£28% PH3W
200443 R

BEYHES KDY A

HIGH ENERGY PHYSICS AND NUCLEAR PHYSICS

Vol.28, No.3
Mar., 2004

AR RARETE

A %Y Lombardo U

VR

AL FEFE

1CPERERE BB 2N 730000)
2(INFN-LNS, 44 Via S.Sofia,1-95123 Catania, Haly)

HE 4 Brueckner-Hartree-Fock B HEEZ XN, KT BRRAERAORAFRERE B RN,
HWETHXWYEENPESEK G P G HAEFERRTZHRBINEH. EREXN . EEE
RRAEEEN ORRCBO RN EETHER T F AR FERBRALEN R LA L ER MR
Z R ¥ A, T B4 Brueckner-Hartree-Fock W HEZ N, E R ER KB I AN EEL Z BN W E
ERUCBEN R EER XX ARYR P TR R LB R ERCASANERR AW EREE. 4
FERKH, ZABARBOERAFTENWERKBUNB T AL HATKOHEKX, ZEEA
BB AL IERESE G F ¢ A NTERI A T oK EN R TR E.

REW BERACLEDIR

1 35

i

I BEAR LB ) o R 0 B 5T R A IR T TR 3 A
TEMAFER - AREXBIMEERE"Y . &
Yy BT T B RELL K B BE - [R5 Bk % # ne N AR AE H
BESEY RN ARRASERMEX" . EMELR
bl I B R AR R B AR L IR BE B AT DIR B
FIFREMGERE -, ELWBEFEHERE 3
P Gamow-Teller FL4R BB 48715 B X H IER ALY
FORAEFTBE R . AMTX B IR AL ) [ ) 248
WK AT REYE. B 20 42 60 4L, Pacini
Gold ¥k i kb B R R A RGN B R M T
B gl ERERES K RE A XD 10—
10T Rk R MR TR R AN H
LAREIA 10T, — 1, A R B ERARE K
AR B THEE R FETREGHERNBASHE
FEMFIRENLE . —FHE, REPHFENBERES A
RES BOR B R 4 F 19 B BERAL , 3 T 3% e K (&
W AR L . — L3 2 R & R e AR AL

2003 - 05 - 26 IF

ZHhEAN HESK

BHF # it

BRHRT BT FYRMERUETTEN
SEHMBEAE R BA XY R K A RERAEH
HEHREZ RSN, R Vidana %% F) H
Brueckner-Hartree-Fock (BHF) 7 #1118 T A ER L #%
YIRACRES F R, BMIEHEDPREZ B AR
J1. RETR, AR A &, IR IS
SRR AR IER T S 25 02 B
B BRge R BN = 4R8O (TBF) BB K KK
# BHF ¥ W5 MY A R, B =&
R 3 B Ve F Wl 5 B 8 O T 38 5, 4 3 R = i X
FTREEZYREERITAEE. By TEIEEX
It BHF HiCER NS HEM R R FELY R B
WACRAS LA RA R R AW BB R , 20578 P 1K B
TS ER B =R

FE B HEAE R BHF HISHER KN, IHE T B ieH
A%y R BRSO AR LA B A R ) B B A B S B
G, Fl G EEMRAMITE=RENWER. HE
LR RWF BHF ER N, BY RSP A ELERE
Te e b2 MRS B B R REAL AR s =

* o E BB E AR, P EA R AR A TR EE N M E (KICX2-SW-N02) , B K H S R HF 52 & B LR B (62000077400, H
P 3 E K RTHB E T4 (2002CCB00200) M1 H K H R B2 B A K 2T H (10235030) #F B

1) E-mail : zuowei @ impcas . ac. cn

284—289



B3l

KRS ARBRABYRERNRETE 285

AR R R BRI, L EE
R R T R A OO T R BT O B -
IR 37 B 9 O R A

2 HEWHHXH BHF /it

F1 BERR AL R R v B e A BE T R
FAIE T 4 AR B 20K T4 204 BU B R K 38 A0
HAEHEZEES . EHREMKREET 4 ATH
BFREEE AR, DHERRH pur s 0ar > 0ot M
o, - BRI YOKE B S R T HEEEL
BHKEBMEBEER, B b, = (6770,)"  HAP r=n B
p HANERFFHET 0= + Bl v 4B RT BIEHE
EERE T . AL B R A X R B B AR AL A
B ANE p,=p,. BT HEERR,EXPTHET
HEERALE S 8, = (o - oy Ve, M 5, =
(por = oy Mo, TR, BFEARAR TR LA B
FRBE p=p,+p, WK S, F 3,3 MSHRRIE.

BHF #ig FMEA N X HRABHEEEH ¢
SR, G EBEREBNRPET - B FALHEAR
BT FR & J& 18 sk #1, W & Bethe-Goldstone ( BG) J7
B @K A BB B, LA BG TR
2 B ek B, B

GV (w,P35q,q 30,0,,0,) = Vie (g,4') +

2 I 7" /7
;qu *dg'Vii (q,q") x
-

(Qu (g, P))
” 4 : x
w - (& (K) + &, (K3)) + iy
Gr“ (@, P3q",q 50,0.:8,), (1)

Hep VIVRBF - BT HRARE AR A BRI
NE.S, T, ] AR ARHEERETFREBR. B
R EMEaANBERET A ={o, .| REETH
HEFRAMNEE =S8 P=k +k, =k, +k, 7
BT LB, q=(k -k)2F q =(K,-Kk';)I2
SHCAFEFRTFMESMKSHMHETEHHE.
FR(HBELEMEMER Qu (¢, PMERTE
e (K) +e, (K)ERTHFH, XRATHEARR
S a=1S, T, ZEEFEE, R KB D
Heg. HrEe™ BT LEAAFYIFERNRE
BA(<3%), BIETREN. PRFER ¢ (kH
TRAEH:

B K

el(k) = m

+ U (k), (2)

He U, (k) RBER . XHBHRRMEERE T
ZRNER RS BB R A P
B RENEE SR EEEE. FRARWE
ESEET, S NR R ks ER . i
ep RATHES®RE. EXMHEET,HUEEA
R TR EE L B R G EBERE
HWELTIIRRESH
U (k) = >)ny (K )Re(kA, k2|

Gle, (k) + e, (K), Pl ka,k'A"),. (3)
7£ BHF iR HER AN M TEAAER FAEEMA
HERR A BE B TR L M X FR B 9 B B oE B YRR T AR
(1),()F(3),TTLAER ¢ EME. FAE ¢ HEBEATL
ME— B AR TR RS AR LA R SR T R

3 HHERSHE

3.1 REFEREBEKDHY

By REMRE T BRI EN SR T RREX
FRESE(BTFREE o URPFMET A RK
fLBE 5, F1 6, MIKEIX R B E, (p,0,,8,) = E(p,
8,,8,)/N. X#k[11, 2] B &I EIHITIE T AlE
AR Ab % B B4 R 7S 7 1R, 3 BUH B ROTE E ek
Y RRA TR 8RB, HEP RN
RIS HE 11 Argonne Vg (AV,, ) B R A B = 1K
BHEBRBEAFZRB T EE LN =EE
jj[w] .

1 ERKEF R BHF LS K B ERL
B SR R S TR R T A0 P T B BEAR AL BE 4K
¥2,E 1(a)f 1(c)REHES LR AV, F &R
LR ABBNERE 1) 1(OMERNFET
TR S AV =) TRF W B SR . ER 1
H B FRR BHF Wit B4R, AR5 X T A
B8R T B R AL B, S22k R R AT B/ R X
HEZRHEBTR K FAERBTEEE M
K.

E(p,8,,0,) =

E,(0,0,0) + A,,8% +24,08,8, + 4,,0,, (4)
Heb A, 40,8 A, 5 HIERALELR, BRE T B
RRE BERALHESBE . HhaaB b LIER
WEF . KR REE R AT, BB RE
BETHRERA TS T ARRE o, F1 5, KK



286 mREYHEE Y H (HEP & NP)

%08 %

30

(@) p=0.17fm"?
20 AV

\

(b) p=0.17fm">

< 0
g
Lls 60 1(c) p=034fm (d) p=034fm>
L AV \g+TBF
3 :AV/—/*/ /
)
g 20
=

0

0 0.4 0.8 0 04 0.8
&n 8n

B1 FAREZENARRTARRAE 6, of fERE
E (p,d,,8,) - E;(p,8,=0,8,)
BT AL 6, MELXA
BHF 1% :86,=0,016,=0.4,A5,=0.8,25,=0.95;
TN A B - RIER (HRMHE .

BAREBHELE R E ER R, XRY
MTFEBAEEE o UK HIRRWMES, i o, BIE
BB ROREF Bl BT 2ERLEY R
(B 6,=68,=00MREFEULINEEHIRKALE
TR E A, A M A, TEFE. LEE 1(a)F0
(b) "I LAB B, 2495 B B AR A = 4 a% g xRS T AR Y
S RAR /N s BE & 5% B BB A, = A 7 0 AR 15 R oK
MEE(LWERE 1(c)f(d). XBRFN =B K
BT —fEA BN, RE AR ERRN A ZA
B, T OE 00 A R R T B 5R . SO
(2] REFVEREE X, =& X Bz
AR AL ) SR 35 O R BURR — 1 Tl 2 B KT 3 5
MHE R M, AT K KBk 1 BHF BT 5 WY
FREAMER . R 1(c)M ()T LE S, ZE %0
Xt B AR AL BRSO AR i HE e SR FE P AR
FH EBEWALBEE R R, X B ER T =4
J15URE w5 A TR W A A AR AR AR T i R

3.2 HESH G, G,

BT PR R RS RO R R R R R YRR
FHERHARRENBEAZEBEEN. REME
BB R P AR HIE S 7R 1 57 89 & 14 R 4 9 % A R
v 5 A YKL ) B ROM ELVE R AT LR R O

v(k k) =f+ f't, *

g (7, - 1,)(e, " 6,), (5)

Hob f.f g, AHIESE. 8- 1THESHEATU
Fi Legendre Z B I, Fl 20, f = leﬁP,(cosﬁ) , H

T, + g6, * 6, +

o RBIEAY . EYEL HESKSRANE
MEABEERZEFEREEENER: () &
e %ok 5 B W K 1A B, BV R 0 RR 4% R MO B S
B, RAE 3 (2) RGN T B AT Bk 3 B9 W B, B AL B9
EREEREXERSHESE f, HX:;03) &%
) B BRI I8 B O I A 4 ) 5 BB B g, AHER AR LR
R AR SR T RAEA £ g, WA (4) &
Gt T EBE - RN S BESH ¢, B
BAX, B ¥ ¢ WARESE ETLGE T I8 Ga-
mow-Teller $t4% 75 4]. & L, Af1E % A KBS
HKEESE F=Nf,FF =N, f',6=N,g 16 =
Nog' Bt Ny =2m” kel (2 02 RAEY R4 B KT
A RS TR . X T R AL BE X BRI R, BE B 8
G, 1 G, WA HI i T RHE,

4N

pO(A,m+Anp) =1+ Gy, (6)
4N

pO(Ann - Anp) =1+ GIO (7)

500 T B HER B HE - R0 5 R A E o i A 1
BEH Go< -1 6 < -1, 8EHR, Y 6, < -1
B, %Y R B R AL AR S R , B TR
St B EKERATRERN: Y ¢, < -1 W, BZYK
Xt F B BE - [6) 7 e Bk % = AT E M .
HI1IAHTHEE 0=0.17m B &Y R+ BIE
EHG, MG, RPBHFE R F FIBHF F W &

xR1 EEp=0.1"m " H , BHWRBWRPESHE G, W G,

BHF BHF

SKM*  SGI st
(Vig) (Vi + TBF)

Sly230a SkSP.1

G, 0.88 0.88 -0.35 -0.04 0.07 1.17  0.50

Go 1.28 1.22 0.27 0.46 0.34 -0.23 -0.27

By4E 3R, SKM™ ,SG I, SII , Sly230a,SkSP. 1 W] £ 75
TEME 4L ) Skyrme-Hartree-Fock ( SHF) #& #1122 4 B8y
Fl A& A Skyrme ZHSRIMEER . ARPATLL
EIELBRBAEE 0,=0.17m "&b, =KBE K
AR/ . 2 R IR = (A8 Sy, BHF Hig
WEWBEESE ¢, 230 1.28 M 1.22, ¥ 54
Suzuki %' 1 Bender 2% | f Gamow-Teller £ $2
BB ELBHE Go~1.19 fl ¢, ~1.20 FFE. XTI
EEH G, BT H5HMEERBEEAAELL, LER
W] BRI 3h 5058 ORI, R ) B ATy kiR &
FREBHAT 6, WELRMFELS. MRXRAASF



%358

EH% ARBRABYERARS B 287

Skyrme Z ¥ F Fil SHF F 83K ¢, #5 LR HEH
ZB K, XL T BAE Skyrme P B BE - 7] A7 AH
KWAHEAEAR> BATTHRMY .
THEITEHES BN EREE. B2 fE 3
SHMBERHETEBINPEESE 6, M ¢, %
ERZHRRE. TLUESR, BHFELE WS WHES
e MG, RRERKTFE,MA G ® ¢, WHEFE
BRI K, X R B3t F B Rk & A E e -
) o7 1 Bk v B AR i, T HL AR Tk R K
MR Z BN FTEEREERE (p >
0.17fm™* )R AE T, i B JH 300 7 [ 29 B 348 K T 448 9

20
15 ]

10 |
05

CRN R
~0.5 |
10 ]
15 ]

p/fm~3

B2 HESIMBEESH G, MEENEMAXR
WO BHF i3 . —W—% 1B T =& HMitEER;
oA RER-EEANTEER.

Mg SHF HHH 2R, AR KRR R Skyrme B8 :
———SKM", - - —-SGH;----SII,
—-—-—S}y230a,—+ - —-+—SkSP. 1.

2.0 |
1.5
0 *
05| &=
S
—0.5
-1.0
—1.5 4

Gs

p/fm=?

B3 FAMW BHF FEFMES SHE HE T EH AN
HESH ¢, BEENTHXER
B AR gARME L S5E 2 MHA.

AREBEERE, =#ENEHESE 6, M ¢, ¥
KR =R T HEERY N T A
TR A TE - L Bedk & iR g . B AR UE
B, R AMER K SHF HHHEBAMHES K 6, A 6,
Tt BUE BE R TR R B AR S BHF BB
HeAE,mERAA R Skyrme Z 815 BIH 5
RHEHEZEBAFERKEZMN. X FAXHEEY

JLF Skyrme %, #) F SHF 8311 G, HIFE% ¥
BN, SR B RN T AR - R
Tk B8 A EEE 5 1T A [ A9 Skyrme S U4 H 1Y Gy FE
FERWTABEMNERMBLR. XHEH REHME
Skyrme ¥ ERRE 25 i 1E 9 A9 B BEIE R AL [R5 B %o AR 4%
YEHERBEAERS - LR ERFEHESE
BB T &R B B AR 1B P T B DL R A 3%
RIS, BUFF Skyrme FHSHAE AT B ¥ —
ot PABGHE P Margueron ST MBR SR AT T
BY RS T YR & AR E &SRR
Skyrme 2SR H B HE FH ER AR EHEN —
MERFEHEAZET Skyrme HRH THBM £ 31 &
R IEME BRI G, X — TR
AR B AREH E OB/ . A1 A
EHITRE B LA B Skyrme BRUAH EAE A Z
BB SR RN AT RAEYHEFR. 54 &
Skyrme Fv Xt = (&A% BT R EF R IE AL, X
—ERESFEEXBM AT A L EHF -0
R BITERUESEERERNTE N B R %
) 5 0 B N R R AR A ) I P R R
JE AR M T LAV R S0 ME R A% B — SO S R K
.

4 FE\ z;j::

7E B BEAH XA BHF BLISHER N, R AL H 1k
B RBOR = AR ) W58 T B AR 1A% 4 5 i R
AHFBEHARKEE. TBETHESHE 6, W ¢,
UREMNMBERBE, EE TR T ZHBE MR
M. ZREH: (1) BREEZE=Z(KE , EB
Bl AR Ak B 5 R P AR Ak A% 4 o M R A AR B SR RN
W B BEAR AL BE A 2R Ak FR AR 2R B T R Ik
f;(2) 7£ BHF RN, BYW E 5 B M 8 5E - [F
NI RN BHESE 6, MG BRATFE,MA
B P BRI I, X R A Y Xt T B iR A e -
FNERE B RBEMN, AR Ed BRERKS
RSB B R BEALARZE , T B T 8 e A
B HE - 15 10 5E Bk ¥ i 52 5E T BE 2% B B K T 49 5
(3) EEWWMFEE p, = 0.17fm > 4t , BHF Bip 7
BHEHEYRMBEESHE ¢, h1.28(FAFE=
w1 2R =64%T), 5EEMA Ga-
mow-Teller LRI LIKH 6, ~1. 19 # 6, ~
120 A4 &5 (4) B X B % B R



238

BREYWHES &Y ®E (HEP & NP)

%28 %

YPRKHEREEEE W, AEEFARENESK
Go F1 G'y LA K& Tl 5 B 8 i oy 32 BE 38 K, B
EhRBZEAOHBETREEXEEYFEX T B EAD
A e - R A7 e Bk % s A8 2 15 (5) A SCHE R BHF

HBERATEHNHESH 6, M ¢, REFEK
R o A 2 T 5 0 B E ME R Skyrme BB A B -
B WEAH ELAE R E8 LA R B BE - M e A A AR 4
REET —ERBBAR.

% 3% 3L &k ( References)

10

Reddy S, Prakash M, Lattimer J M et al. Phys. Rev.,1999,C59:2888
Osterfeld F. Rev. Mod. Phys., 1992,64:491

Migdal A B. Theory of Finite Fermi Systems and Applications to Atomic
Nuclei, New York: Interscience, 1967

Pacini F. Nature, 1967,216:567;Gold T. Nature, 1968,218:731
Taylor J H, Stinebring D R. Annu. Rev. Astron. Astrophys., 1986,
24:285

Kouveliotou C et al. Nature, 1998,393:235; Hurley K et al. Astro-
phys. J., 1999,510:L111

Silverstein S D. Phys. Rev. Lett., 1969,23:139; Clark ] W. Phys.
Rev. Lett., 1969, 23:1463; Pearson J M, Saunier G. Phys. Rev.
Lett., 1970,24:325; Pandharipande V R, Garde V K, Srivastava J K.
Phys. Lett., 1972,B38:485; Vidaurre A, Navarro J, Bernabeu J. As-
tron. Astrophys., 1984,135:361; Niembro R, Narcos S, Quelle M L
et al. Phys. Lett., 1990, B249:373; Cugnon J, Deneye P, Lejeune
A. Europhys. Lett., 1992,17:129; Fantoni S, Sarsa A, Schmidt K
E. Phys. Rev. Lett., 2001,87:181101; Vidana I, Polls A, Ramos
A. Phys. Rev., 2002, C65:035804; SUN Bao-Xi, JIA Huan-Yu,
MENG Jie et al. High Energy Phys. and Nuel. Phys., 2000, 24
(Supp. ) :69(in Chinese)

(HEE.FHRE, Z7%. SRYBS5EYWH,2000,2408F)):
69);

JIA Huan-Yu, LU Hong-Feng, MENG Jie. High Energy Phys. and Nu-
cl. Phys., 2002,26:1050(in Chinese)

(FAMhE, BHRR.EA. HEYESBEYHE,2002,26:1050) ;

JIA Huan-Yu, MENG Jie, ZHAO En-Guang et al. High Energy Phys.
and Nucl. Phys., 2003,27:200(in Chinese)

(B £, 578,88 %. REYHESEKYHE,2003,27:200);
ZUO Wei, Lejeune A, Lombardo U et al. Commun. Theor. Phys.,
2003,39:385

Vidana I, Bombaci N. Phys. Rev., 2002, C66:045801

Coestor F, Cohen S, Day B et al. Phys. Rev., 1970,C1:769

Baldo M. The Many-body Theory of the Nuclear Equation of State, in
Nuclear Methods and the Nuclear Equation of State, Ed. Baldo M, Sin-

11

12

13

14

15
16

17

18

19

20

21

22

23

25

gapore: World Scientific, 1999; Machleidt R. Adv. Nucl. Phys.,
1989,16:189

ZUO Wei, Lombardo U, LIU Jian-Ye et al. High Energy Phys. and
Nucl. Phys., 2002,26:1238(in Chinese)

(£ %, Lombardo U, X8k %. W 88913 5 %9 #, 2002, 26:
1238)

ZUO Wei, Lombardo U, LIU Jian-Ye et al. High Energy Phys. and
Nucl. Phys., 2003,27:416(in Chinese)

(74 , Lombardo U, XIEN % . FAEYHE 5B ,2002,27:416

ZUO Wei, Lombardo U, LI Zeng-Hua et al. High Energy Phys. and
Nucl. Phys.,2002,26:1134(in Chinese)

(%, Lombardo U, %, HHRYES B WHE, 2002, 26:
1134)

Bethe H A, Brandow B H, Petschek A G. Phys. Rev., 1963,129:
225; Day BD. Rev. Mod. Phys., 1967,39:719; Jeukenne J P, Leje-
une A and Mahaux C. Phys. Rep., 1976,25:83

Baldo M, Bombaci 1, Giansiracusa G et al. Phys. Rev., 1990, C41:
1748; ZUO Wei, Lombardo U, LI Zeng-Hua et al. High Energy Phys.
and Nucl. Phys., 2002,26:703(in Chinese)

(Z£4% , Lombardo U, ¥ L% . %A Y M 55 5 Y34, 2002, 26:
703)

Suzuki K, Okamoto R, Kohno M et al. Nucl. Phys,. 2000, A665:92
SONG H Q, Balde M, Giansiracusa G et al. Phys. Rev. Lett., 1998,
81:1584

Sartor R. Chapter 6 in Nuclear Methods and the Nuclear Equation of
State, Ed. Baldo M. Singapore: World Scientific, 1999

Wiringa R B, Stoks V G J, Schiavilla R. Phys. Rev.,1995,C51:28

Grange P, Lejeune A, Martzolff M et al. Phys, Rev., 1989, C40:1040
Landau L D. Sov. Phys. JETP, 1956,3:920;1957,5:101;1959,8:70
Iwamoto N, Pethick C J. Phys. Rev., 1982,D25:313

Skyrme T H R. Nuel. Phys., 1959,9:615; ZHOU Y Z, HANL Y,
WU X Z et al.Prog. Theor. Phys., 1998,79:100

Backman S O, Brown G E, Niskanen J A. Phys. Reps., 1985,124:1
Bender M, Dobaczewski J, Engel J et al. Phys, Rev., 2002, C65:
054322

Margueron J, Navarro J, Van Giai N. Phys. Rev., 2002, C66:014303



5% 338 %% ARBRABYRARET B 289

Equation of State of Spin-Polarized Nuclear Matter

7U0 Wei'” Lombardo U? SHEN Cai-Wan’ LIU Jian-Ye' LI Jun-Qing'
1(Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)
2(INFN-LNS, 44 Via S. Sofia, 1-95123 Catania, lIialy)

Abstract Within the spin-dependent Brueckner-Hartree-Fock framework , the equation of state of the spin-polarized nu-
clear matter has been investigated by adopting the realistic nucleon-nucleon interaction AV, supplemented with a micro-
scopic three-body force. The related physical quantities such as the Landau parameters G, in spin channel and G} in
spin-isospin channel, have been calculated. The three-body force effects have been studied and stressed with a special
attention. It is shown that in the Brueckner-Hartree-Fock framework the predicted energy per particle of spin-polarized
nuclear matter versus the neutron and proton spin-polarization parameters fulfills a quadratic law in the whole range of
spin-polarization. At the empirical saturation density, the calculated Landau parameter G/ is 1.22 and 1.28 respectively
for the two-cases with and without including the three-body force, both are in agreement with its experimental value. Both
the Landau parameters G, and G’, are positive in the density region up to p = 0.5fm™* and increase monotonically as in-
creasing density so that no any evidence is found for a spontaneous transition to a ferromagnetic state in nuclear matter.
The three-body force effect is to strongly increase the Landau parameters G, and G/, at high densities, making the nuclear
matter at high densities more stable against spin and spin-isospin fluctuations. The obtained Landau parameters G, and
G', together with their density dependences may serve as constraints on the spin-spin parts and spin-isospin dependent

parts of the phenomenological Skyrme and Skyrme-like interactions.

Key words spin-polarized nuclear matter, three-body force, Landau parameter, Brueckner-Hartree-Fock theory
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