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Configuration Coupling spin and Magnetic moment
Nucleus Protons. - Neutrons Type . rule parity Hiexp)  Hemp) Hisp) Remarks
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nCim daty dar (82) (04
Cloim (1.'9/‘.! (1'.3/2 (1\,2) (3 '}‘)
g dons o™ (r3) 24 1.284 117 085
0 C dap Jan (R1) 2—
Clw (13/2 f7/2'1 (1{1) (2'—)
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) K aem daet Cdyt (R2) 3
Q- gm dyst Jun (R3) 4— ~1.206 =~-—11  —1.68 a
Koz da/{'l fv/za (RS)— 2— —1,137 1.4 —1.72 a
215c#? Jan S (R2) 0+)
Sct ,[7/2 S (R2)~ (24-,34)
Seit S (Sr %o (R3)~ (44)
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v Jud® Daia (R2) @+)
25}\’[“"’2 (_/.7/2_"’)[,/2 f',lz.—1 b (R2) (()+) :i:308 2,71 2.22 b
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CoM S Pas™t (R2) 5+ +3.8 4.5 3.88 a
Colom _/7/2'—1 ‘[73/2_1‘ (R2) ’ (2+)
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Cu® Panz par! (R3)~ 1+ ?
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3 Ga¥ papt parz™! (R2) ©0+4)
Gat o ot (132; 0 <0.001 0 0
O G Part Jant (R1 1+ +4-0.05 —0.35 —0.94
O Gam frarg™ Pz (R1) {1+4)
Ga” part (gors®)ee ab (0,1) (R3)— 3— 40.126 —047  —1.28 ¢
© 33057 Juz Lore a (R1) (2-)
o AsH Tan Loz a (R1) (2—) .
0 uBrit Paret Sfo™ aby (R1) 14 +:0.535 —0.4 —~0.94 i
Brs pagt e a (0,1) (R1) (14
T3pbom /)“,ﬂ—'i (gg/._,’r’)”g a (1{2) (2—)
T3rsomy Pz (gosa® )i a (R2) (5—) .
Bre P Mg L O1) (R2) 5 3:1.626 1.25 2.21 g
0 ,Rb% parst P a (0,1) (R1) (14) h
Ribsem para™? (gore®)rra ab (R2) §— 1.50 1.25 2.21
O Rbse Ssgt Lot SR 2— —1.69 —1.78 =213
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Observed

Configuration . ‘Coupling spin and Magnetic moment
Nucleus Protons ~ Neutrons Type rule parity 1 coxpy) H(emp) M) Remarks
pILhioe ban) (15/2"' a (Rl) (2—‘) . ) : i
ko i b a (R1) (2—) : :
Rppo (gor®yra = don® a (1,0). (R2) (1) ; : |
Rptednm P T dg” a (R1) (2"") 1
Ridobme - (egs8)7m dypn® a (1,0) (R2)y— (54-) .
Rt~ (gara®)in dyp® a (1,0) (R2) 1+ : ]
aAg® - (gorg™ s dyyn a {R2) (t4) j
Qg::: ggolzh:%m anlz—'i a 8%'% (é:if:)
A gut Yy T . (R (
Aght b i n (R (=)
Q winto . golz_l deigt (RZ) (2+)
Intitm 1;9/2“l ds/z_x (.RZ) 7(+)
. O o gors™ gus™t c(0,3) (R (1)
In guz ! gug™t ¢ (0,3) (R1) : (14+)
[nltim gorz ! S1/9 b (R2) 5+ 4.7 4.70 4.88
Intte guz™ gt c (0,3) (R1) (1+4) 3
Intitm gor™ s1r b - (R2) 54 4.21 450 488
¢ The uncertainty in pemp) arises from an uncertainty in the empirical g factor.for the neutron group. "‘.\ ‘

b putemp) =3.51 for the (f17270) (fy271) configuration,

¢ There ts some evidence? for a' (14-) level close to the (2-) level, . !
4 The spin of this level Is high, and is probably 7. D. C. Sutton (private communication),

" pemp) = ~3.9 for the (pa2™) (pos2®) configuration. |
! pgeapy from I L, Garvin, T. M. Grees, E. Lipworth, and W, A, Nierenberg, Phys. Rev. Letters 1, 293 (1958). |
¢ s from M. L, Garvin, T. M. Green, E. Lipworth, and . A, Nicrenberg, Phys. Rev. 116, 393 (1959), - ) oL s, |
b Spin asslgnment from Nuclear Data Sheets, cdited by C. L. McGinnis (National Academy of Sciences—Natlonal Research Council, 1058~19§2). Al nll. S

! The number of fieutrons in the dez subshell is uncertain. This does not affect the predictions of the coupling rules since the proton nwmber is always

© ol the number required to fill the proton subshell. (See discussion in Sec. 1L) i
i The isomeric $late has been found,” but its spin is not known. |
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¥ J=J COUPLING MATRIX FLEMENT FOR CENTRAL INTERACTION
— * LABEL
o C CENTJJ
- * LIST
* SYMBOL  TABLE _
i FUNCTION CENTJJ(NToL1sAJIsN29L 25AJ2eN11s111sAJITsN2241229AJ225AJ)
DIMENSION RAD(20)
COMMON RAD o FINT
— KMIN=XMAXOF (XABSF(L1=L11) s XABSF(L2~L22})
. KMAX=XMINOF (L1+L11,L2+L22)
g TFl(=~1e0) %% (LI+LT11+KMINY) 10415415
P 10 KMIN=KMIN+]
15 IF((~160)¥%(L2+L22+KMIN)) 5420420
B CENTJJ=0.0
~ RETURN
: 20 K=KMIN
?;’ﬂ" 25 K=K+2

IF(K~-KMAX) 309260450

30 GO TO 25
50 KMAX=K=2

60 KMIN=KMIN+1
KMAX=KMAX+1

CALL  RUNTsL1sN2sL2sNILalLT1aN22sL22sKMINIKMAX)
1000 SUM=0.0

DO 100 KX=KMINsKMAX,?
FK=KX~]

SUMT=CGIAJL90e53AJ11s~0e54FK9s0e0)*¥COIAIZ20e53AI229~0a543FK30a0)
SUMI=SUMT*RACAH(AJT s AJZ29sAJ11 s AJZ2 0 AJ s FKYHRAD (KX)

100 SUM=SUM+SUML
LEX=AJ1+AJ11-AJ

2=(2e0%AJT+1e0)%(2e0%AJT1I+1e0) ¥ (260%AI2+160) % (240%AT22+]10)
2000 CENTJJ= (=14 Ul*XLEXKSQRTF(Z)*5UM

RETURN
END
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* LS COUPLING MATRIX ELEMENT FOR CENTRAL INTFhACTION_

* LABEL

C SMELT

* LIST o
* SYMBOL TABLE

FUNCTION  SMELT(NLsL1aN2sL2eN11sL11sN22sL22sL)

DIMENSION RAD(20)

B COMMON RAD +FINT -

i KMIN=XMAXOF (XABSF(L1-1.11) s XABSF(L2~L22))
KMAX=XMINOF(L1+L11sL2+0L22)
IF((~1eO)¥*(L1+L1I+KMINY) 10415415

10 KMIN=KMIN+1

{ ) 15 TF((~1a0)%#(L2+L22+KMIN)) 5420820

‘ 5 SMELT=040
RETURN

20 K=KMIN

25 K=K+2
TF(K=KMAX) 30340550

7 30 GO TO 25

) 40 KMAX=K ¢

GO TO 60
50 KMAX=K—2 )
60 KMIN=KMIN+1
KMAX=KMAX+1
CALL  R{NTsLL1sN2eL.2aNT1oL114N22sL224KMINsKMAX)
FL=t
SUM=040
JL1=L1
2L2=L2
ZL11=011
2L22=1.22
727=0,0
DO 200 KX=KMINsKMAXs?
FK=KX~1 ,
SUML = (FK+FK+1 e Q) ¥CGIZL 11922 sFK 2227019772 )%CG(ZL22 22 sFKoZZs21.227)
SUMI=SUMT*RACAH(Z1L 1971 2211172022 oFL s FK)*¥RAD(KX)
200 SUM=SUM+SUML
FL12=(72L 11421 114160)3#(ZL22471L22+140)
) 1000 SMELT=(=1e0)¥*¥ (L1+L22~L)*¥SQRTF(FL12)%5UM
RETURN
END
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4 % SUBROUTINF R FOR CENTRAL INTe  CODED BY T«ODA IN AUGUST,1964s 01000
e * LABEL B : 01050 |
T C R 01100
(- * LIST 01150
! * SYMBOL  TABLE 01200
» SUBROUT INE RIN1sL1yN29L2sNT1ol11sN22sL22sKMINsKMAX) 02000
{ C CALCULATE R FOR CENTRAL INTERACTION , 02050
N DIMENSION RAD(20) sACOFO(20) s ACOF1(20) sACOF2(20)sFINT(20) 02100
' COMMON RADs FINT 02150
{ FNL=N1 02250
B FN2=N11 02300
FL1=L1+N1 02350
FL2=L11+N11 02400
N9=N1+N11 02450
RAD1=2 ¢ O¥%¥N9*¥FACT(FNT)¥FACT(FN2)% DFACT(FL1)*DFACT(FL2) 02500
I FN1=N2 02600
FN2=N22 02650
FL1=[2+N2 02700
FL2=LL22+N22 02750
A0 NO=N2+N22 02800
o RAD1=RAD1%2 e 0%¥¥NO#FACT(FN1) ¥FACT(FN2)¥DFACT(FLI1)*DFACT(FL2) 02850
RAD1=140/SARTF(RADL) 02900
MST=NT+N11+1 03000
MS2=N2+N22+1 03050
CALL AC (N1sL14N11lsL11s ACOFO) 003150
DO 100 1=1,MS1 03250
100 ACOF1(I1)=ACOFO(T) 03300
CALL  AC(N2sL2aN2241.22sACOFQ) 003400
DO 200 I1=1sMS2 03500
200 ACOF2(1)=ACOFO(1) 03550
DO 1000 KX=KMINsKMAXs?2 03650
K=KX~1 03700
FSiiM=0.0 03750
DO 500 MS1X=1sMS1 03800
DO 500 ME2X=1sMS2 03850
M1=L1+L114MSIX+MSTX~2 03900
MP=[ 2+ 2 2+MG2X+MEIX =2 03950
NIX=(M1=K) /2 04000
\‘75 N2X=(M2~KV /72" 04050
’ L1X=K 04100
L2X=K 04150
B CALL  ACINLXsL1XsN2XsL2XsACOFO) 04250
NMAX =NTX+N2X+1 04350
SUM=040 04400
DO 50 MX=1sNMAX 04450
| M=K +MX =1 ) 04500
M1 =K+MX 04550
EM=M 04600
F2=2,0%%M 04650 i
50 SUM=SUMFACOFO(MX) *FINT(MI1)*DFACT(FM) /F2 04700
500 FSUM=FSUM+ACOF 1 (MS1X)#ACOF2 (MS2X) %SUM 04750
1000 RAD (KX) =RAD1*FSUM 04800
RETURN 04850
END 04900
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*  SUBROUTINFE A CODED BY TeODA IN AUGUST196%s 01000
* LIST 01050
* LABEL 01100
C A 01150
3* SYMBOL TABLE 01200
SUBROUTINE _ AC(NIsl1aNZ2sl. 2 s ACOFO) 02000
DIMENSION ACOFO(20) 02100
MAXS=N1+N2+1 02200
FNLL1=L1+N1 02250
FNL2=LL2+N2 02300
DFACL=DFACT(FNL1) 02350
DFAC2=DFACT(FNL?2) 02400

DO 300 NS1=1sMAXS 02500
NS=N51-1 02550
J1=NS1~N2 02600
MUMIN=XMAXOF(1,J1) 02650
J1=N1+1 02700
MUMAX=XMINOF{NS1sJ1) 02750
SUM=040 02800

N DO 100 MUL=MUMINs MUMAX 02850
T MU=MUT~1 02500
MUS=NS-ML 02950

N FNL3=L1+MU 02960
FNL4=L2+MUS 02990
SUML=BINOM(NLsMU) *¥BINOM(N2 sMUS) 03000
SUM1=SUML/DFACT (FNL3) /DFACT(FNL4) 03250

100 SUM=SUM+SUMI1 ) 03300
300 ACOFO(NS1)=SUM*{~140) ¥¥NSHEDFACL*DFAC? 03400

C  WHERF ACOF ARE ORDERFD ACCORDING TO THE VALUFE OF Se( S=0s1seesNL1+N2) 02450
RETURN - B 03550

FND 03600
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4 ¥ FUNCTION -BINOMIAL COFFFICIENT CODED BY TeODA IN AUGUST s1964 ' 01000
) - * LIST - , 01050
i ; * LABFL © 01100
q C BINOM 01150
| * SYMBOL TABLE 01200
1 FUNCTION RBINOM(IsJ) ' 02050 .
1 Jo=J ' 02075
IF(1)1sle2 02100
n { 1 BINOM=140 , , 02105
(. RETURN 02110
' 2 1F(J~1/2)110+110,4100 02120
100 J9=1-J ' : 02130
[ 110 IF(J9)10410s12 02140
10 BINOM=140 , 02150
, RETURN 02200
- 12 IF(J9=1)14s14415 : 02250
14 BINOM=] 02300
L RETURN 02350
‘ 15 J2=J9~1 : 02400
RS 1121202 , 02450
) F1i1=11 , ' 02500
FI12=FI11 02525
PO 20 Jl=1sJ2 02550
FJl=J1 . 02600
20 FI1=FT1%(FI2+FJ1) 02650 ,
FID1=1 02675 ’
DO 25 J1=2,.J9 ‘ , 02700
FJl=J1 02750
25 FIDI=FID1%FJ1 02800
BINOM=FI1/FID1 02900
RETURN 02950
FND 03000
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¥ FUNCTION FACTORIAL CODED BY TeODA IN AUGUSTs 1964, 01000
* LIST 01050
* LABEL 01100
C FACT 01150
* SYMBOL TABLE 01200
FUNCTION FACT(FN) i 01250
IF(FN) 1041020 01300

10 FACT=140 01350

T RETURN 01400
20 FACT1=1460 01450
N=FN 01500

DO 30 I=1sN 01550

Fi=1 01600

30 FACTI=FACT1%*F] 01650
FACT=FACT] - 01700
RETURN 01750

END 01800
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* FUNCTION DOUBLE FACTORIAL CODED BY TeODA IN AUGUST e19644 0l0o0

; 3 L 16T 01050
* LLABEL 01100

C_DFEACT 01150

* SYMBOL TABLE 01200

i FUNCTION _DFACT (FN) 01300
‘ ITFIFN) 10410920 01350
10 DFEACT=140 01400

RETURN 01450

i 20 FACT1I=140 01500
N=FN 01550

- DO 30 I=1sN 01600
Fi=1 01650

30 FACTI=FACT1I®¥(FT14+FT1+140) ) 01700

DFACT=FACTY 01750

o RETURN 01800
END 01850
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i % FUNCTION C=G COEFFICIENT CODED AT TeleTe IN SEPTasl964, 01000
% . LABEL. 01050 |
C G 01100
% SYMBOL__TABLE 01150 A
FUNCTION CG ( AsAlsR4B1sC5C1) 02000
I IF(C1=A1-B1) 20410420 02100
20 CG=040 02150
_ RETURN 02200
10 TF(C=ABSF (A=B)) 30540440 02250
30 CG=040 ~ 02300
RETURN 02350
40 IF(A+B=C) 50360460 ) 02400
50 C6=040 02450
_RETURN 02500
60 DELTAZ (A+B+C+1e0) /(C+CH10) 02550
[=A+B+C 02600
J=C+C 02650
DELTA=DELTA*BINOM( T sJ) 02700
= 02750
) J=B+C~A o 02800
DELTA=DELTA*BINOM(T4.) 02850
CG1l=140/SQRTF(DELTA) 02900
IF(AL) 90,100,100 03000
' 100 11=A+A) 03050
I 12=AT+A1 03100
AZ1=BINOM(I1Lls12) 03150
GO TO 150 03200
90 I1=A-Al 03250
12=~A1~A1 03300
B A71=140/BINOM(11412) 03350
150 IF(B1) 16041705170 03400
160 11=B-B1 03450
12=-B1-B1 03500
AZ2=140/BINOM(I1412) 03550
. GO TO 200 03600
| 170 11=B+81 . ) 03650
| 12=B1+R1 03700
" AZ2=BINOMI{T1s12) 03750
v 200 TF(CL) 21052205220 03800
210 11=C~C1 03850
12=-C1=C] 03900
i A73=BINOM(I1s12) 03950
GO TO 250 04000
220 11=C+C1 04050
12=Cl+C1 04100
- AZ3=140/BINOM(11,12) 04150
250 IF(C1) 30043105310 04200
310 IF(AL1*B1) 320533045330 04250
330 11=C1+C1 04300
AZ4=140/RINOM(T1412) 04400
GO TO 500 04450
320 IF(AL) 325,335,335 04500
| 3725 11=B1+R31 04550
A7L=BINOM(TT1s12) 04650
GO TO 500 04700
RS TTTERATFAT ULT50
AZ4=RBINOM(I1s12) 04800
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{ _
GO TO 500 04850
300 1FE(A1*¥B1) 35043604360 04900
360 I11=-Cl~-C1 04950
S 12=~A1~A1 05000
AZ4=BINOM(I1s12) 05050
GO_TO 500 05100
: A50 TF{Al) 37043804380 05150
370 I11=—A1=A1 05200
AZ4=10Q/BINOM(I 1 412) 05300
GO_TO 500 . 05350
380 I1=-B1-B1 05400
AZL=10/BRINOM( 11 412) o 05450
500 AZ=AZ1%AZ2¥ANZ3%A74 05500
1000 AZ=SQRTE(AZ) 06250
11=1 06350
12=RB~A+C1+71e0 06400
NMIN=XMAXOF(I1s12) 06450
~ 11=C+Ci+1a0 06500
12=C+B~A+14,0 06550
= NMAX=XMINOF(I1s12) 06600
SUM=0,40 06650
DO 2000 NI=NMINJNMAX 06700
N=N1-~1 06800
EN=N 06850
I1=C4+C1 06900
J1=FN 06950
12=C+B+A1-FN Q7000
J2=A+A1 07050
T3=A~A1+FN 07100
J3=R+R1 - _ 07150
2000 SUM=SUMH (~1 e D) #XNKBINOM{ T ¢ JT)¥BINOM(T2sJ2)*BINOM{T34+J3) 07200
NB=B+B1 07250
F000 CO=CELI*A7Z#SUME (-1 40)3%#NB 07300
RETURN 07400
END 07450
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% FUNCTION RACAH CODFD BY ToODA IN AUGUST,196%4e 01000

) * LIST 01050

* LARFL 01100

- C RACAH B 01150

%* SYMBOL TARLE 01200

o FUNCTION RACAH(AsBsCsDsE sF) 02000
19=1 02100

B Al=A 02150
R1=B 02200

Cl=F 02250

5 IF(CL=ABSF(A1=~B1)) 10s15415 02300

10 RACAH=0,4.0 02350

RETURN 02400

15 TFAAL+81=C1) 20425425 02450

20 RACAH=040 02500

- RETURN 02550

25 GO TO (30:40450460)s19 02600

30 Al=C 02650

B1=D 02700

N Cl=fF 02750
[9=19+1 02800

GO TO 5 02850

40 Al= D 02900

Rl1= R 02950

Cl=F 03000

19=19+1 03050

GO TO 5 03100

50 Al=A 03150

B1=C 03200

Cl=F 03250

19=T10+1 03300

GO TO 5 03350

60 RACAHT=T.0 - 03400

19=1 03450

Al=A 03500

R1=8 ] 03550

Cl=F 03600

3 65 DELTA=(A1+B1l+C1+140)/ ( C1+C1+140) 03650
1 [=AL+B1+C1 03700
- J= Cl1+C1 ) 03750
DELTA=DELTA¥BINOM(14sJ) 03800

1=J 03850

J=R1+C1-A1 03900

DELTA=DELTA*BINOM(IsJ) 03950

RACAH1=RACAH1/SQRTF(NFLTA) 04000

GO TO (70+805905100)419 04050

70 Al=C : 04100

B _Bl=D 04150
Cl=F 04200

19=19+1 04250

GO TO 65 04300

A 80 Al=D 04350

B1=8 04400 .

Cl=F 04450

19=19+] 04500

G0 TO 65 04550

90 Al=A 04600

Bl=C 04650
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g 04700
1O=19+] - 04750
GO TO 65 04800
100 RACAHL=RACAHL/( E +F+1e01/( F+ F+160) 04850
N1=A+D—F~F 05000
N2 =R+C~E~F 05050
NT1=A+R~E 05100
| N12=CHD~F 05150
| N13=A+C~F 05200
N16=B+D~F 05250 W
N15=A+RB+C+D+1 40~ FeF 05300 B
SENSF L IGHT 0 : 05350 {
NMIN=XMAXOF (=1 oN1sN2 ) 05450 Y
NMAX=XMINOF (NT LoNT2oN13 N4 aN15) 05500
TF (NMIN=NMAX) 15051504160 05600
150 NMINT=NMIN+2 05650
NMAX 1 =NMAX+2 05700
FAiM=0.0 ) 05750
PO 200 L=NMINIsNMAX1 05800
Nzl=2 05850
FN= N 05900
FEACH: (=1 .0.0) % %N {EN+] 00} 05950
[=A+B+C+D+] o O=FN 06000
. AzC4+D+E+1 o 0 06050
FEACH=EEACH¥BINOM( Ty J) 06100
1= 06150
J=  FE+F+1e0+FN 06200
FEACH=FFACHXBINOM( T y.J) 06250
g ) 06300
J=A4DHE~F+1 60 06350
FEACH=FEACH%BINOM( T 9.J) 06400
[=J 06450
J=AFBHCHD= F ~F+1e0~FN 06500
FEACH=FEACH%BINOM(1sJ) 06550
1=J 06600
J=B+D=F+140 06650
FFACH=FFEACH*BINOM(1sJ) 06700
1=y 06750
J=FN11e0 06800
FEACH=FEACH%¥BINOM( T ) 06850
200 FSUM= FSUM+FEACH 06900
- 1000 RACAHSRACAHL*FSUM 06950
RETURN 07000
~ 160 SENSE LIGHT 1 07050
RETURN 07100
END 07150
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