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The structure of the superdeformed (SD) mass region, A~ 100-140 is re-studied using a direct approach 

based on the rotational energy formula E (I, K).  The variation of the kinematic (1) and dynamic (2)
 

moments of inertia as a function of  rotational frequency (ℏω) have been examined to calculate the lowest 

spin (If) and the K-value of the SD bands:  104Pd(b1), 132Ce(b1), 134Nd(b1), 136Nd(b2), 142Sm(b1), 148Eu(b1, 

b2), 131Ce(b1, b2), 133Ce(b1, b2), 133Pr(b1, b3), 137Sm(b1) and 143Eu(b1).  The expansion parameters A and 

B, of such method have been adjusted using a search program to fit the proposed transition energies Eγ 

with their corresponding experimental ones.  The calculated Eγ are strongly dependent on the identified 

spins.  It was found that, when an accurate bandhead spin (I0) is assigned, a good agreement is achieved 

between the calculated Eγ and their corresponding experimental data.  The results for the spin are in 

satisfactory agreement with other theoretical results and available experimental data.  The good 

agreement between the calculation and experiment gives good support to the model set.  The incremental 

alignment Δi and also the angular momentum alignment i(ω), for the identical SD bands (ISDB’s) exist 

among the considered ones, have been studied and the results verified well Stephens’s law of alignment. 
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Introduction 

Since the experimental discovery of the first 
superdeformed band (SD) in a fast-rotating nucleus 
152Dy [1, 2], a large number of super deformed 
bands have been observed in the mass regions 
A~190, 150, 130 [3, 4], 80 [4-6] and 60 [7].  The 

super deformation in the mass region A~ 100-140 
is specially of great interest [8-18] due to the poor 
study of these SD nuclei theoretically.  The broad 
feature of this SD mass region is that, for most of 
its bands, the dynamic moment of inertia ϴ(2) 
exhibits a smooth decrease as the rotational 
frequency ħω increases. 
Unfortunately, the only available spectroscopic 

information for SD bands is γ-ray transition 
energies [19, 20].  This is due to the difficulties in 
observing discrete transitions linking the SD levels 
and the normal deformed (ND) ones [19].  The 
value of the spin can only be calculated 
theoretically because of the insufficient and poor 

availability of experimental data for the spin of the 
rotational bands.  Several methods have been 
proposed [21-36] to determine the spins of SD 
bands.  These methods are classified into direct 
and indirect approaches for determining the spin of 

SD bands. 
In the present work, a simple model which belongs 
to the direct approaches is used where the 
rotational energy, Erot (I, K), depends upon the 
spin, I, and the projection of the angular 
momentum along the symmetry axis, K. 
The extremely close coincidence in the γ-ray 
transitions between certain pairs of bands in 

different nuclei [37] leads to the discovery of the 
identical bands (IB’s) phenomenon which may be 
characterized by incremental and spin alignments 
[38-40]. 
The properties of the SD mass region 190 have 
been studied via the IB’s phenomenon by Stephens 
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et al. [39, 40] and it was found that the alignment 

values lie between 5.0  and it takes a value close 

to zero for approximately identical transition 
energies.  Using the same procedures as that given 
by Stephens et al. [39], we will investigate the 
alignment between the nearly IB’s appeared 
among the considered SD bands. 

The aim of the present work is to calculate the 
lowest spin “If” of fifteen SD bands in the mass 
region 100-140, the values of the incremental 
alignment and spin alignment for the IB’s exist 
among the considered ones, to verify Stephens’s 
law of alignment.  Also, the success of this 
approach in some regions of the periodic table [34-

36] motivated us to prove its validity in another 
region of it. 
Section 1 of this study is the above introduction, in 
section 2, the theoretical framework used to assign 
the lowest spin If of the considered fifteen bands in 
the A~100-140 SD mass region is presented.  It 
also gives the formulas required to determine the 
incremental and the spin alignments.  The results 

and discussion of the data obtained by making use 
of such approach are given in section 3.  The 
results for the spins of the considered SD bands are 
found to be satisfactorily good.  The transition 
energies of these SD bands were calculated with 
the aid of the assigned spins and the results found 
to be quite good.  The incremental and spin 

alignments of the ISDB’s were analyzed and 
discussed in this section.  Finally concluding 
remarks are presented in section 4. 
  
Theoretical Framework 

In the current approach, the rotational energy Erot 

(I, K) is given in terms of the rotational angular 
momentum as follows [36, 41]:- 

 2 2( , ) ( 1)
2rotE I K I I K

                      (1) 

Where, ϕ is the moment of inertia. 
This equation can be written more generally as a 

function of  2)1( KII   as:- 
2 3

2 2 2( , ) ( 1) ( 1) ( 1) ....rotE I K A I I K B I I K C I I K                   
 

                                                                          (2) 
Where A=(ℏ2/2ϕ), B and C represents the higher 

order inertial parameters to be determined. 
The total energy for SD band is given by [36]:- 

( , ) ( , )S o rotE I K E E I K                            (3) 

Where “E0” is the bandhead energy of the 

suberdeformed band.  

Using Eq. (3), the transition energy from level 
“I+2” to level “I” takes the form [36]: 

    3 2 2 2( ) 2 4 6 8 36 (60 8 ) 12 36 .....SE I E I I A I B I I I K K
             

 

                                                                             (4) 
The expansion parameters A and B can be 
obtained by fitting Eq. (4) with the experimental γ-
ray transitions: 

0 0 0 0( 2 ), ( 2 2),..... ( 4) ( 2)E I n E I n E I and E I       

[36]. 
A successful determination of the K-value and/ or 
the spin of the SD band are the main goal of such 
approach because they calculate the energies of the 
considered SD bands.  The angular momentum is 
also estimated for such considered SD mass region 

100-140 in our previous papers [42, 43] using 
other theoretical approaches and the present results 
seem to be relatively good. 
To ensure from the calculated spin (I0) was another 
check done as follows: 
if “I0” shifts away from the accurate value by ±1, 
rapid shift can be observed in the root mean square 

(r.m.s.) deviation (σ) which is given by [25, 43],   

   

 

1
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n E I

 






 
 
 
 

                (5) 

Where “n” is the total number of γ-ray transitions 
included in the fitting.  “σ” as used before in 
previously published papers [36, 43] and by others 
[25, 44, 45] was chosen to fit because the 

experimental error bars in determination of the 
level energies are used not reported in the literature 
[25, 44, 45].  The spin values of all 15 SD bands 
can be determined just once  the value of the 
lowest spin “Io” is known.  It is obvious that this 
fitting technique is quite easier and straightforward 
than that using Harris formula [31, 42]. 
In this work, the incremental alignment Δi and also 

the spin alignment i(ω) are calculated by using the 
same expressions given in a previous work by the 
author [36] and another work [39], these are:- 

   

   (2) (1)

E reference band E considered band
i

E reference band E reference band

 

 

 
 

 
   

                                                                                   (6) 
 

( ) ( )I i considered band i referenceband                                     

                                                                                 (7) 
( )i i I                                                        (8) 

Where Δi, ΔI and i (ω) are referred to the 
incremental alignment, spin differences and spin 
alignment, respectively.  
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Results and Discussion 

Another feature of the SD mass region 100-140 is 

that E   smoothly increases with spin  I  so both 

the kinematic (1)  and  dynamic (2) moments of 

inertia must decrease with  spin I  where (1) in 

most cases must be greater than (2).  In order to 

assign the correct value of the lowest spin If or K-

value, (1) and (2) are plotted against ℏ, for 

various values of prescribed spin.  The results are 
shown in Figs. (1-15), where the assigned value of 
the lowest spin is represented by an open circle. 
 

 

 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 

0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05

20

22

24

26

28

30

32

34

36

38

40

42

 [MeV]

(2
)  a

nd
 

(1
)  [

2  /M
eV

]

Fig.(1). The experimental dynamic, 
(2)

 and static, 
(1)

 moments of inertia

        versus rotational frequency, for the SD nucleus 
104

Pd(b1).
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Fig.(2). The same as Fig. (1), but for for the SD nucleus 
132

Ce(b1).
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Fig.(3). The same as Fig. (1), but for the SD nucleus 
134

Nd(b1).
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Fig.(4). The same as Fig. (1), but for the SD nucleus 
136

Nd(b2).
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Fig.(5). The same as Fig. (1), but for the SD nucleus 
142

Sm(b1).
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Fig.(6). The same as Fig. (1), but for the SD nucleus 
148

Eu(b1).
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Fig.(7). The same as Fig. (1), but for the SD nucleus 
148

Eu(b2).
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Fig.(8). The same as Fig.(1), but for the for the SD nucleus 
131

Ce(b1).
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Fig.(9). The same as Fig. (1), but for the SD nucleus 
131

Ce(b2).
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Fig.(10). The same as Fig. (1), but for the SD nucleus 
133

Ce(b1).
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Fig.(9). The same as Fig. (1), but for the SD nucleus 
131

Ce(b2).
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Fig.(11). The same as Fig. (1), but for the SD nucleus 
133

Ce(b2).
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Fig.(12). The same as Fig. (1), but for the SD ucleus 
133

Pr(b1).
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Fig.(11). The same as Fig. (1), but for the SD nucleus 
133

Ce(b2).

 
(2)

 
(1)

(I=14,5)

 
(1)

(I=15.5)

 
(1)

(I=16.5)

 
(1)

(I=17.5)

 
(1)

(I=18.5)

 
(1)

(I=19.5)

 
(1)

(I=20.5)

 
(1)

(I=21.5)

 
(1)

(I=22.5)

 
(1)

(I=23.5)

 
(1)

(I=24.5)

 
(1)

(I=25.5)

 
(1)

(I=26.5)

 
(1)

(I=27.5)

0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85

30

35

40

45

50

55

60

65

70

75

80

 [MeV]


(2

)  a
n
d
 

(1
)  [


2
 /

M
e
V

]

Fig.(13). The same as Fig. (1), but for the SD nucleus 
133

Pr(b3).
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Fig.(14). The same as Fig. (1), but for the SD nucleus 
137

Sm(b1).
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The above figures shown that there is a certain spin 
below which the normal behaviour of the 

kinematic (1) and dynamic (2) moments of inertia 

is reversed and the relation between them becomes 
uncomprehensible.  Such certain spin is the so-
called lowest spin If of the superdeformed band 
which is found to have the same value as “K” for 
the ground state β and γ-bands.  Thus, in the 
present work, we can take the K-value for the SD 
band as the value of the assigned lowest spin or the 

base line spin of that band.  The γ-ray transitions in 
the 15 SD bands observed in A~100-140 mass 
region with the aid of the adopted values of “K” 
was fitted by Eq. (4) and the results are 
encouraging.  The higher order inertial parameters 
A, B are obtained using the search method [46], to 
fit the γ-ray transitions with their experimental 

ones.  This method is succeedingly carried out for 
the considered fifteen SD bands. 
The lowest spin assignments for the fifteen SD 
bands, the corresponding fitting parameters, the 
available experimental data [19] and our previous 
results [42, 43] are shown in Table (1).  One can 
easily see from this table that our present results 

for the band head spin are relatively satisfy their 
available experimental ones than that obtained in 
our previous papers [42, 43].   
Tables (2-9) illustrate the results for the γ-ray 
transitions of the considered fifteen SD bands, 

where their experimental data (labeled Expa) are 
taken from Ref. [19] and their calculated ones 
(labeled Calb) are carried out using two fitting 
parameters (A and B) given in Table (1).  “σ” is 
the root mean square deviation value calculated 

from Eq. (5) [44].   
    
From Tables (2-9), it can be seen that the 
calculated γ-ray transition energies Eγ are in good 
agreement with their available experimental ones.  
This ensures that the estimated value of “K” as 
shown in Figs. (1-15) is to great extent acceptable.  

Furthermore, the calculated Eγ values are in 
abetter agreement with the corresponding 
experimental data than the corresponding values 
[42, 43].  This emphasizes that the present simple 
approach is more appropriate for describing the 
rotational spectrum in each SD band in the mass 
region 100-140 than other approaches [42, 43]. 

 
The assignments of spin for the considered SD 
bands make us to calculate and compare the values 

of the alignment i ( ) and the incremental 

alignments Δi of the IB’s [19] exist among the 
considered SD bands, as shown in Figs. (16, 17), 
respectively.  One can easily see from Tables (2-9) 
that when the difference in the mass number 
ΔA=0, as in the case of (148Eu (b2) vs 148Eu (b1)), 
the spin differences ΔI in these IB’s are just (zero).  
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Fig.(15). The same as Fig. (1), but for the SD nucleus 
143

Eu(b1).

 
(2)

 
(1)

(I=12,5)

 
(1)

(I=13.5)

 
(1)

(I=14.5)

 
(1)

(I=15.5)

 
(1)

(I=16.5)

 
(1)

(I=17.5)

 
(1)

(I=18.5)

 
(1)

(I=19.5)

 
(1)

(I=20.5)

 
(1)

(I=21.5)

 
(1)

(I=22.5)

 
(1)

(I=23.5)

 
(1)

(I=24.5)

 
(1)

(I=25.5)



Arab J. Nucl. Sci. & Applic. Vol. 52, No. 3 (2019) 

A.S. Shalaby 
   108 

 

In this case, Figs. (16, 17) show that the alignment 
i(ω) and the difference in Δi (incremental 
alignment) are both around (zero).  This 
emphasizes the fact that the alignment originates 

only when the difference in mass numbers ΔA 
equals non-zero.    
 
For ΔA=1, as in the two cases (133Ce (b1) vs 132Ce 
(b1)) and (142Sm (b1) vs 143Eu (b1)), the spin 
differences “ΔI” are just (1.5) for both two cases 
where the SD bands {132Ce (b1) and 143Eu (b1)} 
are assumed as reference bands and {133Ce (b1) 

and 142Sm(b1)} are assumed as considered bands. 
Figure (17) shows that the incremental alignment 
Δi is around (±0.2) in the first case and ranges 
from (-0.1 to -0.8) in the second case while the 
spin alignment i(ω) is around (1.5) in the first case 
and (one) in the second case, as shown in Fig. (16).  
Enlarging the mass number as in the case of ΔA=3, 

the spin differences ΔI in the IB’s are just (0.5) in 

the case of (131Ce(b1) vs 134Nd(b1)) where 
134Nd(b1) is assumed as reference band and 
131Ce(b1) is assumed as considered band.  The 
incremental alignment Δi as shown in Fig. (17), 

ranges from (-0.17 to 0.03) while the spin 
alignment i(ω) is around (0.5) as shown by Fig. 
(16).  These results for the incremental alignment 
Δi and the alignment i(ω) agree the relation: 

Iii )(  and purvey proof 

consolidating the consideration of quantized spin 
alignment in units of (ℏ/2) [47] previously 

suggested by Stephens et al. [39, 40].  Moreover, 
the results of the present investigation for the spin 
alignments lead to the so-called natural alignments, 
where odd A- nuclei such as 133Ce(b1) and 
131Ce(b1) have half integer (1/2 ℏ, 3/2 ℏ, ..…) 

alignments while the even A- nucleus 142Sm(b1) 
has integer~ (ℏ) alignment.  
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Table (1): Spin assignments of the fifteen SD bands in the A~100-140 mass region 

SD bands 

 

)2( 00 IIE 

 

(KeV) 

Parameters 

K-value 

or 

Lowest 

spin (If) 

Calculated band head spin (I0) and Exp. data 

A 

( KeV) 

B10-4 

 

Present    

work 

Previous 

 works [42, 43] 

Another      

work [19] 

  

Exp.da

ta 

[19] 
104Pd(b1) 1263.0 12.06 9.37 22 24 23, 17 24 - 

132Ce(b1) 808.0 6.10 2.60 29 31 30, 17 19 - 

134Nd(b1) 663.9±0.5 7.43 2.14 19 21 17, 15 17 16 

136Nd(b2) 888.0±1.0 6.75 2.21 29 31 32, 25 - 25 

142Sm(b1) 680.0 6.49 1.18 23 25 24, 17 25 - 

148Eu(b1) 748.0 5.57 0.94 30 32 33, 22 32 - 

148Eu(b2) 844.0 5.61 0.87 34 36 37, 25 28 - 

131Ce(b1) 591.0 7.26 2.95 35/2 39/2 37/2, 27/2 29/2 - 

131Ce(b2) 847.0 6.66 2.41 57/2 61/2 57/2, 39/2 47/2 - 

133Ce(b1) 748.0 6.40 2.39 51/2 55/2 53/2, 35/2 43/2 - 

133Ce(b2) 720.3 6.92 2.23 45/2 49/2 47/2, 33/2 37/2 - 

133Pr(b1) 871.0 7.75 1.88 49/2 53/2 49/2, 43/2 55/2 - 

133Pr(b3) 821.0 6.79 3.15 53/2 57/2 53/2, 37/2 55/2 - 

137Sm(b1) 
379.0 6.43 13.02 23/2 27/2 21/2, 23/2 17/2  

143Eu(b1) 
483.0 6.65 0.88 31/2 35/2 33/2, 29/2 33/2 35/2 
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Table (2):   The transition energies in Nd134(b1) and Eu148(b2) 

                           Nd134(b1)                                                                         Eu148(b2)                                                                                                                                            

              Eγ(I)  (KeV)                          Assigned                           Eγ(I)  (KeV)                      Assigned                                                                                                                      

      Expa                     Calb                         I                          Expa                   Calb                         I 

663.9 674.4 21 844.0 843.2 36 

736.7 738.3 23 895.0 892.7 38 

807.8 803.2 25 946.0 943.0 40 

876.5 869.2 27 998.0 994.0 42 

942.2 936.3 29 1051.0 1045.8 44 

1007.4 1004.8 31 1104.0 1098.4 46 

1074.4 1074.5 33 1158.0 1151.9 48 

1143.8 1145.7 35 1212.0 1206.2 50 

1216.0 1218.3 37 1269.0 1261.5 52 

1289.9 1292.6 39 1322.0 1317.8 54 

1367.3 1368.5 41 1378.0 1375.0 56 

1450.0 1446.1 43 1434.0 1433.3 58 

   1489.0 1492.7 60 

   1544.0 1553.2 62 

σ= 7.69x10-4 σ= 1.59x10-3 

 

 

 

 

 

 

Table (3):   The transition energies in Pd104(b1) and Nd136(b2) 

                              Pd104(b1)                                                                    Nd136(b2)                                                                                                                               

               Eγ(I)  (KeV)                         Assigned                           Eγ(I)  (KeV)                        Assigned                                                                                                                      

        Expa                    Calb                        I                          Expa                    Calb                         I 

1263.0 1262.0 24 888.0 889.5 31 

1381.0 1382.9 26 951.0 952.4 33 

1511.0 1508.7 28 1017.0 1016.8 35 

1638.0 1639.7 30 1081.0 1082.7 37 

1763.0 1776.5 32 1151.0 1150.3 39 

1919.0 1919.3 34 1221.0 1219.6 41 

2079.0 2068.5 36 1290.0 1290.7 43 

   1364.0 1363.6 45 

   1438.0 1438.6 47 

σ= 1.92x10-3 σ= 1.32x10-4 
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Table (4):   The transition energies in Ce132(b1) and Sm142(b1) 

                              Ce132(b1)                                                                Sm142(b1)                                                                                                                               

               Eγ(I)  (KeV)                        Assigned                            Eγ(I)  (KeV)                        Assigned                                                                                                                      

       Expa                     Calb                       I                           Expa                   Calb                        I 

808.0 807.6 31 680.0 692.1 25 

864.0 866.9 33 739.0 747.3 27 

928.0 928.0 35 800.0 803.1 29 

993.0 990.8 37 860.0 859.6 31 

1059.0 1055.6 39 920.0 916.9 33 

1126.0 1122.4 41 981.0 975.0 35 

1193.0 1191.3 43 1041.0 1033.8 37 

1262.0 1262.5 45 1102.0 1093.6 39 

1333.0 1335.9 47 1163.0 1154.2 41 

1406.0 1411.8 49 1224.0 1215.9 43 

1484.0 1490.2 51 1286.0 1278.5 45 

1565.0 1571.3 53 1348.0 1342.2 47 

1650.0 1655.0 55 1411.0 1407.0 49 

1739.0 1741.6 57 1475.0 1473.0 51 

1836.0 1831.1 59 1538.0 1540.0 53 

1930.0 1923.6 61 1603.0 1608.4 55 

2030.0 2019.2 63 1668.0 1678.0 57 

   1733.0 1749.0 59 

σ= 1.29x10-3 σ= 2.17x10-3  

 

Table (5):   The transition energies in Eu148(b1) 

Eu148(b1) 

  Eγ(I)  (KeV)                                      Assigned         

        Expa                     Calb                       I 

748.0 752.5 32 

798.0 801.1 34 

848.0 850.4 36 

900.0 900.3 38 

951.0 951.0 40 

1004.0 1002.4 42 

1057.0 1054.5 44 

1111.0 1107.5 46 

1165.0 1161.4 48 

1220.0 1216.1 50 

1276.0 1271.8 52 

1331.0 1328.5 54 

1388.0 1386.1 56 

1443.0 1444.8 58 

1499.0 1504.5 60 

1555.0 1565.4 62 

                  σ = 1.67x10-3  
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Table (6):   The transition energies in Ce
131

(b1) and Ce
133

(b1) 

                                      Ce
131

(b1)                                                                        Ce
133

(b1)                                                                                                                               
               Eγ(I)  (KeV)                       Assigned                            Eγ(I)  (KeV)                         Assigned                                                                                                                      

         Exp
a
                   Cal

b
                        I                           Exp

a
                    Cal

b
                       I 

591.0 616.4 19.5 748.0 752.4 27.5 
662.0 663.9 21.5 809.0 811.4 29.5 
733.0 728.3 23.5 873.0 871.9 31.5 
804.0 794.2 25.5 937.0 933.8 33.5 
874.0 861.5 27.5 1003.0 997.4 35.5 
943.0 930.4 29.5 1068.0 1062.6 37.5 

1011.0 1001.1 31.5 1132.0 1129.6 39.5 
1080.0 1073.6 33.5 1198.0 1198.6 41.5 
1151.0 1148.1 35.5 1267.0 1269.4 43.5 
1225.0 1224.7 37.5 1337.0 1342.4 45.5 
1301.0 1303.4 39.5 1411.0 1417.5 47.5 
1381.0 1384.4 41.5 1489.0 1494.9 49.5 
1464.0 1467.8 43.5 1570.0 1574.6 51.5 
1550.0 1553.7 45.5 1655.0 1656.7 53.5 
1640.0 1642.3 47.5 1743.0 1741.4 55.5 
1732.0 1733.6 49.5 1833.0 1828.6 57.5 
1822.0 1827.8 51.5 1928.0 1918.6 59.5 

 
σ= 7.76x10

-4
  σ = 1.18x10

-3
 

 
 
 
 
 
 
 

Table (7): The transition energies in Pr133(b1) and Sm137(b1) 

                                     Pr133(b1)                                                                        Sm137(b1)                                                                                                                            

               Eγ(I)  (KeV)                         Assigned                           Eγ(I)  (KeV)                        Assigned                                                                                                                      

       Expa                      Calb                       I                          Expa                    Calb                         I 

871.0 876.0 26.5 379.0 400.3 13.5 

943.0 943.8 28.5 451.0 465.0 15.5 

1013.0 1012.7 30.5 538.5 533.9 17.5 

1085.0 1082.7 32.5 629.1 607.7 19.5 

1156.0 1154.0 34.5 719.7 686.6 21.5 

1228.0 1226.6 36.5 806.3 771.3 23.5 

1299.0 1300.5 38.5 890.0 862.3 25.5 

1380.0 1375.9 40.5 970.0 960.0 27.5 

1450.0 1452.8 42.5 1045.0 1064.9 29.5 

1530.0 1531.3 44.5 1115.0 1177.6 31.5 

σ= 2.66x10-4  σ = 1.78x10-2 
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Table (8): The transition energies in Pr133(b2) and Ce131(b2) 

                                       Pr133(b2)                                                                      Ce131(b2)                                                                                                                               

                Eγ(I)  (KeV)                       Assigned                           Eγ(I)  (KeV)                        Assigned                                                                                                                      

         Expa                    Calb                      I                          Expa                     Calb                        I 

821.0 829.6 28.5 847.0 849.8 30.5 

885.0 894.9 30.5 908.0 912.1 32.5 

961.0 962.1 32.5 976.0 976.0 34.5 

1035.0 1031.4 34.5 1043.0 1041.6 36.5 

1110.0 1102.9 36.5 1112.0 1108.8 38.5 

1184.0 1176.6 38.5 1181.0 1177.9 40.5 

1264.0 1252.8 40.5 1251.0 1249.0 42.5 

1342.0 1331.6 42.5 1322.0 1322.0 44.5 

1420.0 1413.0 44.5 1396.0 1397.1 46.5 

1500.0 1497.1 46.5 1471.0 1474.5 48.5 

1576.0 1584.2 48.5 1552.0 1554.1 50.5 

1656.0 1674.3 50.5 1635.0 1636.1 52.5 

   1723.5 1720.6 54.5 

σ= 3.19x10-3 σ= 3.83x10-4 
 

Table (9): The transition energies in Ce133(b2) and Eu143(b1) 

 

                                       Ce
133

(b2)                                                                     Eu
143

(b1)                                                                                                                               
                 Eγ(I)  (KeV)                     Assigned                          Eγ(I)  (KeV)                          Assigned                                                                                                                      

         Exp
a
                  Cal

b
                      I                          Exp

a
                     Cal

b
                         I 

720.3 727.3 24.5 483.0 507.2 17.5 

785.4 788.6 26.5 546.5 561.7 19.5 

854.2 851.2 28.5 609.0 616.7 21.5 

920.3 915.0 30.5 671.2 672.0 23.5 

986.9 980.2 32.5 732.6 727.7 25.5 

1052.2 1046.8 34.5 793.4 783.9 27.5 

1118.2 1115.0 36.5 853.5 840.6 29.5 

1184.3 1184.8 38.5 912.8 897.8 31.5 

1253.2 1256.4 40.5 972.2 955.6 33.5 

1323.9 1329.6 42.5 1031.1 1013.9 35.5 

1397.9 1404.9 44.5 1089.9 1072.9 37.5 

1475.5 1482.1 46.5 1148.1 1132.5 39.5 

1557.3 1561.3 48.5 1206.5 1192.9 41.5 

1643.0 1642.7 50.5 1265.5 1253.9 43.5 

1731.3 1726.3 52.5 1324.1 1315.7 45.5 

1821.6 1812.2 54.5 1383.2 1378.4 47.5 

   1442.7 1441.8 49.5 

   1502.2 1506.1 51.5 

   1562.3 1571.3 53.5 

   1623.5 1637.4 55.5 

   1684.0 1704.5 57.5 

   1743.0 1772.6 59.5 

σ= 1.29x10
-3

 σ= 3.62x10
-3
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Conclusion 

Using the present direct method, lowest spins (If), 
band head spins (I0), and K-values of 15 SD bands 
in the A~ 100-140 mass region were assigned.  

This was carried out by studying the dependence 

of the kinematic 
)1(  and dynamic 

)2(  moments 
of inertia on the rotational frequency ℏω.  Most of 

the calculated γ-ray transition energies are in a 
good agreement with their corresponding 
experimental ones rather than that obtained before 
with other approaches [42, 43].  The good results 
obtained here for the spins and γ-ray transition 
energies Eγ

 indicate that the expansion parameters 
(A and B) are well determined and the direct 

method employed here is more suitable to use than 
others.  For the identical bands IB’s (twin bands) 
that exist among the considered SD bands, the 
alignments for most of these identical SD bands 
tend to be quantized in units of (½) ℏ or ℏ [40].  

The agreement between the lowest spin and the 
assumption of quantized alignment in unit of (ℏ/2) 

emphasizes the superiority of using the present 
direct approach than others. The alignment (i) for 
ΔA=0 also emphasizes the suitability of using this 
direct method in representing the 100-140 mass 
region. 
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