A 17 A A S

A4,

1 iGg (1Y}, (6,9) : 1
llfmcm("as):; * ][ ) J:l:l:ia
—Fg ()Y}, (6,9)

1)
HA,

K= (=120 41)2), T=1+(-1)/T712 (12)

012003-2



JEST. REBY WP S R 20164 46t B 1

Bl (1) RNBIIKBL e T2 (6) H, % A BB 4 5
91, 13 B — 42 KR v T AR,
d «

Gl = (dr +r> FE+[M+S(r)+V(r)]Gg,

edg_(+i+f>cg—w+sm—voﬂca
(13)
Horp, RENE AR R o FIUEREH EF AR 2
. S(r) MV (r) Al AR E SRR, jT# g
o N T4, FEXEEN o M PIHeE. BANGE
KECH, S(r=0) ~ —400 MeV, V (r = 0) ~ 350 MeV. ¥
ERRR BB IRV (r) + S(r) X R R B AHESL
TR, IR E B RERIZE V(r) - S(r) R
€ FIE - FUERS G, AIEREE e ETT DLBLIE(A,
SR AEAE. Gl 1 B, IERE A A ER TR
BRI K (B AL RRI M4V (r) 4+ S(r) LA
ERIXI) Hh, FREERAS AR T b BRIk
T (B SEE R RE) —M +V (r) — S(r) BLFHIIX
i) .

AR R AE PRI IE 2 AE KR v g v, HREEA R
A, H EEAE ISR, B RE. X
TR, REE R L, H |eq| < M. RAZAS PR
oS B 2 AR X B 6 T IR AR R A, S ERIX N
B SR LA . BRI+ 1) DX 33 %o
THAEERE, @M YK 1 BTl LA MK
PTG TR —M WX 7E |eq| > M XL, £77E
FIELLR, EATMREBURIRG 1. X TIESER, I,
ATEE S SRS 071,

3 BRTOUS

SRARIKBL 57 FE B RTE: — R
B IR HITTE, — IR BB T, T3ty
SE W% BB e 5 R, AT LS BIEHTRE. Biln, =
JE7 R R 81 R T 091 48

JEF 2, % T Esh 3 5% - 7w ik
PARSEIT. R, IR 20T LA R AMEZE - B 50
AR —UEOLT, 0% - B AR BOA T, 55
N ROl — B AL, s AL - B AR R K
B 50 7 RE R MR . H T, MBCH S 2R - oF

M~ =8

+M+V(r)+S(r)

-M

N T

1 (MEROR ) P32 % Oz B AR HESE R A% T 18 3h AP
38 BORUERIKAL it S e P R A RE 4 5 HE Sl
Figure 1 (Color online) Nuclear potentials and discrete levels and con-
tinuum states in the Fermi sea and Dirac sea within the covariant density
functional theory for atomic nuclei.
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Figure 2 (Color online) Shooting from r =r; =0 and r = r, = Ar to

the matching point. Red solid dots represent G; and blue open dots rep-
resent Fj.
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Figure 4 (Color online) Comparison of density distributions for 7>Ca
from spherical relativistic Hartree (SRH) model in the coordinate
space (SRHR), in the Schrodinger Woods-Saxon basis (SRHWS), the
Dirac-Woods-Saxon basis (SRHDWS) and the harmonic oscillator basis
(SRHHO). Taken from ref. [39].
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Single particle states in the Fermi sea and Dirac sea in
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The Dirac equation sits in the center of nuclear covariant density functional theories. In this review, we will introduce
briefly the numerical methods of solving the Dirac equation for spherical nuclei and discuss several relevant topics. We
introduce the shooting method which is used in solving the radial Dirac equation in the coordinate space and the Woods-
Saxon basis expansion approach including the Schrodinger-Woods-Saxon basis and the Dirac-Woods-Saxon basis. For the
Dirac-Woods-Saxon basis, the completeness of the basis requires that not only the positive energy states in the Fermi sea
but also the negative energy states in the Dirac sea should be included in the basis. The pseudospin symmetry of those
negative energy states, or equivalently, the spin symmetry in the anti-nucleon spectra are discussed.

covariant density functional theory, Dirac equation, spin symmetry, pseudo-spin symmetry

PACS: 21.60.Jz,21.10.Pc, 03.65.Pm, 03.65.Ge
doi: 10.1360/SSPMA2015-00566

012003-12



