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ABSTRACT: 

 

                 In the present study, the constant statistical tensor (CST)method 

has been used to calculate the multipole mixing ratios, δ-values of γ-transitions 

from excited levels in 24Mg(t,αγ)23Na reaction. 

The results obtained confirm the validity of this method in calculating the δ-

values , CST-method also has been successfully used to calculate the δ-values of 

gamma transitions from excited levels of 23Na with undefined parities. 

 

 

INTRODUCTION: 

 

                        The multipole mixing ratio (δ) is physical quantity which can be 

extracted from angular distribution measurements , in phase convention (δ) is 

defined as "the ratio of emission matrix elements "Steffan and Alder [1,2]. 

Multipole mixing ratio (δ) value can be used to help discern nuclear structure  

and transition properties, constant statistical tensor method one of important 

method can be used to calculate the δ-values for γ-transitions from excited 

levels, this method depend on that; the statistical tensor coefficient is the same 

for all levels with the same spin value depend neither upon energy level nor 

upon its parity, by using this fact in present work many transitions from excited 

levels with undefined parities were calculated. 

                          The main aim of the present work was to confirm the validity of 

CST-method for calculating the δ-values for γ-transitions . 
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DATA REDUCTION AND ANALYSIS: 

 

                   24Mg(t,αγ)23Na reaction for all possible γ-transitions, the 

multipole mixing ratios (δ) values can be calculated by using the following 

relationship; 
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a2 – coefficient determined experimentally . 

 

Ji = Spine of initial state.                                 Jf = Spine of final state. 

                

ρ2(Ji) = Statistical tensor coefficient depends only on the Ji –value.  

 

L = Angular momentum of the γ-transition.      L1=1  ,  L2 = L1+1 ,  L ≠ 0 

 

F2 coefficients have been taken from [3,4]. 

 

For pure transition  δ=0  then  equation (1) becomes;  
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The statistical tensor can then calculated from the following equation: 
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 transition from the 4780 KeV level can be considered pure  M1 as 

ref.[5] suggested. 
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                        For pure transitions from levels in 23Na equation (2) becomes; 
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The experimental a2- coefficient reported in ref.[6] are using. 

Since there is two values for )
2

3
(2 then the weighted average value is taken 

into consideration. 

 For initial state with spin 
2

5
iJ  there is no pure transition 

Fig.(1) ref.[6] , so )
2

5
(2 value was calculated in present work as follow ; 

multipole mixing ratios of the values , -0.08(3) ref.[6] , -0.08(2) ref.[7] , 0.05(6) 

ref.[7] , -0.045(15) ref.[8] ,-0.06(4) ref.[9] , for 440 KeV )
2

3

2

5
(  transition from 

the 440 KeV level were used by equation (1) to calculate )
2

5
(2 values , then the 

weighted average value of )
2

5
(2 values is taken in calculation. 
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                           The statistical tensors ρ2(Ji) thus calculated are considered to be 

constant for all levels with the same Ji – values , the values obtained for ρ2(Ji) 

can then be used in equation (1) to calculate the δ – mixing ratios for all γ-

transitions whose a2 – coefficients were reported in ref.[6]. 

 

 

For such transitions from levels in 23Na equation(1) becomes; 
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RESULTS AND DISCUSSION: 

 

                The statistical tensors , )
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( 2222  and  calculated 

as mentioned in subsection using the experimental a2 – coefficients reported in 

ref.[6] were as follows ; 
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                        These values were used to calculate the δ-values of γ-transitions 

from excited levels of 23Na isotope , by solving the equations that is related to 

gamma transitions , i.e. equations (8) to (22) . 

The results thus obtained are presented and compared with those of ref.[5] , 

ref.[6]. in Table (1),  it is clear from Table(1) that there is two δ-values for each  

γ-transition.  

 

                          Small δ-values calculated for all γ-transitions are in good 

agreement with those reported in ref.[5] and ref. [6]. 

 

 This indicates that a2 – coefficients reported for these transitions are accurate.  

                             The  δ-value of 3302 KeV )
2

7

2

5
(



  transition from the level 

5380 KeV is in good agreement with thus of ref.[6] ,where there is discrepancy 

with the  δ-value of ref.[5] ,  however the associated error of δ-value in ref.[5] is 

higher than the value it self , no further discussion can be made large  δ-values 

calculated for  γ-transitions have not been reported in ref.[5] , ref.[6]. 

 

                             Also δ-values for gamma transitions from excited levels with 

underline parities and not reported in ref.[6] have been calculated as in Table(1) 

(these transitions are not considered in ref.[5] ) by using CST –method.  

 

    

 

 

 

 

 

 

CONCLUSION: 

 

                   The δ- mixing ratios of gamma transitions from 23Na levels 

populated in the nuclear reaction 24Mg(t,αγ)23Na have been calculated in the 

present work using CST –method. 
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The results obtained have confirmed not the validities of this method as a tool 

for calculating the  δ-values of such transitions only but its capability to 

calculate the δ-values for γ-transitions from excited level whose parities 

undefined , by using the fact that , the statistical tensor coefficient is the same for 

all levels with the same spin value depend neither upon energy level nor upon its 

parity. 
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Table(1):Multipole mixing ratios of gamma transitions from 23Na levels 

                                              calculated by constant statistical  tensor (CST) 

method. 
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Table(1): Continued. 
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ب خلط متعدد الأقطاب لأنتقالات أشعة كاما نس

متولدة في التفاعل Na23من مستويات في 

Na23Mg(t,αγ)24 

 
 
 

 فاطمة عبد الأمير جاسم                                     فراس محمود هادي
 

 ابن الهيثم / جامعة بغداد –قسم الفيزياء / كلية التربية 

 

    
 الخلاصة:

 
( للانتقالات الكامية من المستويات δي هذا البحث حساب نسب الخلط )لقد تم ف         

باستعمال طريقة التنسر الإحصائي الثابت ,  Na23Mg(t,αγ)24المتهيجة في التفاعل النووي 
( المحسوبة بهذه الطريقة والقيم المستخدمة في δ) وقد أثبت الأتفاق الجيد بين قيم

الثابت في  الإحصائيما ليس في صحة طريقة التنسر لأنتقالات أشعة كا6)والبحث)5)البحث)
كاما لم  لأنتقالاتلحساب نسب الخلط  "( فقط وإنما استعمالها بنجاح أداةδ) حساب نسب الخلط

  .6)) يتم تعيينها من مستويات مجهولة التماثلية في البحث
 

 


