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An explicit expression for the circular polarization of gamma rays emitted by odd mass de-
formed nuclei is given. A semi-microscopic description of the nuclear excited states based on 
pairing plus quadrupole and octupole model is used. The average field is based on a deformed 
diffuse edge potential. The short-range correlations are taken into account via the generalized 
Bethe-Goldstone-equation. 

1. I n t r o d u c t i o n 

Recently we have calculated one of the most 
thoroughly investigated parity violating effects in 
nuclei, the circular polarization of the y line in 
181Ta, 175Lu and 177Lu 1>2. In this calculations we 
have used for the initial and final states the best 
wave functions that are available today. The parity 
nonconserving potentials (PNC) used were based 
on one n- and one ^-exchange (Fig. la, b) for all 
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Fig. 1. Processes taken into account in the calculations o f 
parity mixing 1 - 2 . The open circle stands for the strong, the 

cross for the weak interaction. 

weak interaction theories en vogue. Effects of short 
range correlations (SRC) have been taken into 
account as exactly as possible3-4. The results (due 
to admixtures only) obtained for various strong 
and weak N-N-potentials are far away from agree-
ment with most other calculations done up to now 
(see Refs. quoted in 4 ). No weak interaction theory 

seems to be able to explain the experimental values. 
At this point one should remind that diagram Fig.la 
gives no contribution in exact SU(2) (in taking 
into account isospin-breaking only with a negligible 
amplitude5 concerning the strangeness conserving 
currents). So the only contribution entering with the 
cos20 factor is due to ^-exchange and therefore is 
highly affected by short range correlations. 

Recently we found, however, that calculations of 
irregular transitions through parity mixing (PNC) 
are not gauge-invariant6. Gauge invariance requires 
that processes of direct photo emission (PNE), such 
as Fig. (2a and b) (and additional) also must be 
included. These processes were shown (in contrast 
to process Fig. la) not to vanish, even in exact 
SU(2), which means that the one 7z-exchange con-
tribution can enter with the cos2 6 factor in the 

N't 

Q 

n: 

V 0 

N' 

a b 
Fig. 2. Some P N E contributions N1N2 N j / ^ ' Y of one JZ 
(and o)-exchange processes. There appear the same terms 
with strong and weak vertices exchanged plus some more6 . 
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calculations. These findings have shown that cal-
culations of parity-violating effects in Gamma-
transitions done up to n o w 7 are incomplete because 
of non-gauge-invariant description. I t is expected 
that a complete gauge-invariant theory will improve 
the situation. A full description of the PNE-opera-
tors and their relative importance will be given in 8 . 

In the present paper we give explicit expressions 
for the polarization of gamma lines including all 
important terms and using the most sophisticated 
wave functions as applied in 1« 2 . 

2. Circular Po lar izat ion 

The electromagnetic interaction contains two 
terms 

F e m = F r e g + F P N E ( 1 ) 

where F r e g gives the usual amplitude of the tran-
sition probabil i ty in the framework of the parity 
conserving theories. The term F P N E violates the 
parity law and has been obtained in 6>8. 

The circular polarization can be written as follows 
P = - ( I («a mx + m\e;0} (2(M2+ I mA2)Y1 

(2) 
with 

e(m),(hK^->I2K2) 
= jVA(Jc) / f 1 < / 2 K 2 \ \ ^ { E ( M ) A} l / i Z i ) (3) 

(Ar?(k))2 = 8JT(A + l)Jfc2*+i(ÄA[(21 + 1 ) ! ! ] ) - i . (4) 

Assuming the validity of the Bohr-Mottelson strong 
coupling m o d e l 9 the total nuclear wave function 
factorizes into a rotational and an intrinsic part 

I IK My = ( ( 2 / + l ) / 1 6 w « ( l + Öko))1'2 • 

• (®MK\K> + ( - y - x & M - K | - K » . (5) 

Here I, K and M stand for the total nuclear spin 
and its projections onto the nuclear and laboratory 
Z-axes . The internal motion is described b y | K) 
(and time reversed | — K ) ) wave functions. 

The reduced matrix element f rom (3) in this case 
becomes 

(I2K2\\JCk !|/iiTi> 

= A, { ^ { C ^ - k X <K21| J(x 1 K\) (6) 

with 
Ai(Ii12Kt) = ( l + Ö K 1 o ) - 1 > 2 I 2 1 h . (7) 

The last term in (6) is zero for / < K\ + K 2 . 

Since the parity nonconserving nucleon-nucleon 
potential F P N C is extremely small, the wave func-
tions | K)> can be expanded as fo l lows 

I Ky = I K 7t> + 2 1 K - 71, sy Fs (8) 
with s 

Fs = [EKn - Es)~i <K - ji, S\ F / g f | K n y . (9) 

The multipole moments are [see E q . (1)] 

= J/{E (M) = + (10) 

where the first term describes the allowed parity 
transitions, the second term the irregular ones. 
Expl ic i t expressions for Jf pNE a r e given in 6>8. 

Hence , for a parity forbidden transition the 
( K 2 1 J ? 4 K i > matr ix element has the form 

(K2\\ J / w \\K{y = (K27z2|| JPJF lKmi> 

+ 2 < K 2 7 t 2 I I I I K x - n u s y (11) 
s 

+ ZFi2)<K2 - r|| JTfg II Ku wi> . 
V 

For the methods t o compute these regular matrix 
elements s e e 1 0 - n . 

The P N C and P N E matrix elements in the case 
o f an o d d mass de formed nucleus are of the follow-
ing f o r m : 

(K'n'\\C){\2) \\K7ty=<y>0\ [Q(K'ti'), \ (12) 

where 

= I ^ & a + a X ' a ^ a ^ i K T T ) (13) 
xz'aa' 
vv'cuw' 

with 

^ t t ' a a ' ( W | COCO') 

and 6,8,12 

0(12) = F P N C ( 1 2 ) or ^ [ ß E ( 1 2 ) . (15) 

ß y Xsa = «so | 0 ) we have denoted the s .p . wave 
funct ions defined b y the independent particle model 

# a v = ^ e s a + a s o (16) 
so 

based on the de formed diffuse edge potent ia l 1 3 

(s label all g o o d quantum numbers except the 
sign a = ± 1 of the nucleon angular momentum on 
the nuclear symmetry axis). 

The wave funct ions |Kny are solutions of an 
independent particle model plus effective residual 
interactions of pairing and long range types10'11 

together with short range correlations. Therefore, 



we construct them as follows 
\Kri> = eSA\ y)Kn> (17) 

with 10. i i 
(Hav + #Pair + #long range _ Ekx) \ y>Kn> = 0 , (18) 

where 

#Pair = - 2 G q P q ; P g = Z « . + ' ( 1 9 ) 
e s 

^longrange = - i 2 2 2 (f>) <M<? ' ) , (20 ) 
A = 2,3 t*^0 e,e' 

defining the multipole momentum matrix elements 
as follows u 

qißie) = 1 1 <sor—i/9/i_ua \—~ 5 a >as°a*'°' tp oo' V<Z(l + Ono) 
= j ( / ( " ' ) o i o ^ a + / ( « ' ) (21) 

ss'o 
B y q we have denoted the neutron (n) and proton (p) 
characteristics, Ge and being the corresponding 
strength parameters. 

The solutions | ifKji) may be written in terms of 
quasiparticle 

a + = us a a + ovs asa (22) 

and phonon operators 

QtW = h2(vls'A+(ss') - (p^A(ss') 
+ y>is,Ä+(ss')-<pis,Ä(ss')), 

Qi(liu)\y>o> - 0 ; A (ss') = 2-1/2 £ o 

o 

as follows i ° : 

with 
Q+(Kn) = 2-U*N{81S2...8n)Jt\Z CSI<*+, 

o U = 1 

+ 2 («1 «2 • • • 8») o + # (A/ / ) } . 

(23) 

(24) 

(25) 

In treating short range correlations [Eq. (17)] we 
may neglect three and more particle correlations as 
not so important in the effect we are interested in1» 
3 , I 2 , I 4 ; j e w e u s e the approximation Sa $ 2 A 

with 

S2A = i 2 2 aQ2 avi aV2 (Qi 021 S2A I v2 Vi> (26) Q1 02 »>! Vz 

where here Vi and Qi denote the occupied, respec-
tively unoccupied particle levels of j xpun) [see 
Eq. (24)]. This method is rather good in spite of the 
fact that in the neighbourhood of the Fermi sea 
about 50 levels are only partially occupied because 
of pairing plus long range terms [see Eq. (18)]. 

3. PNC-matrix Elements 

Taking into account Eqs. (9), (12) and (25) we 
obtain 

( K - n I F P N C ( 12 ) IKny (27) 

= N (8182 • • • Sn) 2 CH MSiV+2AXr [SlS2. ••*») J f J* 
U'= 1 f-ms J 

with 

M s t v ^ 2 -1 / 2 ^ <Y>o| [ « . , „ , I v o ) , (28) 
a 

Mxr ^ 2-1/2 2 <W0 I [Q( (Xfj) CLsa, &£„] I yo> . (29) 
a 

Here and in the following we have neglected the 
contribution of f(ss') [see Eq. (21)] in the ^ - coe f -
ficients, i.e. we assumed that they do not depend 
on the sign cr. 

Applying the method of approximate second 
quantization!5 we obtain 

Msiv 2 K ( V v v 8 i - uvuSi)s#Sia [ F + N + J + + (a v\sta)+ F + + - (« v \ A« a)} 
a + Ua Va (uv vSi + uSt Vv) stfaa F+1!? + _ (aa I v«<)} 

for Eq. (28) and 
^ f ^ 2-1/2 2 {[(V>labuaVb + <plabvaUb) USUV + (yJlabUbVa + (f\bVbUa) VsVv] 

ab 
X srfas [ + (sa I vb) + F ? * + f _ + (sa | vb)] + [(xplabuavb - f (plabvaub) usuv 

- (Wibubva + <pibvbua) vsvv] s/<u[y™£ + + (sa I Vb) + F+N+t_ + (sa \ vb)] 
+ Wab ua Ub — (flab Va Vb) Vs Uv + (tplab VaVb— (f'ab Ua Ub) Us Uv] 
X [ F ^ f + +{ab\vs)— F^ l 0 , _ _ (ab \ v«)] + [(fab uaub— cf?abva vb) vs uv 

— (WabvaVb— <f\buaUb) us uv] s/sv [ V +1!? _ + (a b I vs) — + _ (ab | vs)] 
+ W[bv2a(vbus + ubvs) s/as[V™ ++(as\ba)+ F™c _ + (as \ ba)] 
+ <p\b v2a(vbuv+ub vv) stav [ F™c + +(ab\va)+ _ + (a b \ v a)] 
+ ylb uava(ubus — vbvs) JS/SÖCF?!^ + _ ( « 6 I a a) — F + X ? > _ + (sb\aa)} 
+ (fib ua va (ubuv — vb vv) s/vb[F^ _ + (aa \ vb) — F+2!? + _ (aa | v 6)]} 

(30) 



where for example 

^ttW (v r' | co co') = 7*55- (vv'\ co co') - (vv' \coco'), 
V*?acAW I coco') = VllUvV I coco') - Vll%(vv' \ co'co). (32) 

Here we have assumed that the vibrational states 
of the double-even nucleus 

\Xfi%> = Q t M k o > (33) 

are strongly collective (the individual amplitudes 
Vss'' ^ss') Wss' a n ( i <pss' f rom Eq. (23) are small 
quantities), i.e. the condition 

[ a s f f , Q i ( V ) ] ^ 0 (34) 

is fulfilled. This implies that all terms which take 
out a quasiparticle f rom the phonon state must be 
neglected (in any case there are not many of them) 
and therefore the matrix element (31) contains only 
terms which describe the quasiparticle or phonon 
transitions or a mixture o f them. 

The F f X a ' (w'\ coco') should be calculated b y 
transforming to the center of mass and relative 
motion coordinates, t h e n applying the e^-theory 1 - 3 

12,14,16 

4. PNE-matrix Elements 

Taking into account Eqs. (11), (12) and (25), 
however neglecting the collective part 1 7 in the last 
eq., i.e. 

(35) 
01 

| K 2 ^2) = 2 ~ 1 / 2 2 ast<r21 Vo> j (36) 
02 

we obtain [see Eqs. (12) —(15)] 

<JT2arail 2 - 1 2 2 V ^ ^ ^ L ^ W . ^ M i I -52«) 
oi o 2 ao 

— uSluS2v2as/aS2{^J^E)o-02, -o,o(a«2 I «1«) + 02uSlvS2uavas/SlS2{^J^)a_a^ _(jlCT2[aa \ SxS2) 
— ( y i u 8 2 v S l u a V a ^ S l S 2 { ^ ™ ) a i - a 2 ^ ^ a { s i s 2 \ a a ) } . (37) 

The antisymmetrization operator is defined as in Equation (32). 

The q operator connects relative $-states to 
states, which is very important because of the 

short range of the radial dependence6 . B y contrast 
the F P N C -admix ing potentials connect relative S-
to P-states. Preliminary calculations in the case o f 
the 482 keV line of 1 8 1 Ta show that the strength of 
the direct transition (37) will be larger than the 
strength of the admixtures terms [see Eq. (11)] 
obtained in Ref . 1 as expected. 

5. Single Particle Wave Functions 

The s.p. wave functions should be choosen as 
solutions of s.p. Schrödinger equation with diffuse 
edge deformed potential1 3 . Except in Ref . 1 until 
now the Nilsson-type potential has been only used, 
i.e. an anisotropic oscillator potential. Nevertheless, 
this potential together with spin-orbit and Coulomb 
terms which do not depend on the static nuclear 
deformation leads to the incorrect asymptotic be-
haviour o f its wave functions on the nuclear surface. 

Such a wrong behaviour of the wave functions leads 
to an inaccurate description of those nuclear 
phenomena for which the nuclear surface region 
plays an important role. This is the case for the 
long range electromagnetic operators we are 
interested in. 

The diffuse edge deformed potential looks l ike 1 3 : 

^S.p. = PNUCI. + ^ spin-orbit + ^Coul. > (38) 

V*uci.= - V0n(ß,r,6), (39) 

^pin-orbit = - Kpa grad F N n c l . , (40) 

^Coui. = 3 (Z — 1) e2 (4 ;r i ?o ) - 1 

X J*dV rj{ß, r', 0') | r — r ' I - 1 , (41) 

n(ß, r, 0) = (1 + exp [ ( r - R(0, p ) ) / a ] ) - i , (42) 

R(6, cp) = / ?o ( l + ßo + ß2o Y2o + ßw F 4 0 ) • (43) 

The solutions may be given numerically or ap-
proximated analytically1 3 . 

The new distribution of s.p. levels is different in 
comparison with the Nilsson one. For instance, in 



the Nilsson scheme this distribution does not depend 
on the mass number A for the fixed deformation 
parameter, if the energies are given in units 
ha>o = 41 MeV, the only .4-dependence being 
given b y this last equation. N o w , such dependence, 
however, is not valid anymore. The dependence o f 
the spin-orbit term on the deformation shifts the 
s.p. levels in a range o f ^ (0.5—0.7) MeV. While in 
the new model the wave functions include compo -
nents f rom the shells situated in the vicinity of the 
main shell, in the Nilsson potential such components 
vanish. The new terms are very important in the 
hindered transitions as in our case. The dependence 
of the Coulomb term on the deformation leads to 
another noncoherent shift in the s.p. levels. All 
these facts changed very much the calculated 
electromagnetic transition probabilities. These quan-
tities calculated with the potential (38) give values 
very near to the experimental one's while the Nils-
son potential shows deviations up to a factor o f 103 

(see Ref . 1 8) . 

6. Collective Non-rotational Structure 
of the Excited States 

T o describe the intrinsic motion the interactions 
between nucleons in the nucleus are usually divided 
into two parts : The average nuclear field [Eq. (16)] 
and the residual interactions. The average field 
defines the bulk properties of the nucleus. The 
residual interactions, however, play a very impor-
tant role. They are those parts of the forces which, 
due to their structure, cannot be included into the 
average field. They are not small so that one cannot 
calculate their effects using perturbation theory. 
Their effects change smoothly f r o m nucleus t o 
nucleus. 

Because at present we are not able to take into 
account the residual interactions as a difference 
between the actual interactions among nucleons and 
the average field, one is forced to insert the so-called 
effective residual interactions [e.g. terms //pair 
+ Z^iongrange in Eq . (18)]. However , in treating 
effective residual interactions we m a y not describe 
collective vibrations adiabatically. The inapplicabi-
lity of the adiabatic approximation concerning in-
dividual and collective nonrotational degrees o f 
freedom is discussed in Ref . 11 . This treatment is 
based, however, on the approximate methods, in 
our case the approximate second quant izat ion 1 0 ' 1 1 . 

Moreover, in treating odd nuclear states we use the 
assumption of high collectivity [Eq. (34)], which 
not always may be fulfilled. In the case discussed 
in paper 1 , however, this is fulfilled. For ß-vibrational 
phonons we inserted also the pairing vibrational 
terms, hence eliminating the spurious state 1 1 . The 
treatment mentioned above does not include the 
blocking effect. There is only one w o r k 1 9 we m a y 
use, having, however, short-comings of other char-
acter. There have been included only phonons o f one 
type forgetting the influence of other phonons, 
which are very important in calculations o f electro-
magnetic transitions. W e have neglected also two 
phonon admixtures to the one phonon states. Also 
we did not change the equilibrium deformation as 
compared to the ground state deformation. Such 
methods like higher random phase approximation 
should be, perhaps, necessarily here to be used also 2 0 . 

7. Important Steps in Calculation of the Circular 
Polarization of Gamma Rays 

In the following we shall discuss some details 
important to be taken into account in every cal-
culation of the circular polarization o f gamma rays. 
This we have learned in studying 1 8 1 Ta 1 and 
175.177LU 2 cases. 

First the strong coupling Bohr-Mottelson model 
can be applied because of strong deformation 
(ß — 0.26 1 0) . Then the assumption of high degree 
of collectivity is fulfilled. In Figs. 3 — 5 we give the 
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Fig. 3. Structure and excitation energies of the level of 
181Ta involved in parity mixing, a) /feo = 0.26. ß4o = 0 1 2 ; 

b) ß20 = 0.27, ß40 = - 0.03 23. 
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Fig. 5. Structure and excitation energies of the levels of 
177Lu involved in parity mixing. 

data in the T a - r e g i o n ; therefore the c o m p l e x 
structure o f the states cannot be ignored. Whi l e in 21 
the exc i ted states are pure one or three quasiparticle 
states, our p icture gives a m u c h more dif ferentiated 
structure. Because o f the high co l lec t iv i ty (see 
Tab le 1 a n d 2 for Q ( 2 2 ) and Q ( 3 1 ) p h o n o n s ; f o r 
other p h o n o n contr ibut ions (Figs. 3 — 5) the col lec-

Table 1. Two quasiparticle states occuring in the Q(22)-
phononof the 1190 keV — 5 / state of 181Ta, which give 
nonzero contributions to the PNC-matrix elements [see 

Eq. (23) and Figure 3]. 

7/2*1 96,5%[404il 2,2%[4041 Qj(20)]; 
kir 2%U04tQ2(20)] 

Fig. 4. Structure and excitation energies of the levels of 
175Lu involved in parity mixing. 

structure o f levels taken into account in Refs . 1>2 

t o demonstrate the situation in this region. Un-
for tunate ly the higher oppos i te par i ty exc i ted states 
h a v e not yet been f o u n d exper imental ly . W e believe, 
however , more in the pairing plus quadrupole and 
oc tupo le mode l than in the simple pairing m o d e l 2 1 . 
T h e first one has explained a lot o f experimental 

neutron states 103 ipl, 103 

s sr 

523 j 521 | - 51 - 31 
521 | 512 f + 13 + 6 
512 f 510 f - 615 - 208 
514 j 512 j - 791 - 197 
514 j 501 \ + 8 + 3 
512 | 503 f + 25 + 8 
503 f 501 j - 274 - 120 
505 j 503 j - 137 - 93 
642 j 651 j + 46 + 28 
642 f 640 f - 96 - 60 
651 f 633 f - 18 - 12 
642 f 624 j - 66 - 36 
633 \ 615 j - 60 - 33 
521 f 521 I - 50 - 32 
512 j 510 j - 765 - 193 
651 j 651 j - 61 - 40 

proton states 
402 f 411 | - 64 - 15 
402 f 400 f + 296 + 123 
404 f 402 j + 152 + 95 



Table 2. Two quasiparticle states occuring in the Q(31)-
phonon of the 1420 keV —  5f state of 181Ta, which give 
nonzero contributions to the PNC-matrix elements [see 

Eq. (23) and Figure 3]. 

neutron states 
s s' 

103 y>;„ 103 <p\„ 

651 | 512 | - 5 - 2 
640 t 521 f - 12 - 7 
624 f 514 j - 26 — 5 
624 j 503 f + 37 + 8 
633 f 512 f + 7 + 3 
651 i 770 j - 6 - 3 
640 j 521 j + 24 + 12 
651 i 510 \ + 6 + 2 
640 f 770 f + 2 + 1 
660 f 761 f - 11 - 8 
642 | 521 i + 13 + 8 
642 I 523 j - 10 - 7 

proton states 
402 | 523 j - 20 — 7 

t iv i ty is m u c h h igher 2 2 ) o f m a n y levels the P N C 
matr ix elements decrease c o m p a r e d t o 2 1 . This 
e f fect is o f second order i f we look at the reduced 
matr ix elements o f regular e lec tromagnet ic tran-
sitions [see the last t w o terms in E q . (11)] . 

Of course higher excited may contribute also; however 
we believe in the high collectivity of these levels; therefore 
no important contribution could arise. No three-quasipar-
ticle states having Kji = 5"/2 or 7"/2 in " l T a and 175Lu 
occur in this pairing + quadrupole + octupole model. We 
may learn from Ref. 23 that the three-quasiparticle states 
are characterized by high spins (more than 15/2). Therefore 
we may not expect this structure to occur in our cases. 
Here we want to mention that the phonon structure (e.g. 
Tables 1, 2) is calculated22 using a Nilsson model; however, 
this structure is not significantly changed by passing to the 
diffuse edge potential. It is also important to know which 
strength parameters Ge and X(*'e have to be taken into 
account. Especially are taken to be 

XZ = X% = X'*l = 2.0 A-V3 Me V/cm 4 , 
X(n3> = = X'Jl = 0.04 ^4-4/3 Me V/cm 6 

for a large number of nuclei22. However, this may be not 
as good when the Nilsson potential is replaced by the dif-
fuse egde one. Unfortunately this aspect is not discussed 
even in the recent paper23. Inapite of the fact that the 
accuracy in calculating the wave functions (25) is restricted, 
however, the method we use is much more realistic than 
to neglect the long range terms (26). 

In applying the dif fuse edge mode l (38) we g o t 
great differences f o r a l lowed e lectromagnet ic tran-
sitions as compared with Nilsson ones. T h e same 

results are g iven in Re f . 1 8 . Therefore we c o n c l u d e d 
that the Nilsson mode l should not be used in calcula-
t ing the F ^ - (vv ' \ coco') and ( ~ / / ™ E ) r r W (vv' | coco') 
together with the regular e lectromagnet ic m a t r i x 
e lements . 

T h e accurate treatment o f the short range co r -
relations accord ing to Refs . 3>12 shows that the 
polarizat ion is strongly suppressed b y the s trong 
interact ion. Regard ing P N C contr ibut ions the 
o - exchange contr ibut ion are a b o u t 6 t imes smaller 
than wi thout correlat ions 1 . A lso the p i on -exchange 
contr ibut ion is d imin ished 1 » 2 b y a fac tor o f 2 — 3. 
This is in comple te agreement with our earlier cal -
culat ions 12> 1 4>1 6 . Similar trends are f o u n d in R e f . 2 1 ; 
however , the short range correlations h a v e been 
either roughly est imated on ly or a s imple m o d e l 
calculat ion has been p e r f o r m e d 2 4 . I t is impor tant t o 
no te that one is not al lowed to take S R C ' s f r o m the 
n - p system. There is no „ h e a l i n g " in a t w o b o d y 
sys tem, whereas this effect becomes ex t remely i m -
p o r t a n t for h e a v y nuclei. A s is well k n o w n , „hea l -
i n g " is due t o the presence o f m a n y other nucleor.s 
in o c cup ied levels and therefore increases with A . 
One even should n o t take over S R C ' s f r o m light 
nuclei t o h e a v y ones. 

I n Fig . 6 we g ive examples for the realistic w a v e 
f u n c t i o n in 1 8 1 T a 1 for the R e i d soft core potential 
in compar ison to the 1 6 0 case 1 4 . 

Fig. 6. Relative S wave function for 181Ta and 1 6 0 using 
the Reid soft core potential. 

Tak ing into a c count E q s . (11), (27), (30), (31) a n d 
(37) together with (2) we m a y c laim that such 
calculations like in Re fs . 2 5>2 6 are meaningless. W e 
are not a l lowed t o factorize the polarization in the 
f o r m 

P= - 2/(1 + d2)FR 

as is done in 25,26 



Conclusions 

Expl i c i t expressions for the P N C and P X E matr ix 
e lements occur ing in the formula for the circular 
po lar izat ion o f g a m m a rays, as emitted b y o d d mass 
d e f o r m e d nuclei , are g iven. The theory is deve loped 
in the f r a m e w o r k o f the strong coupl ing Bohr -
M o t t e l s o n - m o d e l . Semi-microscopic pairing plus 
q u a d r u p o l e and oc tupo le descript ion is used t o 
descr ibe the par i ty conserving \K7r)-internal ex -
c i ted states. Single particle wrave funct ions o f the 
dif fuse edge d e f o r m e d potential have t o be used. 

Short range correlat ions are taken into account 
using the generalized Bethe-Goldstone m e t h o d , and 
n o t s o m e rough descript ions like the Jas t row mode l 
or ex t rapo la t i ons o f results obta ined f o r simple 
sys tems like the free n p system. 

There is n o d i f f i cul ty t o get expressions similar 
t o Eqs . (30), (31) a n d (37) in the case o f a double 
even d e f o r m e d nucleus. H o w e v e r , there are on ly 
exper iments o n 1 8 0 H f 2 7>2 8 , where the strong cou-
pling Bohr -Mot te l son mode l (5) is no t appl icable 
a n y m o r e . A strong Coriolis interaction has to be 
added . 

Concerning the numerical calculations on 1 8 1 Ta 
and 1 7 6 L u U2.24 ft j s important t o note that they 
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