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IV-1, The energy levels M

At the beginning of our discussion let us state clearly
the four parameters of the rotation - vibration model which

their initial values are taken from experiments, Thus four

e il
parameters are -
: . h2 Erot
1) the moment of inertia &= J- o 3 which is taken from -
o}
the experimental energy of the first rotational states,

—~—_ ™

2] the equilibrium deformation B, of the nucleus, which is
obtained from the B(E2}-value for the first rotational
states,

3) the Y-vibrational energy E , which is fitted to the energy

of the second excited 2*-state,

4) the B-vibrationzl energy Ez , which is taken from the first

- excited 0t-stat e,

In fig.1l one can see a pictoral illustration of how the initigl

estimated values of these parameters are determinedBS).

The energies and eigen vectors have been obtained through
the diagonalization of the Hamiltonian of the rotation vibra-
tion model (RVM), The parameters E. ot ¢ E and Eﬁ y in equ,
I1~-71, have adjusted to reproduce quite good, as can as possi-
ple, the experimental values of the lowest energy levels, espe-
cliallyfMthese levels which associated with g,.s.-, Y= and 3=
bands, The justification of the parameters Erot ’ EQ and EB ’
have been done by iteration the RVM-programe several times with

a different values for these parameters, In other words, these
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parameters are considered as input parameters in the RVM -~

programe. The best values of these parameters are tabulated

in table 1,

The energy level's schemes of 150Nd, 152’154Sm s
154—160Gd, 160Dy, 172"174Yb, 174--180Hf and 230,2333h isotopes
are given in figures 2 —9, Prom these figures one may motice
that there is a good fitting between the calculated energy -
levels and the corresponding experimental data?lS), especially,
for the I = 0,2,4,6 levels in the g.S.-band, the I = 2,4 levels
in the VY~band and the I = 0,2 in the B~band, This is for all
considered nuclei, At the same time one can observe that ag I
increases, the agreement, between the calculated energy levels

and the corresponding experimental values, decreases,

The energy levels values for 154Gd— isotope, as calcu-
lated by the RVM, are given in table (2) where they are com-
pared with the available experimental data36’115) and other
theoretical calculationgs'SB’BS'lls. The comparison shows
that the agreement between the RVM-results and the correspon-
ding experimental.data36'115)is better than these which asso-
ciated with DPPQ - and DNSB—results36), especially, in the
lowest bands, At the same time one can observe the'superio-
rity of the RVM - results over the IBA - results, especially,
those results which related to Gastanos et allls) and van
Isacker et al.53) versions, There is a pictoral description
for this comparison in fig, 10, Where the experimental values

have been taken from table 2,




Table (1)

Erot(3€) ES EY
Isotope (MeV) (MeV) (MeV)
15044 0.1007 0.6740 1.0110
1525 0.0946 0.6805 1.0350
154 0.0702 | ;TBQ;; | 1.a0ss |
‘154Gd 0.0898 0.6710 0.9466
5% | oomo | roso | varer
S N
1604 _-0-:-0—65—0— ] ;4;0— N _0;. 9:2-1_—
160, 0.0750 1.2627 0.9072
166Er 0.0700 1.4599 0.7310
LEE 0.0661 1.0400 1.4350
P S I I
174,¢ 0.0769 0.8283 1.1945
Yo | oomo | raas | v
178, ‘“étg;g;"“*“:i;;;;‘“‘ ‘::;;;;“"
180Hf __0:;30-2— N _1__1-;7_2 N _1:1”7_3—0_—”
230, 0.0460 0.6350 0.7620
2320 hﬁ—;T;;;;— - _—;i%;;; N —:;.;;;E_—*
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154

Table!Z):— { Gd-isotope)
Classification Energy levels (MeV)
Present IBA prpg | pnse Y
work Castanos yon Isok{ Lipas JC.Girits

Band K I Exp.* (RVM) et al. a &t al. blet al. c¢fet al. d e e

g.89. 0 0{o0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2[0.123 0.113 0.104 0.095% 0.103 0.100 0.126 0.167
41 0.3M 0.352 0.337 0.31% 0.343 04.334 ¢.313 0.450
6| 0.718 0.694 0.688 0.650 0.719 0.699 0.585 g.821
8| 1.145 1.129 1.145 1.110 1.232 1.195 — S
10} 1.637 1.653 1.700 1.580 1.881 1.819 — S

3 0 0| 0.680 0.67 0.748 0.650 0.679 0.683 0.985 0.528
2| 0.815 0.818 0.885 0.780 0.783 0.797 1.180 0.725
4] 1.047 1.117 1.148 1.020 1.026 1.055 1.391 1.155
6| 1.366 —_— 1.524 1.420 1.408 1.451 1.680 1.705
8] 1.757 2.326 2.001 1.915 1.928 1.980 -— —_—

Y 2 2| 0.99 0.989 1.050 1.000 1.008 1.004 1.506 0.604
4] 1.264 1.276 1.344 1.260 1,251 1.256 1.776 0.888
6| 1.607 —_ 1.742 1.640 1.631 1.640 2.176 1.275

2B 0 0] 1,295 1.342 1.338 1.200 — 1.199 1.842 1.093
2] 1.418 1.533 1.530 1.400 —_ 1.366 2.156 1.463
4} 1.698 1.929 1.832 1.620 —_— 1.671 2.490 2.035

dy 2 2]{1.531 2.890 1.668 —_ —_— 1.500 2.522 1.210
4 1.79% 3.300 1.975 —_ — 1.828 3.082 1.624

2y 4 4| 1.640 1.990 —_ _ — — g'ggg : 'ggg
611,912 2.504 —_— — — —_ ’ :

27 0 ol — 1.893 — —_— —_— —_ 2.723 1.434
2| z2.081 2.024 3.042 1.635
4{2.230 2.313 —_ —_ — — 3.367 1.941

33 0 ol — 3.786 —_ _ — —_ 2.969 2.233
2| 2.277 3.938 —_ —— —_ — 3.317 2.762
4| — 4.300 — —_— —_— —— 3.620 3.4

v+28 2 2| — 2.355 —_ o —— —_ 3.903 2.096
4] — 2.857 _ —_ — —— 4.585 2.852

2v+8 4 4| — 2.665 —_ _— —_ _— 4.263 —_

3 Ref. 116 b Ref.53 c Ref.55 d Ref.45 e Ref. 36

A DPPQ is the abbreviation of the dynamic pairing quadrupole model

Y DNSB is the abbreviatien of the dynamic Nilsson,

*Ref 36 and 115

Strutinsky and Belyaer model
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Table 3 represent a comparison between a different
theoretical results and the corresponding experimental dat%ls)
he 154—160Gd

of the energy levels of % - lisotopes, One can

observe that the projection model (anisotropic version)SS)—,

the RVM (present work)-, the IBA~155) and the projection model
(isotropic version)SS) show, respectively, an adequate agree-
ment with the corresponding experimental data;55). At the
same time and with some exceptions, it is obwlous that the
calculated energies of the Y - and § - bands, in case of the
projection model (isotropiec version), are lower than those
which have been calculated by the other versions. In addi-
tion the calculated energy levels of the B-band, for all ver-
sions, tends to be higher than the corresponding experimental

data, especially for I » 6,

It is easy to observe that from table 4 the preferable
theoretical caleulazations of the energy levels of the 172¥b -
isotope are those which associated with the IB&—167). These

calculations, with a minor exceptions, give an agreement with

55,67)

the corresponding experimental data; better than those

obtained by RVM, At the same time the energy levels of the

higher bands { BB~, Y+, 1= and BY bands, tends to be too

high compartive to the corresponding experimental data;15’67).

This is true for both the RVM - and IBA~16Z) results,

Tables 5 and 6 show a comparison between the theoreti-

cal results, which associated with the rotation - wvibration

75)

model and the coherent states model , and the corresponding




Tableay:. (G4 -iscYopes)

Isotope Classification Energy levels (Mev)
: *x|  IBA-1#%
Present Projection model
Band K I Exp.* yﬁﬁﬁ} Isotr, Anisotr,

1546d g.8. 0 0} 0.0 0.0 0.0 0.0 0.0
2] 0.123 0.113 0.123 0.123 0.103
41 0.3 0.352 0.37 0,369 0.343
61 0.718 0.694 0.704 0.702 0.719
81 1.145 1.129 1.097 1.099 1.232
0} 1.637 1.652 1.529 1.543 1.881
B 0 0 0.681 0.671 0.533 0.681 0.679
21 0.816 0.818 0.741 0.876 0.783
4| 1,048 1.117 1.077 1.195 1.026
6] 1.366 - 1.484 1.591 1.408
8 1.757 2.336 1.934 2,040 1.928
01 2.195 3.099 2.411 2.528 2.585
¥ 2 2] 0.996 0.989 0.603 0.995 1.008
41 1.264 1.276 0.895 1.293 1.251
61 1.807 —_— 1.258 1.654 1.631%

156Gd g.8. 0 gy 0.0 (L] 0.0 0.0 0.0
2| 0.089 0.084 0.089 0.089 0.084
41 0.288 0.274 0.288 0.293 0.281
6| 0.585% D.557 0.582 0.606 0.590
8] 0.965 0,921 0.958% 1.018 1.012
0 1.416 1.357 1.389 1.519 1.546
8 0 0{ 1.049 1.040 0.717 1.047 1.035
21 1.129 1.135 0.835 1.153 1.120
4] 1.298 1.385 1.088 1.396 1.320
61 1.540 1.738 1.444 1.763 1.633
8] 1.848 2.193 1.879 2.238 2.060
0] 2.220 2.742 2.3M 2.805 2,599
¥ 2 1.154 1.150 0.757 1.155 1.157
1.355 1.329 0.976 1.369 1.356
1.644 1.615 1.292 1.694 1.669

ISBGd B.5. ) 0] 0.0 0.0 0.0 0.0 0.0
21 0.080 0.080 0.080 0.080 0.076
4 0.261 0.260 0.261 0.263 0.254
61 0,539 0,532 0.528 0.546 0.533
8} 0,904 0.885 0.900 0.921 0.915
01 1.35 1.310 1.335 1.382 1.398
8 0 0} 1,196 1.196 0.902 1.176 1.200
211.260 1.288 0.998 1.268 1.278
41 1.407 1.501 1.216 1.478 1.458
6 —= t.826 1.540 1.800 1.743
8 -_— 2.256 1.956 2.224 2,11
1¢ —_— 2.769 2.448 2.738 2.624
¥ 2 2] 1.187 1.187 0.934 1.207 1.191
41 1.358 1.376 1.129 1.400¢ 1,370
6 —_— 1.655 1.422 1.696 1.652




Table (3}:

{continued)

Isotope Classification Energy levels (MeV)
Projectl odel ** **
Exp. * Present rojection m 1BA—1
Band K I MMﬂmu Isotr. Anisotr.
dmoma g.S. 0 ¢ 0.0 0.0 0.0 0.0 0.0
2 0.075 0.075 0.07s 0.075 0.073
4 |0.248 0.245 0.247 -0.248 0.243
6 0.514 0.497 0.507 0.513 0.511
8 0.868 0.822 0.844 0.862 0.876
10 -— 1,212 1.248 1.285 1.338
e — e IO AU SUUUUU Y WU —
B g 0 — 0.946 0.791 0.920 ¢.920
2 1.010 1.036 0.883 1.010 0.993
4 1.185 1.243 1.091 1.216 1.164
6 — 1.556 1.399 1.526 1.433
8 — 1.961 1.788 1.929 1.798
10 _ 2.451 2.245 2.410 2.261
¥ 2 2 0.988 0.988 0.822 0.988 0.9985
4 1.148 1.163 1.007 1.170 1.169
6 A 1.556 1.283 1.447 1.441
*Ref. 115 «#Ref. 23




172

Table(4:- ( Yb-isotope)
Classification Energy levels (MeV)
Band K I Exp.* Present work| IBA-1%%*
P (RV M.
g.5. 0 0f0.0 0.0 0.0
210.079 0.075 0.075
410.260 0.244 0.248
61 0.540 0.500 0.516
8|0.912 0.831 0.875
101 1.370 1.230 1.320
12 11.907 1.692 1.845
14 | 2.518 2.213 2.446
16 { 3.198 3.792 3.197
B 0 0| 1.043 1.040 1.023
211.118 1.127 i.099
4 1 1.287 1.325 1.272
611.538 1.620 1.5440
81 1.854 1.995 1.890
101 2.213 2.438 2.333
12| 2.607 2.941 2.843
14 | 3.044 3.499 3.430
Y 2 211.466 1.461% 1.466
4 | 1.658 1.641 1.658
BB 0 011.405 2.080 1.907
211,477 2.182 2.010
4 |1.633 2.423 2.165
YY 4 4 12.073 2.925 2.772
-y 0 |1.794 2.870 2.559
2 |1.850 2,951 2.737
4 11.975 3.136 2.969
6 ]2.156 3.417 3.257
By 2 2 |1.609 4.333 2.268
4 31.803 4,534 2.463
» Ref. 115 , Ref. 67 , *%-Ref. 67




Classification Enerqgy levels (MeV)
Isotope -
Band K I Exp. ¥ Pr?ﬁi?;)work CSM *¥*

i <t g.s, 0 0} 0.0 0.0 0.0
2 0.091 0.091 0.09
4 | 0.297 0.294 0.297
6 | 0.608 0.587 0.608
8 | 1.009 0.963 1.009
0 1.502 1.412 1.487
8 0 0 0.828 0.828 0.823
2 | 0.900 0.940 0.898
4 1.062 1.187 1.070
6 —_— 1.536 1.332
8 —_— 1.962 1.676
v 2 2 1.227 1.227 1.253
4 1.449 1.448 1.434
6 ————— 1.7806 1.710

t1eus g.s. 0 0 | 0.0 0.0 0.0
2 0.088 0.088 0.088
4 0.297 0.288 0.290
6 0.597 0.587 0.597
8 | 0.998 0.972 0.998
0 - 1.435 1.482
B 0 0 1.150 1.150 1.146
2 1.227 1,253 1.222
4 1.390 1.480 1.399
6 _— 1.799 1.669
B —— 2.383 2.027
Y 2 1.341 1.341 1.351
1.540 1.563 1.531
_— 1.914 1.807

YT8uf g.s. 0 0 |o0.0 0.0 0.0
2 1 0.093 0.088 0.093
4 | 0.307 0.286 0.307
6 | 0.632 0.583 0.632
B | 1.058 0.965 1.058
0 i 1.425 1.575
B 0 0 | 1.199 1.188 1.189
2 1.277 1.291 1.273
4 1.451 1.528 1.465
6 _— 1.888 1.760
8 —_— 2.357 2.152
b 2 2 1.175 1.169 1.194
4 1.385 1.375 1.387
6 e 1.683 1.684

* Ref.ll5

** abbreviation of the Coherent states model, Ref. 79

TalbYe lS),.
L\\}.-csdTa¥,z4=3




Table 6:. (2?2Th-isotope)
Classification Energy levels {(MeV)
Present wor
Band K I EXp. * (RVM) CSM**
geS. ¢ 0 0.0 0.0 0.0
2 0.049 0.050 0.048
4 0.162 0.164 0.160
6 0.333 0.334 0.329
8 0.557 0.555 0.551
10 0.827 0.821 0.820
12 1.137 1.129 1.131
14 1.482 1.476 1.477
16 1.858 1.863 1.856
18 2.261 2.289 2.262
20 2.690 2.754 2.694
22 3.142 3.260 3.149
24 3.618 3.807 3.624
26 4.114 4.396 4,118
28 4.630 5.027 4,628
30 5.160 5.701 5.154
] 0 0 0.730 0.719 0.729
2 0.774 0.776 0.773
4 0.873 0.922 0.871
6 1.023 1.129 1.023
8 1.222 1.398 1.223
10 1.467 1.725 1.469
12 2.106 1.757
14 2.539 2.083
16 3.025 2.449
Y 2 2 0.785 0.786 0.784
4 0.890 0.893 0.883
6 1.051 1.065 1.036
8 1.260 1.288 1.239
10 1.512 1.556 1.488
12 1.800 1.866 1.780
14 2.218 2.112
* Ref. 115 *% Ref., 75
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115)

experimental data 174_178H1’ -

of the energy levels of
isotopes and 232Th—‘isot0pe, respec-‘tivelyl.' From these tables
oné may notice that both models give quite the same good agree-
ment with the experimental values of the energy levels of the

Y - band and the g.s.~-band, In case of the g;s.~band we mean
the energy levels I £ 4 and I g 20 of the Hf- isotopes and

the Th~ isotope, respectively, On the other hand the coherent
75}

model show# o better agreement with experiemtlls, in p=hand,

than the rotation - vibration model.,

IV-2, The B(E2)- values and B(E2)- branching ratios -

We stress however that a reliable identification of the
validity of the rotation - vibration model should not only be
based on the analysis of the energy spectrum, but also involve
the transition properties of the band's members of the diffe—~

rent bands,

Considering the homogeneeus charge distribution (HCD)
which associated with RVM, the model dependent deformation
parameter 3  has been extracted from the measured E2- transi-
tion probability of the first rotational state, i.e. B(E2 }

O; —~>—2; }. This has been done as follows, Using the ELEC-
programe, with the input parameters I E_, . , EY ’ Eﬁ and B ,

the reduced matrix element of the intraband (0; —~>2é } transi-
tion has been calculated, We repeat this programe several times,

with a constant values for the E_ . , E and EB parameters and

a different values for the parameter Bo y until we get a good




-8%.

fit with the experimental B(E2, o; ——;-2; ) value, One should
not;ce that the values of ﬁhe parameters Erot ’ E* and EB are
those tabulated in table 1, The theoretical and experimental
values of the BO — parameler are tabulated in table 7, It is
clear that there is a quite good agreement between the theore-

tical and the experimental values of this parametar,

The &-parameter, p—-n deformation difference are tabula-
ted in téble 8. In our choice of the values of this parameter
we have tried to get a noticeable improvement for the B(E2)-
values, especially, those associated with the interband (g —>B)
and (g —>1 )} transitions, At the same time, we have tried to
get, by this choice, a right signs and a reasonable values for

the mixing ratios,

The calculated absolute B(E2)~ wvalues and B(E2)- bran-

ching ratios of the lsoNd—

and the 229 version of Greiner's model, are compared with the

isotope, in the frame work of RVM
corresponding experimental values and the IBA- results in 1t:abilv.2“"CL
and 9-b,respectively., This comparison shows that the results of
the Greiner's version agree with experimental values better

than the IBA- and the RVM- results, especially in the inter-

band (g —»B) and (g —>Y) transitioms, Also from these tables
one may notice that the B(E2)- values and the B(E2)- branching
ratios, which associated with the IBA~ results, are in general

lower than the corresponding experimental values,

Tables 10-a and 11, show a comparison between the calcu-

lated B(E2)~ values, using the RVM and the 22-cl version of




Table (7) :.

3
o
Isotope
Exp. Th.
150y 0.2530
t5%5m 0.286%0.006 a [0.2700
1545m 0.315%0.007; 0.305 2 10.3010
0.301 ; 0.294 b
1*%6q 0.290 c [0.2770
s |
Gd 0.310 0.3010
TP IR PR
Gd 0.330%0.010 a |0.3110
0.320 c
'e0%d 0.340%0.010 a |0.3130
0.330 c
16 0py _ 0.2940
1¢¢Er s 0.3970
172 + . + d
Yb 0.326%0.009;0.284%0.008= | 0.2830
tT4yp 0.317%0.010;0.276 e | 0.2944
0.280%0.009;0.291 d
tT4ns _ 0.2710
R o3  — 0.2565
i 1 0.2250 £ ]0.2560
180, 0.2520
23%7h 0.227£0.006;0.195 g | 0.2250
0.204%0.005;0.191
#3%7h 0.230%0.010 h{0.2390

a) Ref. 83 b) Ref. 117

c) Ref. 54

b) Ref. 9 " e) Ref. 65 f) Ref. 118

8) Ref. 73 h) Ref. 119




| p~n deformation

Isotope difference (6)
RERE 24°
s 2gn 32°
2= B
Lseag 25°
D N
156Gd 290
EYS S RO
s | e
160Dy 170
. 15°
1724 630
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‘Table (9-a):.

The B(E2)} values in case of

15 9n8d-isotope.

i
2 nd yersion of
Transition Exp.* (e®b?) | RVM Greiner's model IBA**
2; —_— o"; 0.56%0.03;0.54%0.04| 0.54 0.53 0.59
4*8'——+ 2; 0.82+0.04;0.84%0.11 | 0.85 0.81 0.84
GE — 4; 0.98+0.09;0.99%0.11| 1.06 0.97 0.88
a‘; —_— s’é 1.21%6.12;1.03%0.09{ 1.22 1.09 0.85
zg —_— 21; 0.030%0.008 0.073 0.033 0.0006
45 - 2’5 0.052+0.015 0.112 0.065 0.0002
2§ —_— 2: 0.030%0.005 0.045 0.024 0.0003
2;; — o’é 0.003%0.0006 0.0217 0.007 0.0030
2“; — > 0§|0.015%0.001 0.028 0.011 0.0002
Table (9-b):. The B(E2) branching ratios in case of 139%Nd-isotope.
_y : 2 Nd yergion of
Transition ratio Exp.* RVM Greiner's model TBA**
¥ + .+ F + -
4y —> 22> 0y | 1.46%0.15 1.57 1.53 1.39
+ + .+ + +
6 —> 45/2—> 0 1.75%0.25 1.96 1.83 1.46
+ + .+ + +
87— 6g/25—> 0| 2.16%0.33 2.26 2.07 1.41
67 — 4;/4;—>2; 1.20%0.17 1.25 1.20 1.05
+ + + +
35 —> 64/6g —>4g | 1.24£0.24 1.15 1.12 0.97
215” S ogfz'géz”g 0.100%0.047 | 0.297 0.207 0.63
2: — o;/zyﬁzg 0.507*0.118 | 0.622 0.468 0.660
*Ref's 41 , 120, and 121 . **Ref.?29




TdbleSHJ-u):. The b(EZ) values in case of '*?Sm-isotope.

Transition EXp.* (e®b?) RVM 2 "q version of
Greiner's
2; —_— o;’ 0.670 * 0.015 0.671 0.659
4; —_— 2;; 0.985%0.035;1.01710.014 | 1.052 0.985
6;3 —_— 4g 1.20%0.06;%.179%0,033 1.30 1.16
e; —_— 6g 1.3910.14;1.45%0.22 1.50 1.28
+ +
10— 8*|1.70 11.55 1.65 1,38
8 8
+ +
0g —> 2'J3.40 t 0.15 3.36 3.300
o’é —_— 2; 0.0228 * 0.00617 0.1392 0.0213
0y —> 2_’; 0.0813 % 0.0057 0.1517 0.0359

Table }-b):. The

B(E2) branching ratios in case of

Vi 2gn-isotope.

1 Ei 1 E 3 * ek
Transition ratic. EXp.* RVM reig§¥§l?gpﬁ£1 Alagavw IBA
at s 2tst 5 of1.62 £ 0,13 1.57 1.50 —_—
8 8’8 g -
6" —»aT/2" — 0%|1.68 t 0.18 1.94 1.75 _ —
B B B g
+ + .+ + , -
23_’05/23 —» 2710.20(7);0.165(3) 0.33% 0.179 ¢.70 0.04
3 ]
+ + .+ +
46'—"‘28/43 —3'48 0.113(5);0.131(8})| 0.166 0.028 1.10 0.03
R N I A S “a 1593
ZT ——bOg/ZT — 2g >0.25;0.378(2) 0.591 0.378 0.70 - 0.93
+ +, 0+ + ! 5
41—-5 28/47—'.415 0.10(4);0.096(b) 0,477 0.107 0. 34 0.33
*kef's. 122, 52 , 123, and 124 **Raf. 125

Table flh:, The B(EZ) values in case of

S 4gm-isotope.

Transition Exp¥* {e?b?)| RUM %\Bﬁ version of
?*g—-—a- 0’; 0.84;1.222¢0.008 | 0.84 .84
+ +

ag ~—» 23,1 1.20 .24 1.23
+ +

6 —» 4 11.37 1.43 1.40
B 8

+ +

8t — 6% ] 1.49;1.54;1.50 1.58 1.53
8 g

+ +

10t — gt | 1.49 1.7 1.64
g g

+ +

2y —= 0 0.014%0.002 0.020 0.012
#*Ref's. 126 » 127 » and 20 .
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Greiner's model, and the corresponding experimental values for
152—154Sm— isotopes, respectively. From these tables, it seems
that Greiner's version agree with experiment better than the
RVM, especially for the B(E2)- values of the interband (g —B)
transition in case of 152gm- isotope, Also from table 10-b,
which associated with the B(E2)~ branching ratios of the 1525m—
isotope, the preferable results are those which related to the
Greiner's version, In fig.(1l) there is a pictoral comparison
between the results of the RVM, Greiner's version, Alaga) ’ IBAz
and the corresponding experimental values of a four B(E2) -
branching ratios associlated with 1528m— isotope. From this
figure one may notice that the results, which associated with
the Greiner's version, agree with the experimental values better

than the others,

In tables 12-a, l3~a, l4-a and 15~a, the theoretical -

results of the RVM, QEQ version of Greiner's model and other

theoretical results are compared with the corresponding experi~

)

mental data of 154-160g4. jsotopes, respectively, For the
isotope, the results of Greiner's version, van Isacker et al
and DPPQ seems to agree with the experimental B(E2)~ values of
the interband (B —>g) transitions, better than the others,
Also for the 156-15844_ jgotopes, one may notice that the resu-
1ts of IBA of the B(E2)- values of the interband (p —>g) tran-
sitions agree with the experimental values better than the
others, Relative to the B(E2)=~ values of the interband (Y —»g)
transitions, the IBA~ resulfts, in case of 1566d- isotope, &agree

with the experimental values better than those obtained by RVM
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and Greiner*s version, At the same time the superiority of
the results of the Greiner's version over the RVM-~ results of
154—156Gd_
158

B(E2)~ values is remarkable, generally, for the

isotopes more than those which is obhserved for the Gd-

isotope, This behaviour may due to the choice of the value

of the &~ parameter (p.n deformation difference). The &-para-

154“156Gd~ isotopes are 25° and 290, respectively,

158,

meters of

while the &=~ parameters of d- isotope 1is 140.

The calculated B(E2)- branching ratics of 154"160Gd:-

isotopes, using the RVM and the QHQ version of Greiner's model,

are compared with the corresponding experimental data and other

theoretical results in tables 12-b,13-b,24-b and 15-b,Tespecti=
vely; Considering the B(E2)- branching ratios of the interaband
(g —> g) transition ratios of 154G4- isotope, both of Greiner's
version and RVM agree with experiment better than the others,

In case of the 154Gd— isotope, the results of DPPQ)

, Greiner's
version and Girit et al.'s version gives the same level of
agreement with the corresponding experimental data of the B(E2)
— branching ratios of the interband (B —>g) transition ratios.
while for the interband (Y —> g) transition ratios, IBA toge-
ther with IPPQ and Greiner's version gives, respectively, a
good agreement with the corresponding experimental data. For
the B(E2)- branching ratios of the interband (B ——>g} and

156”158Gd— isotopes,

(Y —>g) transition ratios, in case of the
one may notice that the projection model and IBA agree with

experiment better than the RVM and Greiner's version,
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Table (12 -a): The B{E2} values in case of Gd-isotope.
o * 7 nd versionof IBA d d| Projection model e

i wm o T i el [reiner's model < Hmmnxmn 2 mm mwﬂ.ﬂ 5L ef mw%mm = pPPQ DNSB Isotropic v:HmOnnouMo
2g=—>03 10.75; 0.78| 0.77 0.76 0.77 0.77 0.77 —_ S S
pmllvmm 1.20; 1.18| t.20 1.15 1.10 1.09 1.15 1.16 1.09 _ —_—
mmlam 1.40; 1.38] 1.47 1.36 1.19 1.16 1.30 1.34 1.38 — —_—
8z —>65 |1.60; 1.53| 1.70 1.52 1.21 1.16 1.34 — S
@,r....rmm 1.72; 1.70| 1.87 1.64 1.18 1.12 1.33  — —_

[mwtlnm.w; 385008 | 3.8 | 3.9 | — | — | — " |38 {232 | 385 | a3.85
le._lm 1.97 2.16 2.06 o — e —
omlvmm 0.015%0.004 0.150 | 0.047 _— _— —_— 0.019 0.020 0.118 0.096
OMIVN.” 0.143t0.011 0.183 | 0.071 _— _ — 0.139 0.132 0.248 0.439

lmm..lsvmw: 0.004t0.001 0.030 | o0.009 | 0.017 | ——  lo.oos  |o.c06 | — | — T ___
Nm!vwm,f 0.033%0.008 0.096 | 0.042 0.025 0.006 ~ ]0.106 0.033 —_—

Nm,lvpm 0.090%20.023 0.259 | 0.148 0.087 0.017 0.037 0.087
4} —» 25 | 0.00320.008 0.016 | 0.003 0.016 0.003 0.001 0.006 ——

»mlvpm 0.02780.007 0.128 | 0.057 0.015 0.016 0.086 0.034
43 —> 67 |0.071%0.002| 0.171 | 0.096 0.089 0.002 0.024 0.086 —_

Imﬂ,vmwa 0.0286%0.022) 0.0366 | 0.0141 Iowaﬂ.l RSN PYPPYPR RN A R
2> 2% | 0.059 0.058 | 0.030 —_—

*w,wm 9% mpam. a8

5& 53 z& 45.
aﬁ.i d)R). 3¢

&i 55—




Table (12-b)

The EB(EZ)} branching ratios in case of

15

»mmiwmodovm.

2 nd version of I1EA - c c Projection model &
. . E - < < d
mesm”ﬁpo:+ﬂwwpm Exp.* RvM Greiner's model Mm menxmwr mmmmeﬂ N DPPQ DNSB Isotrorvic | Anisctropic
4" 0 1.52(10 1.56 1.5% 1.42 1.41 .51 .64 — —_—
% /a0 ) 7.6
6g—4",/ 4g=+2, | 1.17(8) 1.23 1.19 1.08 1.07 1.16 1.27 —_— —_—
+ + + +
Bg—>€g / 6g—>dg | 1.10(6) 1.16 1.12 1.6 1.00 —
+ + + +
1.1 . ; ) ) - —_— _—
1087, / Bi—» 6 3(15) 1.1¢ 1.08 0.98 0.96
|lIl.lll.ll.rII.I.]......Illl!.lllll.-lf.lu'llllnlll.‘il.l!rll!llllll!ll!ll'lll|.lli
+ + + +
2,—Q / 2g—2; | 0.123(8) 0.313 0.222 0.660 £.520 0.1%0 — 0.580 0.60C
+ + + + + .
2 —>a4g / 252 | 2.7820.18) 2,70 3.52 3.44 2.85 2.61 — 2.69 2.54
+ + + +
442, / 4g—>ag | 0.086(3) 0.125 0.054 0.180 0.170 5.180 —_ 0.730 0.780
+ + + + 2.63(87)
,Mmlvmw 7 ap—ag | 5 aa(1e 1.33 1.67 5.81 u.G.| B m&||  — i
Mwlvom / mmlvom 0.008(3) 0.038 0.012 0.033 ¢.005 4.9
+ + + +
452, / 4g=—>23 | 0.0025()| 0.0144| 0.0030 0.021 ¢.003 5.0
N“Eium / N“ILM 0.468(70)| 0.631 0.474 0.520 0.640 0.560 _— 0.470 0.460
mﬂl.vom / u“I.Lm 3.25(13) 2.65 1,67 3.30 4.50 6.30 —_
+ + + +
2|—»dg / 2,—»25 | 0.144(22)| 0.238 ¢.263 0.380 0.143 0.090 0.030 0.040
+ + + +
42y / G—w4 | 0.148(81)| 0.731 0.305 0.185 0.290 0.320 —_— 0.120 0.109
+ + + +
46y / 41—wag | 0.270a) 2.33 2.58 0.081 0.360 0.370
2ts0t 7 2°—a0® | 0.0052(9)| 0.0390| 0.0123 _
B 7"
2t w0t 7/ 2'—w0" | 0.03¢013}] o0.048 0.019 —_
v g’ % e
22 / 22 | 1.0002) 0.66 1.16 1.30 18.5 1.47
¥ ¥ [+

R 's 45,59 41

i%um b £ 45




Table (13-a): The B(E2) values in case of 186c3-isotope

o nd version of
Transition |Exp.*(e’b?)| RVM Greiner's model IBA*»
2’é ___.__.0; 0.93; 0.92 {0.97 0.91 0.91
4t —= 2t |1.30 1.35 1.33 1.29
g 8
+ +
6y —>4g |1-63; 1.47 |1.57 1.51 1.38
+ +
8y —> 65 [ 1.50; 1.60 |1.75 1.63 1.38
104 ——-*«'*3; 1.60; 1.53 [1.91 1.74 1.34
S — — _ |
ot — 2% 14.57(0.05) {4.57 4.55 _—
g g
2¥ — gt |2.36 2.43 2.39
g g
+ +
0f —> 25 {0.013(4) 0.011 0.002 _—
+ +
0y —> 2, 0.120(4) 0.266 0.080 S
2;; — 5 0" |0.00316(18){ 0.00210 0.00050 0.00400
g
2; _ 2; 0.0164(16) | 0.1049 0.0390 0.0061
2; — 42 0.0181(17) |0.0770 0.0342 0.0148
43 — 2’é 0.0061(7) |0.0369 0.0070 0.0047
45 —>4’é 0.0140(13) | 0.0008 0.0001 0.0048
4; —— s’é 0.0091(14) |0.1375 0.0684 0.0148
2; — 0‘; 0.0222(11) | 0.0532 0.0159 0.0212
2’; — 2*8' 0.0355(19) {0.0027 0.0015 0.0333
2’; —-—»4; 0.0032(3) |0.0785 0.0370 0.0023
4, —>2§ 0.0078(9) |0.0008 0.0002 0.0108
4 -——->4’é 0.046(5) 0.113 0.043 0.0385

*Ref. 3 , 127 ,and }29. **Ref. 33
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‘Table (14-b):

The B(EZ) branching ratios in cass of ''"Gd-isotops

2 nd f Projection model+w

Transition ratio Exp.* RVM cre“:g:i::d :1 Yeotropte [ Anisotropla IBAes
23—+t /28 —e2* | 0.65(8) 0.7 0.68 0.65 0,66 0,58
8%/ t

z;-—-«u;/z;—-z‘; 0.67(9) 3.04 3.29 2.17 2.08 1.96
4;-—-?;/4;—-4‘; 0.80(12) 1.81 1.30 0.91 0.95 0.%50
4’*6{/4*—-4* 2.1(4) 5.24 5.88 —_ — S
z; o;/'z;-—»z; 0.59(8) 0.45 0.37 0.60 0.65 0,64
+ .t +

2 >4 /2 —s25 | 0.046(8) | 0.033 0.039 0.050 0.60 0.070
‘+ z-l-/ + +

2 4?—--4g 0.15(2) 0.044 0.035 0.222 0.28% 0.279
4;—-6;/4;—-4: 0.25(4) 0.014 0.017 _— — —_—
*Ref. 133 ewpes. 55

Tabie (15-a): The B(E2) values in case of **‘Ga-isotope

.

Transition|Exp.* (e¢*b? )I RVM érn— version °{ IBA

q;' —_ 7: 5.15(6) 5.16 5.14 _—

z;’ —_— 4*. 2.68 2.4 2.72 R—

o; —_— 2; 0.002{2) 0.206 0.170 —_—

+ +

0 —= 27| 0.101(3) [ o.104 0.087 —

z; —-.o; 0.0176¢(9) | 0.0207 0.0174 0.0176

2,’; —-28’ 0.0298(18) | 0.0770 0.0661 0.0275

2; ——-4: 0.0016(1) | 0.0003 0.0003 0.0018

*Ref. 54 , and 72 . *tRef. 57

Table (15-b): The B(E2) branching ratios in case of '**Gd-isotope

n

Transition ratic Exp.* RVM m

z;—.z;/:;-.o; 1.6 2 0.3 3.7 1.8

22 ~n0*/2*—0* |o0.0t420.001] 0.020 0.017

T—-u ‘/20—53

. *Ref. 20
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As a pictorial comparison for~thek154_1586d- isotopes,
one can see fig, 12, 1In thisg figure the theoretical results,
using the RWM and Greiner's version, are compared with the
experimental data of the B(E2)- branching ratio which associa-
ted with (0; ——?2; / 0; —ﬁ>2;) transition ratio., It is clear
that the Greiner's version agree, qualitatively, with experi-
ment better tham the RVM and vice versa for the quantitive

agreement with experiment,

An instructive comparison of the results of the RVM and

Greiner's version with the experimental results can be made in

the Michailov plot, In this plot the quantitx/%(EQ; I, — If)/
( Ii Kﬁ 2 Kf - Ki If Kf } is plotted as a function of

Ip ( Ip +1) - I; (I, + 1), where Ii(If) is the angular
momentum of the initial (final) state and Ki(Kf) is the projec-
tion on the intrinsic symmetry axis of the initial (final)
state; In figures 13 - 15 we show such Michailov plots for
the E2- transitions of the B~ and Y- bands to the ground

state band in l54'158Gd-

isotopes, respectively., Coneerning
these figures, one may notice that the agreement of the theo-
retical results with the experimental data, in case of the
interband (B —>>g) transitions, is better than those which
associated with the interband (Y —-g) transitions.‘ In addi~
tiom the results of the QQQ version of Greiner's model agree

quantitively with the experimental data better than the results
of the RVM,

Table 16-a represents a comparison between a different

theoretical results of the B(E2)- values of 160Dy and the
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158Gd- isotope
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—_ 2,2 2 Eg. 1

Transition | Exp.%*e“b RVM Greingg Elﬁgd IBA**
2r 07 1.00 0.95 0.95 S

g g

afF — 2" 1.50 1.40 1.39

g g

+ +

e ] — . - ——

6g 45 1.61 1.58

88 ——=6"|1.86 1.78 1.73 —_—

g 4
10; —————a-sﬂg' 1.70 1.93 1.86 —_—
2$ —_—— og 0.0244(13)] 0.0324 0.0190 0.0244
2; S 2; 0.0445(28)| 0.0776 0.0515 0.0375
2; — 4g 0.0030(3) | 0.0082 0.0048 0.0023
24 ———>-o§ 0.0037(3) | 0.0231 0.0162 0.0010
24 -———>-2g 0.0037(19)| 0.0462 0.0283 0.0016
24 .___,.45 0.0089(9) | 0.1263 0.0860 0.0036
*Ref. 134 ] 127 N and 57 - *=Ref. 57

Table (16-b):

The B(E) branching ratios in case of

160Dy-isotope

C L. , * 2 Eg-version of 1E2 hkad

Transition ratiog Exp. RVM Greiner's model IBA{a) IBA({b)

¥ " ¥

2 ot /2t a0t [ 0.034(1) 0.034 0.020 .

g /2>

2;—»-0*/2*—;-2; 0.523(12) | 0.418 0.369 0.649 0.610

2:_;0?2;—;-4%” 8.21(28) 5.23 3.97 10.64 7.19
7.35(3)

+ + o+ +

—2 — ] ) .0 —_ —

25 —>2./2; o 055(3) 0.082 0.054

2:_;-2;/2:—-”; 1.61(7) 2.40 2.71 1.54 1.64
1.85(9) _

+ + .+ +

2 —>25/2—>45 [15.7(5) 12.52 10.78 16.38 11.80
13.60(8)

+ + .+ +

4T—>25 /4 —>45 | 0.133(14) | 0.070 0.440 0.290 0.260

*Ref. 20

and 135 .

**Ref. S8
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corresponding experimental data. From this table, it seems
that the theoretical results of IBA give a good sgreement with
the corresponding experimental B{E2)-.values better than the
other theoretical results, especially, for the interband (Y —~g)
transitions, At the same time, the predictions c¢f the Greiner's
version are better than those which associated with RVM., From
table 16-b, which associated with the B(E2]- branching ratios
of the interband (Y —>> g) transition ratios, one may notice
that the theoretical results of IBA, RVM and Greiner's version
agree, respectively, with the corresponding data, In other word
one ean say that the results of RVM agree with the experi-
mental values better than those which associated with Greiner's
version, In fact, this behaviour can be understood if one put
in his mind the rate of reduction of the B(E2)- values, as a
result of inserting the §~ parameter, For example the rate of
reduction of the B(E2)~ values of the interband (2 —> 0;),

(2{ — 2;) and(zf-—e-4;] transitions are given by 40, 36 /,
33,63 /. and 22,58 / ,respectively. Thus it is acceptable

that some values of B(E2)~ branching ratios will deecrease ,

as shown for the (2 —>o; /2 —> 4;) transition ratio,

while the values of the other B{2)= branching ratios will
increase , as shown for the (2; ——>'2; / 2; i 0;_} transi-
tion ratio. For the sake of completenss of this point, we

shall give here the rate of reduction of the B(E2)~ values of
the interband (B —>g) transitions, The rate of reduction of
the imterband (25 —> 0., (25 —> 2;) and (25 —> 4;) transi-
tions are given by 42,35 /4 , 38.77 % and 31.91 Y , respecti-

vely. Considering the reduction rates of the B{E2)~ values
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for the interband (¥ —>g) and (B —>g) transiticns, one can
say that the ftransition probability from a higher - spin mem-
bers to a lower one is more sensetive for the p-n deformation
difference than those which associated with a transition from
a lower - spin members to a higher one, In addition the rates
of reduction in case of the interbamd (B —> g) transitions
are larger than the corresponding reduction rates of the inter—
band (¥ —> g) transitions, Prom the above discussion one
may conclude that the interband (B —> g) transitions are more
sensetive to the p-n deformation difference than those which
associated with the interband {¥y —> g} transitions, Purther-
more, this interpretation may be obtained for others consi-

dered nuclei,

Table 17-a contains the experimental B(E2)- values of
the 166Er- isotope beside the results of RVM, 29§;version of
Greiner's model and IBA, Both of the calculated results by
RVM and Greiner's version give, respectively, a reasonable
agreement with the corresponding experimental B(E2)- values
of the interband (8 —» g) and (¥ ——>;g) transitions, Con-
cerning table (17-b), one can observe that the results of
RVM and the 2-n-g version of Greiner's model agree in the same
level with the corresponding experimental values of the B(E2)-

branching ratios of the interband{Y —> g) transition ratios,

The avallable experimental B(E2)- values, in case of
172Yb—- isotope, together with the results of RVM, 259 version,
IBA and Alaga are tabulated in table (18-a). From this table

one may notice that all the theoretical results agree in the




Table (17-a):The values in case of

166Er—isotope .

nd .

o oy 2 Ez-vef81on of IBA *%
Transition |Exp.¥*(e’b”) RVM Gr "ner's model
2; _,0; 1.10 1.16 1.16
4; _.,2; 1.70 1.70 1.69
6; _,4;' 1.60 1.94 1.92
8‘; __,6;' 1.98 , 1.75 | 2.13 2,09
10;'_.,.8; 2.17,2.00 2.31 2.24
2: _,.o; 0.0280(16) | 0.0439 0.0280 0.0280
2: _*2; 0.0539(29) | 0.1106 0.0787 0,0427
2_’; -_;.4; 0.0042(12) | 0.0111 0.0090 0.0027
2’; ____,.o; 0.00084(12) | 0.02871 0.01818 0.00084
2’; ___>2; 0.00096(20) | 0.04710 0.03662 0.00132
2{; 4'; 0.1173 0.0834 0.0029
2"; ___,21; 0.0045(9) 0.0002 0.0004 0.0275

# Ref. 131 , 123 , 63 and 127 . #** Ref, 63,

Table (17-b) :. The B (E2) branching ratios in case of

166

“Er-isotope

L. . 2 nd version of
Transition ratio Exp., # RVM
Greiner's model
4t , 270t ot 1.50(7 1.47 1.46
g~ > 8 eT Tg 38
2;' ._,0‘8*/2; _,.o; 0.052(4) 0.033 0.024
2;' “"‘"2;/2; __,.o; 0.089(6) 0.096 0,068
+ + 04 +
23 _...,_,,.z'g/zg —0) 1.71¢21) 2.52 2.85

¥ Ref. 20 and 136 .




Table (13-a) s The BCED) .value= incwme o' *4Y} Lisolope .

Transition Exp. *éﬁf RVM s;ifg::f:i::d:: IBA** Alaga i
2; __,o;' 1.087¢2) | 1.086 1.076 1.087 1.087
z.’g* ___,2; 1.80(13) | 1.59 1.53 1.54 1.55
6;' ..,_._,.4; 1.76(9) 1.84 1.68 1.67 1.71
'8;___,.6; 1.95(9) 2.03 1.74 1.71 1.79
10;__.,.8; 2.24(22) | 2.20 1.78 1.71 1.84
og ___,.2§ 0.0066(3) | 0.1563 0.0070 0.0605 L
o; ___,_2.; 0.395(16) | 0.1226 0.0019 0.0395 .
o‘g‘ '_""?;B 0.0021(4) | 0.00004 0.00014 0.0000 .
o‘g’ —2; | 0.0060(21)| 0.0010 0.0000 0.0020 _
0; —>2hy 0.0101(7) | 0.0000 0.0000 0.0035 L
05,'-—*-2; 0.0162(49)| 0.2504 |  0.0003 0.0685

* Ref. 137 , 123, 138, 127 , 139 , 2 , and 66 . ** Ref. 67 .

Table (18-1b) :.

The B(E2) branching ratios in

case of 172Yb-—isotope

Transition ratio Exp. * RVM érﬁihzif:iﬁgdgi IBAX¥ Ahxp#*
A’g’ ___‘,.2;/2‘8‘__,._(); 1.50(11) 1.46 1.42 N
6; __,_4;/2;'_,.0‘8‘ 1.46(9) 1.69 1.56 L
8; __,.6‘8‘/2;__,.0‘8* 1.24(32) 1,87 1.62 .
8; ___,.6;/6;_....4; 0.86(22) 1.10 1.04 L

% ___,agfzg _.,o; 7.55(96) 5.05 2.21 3.12 |2.57 |
2; _..4‘;/2; __,2;' 2.54(+29 ,-22) | 2.65 9.86 2.09 [1.80

AE ——_-,.6;/4; __,4; 4.60(+13,-8) | 2.62 22.54 2.26 |1.75

6 —8./65 —>6; 3.40(+15,-11) | 2.23 29.56 .48 |1.69

aé _,.10;’/8{,: __,8; & 45 1.66 27.47 2.76 |1.65
2,;'__,2;'/2;‘ __,.b; 1.69(11) 1.70 0.018 2.28 |1.43 |
2_‘: __,4;/2: _.,o; 0.169(17) 0.161 0.458 0.228 {0,071
2; __,4’8’/2: _,2; 0.0977(13) | 0.0943 25,00 0.100 |0.050
4:_,4;/4: '““’2; 3.24(+14, ~10)] 3.91 0.0041  [10,70 [2.95

* Ref. 140 , 141 , 66 , 3 , L and 67 . ¥ Ref. 67 .
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same level with the corresponding experimental data of the
imtraband (g —> g) transitions, especially, the (2; ~4>0;),
(4; ¥—>-2;) and (6; —4>-4;) transitions, While for the other
interband transitions, only the IBA and Greriner's version
agrees, respectively, with the experiment, €Concerning table
(18-b), which associated with the B(E2)- branching ratio, one
may observe that the results of RVM, IBA and Alaga give a
reasonable agreement with the corresponding experimental data
of the B(E2)~ branching ratios of the interband (§ —>g) and
(Y —>g) transition ratios. At the same time the agreement,
which associated with Greiner's version, is not so good as
those associated with the other theoretical calculations; The
large value of the p-n deformation difference of the 172Yb—
isotope may be responsible for this discrepancy. On the other
hand this large value for &~ parameter allowed us to get both
the right signs for the mixing ratios &(E2 / M1} of this
isotope and a reasonable values of &(E2 / Ml) , which agree
with the correspond experimental data. The comparison with
experiment for the B(E2)- values and B(E2)- branching ratios
of the 17¢Yb-isotope in tables 19 - a and 19 - b, respecti-
vely, show that Greiner's version agree, generally, with expe-

riment better than RVM,

In tables 20 and 21, the theoretical calculations
obtained by RVM and the 2£Q version of Greinerr*s model are
compared with the available experimental B(E2)- values of
174~1T6gp_ isotopes, respectively. It is evident that the

results of both RVM and Greiner's version agree, in the same




174

‘Table (19-a): The B{(E2) values in case of Yb-isotope

nd . "
Transition | Exp.*e?b? | RVM 2 = version of
Greiper's model
22— 0.2 1.20 1.19
g g
+ +
4g —> 2| 1.61 1.74 1.7
65 — 4| 1.80 1.97 1.89
4 8
8t — =6t 2.10 2.13 2.00
g g
10; —r-ag 2.06 2.28 2.07

*Ref 142,52, 142 and 144 .

Table (19-b): The B(E2) branching ratios in case of '’“Yb-isotope.

Transition ratio Exp.* RVM érz—:ngifzi;&;i_
4;_’2;/2;_’01; 1.48(11) | 1.45 1.43
6;—4-4;/2;—»0; 1.53010) | 1.64 1.59
8g—>65/25—>0g | 1.43(35) | 1.78 1.67
gr— 6+/6;—>4+ 0.89(22) | 1.09 1.05
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standard, with the experimental values. The calculated
B(E2)~ values and the B(E2)- branching ratios, of  CHf-
isotope, are compared with the corresponding experimental
data in tables (22-a) and {22-b), respeectively. The compa-
rison shows that the calculated results of the IBA-2 version,
RVM and the 2Eg-version of Greiner's model gives, respecti~
vely, an agreement with the experimental B{E2)-~ values of
the interband (g —> g) transitions. At the same time the
IBA~2 results gives an agreement with the experimental data
of the B(E2)~ branching ratios, of the interband (8 —> g)
and (¥ —> g) transitions ratios, better than the other theo~
retical results, A different theoretical B(E2)- values of

the 180

Hf- isotope and a corresponding experimental values
are presented in table 23, From this table, one may notice
that the 22Q version of Greiner's model behaves with experi-
ment better than RVM, A pictorial comparison for 174-178Hf-
isotopes, associated with the B(E2)- branching ratio of an
interband (0; -—92; /'0; —_— 26 ) transition ratio, is given
in fig., 16. Prom this figure, one can say that the B(E2)-
braneching ratio is reproduced quantitively well by the 229
version of Greiner's model, while the results of RVM seens

to be small, relatively, comparative to the experimental val-

ues,

A different theoretical results are compared with the
experimental B(E2)- values of 230-232py,_ isotopes in tables
24-a and 25-a, respectively., Concerning table 24~a, it is

evident that the overall agreement is those assoeiated with




Table (20) :.

The B(E2) values in case of

174

Hf - isotope .

N 2 nd version of
Transition Exp. e’b’ RVM Greiner's model
e +
+ +
03 —2y 0.062(1) 0.192 0.006
o; __,.2;' 0.138(2) 0.172 0.012
2: __,2; 0.042 0.060 0.009

* Ref. 128 and 68

Table (21) :. The B (E2) values in case of 176Hf-—isotope .

nd .
Transition Exp. *eabz RVM 2‘“T wefSIOH of
Greiner's model
o; __,_,,z; 5.19(6) 5.20 5.17
+ + 0.031(30)
0g ZB 0.025(5) 0.134 0.003
+ + 0.119(80)
M + 0.005
21 ____4,2g (0.032 0.048 .
* Ref. 72 , 69 ,and 128 .
Table (22- a) :. The B (E2) values in case of 178Hf-—isotope .

Transition | Exp.” o'b' | | A s versionof | gy _,*
2 — >0y 0.99 0.97 0.96 0.87
4‘; __,2; - 1.42 1.38 1.24
6;’ _._>4'; 1.32 1.64 1.52 1.34
8y ——>6, 1.39 1.82 1.61 1.38
10;___,.8; 1.57 1.98 1.67 .
0; ___,,2; 4.86(5) 4.83 4.80 _
0f —»2t 0.115(4) |  0.140 0.002 _
0; ___,.2; 0.018(7) | 0.159 0.001 .
2; —2 0.0390 0.710 0.0046 .
* Ref. 145 , 146 , 144 , 72 ,and 128 . ** Ref, 34 .




Table (22-1b) :.

The B(E2) branching ratios in case of

178

Hf - isotope .

* nd . *#3
Transition ratio Exp. RVM érZIhZ§¥§1$3dgf IBA -2
2; ﬁ__,z‘“/zg_,_o’g’ 1.45 2.53 9.60 2,198
2B a4t /23__,0 0.0934 | 0,0932 134,14 0.117
48“*28/4?'—’2@ 0.00821| 0.02509 0.00031 0.02711
4"; ___,4“/4; _,2;; 0.0456 | 0.0190 0.004 0.1200
6; _,4“/6‘a __,.4(3 0.00521| 0.01730 0.00152 0.00346
6; __;6*3'/6-5 .._,4‘3 0.0345 | 0.0095 0.00173 0.0454
2t _..,.O+/2; _..4" 0.170 |10.734 0.548 0.166
4 2t /4,, _>6 0.0630 | 2.6992 0.216 0.0513
4,‘ ___,.21/4 M _>6;' 270 338.09 670.79 270
* Ref. 34 #% Ref. 34
Table (23) :. The B(E2) values in case of 180Hf-—isotope .
d . i
* 2 £ version of
Transition ratio Exp. ¢p’ RVM Greiner's model
2; __,0; 0.96 0.95 0.93
4y .___,_2; 1.30 1.40 1.30
6; _,,4; 1.34 1.63 1.39
gt 3 1.54 1.82 1.41
g 8
+ +
O —>2 4,73(5) 4.73 4.65
+ +
2 4 2.10 ) .
. . 2.52 2.34
0;' — 2 0.114(7) 0.031 0.005
2y —>2; 0.032 0.112 0.010

* Ref. 138 , 145 , 144 , 128 , 147 and 72 .
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the results of the 2ng version of Greiner!s model., On the other
hand and as shown in table 25-a, both of the 223 version of
Greiner®s model and RVM may repreduced the experimental values
better than the other theoretical calculations, In tables 24-b
and 25-b, there is a comparison between a different theoretical
calculations and the experimental values of the B(E2)~ branch-

ing ratios of the 230-232py,_

isotopes, respectively. Concern-
ing the (2 ——>-2; / 2; —+0;):, (2 —> o; / 2; -—>0; ) and
(2: ~%>-2; / 2; —-%>0;) transition ratios, it seems that the
Davydov and Rostovsky®s estimations give a quite good agreement
with the experimental data., On the other hand, the rotational
model of Bohr and Mottelson agree with the experimental values
for the other transition ratios very well., This may be due to
fact that the band mixing effect had been considered during the
fénmulation of this model , especially, for the calculation of

the probability transitions,

A pictorial comparison associated with the B(E2)~ bran-

ching ratio, of thef(Og —+>-2; / 0; —_— OE } transition ratio,

15260, 15%G4- gna 172rp-

is given in fig, 17 for and

_seems that the QEQ version of Greiner's model agree with the

isotopes, It

experimental values better than those associated with RVYM, 1In
addition, the last one seems to be too low comparative to the
experimental values., Other pictorial comparison associated
with the B(E2)~ branching ratio, of the (2; —ro;; / 2; —»o;)'
transition ratio, is given in fig, 18 for the ’°Na-,  %sm-,

154-158g4_ 160py . 166p.. ang 23%n- isotepes. It is clear,

from this pictorial comparison, that the B(E2)- branching ratio

-




230

Table (24-a) :. The (E2) values in case of Th - isotope .
L. % A7p3 2 Eg-version of * *
Transition Exp.* e’b RWM | einer's model DR DF
2; ——>o; 1.6(4) 1.61 1.61 1.29 1.57
2: __+0; 0.0246 0.057 0.0226 0.0586 | 0.,0490
2 __.*2; 0.066 0.090 0.042 0.1091{ 0.097
* Ref, 128
Table (24-b) :, The B(E2) branching ratios in case of 230Th-—isotope
Transiti tic | Exp. * | RVM 2ﬂverm°fméga Bor 1 e | DR
rans i1on ratio Xp. Greine_‘{"s model M.')t
2+ __,2;/2;__,0; 0.074(29)| 0.056  0.026 )
¥
2t 05/28 »07 [0.052(20) | 0.036(  0.014 ] 0.045 | 0.030
3
+ + 0+ + :
6'; .__>6;'/6: -—.-4; 8.1(1.2) | 2.20 3.70 2.90[ 8.30
6:___,.6;'/6: __,.4; > 20 0.93 | 2.2.38 3.70| 28.30
* Ref. 76 , and 20 .
Table (25-a) :. The B (E2) values in case of 232Th-—isot0pe .
¥ L, zgg varsion of DR #* DF #*
Transition (Exp. e RVM Greiner's model
+ +
O —>2; 9.21(9) 9.26 9.23 _ _
og __,.2; 0.10(4) 0.07. 0.010
o; ___,.2; 0.20(3);0.122(8Y 0.46 0.085
2;’ ——-.»0; 1.850(80) 0.46 0.085 1.57 1.82
zj: ___,.o; 0.0244 0.0920 0.0170 0.0745 | 0.0520
+
2, -—>2‘g* 0,0550 0.0327 0.010 0.1360 | 0.0950

¥ Ref, 128




Table (25-b) :.

The B(E2) branching ratios in case of

232

Th - isotope .

- L 1 Ex * 28 version of Bohr ¥ TF * IR *
Transition ratio P RVM Greiner's mdel Alaga®|Myrtalson
2y 52 /2 _,o;r 1.37(18) | 0.353 0.58 _ |1.86 |1.84
;'_,.2 /2 _,..o+ 0.07(3) | o0.018 0.005 _____ lo.052 ] 0.085
:_,n /2 __,.o’f 0.051(20)] 0.050|  0.009 ___ |o.028 | 0.046
:—>4 /2+ ; 0.21(1) | 0.84 1.59 p.o71 | 0.21
* 67 /z. ___,.2 2.16(70) |25.62 90.27 .25 | 2.05
+ v
_,s 6 —4 | >10.2 17.52 42,01  D.39 {12.2
'r g/'r g _— | —
6+/4§__..2+ 10.1¢(3.2)| 3.07 12.37 1.59 7.30
‘S 8+/6E_,4 12.7(1.8)| 4.85 54,78  [1.37 |14.20
8+_,10+/8F_,5 > 32.8 6.37 | 263.04 .27 |37.00
Ref. 148 and 20
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20 166, | 100| 15°
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is sensetive to the p-n deformation difference parameter, &,

IV-3 . The mixing ratio and gp-factor:-

Although a large number of models and submodels have
been developed and applied to the study of the energy levels,
the B(E2)- values, the quadrupcle moments and the magnetic
moments, only a few of them have been employed for predicting
the mixing ratios. This is understable because until recently
the systematics of the experimental mixing ratios has been
comparatively incomplete (especially keeping track of the vars

ious signs ).

Now we shall discuss our caleculations., From table 26,
one can shows that there is a reasonable agreement between the
experimental data and the RVM—~ results of the transition ener-
gies, But at the same time there are some exceptions associa—
ted with the interband transitions. For example, in case of

15454 ang 176

Hf- isotope, as one goes from the lower - spin
members to the higher - spin one the discrepancy with experi-
ment becomes more remarkable, This confirms, the general con-
clusion of Cresswell et ali®) that the band mixing effect
becomes, increasingly, pronounced as one goes to higher spin

members,

In table 27, the theoretical calculations of the mixing
ratios, present work, are compared with the corresponding expe-
rimental values, Concerning this table, some general remarks

can be made., PFirst one is that a systematic behaviour of the




Table (26) :.

Transition energy (Mev) Transition energy(Mev)
Isotope] Transition |- Exp. * Th, Isotope] Transition| Exp.* Th.
1525, 25 —»2%| 0.9641 | 0.9603 Py |2t —»2} |1.3870 | 1.3860
4:—""”4; 1.0053 | 1.0041 4; __+4; 11,3976 | 1.3964
2;__4,2; 0.6887 | 0.7188 2*‘; __,,2; 1.0391 | 1.0522
4}; t¥! 0.6565 | 0.7901 4’% _+4; 1.0262 | 1.0804
6t w6t 0.9977 | 1.1199
154 e ®
Gd 2: 2; 0.8730 | 0.8765
4: ___,4;‘ 0.8930 | 0.9237 | |*7%us 2'; __~,2*8’ 0.8094 | 0.8494
2;_,2‘; 0.6930 | 0.7057 4’{5 _ﬁyag 0.7650 | 0.8946
4‘; 4;‘ 0.6770 | 0.7647 6‘i; __>6; 0.6991 | 0.9487
+ +
gt __58%| 0.6122 | 1.2070
=
n 1 {76y |2t __s2t [1.184 | 1.165
15664 | 2t __,o*| 1.0651 | 1.0656 P 3
+ +
by —>4,| 1.0672 ] 1.0346 65 —>6; |0.9977 | 1.2123
+ +
15854 2,’;_)2; 1.1076 | 1.1075 10?‘;_;.10; 0.8427 | 1.5200
160, | 2y —»2,| 0.8794 | 0.8513] |j4g N N
y 8 HE |2} _.,;,.2g 1.0820 | 1.0812
+ + ' :
160g, | 2F —»2%| 0.7053 | 0.67% Zg —>2, |1.1840 } 1.2032
by —>4tl 0.6912 | 0.6976 1804 ¢ 2; _,2;' 1.1090 | 1.1090
6,’; —>6; 0.6705 | 0.7217 :
232 + +
8; st 0.6445 | 0.7483 Th |2y ——p2g |0.7357 | 0.7360
2t 2t |o0.7247 | 0.7255
*Ref. 115 . B g




Table (27) :.

o Exp. value of Th. value of Reference
Isotope | Transition 8 (E2/M1) § (E2/M1)
P2n | o — 2 -9.6(3) ~11.89 Ref. 5
+ + _n gt2.3 - 5.0
by —>4, 28 g 5 181310 >-56 Ref. 5
2‘; ___.;.2; 87 afg ~11,32 Ref. 5
4;__,4; 817 5 2.109) - 6.13 Ref. 5
15454 2 —>2 -9.7(5) ~13.44 Ref. 5
4; __>4; ~4.,1(4) - 6.54 Ref. 5
2 2 8.3 ~14.51 Ref. 5
& —sd? +1.4< $< 6.3;2.9% 5] - 7.58 Ref. 5
al’g ——>8] +1.2%0-% +1.94 Ref. 5
156 + + +45
Gd 2, —»2, -107.7 ;5 181 4 -10.11 Ref. 5
+ + +1.6 +2.2 "
4 4y - 400500 ~17.2005 ~ 9.z Ref. 5
o0
2.*‘; 2; -11{7 ~18.78 Ref. 5
1585, 2 —>2! 2347 -23.3 Ref. 5
160
Dy 2,‘; __._-,.2; -15(2) ; 12.8(15) | -16.99 Ref, S
166
B | 2} 2} 16712 s -25 | -15.45 Ref. 5
4t + +eo o Ga+27 _ '
—>b +7.57° 5 -10%y 8.32 Ref. 5
+ + +90 + _
6, 6 205" +6.3%, ¢ 6.03 Ref. 5
8':‘———)8; 8§ & -6 - 4.94 Ref. 5




Table (27) :. continued

Exp. value of Th. value of

Isotope|Transition §(E2/M1) § (E2/M1) Reference
oy |2t _>2 -2.:{?'? -0.46 Ref. 67
& —"43 -1.1f8'22 ~0.21 Ref. 67
22} 451803 +2.95 Ref. 67
Wy——st? 40,8570+ 13 +1.46 Ref. 67
6';'5_.).6; +0. 63fg o +0.92 Ref. 67

Wape 1ot __ ot _11t% -9.94 Ref. 5

p g -7
y—t? 2.5+ -5.34 Ref. 5
6;__...;.6; -0.9(2) ~3.73 Ref. 5
176 + +
HE [2% 2 181 = 2,43 ; 18134 |+10.85 Ref. 70
AE—_..A'; 161 = 1.56 +5.61 Ref. 70
6;——»6; 181 = 1,13 +3.77 Ref. 70
87{; .-._;.8; 181 = 0.85 -2.22 Ref, 70
10‘;_)10; 181 = 0.60 ~1.21 Ref. 70
178y¢ 2 —>2) 181311 ;18032 |+7.21 Ref. 5
2“; ot 1041700 3+ 0.410(36)~7. 27 Ref. 5
+ . + +22 .

232y, 2; __,..2; +23(10) -12,70 Ref. 5
2})__,2* 1.5%2-8 ~16.11 Ref. 5
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phase of the mixing ratio is apparent from am inspection of
the table, With a minor exceptions, transitions from the ¥
band have a negative phase, while the majority of the transi-
tions from the B— band seems to show the opposite phase.” The
sign diserepancies, in case of 152Sm— and 154Gd- isotope, may
be due to the fact that both of them are located in the beginn-
ing of transition region of the rare earth nuclei, for which
the isotopes have an abrupt onset of deformation. On the other
hand, there are some experimental data of a same transition,
166

has a +ve and a ~-ve signs, as in case of the Er- isotope.

For- example, every one of the following interband transitions:-
4; — 4; and 6{ —>6* has a +ve and a ~ve signs at the

same time., This may meins that the signs diserepaneies, in
our calculations, is not a serious problem, The second remark
ig that the value of the mixing ratios for the P- bands are
slightly lower than those which associated with the Y~ bands,
This may give an indication that the Ml- transition rates of
the interband B —> g transition are stronger, for the defor-
med nuclei, than the E2— transition rates, The third remark
is that the mixing ratios are, generally, decreases as one
goes to the higher spin members, This may indicate that the
E2- transition rates decrease faster than the Ml— transition
rates as one goes to the higher spin members.The foﬁrth remark
is that our theoretical predictions, at least, agree qualita-
tively with experiment, It is noticeable to mention, before

the end of this paragraph, that in our caleculation we have

calculated the Ml- transition probability in the framework
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of the l§£-version of Greiner's model and we have calculated
the E2- transition probability in the fremework of the 283
version of Greiner's model, i.e. using a nonhomogenecus

charge distribution for both E2- and Ml- transitions.

In fig, 18 there is a pictorial diseription for the
behaviour of the mixing - ratios &(E2 /M1l) with the p-n
deformation difference  &- parameter , associated with two
interband transitions $ 25 —> 2; and 3 —> 2;
of 7% 1b- isotope. This figure shows that the mixing ratios

in case

of these two interband transitidns have the same sign for a
large number of p-n deformation differences, while they have
an opposite signs for a small number of p-~n deformation diffe-
rences, On the other hand, it is clear that for &-~parameter

L 60° the mixing ratios of these two interband transitions
have a —ve signs and for A-parameter >-6¢° they have +ve signs,
while for the interval (- 61°< &~ parameter 63°, the mix~

ing ratios of these two interband transitions have anm gpposite

+
&g

transition and a +ve sign associated with the interband 25 —%>2;

signs - a -ve sign associated with the interband 2 ——>2

transition, Thus one can observe that the p~n deformation

difference has an influence on the phase of the mixing ratio,

The present calculations and other theoretical calcula-

tions associated with the mixing ratios of 152Sm-¢ 156Gd_

160 166

Dy- and Er- isotopes are compared with the corresponding

experimental values in table 28, 1In spite of the signs dis-

+

. - . +
crepancies for some of our calculations, as in case of 23 —4>2g
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Table (28) :.

§ (E2/M1)
Isotope} Tmnsition Exp.* Present | PPQ IBA ‘Baker et al.| Greiner
work a,b c d £

152 [+ ot

y—>2g lo.6(3) |-11.89 | -24.00 | - 6.00

+ + :

by—>hg L2.8t2:2| - 5.96 | -10.00 —_

252y g |-11.32 | -1t00 | 422,00 | —— | ——

AE——quE L 872" |-6.13 | +4.00 S
15664 22 17,2423 -10.11 | -41.00

6t b 410 ) _ 921 | -14.00

2‘{5_,2’8' L14*7 | -18.78 | +21.00

+ + = - "12-9 _906
160, |20 a2y [15(D) 16.99
1665, 25 52t |16+ _15.45 -21.2 ~12.3

+ + +27 _

4 —)48 -10"4 - 8.32 "’11-4 6.6

6y —>6, 20150 | - 6.03 -8.0 |-4.6

+ o0
+6.3_2.9

* These experimental data had been taken from table 27

a) Ref. 5, b) Ref. 5 ,c) Ref. 5 ,d) Ref. 149 , e) Ref. 149 ,
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and 45 —€>¢+ transitions in 15464 isotope, one may notice
that the present calculations reproduce the experimental val-

ues better than those associated with IPPQ, in case of 1523m

and 154

Gd—- isotopes. For the 160Dy- and 166Er— isotopes, one
ean say that the theoretiéal calculations of present work,
Baker et al and Greiner agree, in the same standard, with the
experimental values., It is important to mention, here, that
~for the Greiner's results the Mi-transition probability had
been calculated in the framewoTk of the 1§£'manipu1ation of
Greiner's model, i.e. with nomn— HCD assumption, while E2-
transition probability has been calculated in the framework
of RWM, i,e. with HCD agsumption, The IBA- ©slculations gives
a right signs but, at the same time, one can see that it is
smaller than experimental value in case of the interband

2: —4>2; transition and it is higher than the experimental

value in case of 25 ——9-2; transition,

The theoretical caleulations in the present work, dyna-
mie pairing = plus-quadrupole (EEPQ). dynamic Nilisson Stru-
tinsky and Belyaev (DNSB) and Girit et al; are compared with
the experimental mixing ratios of 15464~ isotope in table 29;
From this table and for the interband (2 >2*) and
(4¥ ——>4g) transitions, Girit et al. results agree with expe-
rimental values better than those obtained in the present work,
IPPQ and DNSB, At the same time and for the other interband
transitions, IPPQ give an agreement with experiment better

than our calculations and DNSB's calculations,



Table (29) :.

: ; §(E2/M1) |
. s —
sotope| Transition Exp.* Pagﬁﬁnt DPPQ a DNSB a Girit et al.
Phea | 2f 2t | 9.7(5) |-13.44 | -41.0 -16.3 | =6.6 t 0.4
4;—"’4; “4,1(4) |-6.54} =-12,4 | ~ 6.2 | -3.5 x 0.2
+ + +1.5
2,‘3__.,,2g 8,377 | -14.51 |+ 4.9 | -10.1 —
+ +
AL —>b, | HASEPL 558 | 421 | 469.6
< 6.3

# The experimental data had been taken from table .27

a) Ref. 36 b) Ref., 45
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The reduced mixing ratio is defined as L&(EQ /'Ml)} /EY'
where E' is the transition energy. Concerning table 30, the
theoreticat results obtained by present work, TPPQ, IBA-2, Bes:
et g1. and Greiner are compared with the experimental data of
the reduced mixing ratios of 159$m-, 154"156Gd, 160Dy- 166Er;,
172Yb— and 174—178Hf— isotopes, From an inspection of table
30 one can observe that the overall agreement with experiment

is the calculation in the present work, especially, when we

consider the absolute magnitude of the reduced mixing ratio.

Concerning tables 31 and 32, a different theoretical
results are compared with thé corresponding experimental values
of the reduced mixing ratios for 154'Gd— isotope and 172Y5— iso~-
tope, respectively. It is clear from the comparison, in case
of 154Gd— isotope, that the calculations obtained by both Warner
and IBA-1 agree with experiment better than those obtained in
the present work and DPPQ; Contrariwise we observe that our
calculations agree with experiment betier than IBA- calcula-

tions in case of 172Yb— isotope.

As a general observation on the mixing rati@; the meas-
ured &(E2 /Ml) of some isotopes had been done for one kind
of interband transitions * Y —>g in case of 166131' and B —>g
in case of 174"176Hf— isotopes, The reason of this behaviour
ean be understood as follows. In case of 166Er— isotope, the
calculated B(E2)~- values of the interband 2; —->-2; ' 2; —4P2; s
4 -->4; ' 45 -—»4é 3 6 ——>6; » 63 —+6; H BB" —-—rsg and

83 —»8; ere equal to 0.079, 0,03k 3 0,096 , 0,027 5 0.103 ,



Table (30) :.

. §(E2/M1)/E, (Mev) .

. L b ,

sotope|TRansition Exp. Egﬁﬁent DPPQa) TBA-2 b) Bes et al.c) Greiner <)

152g, 25— 52! | - 9.96 | -12.38 | -25.1 | -1.2 ; ~2.9| 8.5 12.5

-13.0
4;_,4; - 2.79 | - 5.9% 5.1 6.5
2t ot | 411062 | -15.75 | 415.7 | +4.0 348.9 | _ 6.6
3 g +16,0
4;_>4; -12.19 | - 7.76 _ 3.4
+ + -

1545 | 25—>25 | -11.11 | -15.33 | -24.3 7.3 12.4
4,‘;---»4‘; ~4.59 | - 7.08 b4 6.4
2;’_,2; +11.98 | -20.56 | +46.5 _ 6.4
4; —s4p | +4.28 | - 9.91 i 3.4

15664 2 52t | - 9.30 | - 9.49 | - 7.7 9.5 14.1
2; ___,2; -13.46° | -17.88 i 7.3

160y, 2 52} | -17.06 | -19.96 8.5 13.6

166, 2f —»2} | -22.69 | -22.74 9.0 15.7
4; 4; ~14.47 | -11.93 5.4 8.1

172y, 2F 520 | -1.73 | - 0.33 28.0 16.5

178y¢ 2.“;_>2;' -13.59 | -11.70 _ 8.2
4,’;_,2‘8‘ - 3.27 | - 5.97 4.2

178ys 2F 20 | 3 1.85 | +6.67 3.0 14.3

# The experimental fata had been calculated by using the experimental which

is found in tables 2§

a) Ref.

150

b) Ref. 31

and 27

c) Ref. 151 .




Table (31) :.

- §(E2/M1)/Ey

Isotopet Transition Exp. ¥ Prziint DPPQ warnerb'c TBA-1 |

Dheq 1} _;_,2; 1 Z11.11 | -15.33 | -46.76 | -7.93 | -11.11
&t — ~4.59 | -7.08 | -13.86| -4.18 |-5.93

2*{;____)2‘; +11.98 | -20.56 | + 7.10 | +12.02 | +12.11
AE__).A; +4.28 1 -9.91 | +3.09| +6.26 |+ 5.18
8; _._4.8; +1.96 | + 1.61 + 3.26 | + 3.67

* Experimental data had been calculated by using the experimental data which
is found in tables 26 and 27 .

a) Ref. 36 , b) Ref. 46 ; c) Ref, 152 .

Table (32) :.

§(E2/M1)E,

Isotope Transition Exp. * Present work TBA .

172y, | 2 ___,2‘; ~1.73 -0.33 ~3.69
4: __,__>z.; -0.79 -0.15 -1.84
2t 2t | 4 8 4
+ +
4?»_'_’48 +0.83 +1.35 +2.41
+ +
65 —»5g +0.64 +0.82 +1.52

# Experimental data had been calculated by using the experimental data
which is found in tables -26 and 27 ..

a) Ref. 67




0.029 % 0,111, 0,012, respectively. This may give an indica-
tion that the transition probabilities of the interband Y —>g
transitions are more preferable than those associated with the
interband B —>» g transitions, .Henee our calculation confirm
the general conclusion of McGowan et al, that one simply can
not find K = O states with an appreciable E2- strength which
is true for the ;66"170Erw isotopes.

In table 33, the calculated gp~ factor of 2; g B2re
compared with available experimental data. In fact the theore-
tical values of g — factor are calculated in the framework of
the 153 manipulation of Greiner's model. The comparison show
a good agreement between the theoretical and the experimental

values,

Now from our discussion of the calculated, B(E2)~ values,
B(E2)- branching ratios and 8(E2 / Mi), one may notice, gene-
rally, that there is a considerable impwovement for the calcula-
ted values of this nuclear phenomena as a result of ingerting
the p-n deformation difference in the formulation of the expre-
ssion of B(E2)— values. In addition the B(E2) values could be
improved more and more bY accepting a wrong sign in some

&(E2 / M1) value,

At the end of our discussion one can suppose that a
study should be made in such away that the band - mixing effect
should be taken into account during the formulation of the exp-

ression of B{E2)- values.



Table (33 ) :

g(2+_s)~factor
Isotope 9
Exp. Th.

150, , 0.310 t 0.021 21 0.3050

152 0.350 t 0.030; 0.310 t 0.060 =] 0.3120
0.270 t 0.070

154 0.288 * 0.029; 0.317 * 0.028 2| 0.3070
0.290 £ 0.030; ©.310 * 0.060 b

154, 0.360 * 0.060 £10.0320
0.370 * 0.040 a

1565, 0.307 £ 0.019; 0.310 * 0.020 < | 0.3140
0.330 % 0.030 e

158 0.315 t 0.025; 0.327 * 0.018 <[ 0.3090
0.385 * 0.022 e

160, 0.306 * 0.026; 0.323 t 0.015 <} 0.3060
0.360

160, 0.356 * 0.017; 0.364  0.011 =] 0.3160

y 0.370 £ 0.040; 0.360 £

166 0.305; 0.312 d10.3130
0.329

172, 0.278 * 0.014; 0.333 * 0.008 2| 0.3110

174, 0.247 % 0.013; 0.337 * 0.007 2 0.3070
0.338 1 0.015

174, S 0.3170

176, 0.266 t 0.02 £10.3130

178, 0.300 t 0.035 41 0.3100

180, 0.317 * 0.035 a|o0.305

a) Ref.153 b) Ref.l}7 c) Ref. |54
230, —_ 0.297
'2;2"" e T T T T T T ‘_"0_2; | @) ref. 155 e) Ref. 74 f£) Ref. 156
Th , .
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Pigure (6)

Figure (7)

- 132 -

Figure Captiong

T]iustration of how the initial values of the four
parameters of the rotation - vibration model, which
are taken from experiment E;,Bo, EY and EB’ are
determind,

The energy level's scheme of the lowest bands for

the lngdgo—isotOPe.

a The energy jevel’s scheme of the lowest bands for

e 1524,

th 62 go—isotope.

b The energy level'’s scheme of the lowest bands for

the 12;3m92—isotope.

a The energy jevel's scheme of the lowest bands for
154 R
b The energy level's scheme of the lowest bands for

156Gd - isotope,

the “g44%dg,

c The energy level'’s scheme of the lowest bands for

the lg%Gd94- isotope.

d The energy level's scheme of the lowest bands for
the lgnggs -~ isotope.
The energy level's scheme of the lowest bands for

160

the 66Dy94— isotope.

The energy level'!s scheme of the lowest bands for
166 .
the 68Er98 -~ isotope.

a The energy 1evelt's scheme of the lowest bands for

172
the 70Yb102

b The energy 1evel's scheme of the lowest bands for

- isotope,

174 .
the 70Yb104' isotope
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Figure (8) a The energy level's scheme of the lowest bands

174 .
72Hf102 -~ isotope.

for the

b The energy level's scheme of the lowest bands

of the 6Hf104 ~ isotope.

¢ The energy level's scheme of the lowest bands
| 178 .

for the 72Hf106— isotope.

d The enrgy level's scheme of the lowest bands

for the 80

108 isotope.

Figure (9) a LThe energy levells scheme of the lowest bands
for the 38Thl40 —-isotope,

b The energy level's scheme of the lowest bands
for the 3§Th142 - isotope.

Figure(10) A comparison between the theoretical calculations
of the energy levels of the lowest bands in case
of 154Gd—isotope and the correspording experimen-
tal data,

Pigure(11) A pictoral comparison between a different theore~
tical results for four B(E2)~branching ratios asso-

1524

‘ciated with isotope and the corresponding

experimental data.

Figure(1l2) A comparison between the theoretieal results of the
B(E2)-branching ratio associated with (0;—>2; /0;f>2;)
tpansition ratio, in case of Gd-isotopes, and the
corresponding experimental data,

Figure(13) A Michailov plot for the Eo—transitions of the B~
band to the ground state band in case of 154Gd—

isotopes.
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Figure (14) A Michailov plot for the Eo-transitions of the
B~ and Y-bands to the ground state band in case

of 156

Gd-isotope.
Figure (15) A Michailov plot for the E2-transitions of the
(- and Y-bands to the ground state band in case

of 158

Gd-isotope.

Figure (16) A comparison between the theoretical results of
the B(E2)-branching ratio associated with (0;—%»2{ /
O; ——?25) transition ratio in case of Hf-isotopes,
and the corresponding experimental data,

Figure (17)A comparison between the theoretical results of the
B( E2)-branching ratio associated with (0; ——>2; /
0* —>2}) trandition ration, in case of 152g, ¥54q4
and lT?Yb— isotopes, and the cerresponding experi-
mental data.

Figure (18) A pictorial illustration for the effect of chang-
ing of the p-n deformation difference on the fitt—~
ing of the theoretical results of the B(E2)-branching
ratio . { 2 ——> oy / 2f —>0, )transition
ratio in case of 150nq 154Sm, 154-158Gd, 160Dy,
166Er and 230Th—isotopes, and the corresponding
experimental data. ‘

Figure (19) A pictorial discription for the behaviour of the
mixing - ratios LA(E2/ Ml]} with the p-n deformation
difference [ahparametefx , assoeliated with two
inkerband transitions? 2; -—#2; and 2{ -—>2; in

case of 172Yb—isotope.



