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Structure study of neutron-rich nuclei and nuclear isomer

by using projected shell model

ABSTRACT

Due to the recent application of radioactive ion beam and advanced ~y detecting
device in nuclear experiments, it becomes possible to study the structure of nuclei un-
der extreme conditions. Furthermore, to study Nuclear Astrophysics which is one of
the current frontier topics in nuclear physics, one must reveal the property of unsta-
ble nuclei in the neutron-rich and proton-rich regions. Motivated by these, we apply
the projected shell model (PSM) to study some neutron-rich nuclei and the relevant

nuclear isomer structure.

The PSM begins with deformed Nilsson single-particle states, and the pairing
correlations are incorporated into these states by a BCS calculation. Thus the Nilsson-
BCS calculation defines a deformed quasiparticle (qp) basis on which the PSM is
based. Then angular-momentum projection is carried out on those multi-gp states to
form a projected basis. Finally a two-body shell model Hamiltonian is diagonalized in
this projected space, from which we get the eigenvalues and wave functions. The PSM
has some advantages such as the use of a small configuration space, fast computation
process, and wide application domain. It can be applied to most deformed nuclei

including even-even, odd-mass, and odd-odd nuclei.

The theoretical studies in this thesis have a close connection with the current nu-
clear physical experiments. We perform PSM calculations for neutron-rich nuclei in
the mass A = 60 and 160 region up to high spins (I = 20Ak). In the A = 60 mass
region, we study systematically the structure of Cr and Fe isotopes with neutron num-
ber from 30 to 44. Discussions focus on the character of the yrast spectra, moments
of inertia, and electromagnetic properties (B(E2), g-factor). By including the neutron
go/2 orbital in our calculation, we successfully interpret the irregularities found in the

yrast spectra and B(E2) values. Our study reveals a soft property near the ground state
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of N = 40 isotopes and predicts low-lying high-K isomeric band in %¢-%Fe. For the
odd-mass neutron-rich Cr, the nature of the 9/27 isomeric state and the associated ro-
tational band are interpreted to have a main component of the X' = 1/2[440] Nilsson
state with prolate deformation. In the A = 160 mass region, the strongly-deformed
neutron-rich, even—even Nd and Sm isotopes with neutron number from 94 to 100 and
the odd-mass '*?Sm (as a representative example for the odd-mass isotopes) are stud-
ied. We present the ground band and side band energies for each isotope studied in
this mass region. The emphasis is given to rotational bands based on various negative-
parity 2-qp isomers. Our calculations further predict several proton 2-qp and neutron
2-qp isomeric bands. Meantime, new bands in '*?Sm based on neutron 1-gp are also

predicted.

The systemic calculations for these nuclei are carried out for the first time in PSM.
A nearly perfect agreement between the PSM calculations and experiment indicates
that the PSM is suitable for description of unstable nuclei, which extends greatly the

application domain of the PSM in the nuclear structure study.

KEY WORDS: projected shell model, nuclear deformation, neutron-
rich nuclear, nuclear isomer
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CLA ko BR T RABRNEIS & B S A% , FRATT AR I 1R 4 ot 57 o 44 K38 93 A% 2= A1
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T iok AR S G 7 A S A R A 3R ) TR AT DA B R A e AT O R
T2 S RS 0SB, 10 A% 5 BE S A A A W 3 22 10 S —WF 5 3l it
7E 550, SimpsonZ5[62]°K HI239Pulty #4715 i 3445 [ 252CHfY B R 4%, WEST
TN > 94[f 416N 11561581609 m (124K T [R]#% 7 BEAS S JE TABAT T i o BRI

7



LGB RFHEE P PR eI E T SR T R RS R A I S AT ST

AT B EX) FIANAY SmIFIAL AL I E R R ST 71

SR A, T FHN = 90892510 35 — AN B At 5 Al /N N ER B 5048 by
BRI TEIRAHAZ 1163, 64]0 BRI IXANAHAL i, P HN > 941 [ A7 38 HARK
WA, R VIREAZS > 0.3 XL U A% i SCRR[62]H B 5T I 1%
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SERRE RS BAE T, HAT RO RN T3 6m, i H RS ), RO IXFEA fE
Wiz 7R T RNINESFRE DS 594, # I X5 ATEFHDC, BATHE RIS R A
Pk HLE Sk 2 A ey JE DG — R 7 A T AH R 1) A e R0 R B, A% AR H
A, ANEFXHAME T Fenp, ppifnn (pIREF T, nf8EH ). BIRAA]
XN T~ T f, A FOA PR RA AT, I MRHIE A E . )
— T, T RN TR T SR 2 B — AN EA X 18 ) s AH T4 FH &1 2 4k
ARG, MTEAZT—BMIILTABDLEA, XAEH RS 2 20T LU g0t
DT VR R R, AT > B AT DR A 5. B0 B A A B AR R A 2k, 4
JER R XA 2 A I PRI AIE S0 B T AR K IR A o T LUK A% S5 F R B K 22 4
JE FMEG AR, EAE— 5 SEUG F S i dEamt b, 6 R A% AR R e, FK i
AT B 25 B 5 0 2 (1) 5050 SR LU, ATz 58385 70 52 [l I 38 T AT B 755
I THPRS 0 A% S8 M RIFS S e B S AR R A i [

21 BRHSEBAEHAE

ST T A b RiE e K% 1 A SRS F L, i i A
ARG B WA T Z AN BEM B BEGL 2 I, (A A% 1 “ HEA
H1 7 FUARE R A SO AT T AR IR 20088, Sy SE AR AR . Ak, 1932452k
KA, 7 A% A A% 1 n] LUE A2 JOAH AT I BAR AR 0 AR A — 43
b 52— A% 7R B 383 I “ a8 27 — B8 IR TR 2R
PRI . AR AT~ A2 AN R R AR 1 1935 o Bl Tl AR T8 A
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WA 158 J2 G5 R B ARARL R A8 AATT S AR 3 B R TN, e B W AEAE SR
T Z LN ? T0E ANAT12y Gyia H 25 Pl G 1 5 4 A RS 24 g P8 P sz s b
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23 FHigEie
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=1

WAL ARG, TR SR 734, TR s W R AR R -
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TSN U A T R B i, BEE ARG R R MR N, A B R
AT PR A B2 H B K ) BEAS S o

FERERIE b, B TR KPR A% 32 0h, K I A% B AR (. HIER
TEHRE 1 REOR AL BIZXFE I R GE ARG, P DL ZRAE AR E SRR v 5 | NS —
B FH AR Fe s 28 ) 4 i T 4 2 Nilson B 2D SRAERAZ R K B0 T2 .
SRIMANATPTIE, A8 FRERF S R s I BAE OB Ja, I T )
XEPRTECABIR T, M AT, 4 TR PRt Haras #M7[5315
M EBCEHEAHEH TR 4ty nf3 2] 7 BATHE M ENEER, Ra
FERERE IS I X AT A SR (A5 2 1 HAT 0 A1 30 1 e R AANIE B A

b, BB R K, Elliott/2 28— Me B (WED £
PRIEIA 1 I sd 78 T 1% KR T SURB)Fe B [102, 10311 N o ZEX AR 1,
s AR 7 S Ry IR Bl A b, M A TE-EuE ) (L — SHY
) BHIN, X B R RAF R, XWHE A A e FOEH TR TR (%
THE, TR0 B BE-PuE IR SUG YA A R A TR H
JiE-3hIEAE % g3k 2, Hara 5 9MAS3IA—AMG A3 — TR T e SR RR I 1)
JEAZHE (Nilson+BCS) Hik, HIIXEEIEIHEIA RGN BLA CRMRAARR 2 F 13
BRED, RIEK A EPAE I BIX e N B b, B S0 SAMR R N I EAT
U Bl () e I — e AL, AT AT B i IR IR e Sl R M1 DA ., B
TR HE RS R G B R 4k, B R AN RE AR R XS T
PRI T Y2 (R R A JEARL, e AT DA A A JESUR) e i B B T A% R A — A AR IE
fifi,

FEIXHL, U K Bt Hara 5 PN 3R B T B 205, & RERE AL
() RE AT RE s 4 [ I SCAN R AN A St i T BRAT PR 21, A3l B AL R (5318
HARHE— M e WL, ARGEre i B A A M RO M2 R, — R
T TR B R BARIE TR R, (He KR A it i, A
BETH L AR B R ERGE . A LR S . B e WA T3 ik, R H
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SR PBEEANE TG AR V345 TP R 1 A s S AR R R e R B e, P DA
B TR AN TAL G e R R 3435 2 R RO T =38 2 A5 i — MR
B e R NG S T HA R KB AR I i AL 5 /W50, el N 41
T+ X[104-109] HBEX[110-113]. BIEAAZ[114-11715%. HErEpBs -
R IRAZ W) B S8 5 A AH 2350 23 IR AR 0 27 52 36 S 3 A B8 e AR R 1Y) B8 DT ik o
R ) 2 A R A 38 v o) 8 6 o A% PR RO R AR LR (v S TR R i
TCE A R R A B S N B TR PR B e AT I B HE AL —

s
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F=E BREREENHER

B 78 (Projected Shell Model, fii#RPSM) 220140804 K, Hara5#
Yioh T W50 M B B T RN 2 TR AR P 3 W B2 BT Se i
REE, PSRRI S TR (18], LUG XA AT 4 & ek,
WG AT K. B2 ARG 7B, $5% 5e Y (1) — MR RS 417 (A
N, BATH LR, —AEPCTFE AL EXF— AN 3 ) 380 1) v Sk FRAN TG L 2 Bl
SRR, BT %5 R

3.1 T HERFE —Nilsson+tBCSHE 7S

LR 7L DL B A Nilsson LR T & FF 4R, 12 FIBCSTT VR X )1 H I8 E N,
REEAMANEE. U EMAER RN S EARRA I MmaEm#
S, TR AL X A G Bl e DR A3 RE NI RE R I AAE s, T i AT
P MIEAZ W BLETF IR ARG Fe B e

3.1.1 T NilssonP R F75

Nilssonf& R [8 7] AR TR A Wi R« ZEFRATTIH R A FRIETE T, JEAE Nilsson
AT (R0 S i B
H=Hy+Cl-§+ DI (3-1)
JIRREG-DIR S 350 A BB AR BAR L o6 = IDIR R 7R s IE T, TG
R AR YUIX — TR I, RSB BRI VE AR R 0. Ho b Bl R e
AR (ZNTFRED R, HREA T

Hy = —h—2A + —wi(2® + ) + M 22 (3-2)
2m 2+ 27
wl = w2 =w?=wi(l+29) (3-3)
2,2 o 4_1:5
Wy wO( 3 )
5 NIEZZH . MRYE R FAZARBIAAR &
Wyw,w, = const (3-4)
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AT REB-3)R1(3-4) i) LAFF Bllw, 5 IE RS RO K # -

4., 16\ V¢
Wy = d)o (1 - 5(52 - 2—7(53> (3—5)

worE T O R w o
T FRA LAl o TR T AR A 1 A Ho 43 OB I, — 0K BRI BRI, 53—
W Hs NIEARZHONI RE T2

HO - H() + H5 (3_6)

HO = h{,dog [—A + 7'2:| (3—7)
4 |m

Hs = —5%05 57 Yoo (3-8)

PANilssonZ s A A 7 FEG-1) F [ CHID:
C' = —2hiyk, D = —hdykp (3-9)
FFFIH (3-6)20, IXFENilssonti AL [ il i ] 5 i A1
H = Hy + Hs — 2hirgkl - § — hivgrepl® (3-10)

T & 45 € —dINilssonZ $lx My, WL ERZ{N, 1,5, Q} T XA A 3500 53—
1), AT LIS 2| — 41 JE A Nilsson 0L BEPer . 1ERSG{N, 1,5, Q} T, Nilssonfs
B G-1) 5280 5, BIVA 2 AR i T R DUR S S 501 A Ak
#, PANilsson® KL T 68 Sep AL FR, B % e J bl T2 A2 1) AR AEE — ik & b
FX A NilssonPd . J& [ 257 190K £ & 3, Nilsson & A& 70 M1 I 1 4% 45 ¥ 1) & ] L
H.. 7ENilsson &l 3 — 218 T HUN, n., my) Q% & SR T Re gt AT dRac[1]. JE
L, NROFEETE, n A RTE T, m o 0E &7 B Fri B 1
o QN R AR LB . AT T AN TSN BN ) %%
FiNilsson Fpi 1A bric, Al HEERATAE HARbRIC I AT 5%

31.2 A4 E -BCSHE

X IO A% G A8 IS W R BLAE Vi 22 7 1, (H e BL BN 51 T I i Ay
22 FEAHRRIR A%, X R AR, A IR e e, ARZIR L,
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A% I ANERE, HH I T A AR S R 28 AN = B S 0 H A A A% AR 46
WARE R DMK REIG, AT ie s iR, AR, i
REZR 3 P 5y, X2 B T0 RIRAE AR AR AR IO — A “BOR” &R AME . It w]
N RIBEAE AR AR AZ T et T X QR T 28, T DAAEAZ S5 R B AR vh b 20K
HUA 30 7 1R A BT T
Bes e B vp ST ) AL #E, K H T Bardeen-Cooper-Schrieffer( & #XBCS)
(11917715 AEFRATHHERTEAR LT, K7 G 5 A -
H =73 ¢euafa,+afaz) —G ) afataza,
M (>0 (3-11)
— e, —G Y SIS,
M

p,r>0
Horlr, e, R T R GO PN J R ST = atar KBTS
s S, = apa, WR TR RELE: n, = ata, + o a W FHEIRF. ST
PRECA[119]:
10)) = ] (w +v,S)[0) (3-12)

0)) HHEREF LA, w50, A BH WL L4
ul 2 =1 (3-13)

JIREG-12) M FBUETT I, S TUARL 1 BN, DRI AN R ol O b
THRIIAALZS, BIBCSHEp& BobL 7 BN H . vp Hug 73 3 8 e Yhe, KL 15t
HANRP AR TRIIA THERL PRk g ik kb 7525 N
SRBCSH R (3-12) S AH N HERL 1 RE R, FATTAYIE R b 7 HOr W EH R
(Frse bt PR, BIR = noo 0358, S, » REEAFARAL R L

0H — \on =0 (3-14)

Horp, @Oyt W il 77 FEG-14) ] U B oK A w50, BLABE
BRA, AT fe 26 SRAGHERL 1~ BE B

B, =/(e,— N2 + A7 (3-15)

JH R I BCS I 16 £1|0)) =
KB

(g -+ 1, |0) T G140 P 241 R 3 L B
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CER R R R, 7 R (B-15) T 92, T4 MUk TNilssonfig 2. SE Bk T
Hong B FRLBRTHUN , o214 T, BB T o UL, o = 1— 02 e, &
Wb T AT L, R S IN(G=0, A=0), KT BIHOKE I, Bk
LA 270, A0 JIIH(G £ 0, A £ 0), Bk H R R 2L 41 4 1R Kk
A TG BEBOR TR T HOBER 02 S A TORILZ MO ¥E. IR
BT R BT T — R 75O, BB T IR S R R LIS B R
I3, RTE LSRR A B RS S, MR ) A MR TR
—HERRL T 55 R

32 AMERERA

$i B0 A 7 V0 LA 3 TR 00 1 40704 £ i 1T P O HFB Y o6 5
Y Sy PO B AR AT 43 5% LU 7 o T B S5 (00 1 BES [120-123] 0 4358 )7
F A 2 4 LA VR A X R ) B 03 1 ) o 43t A LA A s o
(T2 {0(0)}, OfREE FTKIUN— 4L A B, ARSI T 28 ] ol £ £
W B T A, AT 80 A B UG T2 R 1 0 8 0 (1 3 ) A 2
SR T2 A A SR KA, 336 B I — A . 850 188 Hh I
T I SRR M I . X TR O A At TP R 1 43 5 9 12 A
SRS, AT (0 B S (2 0 3 B B AT (RIS U, T A B R R
L N A3 T A 1 ) B Pk LA R S £ B R 410
FEAE Y B — PR A BRME A, 8 T2 B R R B T A 0 2
yiie
) =D by lvIM) (3-16)
IM

VICRBR R G M B B TEAEZ T M B M Z SN E R7HL b7, B InAR
Bo TR S E BV S P AT LR

aPl | ®) = [vIM) (3-17)

B A5 2BATH € S BT BOEAS, Horbay H— AR B MR95 L Ep, i
R BT B UL -

Py = VIM)(vIK| (3-18)
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oty KON R A EAEAM AR R34 g T4 TRUE H,
PlLl® = 2 0%, [IMY(IK |/ T M)
vI' M’
= 3 W |VIM)YS,, 6100k 00 (3-19)

vI’' M’

ERFLa = (byy,)" HPHETHM = K, 5387 5REG-17). THG-
18) i VE A B H AT 1 e LK. B o] LA PO S5 BT i

(Pix)t = Pl =Y WIK)(vIM| = Py, (3-20)
Plrpl, . =S [VIKY(vIM|VT M) (VT K'|
= > WIK)(V'I'K'|6,, 0110000 (3-21)
= 5[1’5MM’ Z |I/IK><I/IK’| = 51[’5MM’P[I(K/

Fa, WRYEE AEKYER: S wIM)(vIM| = 1015 3/ 3 B 5 S5 1 sk R
vIM
A

N SRAEG-18)7E X MBS AT R T DR E E X (WO
(VIM|R(Q)|WIT'K) = 0,011 D31 () (3-23)

Hor, Q(a, B RE— BRI M,y = [0,27], 8 = [0, 7)), FeaWHATR(Q)HIFE
SR WAE
R(Q) = e~ . 710 gm0 (3-24)

939 UﬁHZ|uIM)ﬂIZ (V' I' K |ZE 3R ATAG 3323 3 ] 15

l[l

=> W I'M)(W'I'K|Dj;(9) (3-25)

v
P DL () 7 BB X QA48
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[ Dy (QQR(Q)dQ =Y W I'M)Y(VT'K]|

L
X [ Dif(Q) Dic (Q)d2 = 281121 Z/ (V' IM) (V' IK]| (3-26)
71.2
- 281_-1-1PZ{/IK

EXEE DM TDRBUEAR KRR UL RO . iR 15 A1 3h BB 5
TEPL WA 5 2

/ D3 (QR(Q)d (3-27)

0 B B S P Rl AN AR (NS REEHE] T AN R
IR T e £ e a0 AR Y AN (50 VA -/ N o E R R > = S N RIS VB
BB I INET IR BB R AL P

33 BEaERpEFEL

BT AR BRI AT IR, TATTE T LS A B B 1 S B
YET . 1 5E3A17ENlsson+BCSF % F vy — ANk T35, i ok 3 FH £ 3h iy
RSB AP B M A A b

Pyl (3-28)

X KRAEADR R N |D,) HIHLE TH < WHERL T SPRIC . RS 2
AR TR, AMEE DB 2 AR, I BEAE TR S S R A
e

AT AR A TR AR TS R RS S PR
U R e 72 Cufa st I, LU 3T R AR 125 25(0)) T3 e 0 |0)):

10), ailajz 10), a;-rla:er 10), ajlajZaﬁla;rQ 0) (3-29)
a}at]0) (3-30)

a, |0), a; azyaz5]0) (3-31)

ar |0), ay aya,,[0) (3-32)

Y, N
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XH, v Mlr sy i1 OF 1) NilssondS (1) 74 FA 7 5t ) &k
GORIT T 00 = A 58 i 7 oRAT 5, W £ h 7 i) %17 =4 &
SENN =4, 5, 6(3, 4, 5)0 AL L, B 1AW 5O REE M RIHERL 7 2%,
DA E AT TR B AT BT N B ) RE B AT e s T P9 SE IR /o ﬁnﬁu‘é}%, RE T s
XSRS K . iR e Af T %%1!‘]4%%293{?MK|¢5>} ¥
08 P e AL I 2 1) FoRe i B IR 0 A4, ISR AL AR 7

Z {HéKﬁ’K/ - ENiKn’K’}Fn[’K’ =0 (3-33)

KK’
Horp, AR N

3 ;@IKN iKn/K/F IiI’K’ =1 (3-34)
kKK K’

N S5 R T A B A B o 3% %% L AOE XN -

~ T I
H.iKm’K’ - <q)n|HPKK'|<Dn’> ) NiKn’K’ - <CI)R|PKK’|(I)H’> (3-35)

FEFATTHE BT RS LT T AN € 1 FAT — AR5 (0 KO SR AN 5t
Wk, XK, BT A S R I N SR T R SRATTAE i M L P RT B
BEK. M H, BRI T — g s R — AR E KR KA 5Tk, BB
XK FRSRAN AT LA o T A9 SUAS SCRE VT SR S AT R -

> {H], - ENL}F. =0 (3-36)
Y FIN.FL=1 (3-37)
~ ~1 ~1
Hyy = (Pu|HP | ) 5 Ny = (Pu| Preer| ) (3-38)

L BT SRDIA 7 74 ] i AE T REG-33)ufig . B L, AERRXRRAGIE T,
PRECEL BL e .

UL =D FLPk|) (3-39)
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T, NS R BEEAR A S e Lk

(Ol Pl @) No

H9 b, T REG—40)H [ S R [ ETI R R, R T B 4 (4 M TG DR
B, BT LAIRA T FR 7 FR(3-40) FoR KR i h B RS
T FRA TS RS T T, S 5075 AR 5 2 5 M TE(3-38) 2L [y L4
Lkt MRS R B T (3=27), TATH
Pl=2111 / Dy (Q)R(Q)dD (3-41)

872
o, STARFERS A

/ a0 = /0 " do /0 " dy /0 ' df3sin(B) (3-42)

SHE PL AL LA ) B IS TG

(3-40)

21 1
(D | PL )| D) + /DKK, WP |R(Q)| P, )dS (3-43)

ﬁ*ﬁ%jWﬁﬂﬁﬁﬁyjﬁﬁ:

1

(B PL | D) = (4 2) / A sin BT (3) (Brle= 0% |y (3-44)
0

2
IXAERE B H AT A PO ST M T (3-38) s il 2 0

~ ~ 1 ~ N
(O |OPL 1| ® ) = (1+§) / dBsin Bdl 1/(8)(®,.| O™ |D,.) (3-45)
0

Horp, M0 = HECLN 53 BN B R MG S BRI,

SAL /R S 173 g AL P B K < o M 1 P (520 g D A B 19 7 S
b, [y = ”/2+f/2, R 28 8 MR s AR AR AR G — 7 — 6, PR des
HHIFE (RO

dicror(m = B) = (—1)" T djc _ 1 (B)
DL B e o
(@O D] ,.) = (@0 |0)
_ <(I)n ‘ Oe—inze—iﬁJy eimlz |(I)PJ>
= (1)K KD, |Oe= s |Dy)
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e, () S| D [ 1 B2 D) = (=1)K |0 ) T T3 45
55 (3-45)38 T A TR AR A T 3L

(Pu|OPL 1| D) = (I + 1) [772 dB sin B{dk 1or(B) (| O] D))

+ (=) K e (B) (@4 O™ |D51)}

MBS SRR ORI ] i . Nl BLE Y, TSR G
STk S det B, H OB RNE e W A deh B A, R ) BT UG B
RFEETC T o AR B ARAEM RO . T — /N5 s B
o

IO IE, BATCLE N T B8 Fe R R I R B AR A, E e ARSI v
BRI o

(3-46)

3.4 MREWNSMES

PR e R R A AR ] B LA R Ak (B @ - Q +FARoxt
T+VUBRXS 730 RAE T 7 IR FIRRRFE G &R, B b

A

H=H— % N 08Q, — GuPTP— G Y PrE, (3-47)
" "
Hodpr, BB — T R e 1 BRURL 1 I A5 fi o

Hy =Y cleaca (3-48)

«

X, f Mle, 70l ok BB 7 AR K AT, 1 — RAVEKIE R T e =
{N, g, mpKbrRid. EE, NG E N8 C . 2K RE A& 78 HORL 1 fE
Fiea = ca — A s XN FIREKEE) . G472 1) AR SR 0 B R % 111 5 X an
E

R R 1 . 1
Q= Qs P =) B =LY Qe 649
af ! aB

X, afCRalfi i JiE A, B cq = Te 0 = (=) "eNj_ s 1M

Quaar = Onnr(NJm|Q,|N'j'm’) (3-50)
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R DURR P A AR TG, KEN = N, H e éﬂiﬁ%lﬂlm%ﬁﬁ
Fe i (5)* Yoo 29N # NYRF, JURHE SRR 26 0 K1, b%w%%?ﬁf b —
AT B AR TG R R

Qﬂaﬂ = Quaﬂ Qu[a’a = (_)Mquaﬂ (3_51)
EEAE T WM FRR: Qp =TQ, T = Q) = (—)"Q—,» H(3-48)73 #I [\ HFB .
LI B A

Hipp = Hy—x Y (Qu)Qu — Gu(P)(P+ PY) GQZ V(P + PF) (3-52)

I

BATRAAE G e T S80S I 7R

w

b2 h AR
wy = woa, , b2=-"2, by = — , aTE{li I } (3-53)

Toa, mwy

Hop, s B Foph T, SRR AT W, R IRAT TR w, = 41.4678A 3
MeV, FATEIE = A3 fm?, XK RNAUE S d i Haan sehr. BEma
(1% 77 A FAE R A% 1), ARt o R i B0N -
N—-Z.1
12
—(#)F A TR 5 R WL G 5 Gy (TER X — 8 21.24513.86)
REFE CAMA R Z . A IS — NS B NGy, = G /A,
H, r= PRS0 DR g, O R L, FRAT I B DU AR SR G I
HeFGars Bl RBON H Hy -

GM = (G1 F G2 MeV (3—54)

G =1Gu (3-55)

P IRAT LU, 78 B B0 )R 2 X A H K2 °450.18-0.20 (0.16-0.18).
Q- Qﬁfﬂa (3-52) 1) 28 — 1 b%ﬂiiﬁ%%Nilsson%‘%thoo WX Re, =
7'< >7’50’r7’ = X+’ (thth’) &ﬂ]{?%”ﬁnT E/\/ji/ﬁ:

Crnn(Ens €p) + Crpp(Ens €p) = 3€n (3-56)
ConTn(Ens €p) + CppTp(En, &p) = %‘EP’

— Rk, B, Se, R EAMIRIII[124]. BATEH BoE+ 75T IE
BHBROCB MR, Hle, = ¢, = &, HIRAEFAM N G-56) WP FER]
DA — AN TR R, B EAT T 200 e M AR DG

ConCpp — C2 = (Cpn = Crp) (3-57)

np
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JTEL(3-56) M (3-57) X FEURIAL FEVR R T Crhpy = Cpp = Chpp» B, FATFFHNC

A
ggthBWﬂ

o hwn<@0>n + hwp(@()>p
TR T A% I AR S — AN L FE i, TR LR AR A R X
PRI (3-58)38, TRATHk T LA 5T T-45 2 A B HUMQ - QIEF RS & 5. 1
IR A TR RARIEQ - QY IR T I B TEAS . R BEFE R, $fe = 0(FK
TR FA 1T (Q0)n F1(Qo)p BN E s T LAy ARERSE , PRI B R FE AT
TR AL

(3-58)
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EHERBRFHEFERL B R TRCRIEIN RS R G

EME = h FRORR R AN RGEH 5

XTHTFHN ~ A0 1) R T AR T TS 9 A= B T AR 5T )
— AN, o, Cr5Fe[A & AR — XIBAAT SRR 2 MR . IR 925K
HARR[32-361 R WML HGE T T HN = 40043, B 4% 230 AR ARV R 3 it . 3
T2 127 5% 20y Dy T A4 B TR 0] 52 36 Ak HE R (46, 49, 501 AR 44 Fh HE i A5 7Y
XX — % DX I ST ECH Wk e e B R X A B A & 08 2 IR A% 7, B 1B
AR ST ANRE R B R O HER P ALZS, XS HANE & Tt B e . FRAT
BAEIX —F R — 2R TP - A R 7 R0 CrfilFe [l A7 28 45 i EAT I R ¢
W5

H T 52 560 F0 0 A B T 1 e X O, AR A A G T g b B 4 21
AT B BERPRES (S B . EARTE, FAE N H B B, ol DUE 2|3
AR A AL CorE A e 9 SI AT e s HE e Az o T e85 3, XA F Ry 3%
FOMHE R T 2SR VH R, R XA 7 57 0 XML %% 21 1) 4 ) 158 o 1)
SETEAR WUk ORI L . Ty Ah, A I — i X A R Cr R A A
K T-9/2+ [ A% 7 RE 7% &5 #4014+ 1[50, 125, 126], FAT1F) H $eE se i gk 47 1
LT BRI R B T H BORAESE9 /27 8 — AN B KMER B AR 0. ks
N K = 1/2[440] ) Nilssonzs .

41 CriBB&REHNRZEHR

FERFFEF A, AN EEE ) U B T e B L, DO Bt
BB, 5 e Bk 5 DR s i N B Se A M ARAAZ IE[9]. 3, T3l
HE R 7 2L R E RS A R EAL. BT AKX TR A sl E t e A
JR R Al HERL 745217 5 A7 OB AL R 7 2 (1A AR S IR iy B e i
HE 515 21 R RES 1 N B e A M N i

411 ETHRTFS

P e A4 2 D — /M Nilson+BCS I JEAR I L &R 1, BT LLRRAT T o1 55t
#& MNilson 48 FRL T 2 UG 1« AFHFIT I CrlRIN. B AZ e N T8N = 30FF
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URBIN = 4485 W I8N T BRI LUK b TN = 31, 33, 35/ =A% .
XLRZ A H ey > 020 UARIEAL .t T FRATTTE S 8 16 2 HikE 1 25 2 i i
TR A S Bk P AR 3897 77 A= Y Nilsson Bk 1 10 _FIE s - R 1ok 37
(67, BT LA S84 T 9 K A6 20 BT 1 SR T3 e 2 A TR ER — 2Dt
e B XA AR FURL T A E T K

7E F AT 11 55 b B 2R H ¥ NilssonZ £ 4 #5 #fENilssonZ #1[127], X — 41
Z R T 5 AR E XK B S I B (W AU E O R ORI, BT T X
(P8 3G P AR g, A1, BT MGSH T X —REX T 57
[F/Nilsson&l. Ay fij B4 W, FRATIOCHKS DU B T Ao A O A8 1 20 T -1 /N B
e yo BT S LE 2 HAIK BRI 1) B K T PR 1 s 7 2 2 R L) AR AR
fuley = 0.21 — 0.25P9, 41 PREBo (K 7 T IX B f, 3 7 3K 46 5 2 (1) B
TA& AT E4A-1@ T BT B, ERTHA24, TBARTEHe, = 0.21 — 0252
W, TATVEEIR A TrfpfK = 1/2. 320520k F & TR AHBZN. G
AT TS, K = 5/2532. K = 3/2512% B Al & PN K = 1i24E
BT & @p1 5 2pe)e KT EA-10) I 5T, fEh T HUh30444 8 A2 i H
ey =021 220.252 [0, FA G 2|28 fpsiFl g oA TR T TE IR o AhAT15)
B AT H Frge p FUBIIETHIREK = 1/2. 312, 52F172745 . KH Tvfs 508
MAFIRK = 1/2 \ 3201512745 K H Tops o B R R FFRK = 1/283/2285 A K
K H Top B FUFRRK = 1/238 . XL HOR 125 0 /85 RS K 28 1
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IEB(E2). {EEIS-7r, BTATRBGE 5e BRI 7 545 R 5 A TE SCHR[46] 1 25 R
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PR EERIEAT T RGEHB ST, Xy BB sh iy AT T v 53R i R 1 3OR 11
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