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Abstract: 

The δ-mixing ratios have been calculated for several γ-transitions in 90Mo using the 𝛔𝐉   method.   The results are compared with other references 

the agreement is found to be very good .this confirms the validity of the 
𝛔
𝐉
  method as a tool for analyzing the angular distribution of γ-ray.  
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Introduction:  

Angular distribution experiment using the reaction    28
35 𝑁𝑖 ( 𝐶𝑙17

35  ,3𝑝𝛾) 𝑀𝑜42
90      has been performed at 120 MeV beam energy by kabadiyski et.at 

[1] . Rasha J.T. calculate  the multiple mixing ratios ,δ, of gamma transitions from levels excited in   28
35 𝑁𝑖 ( 𝐶𝑙17

35  ,3𝑝𝛾) 𝑀𝑜42
90   by using a2 –ratio, 

constant statistical tensor and least square fitting methods .   
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    In the present work , the angular distribution of γ-rays from this reaction are reanalyzed using 
𝛔
𝐉
  method [3] .This method depends on the 

Gaussian distribution with  its half-width σ, where determined using the experimental angular distribution coefficients obtained for a selected 
number of well-known γ-ray transitions from levels with different spin  Ji Values , the main aim was to confirm the validity of this method as a 
tool for analyzing the angular distribution of  γ-ray. 

Data Reduction & Analysis: 

Yamaszaki [4] has shown that the population parameters of the magnetic sub states of an initial state with spin Ji and magnetic quantum number 
mi may be represented by a Gaussian distribution of the form:- 

 

P(m RiR)=          ………..(1)       
   

 

  

Where p(mi) represents the population parameters and σ is the half-width of the Gaussian distribution. 

 In the present work, the half –width σ, was determined as follows: 

The experimental value of the angular distribution coefficient   aR2R, of a certain and well known γ-transition was used to calculate the statistical 
tensor ρR 2R(Ji) from the following equation [5]  

 

      aR2R = ρR 2R (JRiR) QR2R                                                                                                …..(2)  

exp(-mi
2
   / 2σ2 )  

 

�  exp(-mi
2/2σ2) 

Ji

m= -Ji

  

 

 

 
 

 

 

 

 

  

 

F2 (L1L1Jf Ji) + 2 δ F2  (L1L2Jf Ji) + δ 2 F2 (L2L2Jf Ji)  

(1+ δ 2 ) 
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Where δ is the multiple mixing ratio  Ji and Jf are the spin of initial and final states respectively   L, is the angular momentum of γ-ray with L2 
= L1+1 and Q is the attenuation factor which is considered here to be unity . The F2-coefficients are tabulated in ref.  [4,5,6] for integer and half 
– integer  J -values . 

The attenuation coefficient,α2 (Ji),was then calculated from the following relation ship [4-6] :-  

a2 (Ji) = ρ 2 (Ji) / B2(Ji)…….(3) 

Where B2(Ji) is the statistical tensor for the complete alignment and its values are given in 

 ref. [4]  

BRkR(J) =(2J+1)P

½
P (-)P

J
P (JRo R JRoR ׀KRoR)                        for integer J …….(4) 

And             

 BRkR(J) =(2J+1)P

½
P (-) P

J-½
P (JR1/2R  J- ½ KRoR)              for half –integer  J……(5) 

The αR2R (JRiR) values are tabulated in ref. [6] for integer values of J RiR from 1 to 26 and half – integer values from 3/2 to 51/2 for   
𝛔
𝐉
   values from 0.1 

to 2.0 each JRiR value .from these tables , the  half –  width , σ was determined  for the JRiR values and was used in eq. (1) to calculate population 
parameters p(mi). The population parameters of levels in P

90
PMo( computed by using computer program in mat lab language) , were it is almost 

constant for level , with the  same J Ri R value for both positive and negative parities ,  it , may, there for , be stated that population parameters of 
levels with the same JRi R  value do not depend upon the energy of the level nor upon its parity . Tacking this fact into consideration, the population 
parameters thus calculated were used to cover all the possible transitions occurring in the present work.  
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These population parameters were then, used with statistical tensor coefficients ρ 2 (Ji,Mi)  from Ref. [6] in order to calculate statistical Tensor 
ρ 2(Ji) from the following equation:  

ρ 2 (Ji) = ∑ ρ 2 (Ji ,mi) P (mi)       ……..(6) 

These statistical tensors were then used with F2 coefficient values to calculate the multipole mixing ratios of γ-transition. 

 

Result and discussion:- 

1- If the differences between Jf and  Ji =2 and its parity is even, the transition will be pure E2 ,depending upon this fact the transition (7--5-) 
must be pure E2, and this is what we reached it in present work  , the 𝛿- value for this transition  3367.4 keV       (7--5-) from  818.4 keV 

level equal (0.04) ,this 𝛿 - value is very small even it will be negative or positive by using     δ2= 𝑀3
𝐸2

 when we use ,  | Ji-Jf|≤ L≤ | 
Ji+Jf|  the magnetic transition will be odd value and the electric transition will be even value and        M3+E2 =100% ,this mean that 
this transition will be 99.8% E2 and (0.04) M3 ,this indicate that the 𝛿- value in present work  is accurate and agreement with that in ref[1 
] ,[ 2]. 

This rule will applied for other transitions: 

   
4192.5keV (10+-8+) from    1317.7keV E2=99.999 
4555.8 keV (12+-10+) from    477.0keV E2=99.998 
5699.6 keV (13--11-)  from    857.5keV E2=99.910 
5625.0 keV (14+-12+)  from  1069.1keV E2=99.990 
6643.1 keV (15--13-)  from    943.5keV E2=99.997 
7515.1 keV  (17--15-)  from   872.8keV E2=99.990 
8525.4 keV (18+-16+) from   1779.2keV E2=99.960 
9319.1 keV (19--17-)  from   1804.0ke E2=99.999 
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    The results of the present work are agreement with other refs [1,2 ] except that the (20+ -18+) transition. 

2-If the difference between Ji and Jf =0 or 1,and have odd parity ,the transition will be pure E1, depending upon this fact the (15-- 14+) 
transition must be pure E1 this indicated that our 𝛿-value , results for 6643.1 keV (15--14+) from 1018.1 keV are true and by using δ2= 𝑀2

𝐸1
 ,the 

magnetic transition must be even and electric transition will be odd and E1+M2= 100% this mean that E1=99.999% and M2=0.002% ,this 
indicate the 𝛿-values present work  for this transition are true and in good agreement with that in refs[1,2 ] . and this rules also will be applied 
for other transition (17--16+) from 7515.1 keV which have E1=99.99% and M2= 0.004% ,however for (11- -10+ ) 4842.1 keV  from 649.6 keV 
and 5699.6 keV (13- -12+ ) from 1143.8 keV our results show that this transitions are not pure transition even its they have odd parity .This 
indicate that the experimental results are inaccurate and this ensured by experimental results from ref[1 ] where  presented that this transitions 
are not E1 and it may be have small 𝛿-value. 

Conclusion:- 

The results of the present work are in very good agreement with those of ref. [1,2] from these comparisons, it may be concluded that the   𝛔    
𝐉

  

method is a powerful tool for analyzing angular distributions of γ-ray .it should also be mentioned that the calculations based on the 
 𝛔    
𝐉

 method 

can be performed using an ordinary personal computer. 
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Table (2)     Multipole mixing Ratios of γ-  transition from level of   P

90
PMO  Using σ/J  Method                                                                                         

                                   

 
δ 

 
p.w)()J( i2ρ 

 
[𝟏]𝐚𝟒

𝐚𝟐  
 

 
𝐉𝐢 
𝛑𝐢 − 𝐉𝐟 

𝛑𝐟  
 

E RγR (KeV) 
 

ERi R(KeV) 
 

/J Method (p.w) σ 
 

LSF Method[ 2] 
 

CST Method[  2] 
 

Ref [ 1 ] 
 

0.04(4) 
 
 )    (   𝟔.𝟑−𝟏+𝟏.𝟓 

 
-0.04(2) 

 
 

 
0.00(4) 

 

 
E2 

 
-0.5944 

 
0.26(2) 
-0.00(2) 

 
7 P

-
P-5 P

- 
 

818.4 
 

3367.4 
 
 
 

 
)        (𝟎.𝟎𝟎𝟑−𝟎.𝟎𝟏

+𝟎.𝟎𝟎𝟕 -    
  6.2(4 ) 

 

 
0.00(1) 

 
0.00(2) 

 
E2 

 
-0.848 

 
0.31(1) 
-0.06(2) 

 
10 P

+
P-8 P

+ 
 

1317.7 
 

4192.5 

 
 

0.33(2)- 
 

 )   (𝟕.𝟖−𝟎.𝟗
+𝟏.𝟐  - 

 
 
 

 
 

-0.07(2) 
 
 

 
 

0.00(2) 

 
 

-0.04(6) 
 
 
 
 

 
 

-1.0905 

 
 

-0.34(30) 
0.06(3) 

  

 
11 P

-
P- 10+   

 
 

649.6 

 
 

4842.1 

 
 

)         (𝟎.𝟎𝟎𝟒−𝟎.𝟎𝟏
+𝟎.𝟎𝟎𝟔  - 

 
5.6(3) 

 

 
 

0.00(1) 

 
 

0.00(1) 

 
 

E2 
 
 
 
 
 

 
 

-0.9271 

 
 

0.33(1) 
-0.09(2) 

 
 

12P

+
P- 10P

+ 

 
 

477.0 

 
 

4555.8 
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E2 
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+
P -12+ 
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0.005(0.015) 
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-
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Table (1) Statistical tensor coefficient, half width and attenuation coefficients for P

 90
PMo[1,2] 

R2R (JRiR)   p.w     ρ R2  R(JRiR)  [2]       R Rρ 𝝈
𝑱�  σ R2R (JRiR)α BR2R(JRi R) [𝟏,𝟐]𝐚𝟒

𝐚𝟐
 

 
𝐉𝐢 
𝛑𝐢 − 𝐉𝐟 

𝛑𝐟
 E RγR (KeV) ERi R(KeV) 

……….. -0.67937(6794) ………… ………  …….. 0 0.20(2)-  
0.00(2) 

5P

-
P - 4P

+ 546.7 2548.8 

-0.5944 -0.66580(5122) 0.45 3.15 0.59151 -1.125604 0.26(2) 
 0.00(2)- 

7P

-
P -5P

- 818.6 3367.4 

-0.8480 -0.85457(1918) 
 
  

0.3 3 0.76174 -1.1218632 0.32(1) 
0.082(2)- 
0.31(1) 
0.06(2)- 

10P

+
P - 8P

+
P   

             
10P

+
P - 8P

+ 

  

972.7 
 

1317.7 

4079.0 
 

4192.5 

-1.0905 -1.13428(11773) 0.1 1.1 1.010915 -1.1211954 -0.34(3) 
0.06(3) 

11P

-
P -10P

+ 649.6 4842.1 

-0.9271 -0.91608(2776) 0.25 3 0.81740 -1.120725 0.33(1) 
0.09(2)- 

12P

+
P -10P

+ 476.0 4555.8 

-1.0513 
 

-0.9259 

-1.00757(4589) 0.15 
 

0.25 

1.95 
 

3.25 

0.89931 
 

0.89933 

-1.120380 
 

- 1.120354 

-0.28(2) 
0.03(2) 
0.34(2) 
0.09(2)- 

  13P

-
P -12P

+
P   

 
 13P

-
P -11 P

- 

1143.8 
 

857.7 

5699.6 

-1.0312 -0.98786(5645) 0.2 2.8 0.881987 -1.120039 0.35(2) 
0.11(3)- 

14P

+
P -12P

+ 1069.1 5625.0 
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Table (1) cont. 
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-1.119749 -0.23(2) 
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-
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+ 
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-
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0.29(2) 
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-0.19(2) 
0.07(2) 
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-
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-
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+ 

872.0 
 

768.9 
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