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WE # A% B W Dirac Brueckner Hartree-Fock(DBHF) 7 i , B B % & 48 x &Y
BF-NTFHRABBRAEANR PR FPUEMNT FRTEHFH AR THAREN
MR NF-BTFRAHNENEERAUR LR T FERXKSN DBHF ¥
ERBEH  EREGNEETAAARE A T EZREANETFERS A DB-
HF BEWER - X TBEORAMRRARBESHR A EHRT EH
FIHEMCa R PhbRAMNEBERNES. FREFFNEAEE TR N ERTY
TREICHEA EFHFLERM.

%RA ZHWDBHF ¥ % BHEAANEMNSTHE EHHR
1 5|8

HAERFEHREZYR, XIS EXH(RMF) e o] LIER R R A R KN — 2
HERD T (E R R A X T R 5 ik T T A R R T R4 R GE KL X
RUERUEBERPIABHEEANEERBITIRAERN. LKL, EFERENETE
HGHBEMRNRETIIETATHEREAREARA T HER. KRR TEY
RSB TEERMS A TEERBXR, TUREABENBEY RN AT ESH
RY. AT, AEFERIGHA %S, NL1® NL-SH™ NL3™ 2% JE &tk f) o I
KATBEE N g, ROUE IRUANMNBRFHEREEXBERBEN.

RITHE, HBTET - B FRBXEBEBMN A Dirac Brueckner Hartree-Fock (DBHF)
BT HENAHBET - BEFHEARRE, RBHER TEYROBRALE, nE
BT ¥ EEE ANEFELI AT EE RN, X FEH DBHF F i 8 BIM B i b
TARRASBENEEMKMITY. HR DBHF FEBRAE X BEHWNILE RENAT
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By F X e DBHF it WA XAE e, AT EEE LM (LDA), EREXRRH
BEAL, % RMF BRI T4 5 DBHF Fis MR MR R AR KB, T8 E 1 K W # F 4
Mg Rg, ZHABNFEEERBOBEER g, X g, FRABSEH, ENARE L
RUSEMZEZEREREERBRN. B, XM(8,9]5I#FNKRAR Mo T, R
FI#E %t 1 Hartree-Fock Rl %¥% DBHF K& IRABRBENESHR.

AEEMXH RMF FE(RDMP)H , BF - A FRETBEREENRR WEKT
B R%. H. Lenske & C.Fucks'"" S HENB/MEFABRFEL R EiEHH HRPIIA
THEHAFIG, I UERZERENHTRAE TSERAEANASBETNER.

FEXWR(10,11]% ,H. Lenske & C.Fucks FARH B TREBMEE, MBAITLE
HF XM FREEMER. A 0T8T ¥8 M DBHF 7 FIHBA X BN X BEERK
B AW g, (pp) B g, (pu) BB EHIZEMUT , RAEEHXHBLSEREAT
By R, 3 S DBHF F Y ¥ F 1T T H 8, LA %3t RDMF
JrE: Y5 DBHF BRI S8, A% DBHF FEXH W Ca & Po R K8, 4
TREESTFREETEHFI TGN TFEAR AT T RECRBRTFEEIANE
WLHGHT Ca RN RBNR T FLERBSTRMEMNHLE.

2 BigHE

RMF R B FHRNBEIXTREBA FHEAHNRE. b TF N FEFHG
ERTERR, ZXREE (0 ,0),0(1,0),p(1 ,DATUR Yy KFHER. RITA
LLIF B % Lagrangian FHEEH A -

L=L,+1L,, ) (1)

L, =$(i7"8ﬂ -M)yp+ %a”aa"a - %mfaz + %miwﬂw" -

1 1 1 1

G FF" + 5mep, - 0 - 3G, - 6" - ;HH", (2)
L, = ¢yg.(pp)o - 97,48 (ps) " -
g 970" ¢ TP — ey, %(1 + 1,)A"Y , (3)
H
F,=0w, -3dw,G,=3p,-3,p,H, =30A,-32A,. (4)

TE Lagrangian B EH ¢ W FHER, ABHAR Y M. o,w,,p, FHHK o, 0 IR p At FH
G . m, m,,m, HOMNHNYER, A, REEGHHR, ¢, c, IFBE Pauli EF. o
Fot THSEFHBEEBINNN g,(05) & g.(0s)  NBE B BREEEBN. 1]
WKETEFHERF ¢ My, B g, (o) R g.(0p) R ¢ Mg ER.

FIH Euler-Lagrange HBRAFGRHUN FHWENZH HE. RI1%E RMF EQRT,
A TFHRRAEMNNESHBERRYE. ERMFEEEHRITHERAFHL o it
FHE&HBRIM Proca K8, FIFARFHHEE MR TEF B[ ¢r,¢]1=0,Proca HRA
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ELiB4E A Klein-Gordon J7#2
(-V+ mi)a = g.,(pg)p,,
(-V+ m)o’ = g.(ps)ps
(-V% m2)p® = g,p5,
- V?A° = ¢p,,

K

ps Zfl[)n ‘Jba ’
P o E(Jba )’U ‘?bn ?
ps = D47 03¢,

o = }:sr?)f %(1 + 73) ¢, .
“#2 G, B FHEET WHERG)P o HEMER
o(r) = [ 4rG.(r = )= 2lpw)pu(r)]

=] 2 ] 15 2o A A+ F HHEF 5008 .

A Euler-Lagrange 5 B RI# ] IR 88 F 358 Dirac 78R, YBABHRITHEMH
ki, g, (ps) B g () B ¢, ¢ BIER (= ¢y’ ¢). L, 3 ¢ A 5104 B HR-A % By 85 HE A
XHRBBAMI, HFENEHFE, X S5EEEERTRAEFEELNEIELAERNER
HHFRALME. EFIHIEMT, 7748 Dirac R

[-i@-V+p(M-35)+3,]¢ = Egp ,
3, = 50 + 37,
35 = ga(PB)UOv (8)

1
2((,0) = g“(pB)wo + g‘,‘r3po + e 5‘(1 + T3)Ao,

a d
2(()') = ga,;:B)psao+ gg:,BPB)wova

R =" REHFIW. ROBERSHHREYE R REE RN, EHF TR AT

KRB
MFRMHFENHETE, ERAERE, WANTES HETHREANAKSBS /M 1
SHER G, F, , KRB FHREWTTUER
B l Ga(r)
g = r [—iF,(r)d‘ -r

Ky, ., HARBER, «, = (2, + D, —j.), ERY R MERNEERD, 0= (q,
n,l,j,m)=(q,a,m),x(q ) RFMKEHKEH. LO)XRAG)XTHHN FHEEY

Ve . x(q) (9
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Dirac SERFTHEN FT R .
d6 4 %G = (M- 3s- 3, + E,)F,,
dr r

(10)

dp _%p - (M-3,+3,-E)G,.
dr r

ARRB LR BETARERARTHEEER E, MANNRKRH.
FAHBRERKBAITLUGIEREN SRR, EFHHELUT REN S HRY

E, = ZE..(zj.. +1) - %J.d"[— ga(PB)Psao + gg(PB)ino + g.0:P0 + eppAo ]_

8.(ps) Ig.(ps)
Jd'PB{ﬁ—F’p‘:—BPs"OWL 81:8 P | » (1

RS TR E AT TR, RITESET ROBE:Ea~3-41-A S MeV, LR
BOHEARN E=Ep - En.

3 BEHEXHNF-BFREEH

GRS FHHEMT  BYAPHBHS KB N

Us = —5%,, Us = Z5p, (12)

Ht o, 5 o FHHIFBREXBREE:

_ 4 ke 3 M.

P (ZK)JJO dk JE+M
p5=23%. M =M- Us.
FIF DBHF ik, &% i+ A BonnA #it R 18
WARSEELIE RS U, 558% UY  EXRE
BIEEL,E RMFIERMTHIHRS S DBHF &
EHFEK Us 1 U, , I T390 8 R [ 5 BE AL 8998
AER g, Rg..,0E 1. #E/NEE®ST,DBHF B
HERABEN BHBEEH g, X g, (k<
0.8fm HMERFAL S MM ERXRBAN. N

16

1 1 L 1 s L i

A1ReaUBRR, EFEENT 0.15m i, WEEH 0 01 02 03 04

B T RS LR, & KT 0. 15fm B, fh 4R & po/ fm”’
HEaTVFR AFENDIK, BEEBAKBIME B EEEBOES SN
G MAKBOEEXRBED TEEXKNT ¢5msu /&5 DBHF & RE RMF T
R AHZHEAUSBBAEEKBROBEEEEY  HRs0ATSAFROREEN,
g.(ps) R g, (o) TR : —RAEMER.
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g;(Pa) Zb‘np';iv 1=o0,0. (14)

BF BN FRF R BonnA HBE BT R oA T o M TFH o M FHRERSDHH

M =938.9MeV, m,=550MeV, m, =782.6MeV, m,=770MeV. g, B‘J{E(g,,=2.629)
RBEFEXNHAE a,(a, =32MeV)EREN. FIAHRUNEEHXAOBSER 2.(ps) &

XS FHSHE AT, RITH M T S EMEN M BN R, % 1. WAL o A F
Boft THRBERBINN g,(pw) =9.0237, g.(pm)=10.8958. mi FHEBTH/A¥%
I RAVA S AR BHRER P- 17510 o 5%

g~ Py

az(e/PB)

7 JHP=0@BMRARKE. AR1PAUEL,FH

Py = Py

FHHXHBREEBOTH MY RMF B R # A5 DBHF it RS R EER R B,
BIWATEFERBE RN K=272MeV. BRBMNIT B HMNMAMASES DBHF & 24 AW
B ENEALSENATESRE K RSETEHESAHK. mmRRIAE RMF gy
T, B 7 DBHF M A (k;=1.40fm "B EMWE H MW (g, =9.2233, g, =11.1636)F
MEERL  EYERAEFRNATEERBTUMRK AL, d P=0BRMALN £,
=1.45im '\ RO EERBHN K =549MeV.

TEHEH K =93

®1 BURER

poolfm > A£/MeV M*IM K/MeV ad/MeV

RDMF 0.2088 - 15.38 0.574 272 32

DBHF¢! 0.1854 -15.59 0.601 290 34.7

4 FARBEESKER

%% DBHF % i, Bl RDMF Fik X5 B EHNM A 35 (RDMF +R) . BIMNHAE T
WWFEH'0,9Ca,*Ca,  Zr, PO MR B H R, A HER 2P L THER FLE LM E/A
MEFYTRER SXREMHE. HTIHEHFE, RIIICH DBHF FHHEMAH
BEREN g,,2. FRHE RMF HENLROIETE2 WNE2$PED L4 RMF v
HENENFEABLERNETFEXN RMF R FEES SREAVRNES
AEH,FTBRM g,,g. B DBHF J ik -h M & B 889652 09, FI X — 384 % MZE RMF
ERTHAEMOBASRLE b =1.45m "4k, L XMRI12IB9MAE £ =1.30fm ' KiFE. B
MNEXR2 PHHRKERMF MERENT SRS KW EHX RMF & R 7 H8. 8
AHBAEERRMY RMF TESR TR FXBENOAM, 6/ DB LSS HRIEMRS
BONMESEHEMBMARREBN. ¥ 2EUHD,RDMF M RDMF + R 7 i 8 (0 4
BRNBIEAREBEHY T RERHEME RMF SRR, SXREFEIEE. XEVUR
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T RMAFTRE Coester RAFTB 3 FFERITLRME.
N2 BRTHAE(MeV)5RWHHMEE(m)

RMF RDMF RDMF +R exp
50 E/A -5.53 -17.45 -7.50 -7.98
re 2.47 2.59 2.70 2.73
“Ca ElA 6.35 -7.90 -7.96 -8.55
re 3.13 3.26 3.36 3.48
“Ca EIA -5.17 -8.02 -8.05 -8.67
re 3.14 3.27 3.35 3.47
oZr E/A -6.88 ~7.96 -8.00 8.71
re 3.84 4.00 4.09 4.27
M8 pi, E/A -5.44 -17.36 ~7.37 7.87
Te 4.95 5.17 5.22 5.50

0.10

208

0.12 4

0.10+

0.04 4

H2 RTFEESHHR
- - ~RDMF, —RDMF +R.

8 RDMF 5§ RDMF+R MZ R, RITRAS B T EHNT)S % E/A & r, WA
eS8 TEGHE SEEEFLRME,ALRE - WEARBATHRAEENES. HFE
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HFITRBTHFOXBE NP OLERARNEZHTARZHFN, BRHATETHH
BFHHRIIEEH. IFBANTRASHERER AR THRBBEEIMER. H
HEHATMNHEFERAEAN FEESHAEPOCREES LR, FATRTITRER
k. BHFIAM SEGROTRYAME, BoMEN T RN TREANE /D, FEHNEE
BXESD, MEFTREXCHVIATENBENRS.

M2HHT S HRMFENEFEESH. B9 LUE B EHZ M 7R TR T %
BEAAMAER P OCRXBEMR REARE/NIHAHERBEESER, EMER G LEER
e ATH BT REHIIRNXFHE®E, RIHA 7 Ca 0 Pb R RE, LA TH
ESAMRPHMABRR L TEHANRAEFLCEETRERBIIENGE R, AHAEC,,
“Cak™Pb,” ™ Pb HFREMURTHME P LHEINRGE ANV BB R. EE3IPHET
Ca N RSN T FRETHHRERD A, EE 4 HEH T Pb WA REEM B AT R
¥R TUBHEHINIMKTET P TRUGFHHTRER MBFHFRERBRAT
BAERAER.

4.0

3.6

r/fm

3.2

5.254 b &

2.8+

3.44

3.34 \ v d .,'
| Posssee 5154
3.2{1 =
\. (213 1 »

\.-", .),I’.
3.1 e : - - 5.101

5.201 P

r./fm
e

r/fm

A A
B3 CaRfuRBEPTFRET B4 PoRIESEREMH
YT REBLH HHBREBRLH
- - RDMF, - @ - RDMF+R. -~ - RDMF, - @ - RDMF +R.

N T EFHITREHATE AR, ER I PAHT0,“Ca,“Ca AR TR, X
RERATR12]. AHRERTLIES, HBEHFIHE0,“Ce, “CaWEF . F 4
RTHBESKRET L BRENFER Z, ™ Pb BN TFHREEAARK. ERKTH
S A0 A 1B B F) SRR A B A R R R RS A (B K
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23 "0,“Ca,"CaIRRTFHER

B4t B fi ¥ RDMF RDMF + R exp
1512 p - 43.85 -7 ~(40+8)
13 p ~-21.78 -16.71 -18.4
1t P -16.33 -11.89 -12.1
Isia n -48.74 —-42.45 -47
132 n -26.10 - 20.84 21.8
1Py n -20.59 -15.96 -15.7
1512 p ~53.93 -48.20 - (50+10)
1232 p -36.42 -30.95 -(34+6)
11 p -32.68 -27.42 -(34+6)
1dsp, p -19.29 -14.30 -15.5
25112 p -13.79 -9.709 -10.9
1dy, p -13.31 -8.78 -8.3
1ds, n -27.53 -22.32 -21.9
25112 n -21.98 -17.55 -18.2
1ds, n -21.52 -16.73 -15.6
1512 p -58.28 —-51.74 - (55+9)
1p3, p -41.85 -35.69 -(35+7)
112 p -38.81 -32.87 -(35+7)
1dgp, P ~-24.77 -19.35 -20
25y P -17.69 -13.50 -15.8
1dy, p -19.15 -14.19 -15.3
1dgj; n -32.18 -26.63 -16
2512 n - 25.41 -20.96 12.4
1dy, n -26.63 -21.52 -12.4
1 £ n 15.22 -10.74 9.9

XER(2]RE LT, B T EF i H
AEMBSHFLALBHBIE. A LT 6] A
B0 3 WA AL 4G X F , 40 3R S X 3 B
EARSERMAHRETHRE. RINRA -
B NN A BCS TR RS B EE, B8 S %
HWEY A=11.2MeV/AY . 7EMH 5 h & % '
Xt IE S5 0 45 EHE ST B Ca 9 162 K 8 (16
SNSBOMFARFARBESLRENLE. B 2] —
MO HER S LR MR LA B, HH%Ca % B W0 0 4 46 48
BT T4 B S LR — B, T Ca 894} ‘

B 5L REMENTF 2MeV. M B o 77 1L 5 CaFIGKREHT T2 MM
BEHERE5RERERIIMGLE R HhF4 W ROMF, -@- ROMF+R, -4 - ZREY.

A
T
50
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BEMERIERK.
5 WigSING

AXKRA%%H DBHF ik, MEEHXMEN B FY ST, 5 REHFTHER
TEHRMBERESHER, HE NATFIHERE CaMPb R REMMER, SR 5XR
ERFBAS. ML DBHF ik, HEMNABNEF -BETRANEARLR 58T
BFRGRRXEK, RIF A TRYRAMAEER. 58K DBHF F ¥k, R B & M %
MBS EEORFRAEE T XM, R #EMAES K, BB AT RENE
EHRXRECAERNER. BRA XAMNERSLBRNERFA L AGEESHRK
BN ST EI R HE LB, 5B EHER W, 6 8 K i A9 5 R L2
K, EFEGLER, MMNBEFHTEIESRRER/ N mEHX.

W %46 X RS 8H DBHF 7%, R AP 335758 il &R R K . F DBHF MR B %
MEXBHERMF ERITHRERNEAES RS F o B o WBESHRMEEHLHE, R
X DBHF M G EHMNELZEE  BHRFMEHEXYE. #— S RAGSFAMKEER
It F = # p M XS Hartree-Fock 36k 4 HM & DBHF Kk G EBEEZE R, M i
HAARMENHEREBRIEXENBHLE FRIELCERRZ .
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The Effective DBHF Method for Finite Nuclei”

LIU Ling' CAO Li-Gang' MA Zhong-Yu'**?
1 (China Institute of Atomic Energy, Beijing 102413, China)
2 (Center of Theoretical Nuclear Physics, National Laboratory of Heavy lon Accelerator, Lanzhou 730000, China)
3 (Institute of Theoretical Physics, CAS, Beijing 100080, China)

Abstract A density dependent effective interaction in the relativistic Mean-Field (RMF) theory
was adopted to reproduce the Dirac-Brueckner-Hartree-Fock (DBHF) results and applied to study
the ground state properties of finite nuclei for both stable and unstable nuclei, especially Ca and Pb
isotope chains. The coupling constants of 6 and w mesons are density dependent and parameterized by
reproducing the scalar and vector potentials of the DBHF results at each density in the RMF approxi-
mation. In this way the RMF approach is equivalent to the relativistic DBHF method, which is usu-
ally called the density dependent RMF approach (DDRMF). Rearrangement self energies in the
DDRMF were obtained by a variational derivatives of the vertices in the effective Lagrangian. It was
found that the rearrangement terms in the DDRMF provide a repulsive potential in the Dirac
equation. The single particle energy levels become less bound and the nuclear radius is expanded. In
contrast the proper total binding energy was obtained by subtracting the rearrangement energy,
which compensates the weak binding of the single particle states. As a result, the total binding ener-
gy is slightly increased. The ground state properties of stable nuclei, such as '*0,*’Ca,*®Ca,*®Zr,
and **®Pb were studied. An improvement of including rearrangement term and good agreement
with the experimental data were obtained. The similar effects were also found in the isotopes of Ca
and Pb. It may conclude that the DDRHF is equivalent to the DBHF and an efficient method in the
studying of finite nuclear properties. It can be used to describe very well the ground state properties

not only stable, but also unstable nuclei without any free parameters.

Key words effective DBHF method, density dependent RMF, rearrangement term
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