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1 • lliTRODUCTION 

Heavy ion reactions during the last years allowed to reach 

high-spin states in deformed heavy nuclei. A nu~ber of interes

ting effects (back- and down-bending, band crossing, shape tran

sitions and isomerism,etc., see for example /!, 2/ ) were disco ... 

vered. Various microscopic approaches, models and calculation 

technics to describe the nuclear rotation have been proposed and 

most of them are based on cranking model type treatment, e.g., 

the calculation of the anadiabatic corrections to the t~~sition 

proba.bili ties in ref. /)/ and the nicroscopic cranking calcula

tions of the same effects in ref. / 4/. The projection ~ethod /?, 

61 is another wi&ely used way to derive rotation from the nuc

lear collective states . .Jut tile rotational mtion is strongly 

coupled to the vibrational one. The latter !Jas been treated 

most successfully by the Rl'A and its modifications / 7 ,S/. The 

difference between the theoretic<ll l=b"'l.ages, describing these 

two main kinds of nuclear collective motion gives raise to dif-
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ficulties to the microscopic theory when trying to account for 

their coupling. 

A method for an unified treatment of nuclear rotations and 

vibrations was proposed in a aeries of papers, e.g.,/9• 10 • 11 • 121, 

It is simllar to the RPA for vibrations and is based on suitably 

defined transition operators B!IM , which have been introduced 

in ref. 1101 (see also ref. /ll, 12/). In previous works /l3, 14/ 

the method was applied to describe microscopically the coupling 

between ground state (g-) , .P- and r- bands in even - even 

nuclei. However, some calculations in the frame of the band hybri

dization mdel /l5, 161 , though purely phenomenological, indicate 

the necessity of taking into account a K" = 1+ rotational band, 

which allows to reproduce the picture of two or three low-lying 

intersecting bands, observed experimentally in some back-bending 

nuclei 117 • 18 • 19/. Since in different nuclei the nature of the 

third band riRy be different, this band is often referred to as 

Bllperband, crossing the g- and ..P -banda. 

The purpose of this paper is to extend the method by inclu-

ding the coupling to a fourth 1+ wperband (a-band) and to look 

for the new first order effects it causes in the frame of the 

formalism, developed in /13/, where more details about the method 

can be found. This should be a first step towards a microscopic 

derivation of the coupled band IOOdel parameters introduced in a 

previous paper 1201. 

2. EXTENDED DBNSITY MATRIX AND EQUATIW OF MOTION 

As it was pointed out elsewhere 111 •121, the basis consists 

of those transition operators with miniriRl angular mmentum ~M• 
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B«IKIH , R~M (R~M) and the G..ll'Sillar mraentum operator I . The R+ 
Iii 

labels the rotan operator with K = 0 inducins tY~sitions in

side any rotational bund. In the present case of three additionaJ. 

one-phonon rodes o<. =/3, s •.r witi1 K-numbers respectively 0,1, 2, 

any physical quantity in ti1e four-band model (multipole operator 

actin{; bet'lteen the states of t;hese four bands) can be expanded 

in a power series of the basic operators,and the most eeneral 

form of the expansion is given in ref. /l2/. In order to assure 

hermicity and time-reversaJ. symmetry, we have introduced the 

tensor operator dtJ 120/,whichare suitable hero.itiu.n combi

nations of the basic operators B~n <~ = p, s •t ) , :t ive under 

time reversal. 

The generalized phonon operators ~~Kll-i allow to avoid the 

search for realistic Hi!':J rotation-vibrational states md to cet 

directly the mtrix elements of the operators of interest in 

terms of the density mtrix. It is convenient to handle 'lrith 

"coherent" states /!3/: 

lx> "'I xt ·K x:t: x:t > = exp(( L X~ f-'&J) 1 > rpsJ· "">< >t=r;p,s.r 
S.st 

(2. I) 

1\ 

where I > is the HFB vacuum and the new basic operators r)t 

are combinations of the previous ones; t ive under time reversal: 

"(+) i. (R+ + ) "H 1 (R+ R+ ) '~ = /6' 21 + R2-1 ; rr "'ff 21 + 2.~1 ; 
r-c±J- of11H:) 
~ - 00 

f:1±) :+ t o.ss(±)_ asgt±)) 
s - ( i1 f-1 

r (t) = ota<±) ok~(±) 
r 12. + 2-2 

(2.2) 

f;.+>, f:..tt), ot. = p, s •r being hermitian, rrH- antihermitian. The 

meaning of the x-coefficients,aetermining the average increase 
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in c.meuJ.ar oomentum and phonon numbers, can be seen after expan

ding the exponent and COI!lllll.ting the transition Operators r >f , 

whose algebraic properties are known. Thus one gets: 

%_ -'2 ":< 2 2 A A 

xt- =<XI I lx>- < 11 I> ; <X.~) +t~~) ~<xlnptX>- < ll'lpl > (2.3) 

l- 2 2] A A 

2. (X:) +(X~) =<xtn...;lx>- < 1no~1 > .Jor oo.= 5
1

( X~=O 

The matrix elements of one-body operators, as well as those 

of separable tlio-body interactions, can be expressed by the ex

tended density matrices, allowing to take the pairing into 

account, and defined here with respect to the states in eq.(2.1): 

f•.~- = <xlajaJx> 

d;_j.: <XIct;ctjlX) 

PLJ "'<xto<.~ o<.J-tx> 

<}Lj'' <x l o(~ tX j 1 x > 
(2.4) 

The o(-s are the Bogolubov· quasiparticle operators. Then we 

expand the density matrices in series of the x-parameters. For 

example: 

o .. =L 
J lJ t t t 

v,.,~,~•/r 

( lll v ~) ~· .,- ~· v· r! y· v• v-Ji/ I' $ r cx;{(x~nx;r''<x;J\J(~)'(x~) ·(xj-Jr(JI.j-)r (2.5) 

where the coefficients in the expansion are of order II: 11,.. .. ~ • v, ' '} 

//., ~ 11;.vx for K =r.,.,s .r . The Bogolubov transformation links 

the four density matrices in the following relations of 

order in the operators " ,..X. 
tf<J -r (i') " u'J 

fJ~ = Vj' f<j .. -c U1t ~f 
-0- UT li'J _, UT) 

~j·- - i• f 'J - r v J l (r 
+ u:J: (.(<1.-i!!V;VJ 

+ 
Vi.j .= l.(i VJ ~ V; UJ 

6 

first 

(2.6) 

with the notation .f~r for the first order in v ( v ~ 1} ,;here 
" . z: ~:!: corresponds to ;,.. :tive under time reversal. In addition, 

if we: is a her.:ri.tiun tensor operator ±ive under time reverrol 

( 1:: = :1: 1 ), and r r
1 

= +I , then: 

Tr-("'fe:/t"•J) = O. (2.7) 

The nuclear Hamiltonian is tu.ken to be; 

A 

H 
A A ,... 

~o + Hp + HQ • (2.8) 

~ 

where H0 is the HFB diagonalized part: 

Ao- i /~0,,,, Ntf "" [ t J o<jc(i (2.9) 

- p, .t [( lOCDJl );z. tccoJ')A 1Ji 
with q_uasipu.rtide energies Ea ~ tJ -.X0_. + (61}3 

1 j • The 

chemical potential ,>-,tf and the gap parameter .D.& are expanded 

in powers of the x-parameters like the density matrices (e.e;., eq. 

(2.5)). The pairing interaction is: 

" HP =- ~ [ G: P6TP6
: 

6; r," 
and the quadrupol interaction: 

p~~' = [ u,l a.x a a 
.1 

A l . 
1 - l_ I 1\ ~+ I - J t) ) • - ') ~ Hfi--4L 7- '/_:( .Q2pGhl" 

'«o ·Z ~6'o "•P • 

(2.10) 

( 2. 11) 

As it was shown in a previous paper, the Hamiltonian can 

be extended in a power series over the basic operators, and with 
. '2.01 

terms up to third po\-rer (order) becomes 1 : 

.1\ 1\. 1 "'..z " ,... 1\ 

~ ·~ L. ,\6 N6 + -J I + w0 f! 13 ~ w1 n.& '~' W 1 rtr + 
(op!l 2 • 

+ } [\r--8' .. '9-2. 
G oo J. + J-tril'{csg'-' T

1
} 

2IZ ~ 
00 

.. >r.?l0~l+)1; t -t 
~ ~) 

co 

.~.li ff-'" fo~ ~~-' T t -t 
+ - z t 1 , 1J 

2 ~ 
.}!~ ,fi{ostH r. L 
z Vi ~tJ 

DO 
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'.\!lere Tx ~ Lli ... Ii und B.~: B:vB-.o ; :1-s' -/)' f;:ts,1; nr=i5B;2_fldz. 
H::. ... ,~ ; ~ - ~c 

are th& phonon nUI:J.ber operators for .fl, s and r phonons, res-

pectively. The terms \-lith .J.,., ]C1 , } 2 , J- 1c :~d 1 1 2. are the 

"direct" coupling terms between g-jl, g-s; g-j, s-p and s-r 
ua.nds, respectively. 

The equations of motion /!3/: 

<xt[A,H-R]Ix) = o (2.13) 

together with relations (2.6), (2.3) allow one,as we shall see 

later, to solve our problem. In (2.13): A= o<.~o<l, H and A are 

given by (2.8) and (2.12). For the suke of simplicity, in the 

present work we solve the equations of motion after expane~ne 

IX> from (2.1) up to first power in X in the vicinity of X:O 

(X= { xfe} ) , i.e., not far from the ground state. Neverthless, 

the inclusion of the superband with K"= 1+ influences, as we 

shall see in the next section, even the :first order effects in 

our theory such as: corrections to the cranking model form.tla 

for the moment of inertia, HPA equation;. for K" = 1+ state. 

3. TRANSITION RATES 

112.1 
Following

1
the expansion of any hermitian multipole opera-

tor F1N , even under time reveraal, with even L, truncated up 

to third - power terms, is: 

F"' R+ Ct~ { R+ T2} E!Y l R+ T } 
LM :. a., LM + 2 Lf\1' l + 2 ~2 + 

LH 

/) O"' ,.,., R+ + + !)0 110 LM 
gt Qfl~H[R+ 12.) 

!i. !10 LM' + 

• 0'9<->R+ E~. [o'''+>R+ 1.2.1• ~rosg<->R+ T.} + 
Co ....___. L-1 + 2i. ..!..__.. L·1 7 J ,t 'L ..!._..., L-2.' l 

L.-1 Ll'l L-1 j 

(} .1) 

LM 

8 

+ d ont·i + 
0 .~ ~I ·l + 

~[OfJHIZ+ 12 ]+ 
2 i. ,_2 , L ·.2. 1 · 

l ~I LM 

+ -,t . + + _} + :I_ 0. 
+ B /:'Jr"·r\"1\.L"' + C 6,.1 bsr f<L~I t- <..~- B 1 2l.J.r~ ~'LM + 

L_ I L .- ~ 
co va 

1 c SJH-> + Sj'H tJ"t o Jf> l+l + 
+ J0 l k L ·l +- i}o [ i {'. L ·1 + fi.C 0 2. 1\ L ·2 ' 

l-----.J '--- .J 1.--~-· -- J 

LM LM LM 

;;here o'<l are eiven in ref. 1201. 

The components of the density matrix f enuble us to 

evaluate the coefficients in (:5 .1). Relations between t:1ese ~=

tities c.:m be found by I:Ji:l.king up to second co=btors of eq. (3 .I) 

with the seven hermitian operators ~« <md averaging over l / • 

In the left-hand side the conwu.tators of a.: ctl wi ttl. r, 2.veraged 
( ~ .. v." "-~>'') 

over 1 ) , give J' J•' r> > f 
1 

2.nd the right-hand side is calcu.-

lated by using known u.lgebruic properties. Thus we get relations: 

a = 'T' r F t•'"'ll 
0 It"\ LD V J 

T ( UOC•'i) [ L(l-1) ] ~ Q : ; F: O 0 + 2 -. - .. -- ·r (F. 0 C2C00)) 
.l L I (Ltl)(t..+l.) r L?. ) 

o. :. 4 L-clL-1)C2L-3)J~ 'T (F. 0 c1coc1) 
If (L+JltL+2) r L2) 

£= l. Tr ( r. 0 tono? g = [-1-]l';.Tr-{F. 0(t~1·~o') 
0 2 LC l 1 L(L+l) l L1.' 

c. "'l- 2L-1 ]·h T (F. 0 cooJ'v1) 
0 2(l+ll r r LiT 

c = _ _1_ f [2L-1J~ T ( F ct•ol•aJ) + ((lL-~)(ZL-i)J ~:z.T (F )J•WOl)iL 
1 2L l 2.1.. r- LO ~ CL+l)(l>l) r Ll. ~ ~ 

C ; - .J. (C.ZL-1)(.2L·3li-dfL-1Jlirrtf. .,u•u+c)l_l-.ll.+.:i.1b•f (F o(I'H'~l)} 
3 21. tL2L t.v) I L+2. r l..':t.) 

d = (C2L-J)UL-3l]~'Tr(F. coven) (} 2) 
o (lt1J(L .. .2) t..:l q ' 

d = ~ [t.2L-Jl(.2L.-!.JJ~l'T ( F: 0 croo1~J) 
1 L+.l (L·l)(L+1) '[ r- '\..1) 

8::. .! Tr-( F. .,cc:tODIJ c _ {3' rr> (F. 1oc~oJ) 
2 LV) --v'r Lv~ 1 

d."' ~fT' fF, !COO.I.)) 
'-{ lrt'wf 
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f = 1:- [2L-1]~·r (F. (01101) 0 2, 2L+2 r L1 ~ 
q.: _! lfz(2L·lj~T (F. _(Dell) 
ao 2c fo L 2.L r Ll ~ 

h.-;:_!_ L(2L-1)(2L-!>)J~ 'f ('F. :>(0101)) 
0 :t (Ld)(L+2) r L2 ) • 

The exp:msion in rel. (3.1) allows us to calculate the FLN re

duced matrix elements between !·xiH) without knowing these 

states directly, by using the algebraic properties of + 
BotiM and 

I. Thus one obtains Table 1. The ro~dtional motion kinematic 

separates from the dynamics, the latter rem:1ining in the 

o., 1:.,, c 1 ••• coefficients, which have to be determined 

microscopically. In the case FLM o2M (the E2 moment ) 

these coefficients are related to a series of adiabatic 

and non~>diabatic effects, obtained experimentally. The coeffi

cients a(),~(). 'c• do, 8' c' d, fo, ffc• -4o give the Alaga 

transition rules in and between g, fo, s and d' bands, and a2 , a,., 

6~, CJ, c3 , d 1 give I-dependentcorrections to them. The coeffi-

cient C0 gives in first s-order the Alaga rules for the reduced 

probability of g-s transition; C1and Cs determine an !-dependent 

correction to the g-s probabilities in second order (first in 

r and first in s ) ; C indicates what is the deviation of the 

intrinsic E2 moment of the a-band with respect to the ground 

band in second a-order; f 0 (reap. ifo ) gives in second order 

(first in s and first in p (reap. r ) ) the rules for J3 -s 

(reap. J- -s ) transitions. This meaning of the coefficients is 

easily seen frol!l Table 1 and rel. (3. 2). Details for the other 

coefficients can be found in ref. / 13/ 

4. NONENT OF lllERTIA, SUl'ERBAND ENERGY AND g-s TRANSITION RATES 

The inclusion of K" = 1+ a-band modifies the first order 

density matrices with respect to ref. /! 3/. Following the same 
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' 

approxir:utionc one can solve the equations of :uotion (2.1)). ·ro 

find the first orller density nutrices v:e expand the s'!;ate 1 X 7 

i'roe2 eq. (2.13) ;;:eepin:; ter:1s up to first power in x. ·•e obtain 

first coi!llllUtators of ot'~'-:x.-~', ""~"' and c( oe_ >TiGh r- operators 
!, vi_ v,)~ v; v-t) 

avemged over J > • ·rhey give us J q f in first ( v = 1) 

order, given in Appendix. So the usual RPA equations for d-

e1nd j- vibrations and for separating the spurious state K"= 1+ 

1'liti1 w = 0 remain unchanged /!3/. 

:.le introduce the nottctions: 

X~(w);~Jii (t,+Esl (V~fjl'l'2."liZ 
J <j ' (f,•f/- w;~. '-I:,J 

]< ..... ·! -~ [ c E, ~~J)jVJ)2.l 1"}12 
•J ([, ·~=./-- u.'~ . 'J 

u{ )·<zff
1

Tr(Q{' Wl;_.)) 
C/ lW - L- M r- , 0 · 

:;-< .1' • ":/' ) 

Z
t. .. .;- - < v•· )zl Q(Z;«) l:z. 
(w)=Lv •J- · ;!' .. 66 q •J ' (Ei +E/t-'<-,L 

P!<wJ~lJ tE,+E~._Lil~ c~a,-.) 
' · 'U{r £ )2 J. ~JL 

<j • c:· J - u..' 

Q~twJ=[J V"J. V,j I~1 r1'
2

f') 
J • 'U "lJ• 

d < (f •"'·).l. 0 ~ l '-J -u..)'-

(4.1) 

Now one can obtain an equation, determining microscopically the 

strength J-1 of the direct g-s coupling. l!'or this purpose we 

use an additional kinematic relation 

fr- (Ixf(ol~l) =0 (4. 2) • 

following from the COI!IIIUtation relation of the transition opera

tors with I. Replacing the ~ matrix from (A.3) into eq. (4.2) 

we get: 

, Q· d' utf J (4.3) 0= w1 x.t L 1 (wL) .:;! + tJ. t~ 
0 . 

We notice the physical meaning of the coefficient J ( w ) : 
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("_);(_11-"112 L V<f cJ 

<J Ec~&:j 
J ( (!) .) (4.4) 

J l o) = J is just the moment of inertia from the crankine 

~odel formula with pairing, obtained in ref. 113( and Jc~) ~ans 

anadiabatic generalisation of this formula for w -4-- o. 

In ref. /
13

/ the cranking model forr:ula with pairine for 

the moment of inertia has been obtained from the kinematic rela-

tion which is still valid: 

Tr- ( I X f ( 1.~0)) == - 1 . (4.~) 

Ilut in our new case, when we include coupling with a superband, 

.f(i•o) is modified. Inserting f(!+o) from (A.4) into eq. (4.5) 

and using eq. (4.3) we obtain: 

-) -.1 J-1 J-1. h~ (4 G) - = l o) : - wi . • 

This means that the moment of inertia J from eq. (4.6) is 

renormJ.ized with respect to ita cranking value ) from (4.4): 

J is less than j 

One cane find also dispersion equations for the energy W 1 • 

·~'/e replace the f(rDJ and f<Dl~) mtrices from (A.5) and (A.6) in 

the traces. We use the relation: 

wo}- ~ . 11-o) 
f~} - V:+ Lf,J 

'J 
and eq. (4.3), After elimination of 

transfo=ations we get: 

Tr(Qfi qWol) 

X(j'( - ) ') - <f-1(
1 

- ) : 'T' {II tf' . (Ol;))_ . •"Tl ( Q If' (Oi; l) 
1 Wi L ~ W.L I. I r- "'·H f ;- ~ I r- 21 r 

<f' 

(4.7) 

and 

(4.8) 

Here w1. is reduced by a factor o( = ( J /] /~ to w 1 = o< wl. 

12 

These equettions c~re a.naloc;ous to the usual RPI!. ones, but :nora 

complicated because of the renormalized strength R~"' : 

_L'' ' {J' 
K ,f ( wl "- >! ~ ?1 -

i51' n( 
r
1 

I u.') =- ,-1 ICU} 

x~ x:to) 

w"-

~ 

4 -:,')' 
Zj_t..._•J UJ twi 

x:I<V} f=i~w) 

nff f] 7 + ~ j_l'-<.') 

1- ){J rfFxJ-;;> 

If 6 =n,p , .1= p,n . 

(4.9) 

,--) . ' f' c; · {u.·) =- L zrJ Q (t.{.') 
1 -f' 1 

One c:m see that Je.1'1;'0_) depends on energy w.~_ , which modifies 

the RPA equations, c.s a consequence of including the "direct" g-s 

coupling into the theory. 

.r'indinc the mO!aent of inertia from eq. (4.6)
1 

and the vibr<l

tional enercies; for the s-band ''·\ froru eq. (4.8), for the .ft

and j--bands respectively W 0 u.nd w.l / 13{ we solve the problem 

for energies of vibrational ~1nd rotational !!lOtion on the sa::te 

footing. 

To obtain transition probabilities one needs 'Tr{Ql~ frorj)). 

'.ie use phonon normulization equ'"tion for s-phonons: 

(Oii) COl;J 

1_ y.J f;, = ifi 
iJ v,; Vji, 

te~ normalize both traces 
(ol±) 

place J' 1 from (A.6). 

trdllsfomations we get: 

(4.10) 

'T,-(~~( 1~ 1). In eq. (4.10) we re

'-~e exclude L Tr-( Q~ "1.1-a))
1
and after 

.!. - ~ (tcrE.ti(V.jJ"'I Q'~ol-< }L· ={,r- .~, (tJ'r <cJ~>)(~ 1 
oc 0 1 L- .z <]~ .r ){, (wi)' r H. f ' .z ij Ll~·~J -uJL 5 ({ J (4.11) 
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where 

= ~tf' tf-(' 

Jt 'J (c.:) = >e 1 ? ~ 
wz 

( f, +fJ) )([< 0) 

76' 
Cu <£A:) 

q6<<...) 
(4.12) 

This is analo.:;ous to the eq_uations obtained for _ ~- and a-
traces in /

13 /. 3ut the strength of auadrupol-quadrupol interac

tion fi~."" is renorma.l.ized even oore than for the dispersion 
< 

equation
1 
:~d depends not only on w 1 , but also on quasiparticle 

energies. In this way one finds T.-(C,f1 t 101:i. 1) and,by eq. (J.2), 

the coefficient CG defining the g-s transition probability 

according to eq.(J.l) and Table 1. 

5. CONCLU:>IOil 

Tlus paper shows that an inclusion of the fourth band with 

Krr = 1+ in our rodel gives oodifications of the main quantities 

characterizing nuclear rotations, vibrations and their coupling 

even in first order: the cranking model formula for the moment 

of inertia, the RPA results for the vibrational energy W
1 

and defines the g-s transition probability. Second order effects 

will be studied in a next paper. 

The importance of the "direct" coupling terms with F

coefficients in the Hamiltonian eq. (2.12), being responsible for 

the renoml.lization7 is going to be investigated n=erica.lly: its 

physical lJleaning is to oodify uw.a.l cranking rodel rotation-qua

siparticle and RPA vibration-quasiparticle coupling by taking 

higher-order "direct" band coupling effects into account. It 

unifies microscopic cranking oodel and Hl'A type 11 s::Jooth" coupling 

effects with semi-phenomenological Ooriolis band coupling effects. 

The inclusion of "direct" coupling vTith a super band would 
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be of particu.l.ar importance in hiGh spin microscopic ca1culations, 

which are 1n project. 

APPENDIX 

NOTATICNS AND FIRST CRDER DENSITY HATRICES 

'lle introduce short notations: 

- <:z.pl JA nu.~l (2-J') 

Q 'i = (-) UliJ -+ QtJ 
1-+ ~0 (A.1) 

(ll._iOVO! ( ~:o) 
f =P 

cv.zov±o> 1 v.~~t) f s :: f ~ 51 

tli.fv.tuol cv.tv.±) .f 'j> = f • /'>0 

+ +) • ± ) c~,.oo Y; (v.- v .. 2 
~ J = J 0 

(A. 2) 

lj'or p-. s- and r - vibrations we have ( _;«-= o, 1,2 reap.) 

first order density matrices: 

(01;.> 
fij :: 

(01;.) 
5' iJ :: 

t5. + 
~ y i (f,•E.j.)ViJ ra-(~ .... ) + r. I + I - l 
:I" '!'- (f;+Ei-w..! •i ~j + }o ~j(>i6; V.t t- b.d,U.i.UJ + 

V+ ,r I'x) 
+~"~wS ijY<J <i 

(. ri 1J"1 (E,•El- w;-
. V.·"" lo1·) (V.-:):1 I"'' 
~-¥ f·?" + 2.JLJ' L 'J iJ 
r:, + EJ V<j '~ I"' Ei +Ei 

For rotations we get: 

WoJ (V.···fiJ''.JJ.2 ''··· ;p.I_Dij) 

f . - 1 ~tiL!. 1 } :!}1: ~ ,,---'J E·+Ei -2 l,r E'·+E· 

or: 
o(~·o) 
}I~ = 

• • 'J ' I 

- ( t- 2.0 -~ul ~ t tf;.' T,.(Q( ouoJ) 11.:,) ~t 
!.,.?t t1) E'·+E'· • J 
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(~0): i. }1i_ l'r'D) 
f·~ VLj 'd 

(A.J) 

(A.4) 

(A. 5) 



itc) ,-,.-:,I 

Usin.,-; the relation betueen ? ~end ~ 0'1· (A.2), ccnd 

.;;.lso (A.)), (A.4), (A.S)1 l·rer;et: 

2. -•.ll) l 
lv!;>_ 1 (vn q,j [(- +=' ,.,u.T' I':.,.,.,,_., -2~'15 "_,<. "r:": ,rvn: 

_f,~ - ..,- >r
1 
~-- -i .. ·-- t, "j' LLl < r 1 4~iJ / :A 1 .}~, 1 '1~1) )_; 

~ (E,+fj) -<;.Jt of 1" 

(A. 6) 

10:~' V+V._- Q(lt)_ {{r•,J <vl") . !1•1' ,J li"VJ)~ 
0 l.::; J' .-eL"'L .. ::={~ 1<(<-0. L "rt' <lr;..iz!G 1 -.2.f1'J(E", .. E",)2. nL,~' /r(<,2tf ,11_. ) ' 'r·· . ;~ ~ t: ... "" ) • 6 -' ;:t-rt:_J - u ... ,\ ·"J 

After elimination of Tr-(Qf1 <?lro~;re obtain: 

o'''ii> ~.!: ~-'EJ)\V~~-~<- r1'-<il L Je<' ' 'Tr-(111 <v!~l) 
} <J \ (- ' ,;. --2. \;( •J • ' ( v..) .21 ~ 

"· '--J - <Ait rf ~ 

,ot•) ,,r: \'- -121) - /t{ ..- ·'")' p 1 - _v,l '<J__tiJ .. ;· -~·'··-)··f (r'J·• o(""t) 
J',\ = <X.Wi --- .< -1. VllJ '--- )e~, [wL .., r .'1;.1) 

(E,,cf)- u.JL c) :l 

=ttl' 
where :~t<J (W) has been_~troduced by eq. 

:>!,tf' u' cE,,t 1' Q~<wl 
K}lw}=~J.7L- -·/-.. ::;.~·---

' X~IOi P;,,~.· 
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( 4. 1 2) , and: 

{A.7) 

Table 1. 
r---~--- --

Trans1tionReduced ::J.c>trix element <oc;1t~FL~111",1;) 

o'l 
ol.t 'X< orJ<r 

<J ~ ao 

j'c> p ao 

s s ao 

Jr cf ao 

~ _,) 

pt 

vr-~tr 

60 

2 n<l vr-ct.er 

ka.t[rtlrt.-1)+I,li<-+1U-zyfct .. [rn~t)- ~J Zct 

B + iat[It(I+ .. 1) .. Tdi, .. lU -~ ~~ a"[nr .. t)- ,j 1 ui.t 

-Jfc + t a..z[It(Ifd) ~ I,(I<+lll-

-21f[HHl-~] I(ITl) ~-
V3 4 HT+l)- 3,1.:z vf-

{fci + k a.J r1<rt+1) + Uic:+lll-

1r.i'l- .,. )-i..] I(I,..l) 5· 
-2V3 I(I 1 4 ICr .. i)-3.~ tf 

- rGJI+(If .. 1)-f.:Ui.+j~ 

9 5 -Vfco ±~c1 [ft(If•1)-Ii.(Ic+1U-

_.fic [r· t" l2I-1)(2I-tJ), ] 
Vf J ~()r.tli•r<I~+l)d"ri",r.-1+ 3 °tf 

~ t d0 - .f-dJ If(rt .. 1)-IJI< .. 1)] 

5 P Jf fo 

s r vr; ~0 
P r Ao 
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