
: decay) – βDecay ( –Beta  

   In beta decay electrons (𝜷−)  positron (𝜷+)  are emitted from 

the nucleus with continuous energy distribution (continuous 

spectrum), the third type of beta decay is the electron capture , 

the three types of beta decay can be presented as follow : 

① 𝜷− 
- decay  :  𝒏𝟎𝟏  → 𝑷𝟏𝟏  + 𝜷−+ ʋ̅   (antineutrino) 

② 𝜷+- decay  : 𝑷𝟏𝟏  → 𝒏𝟎𝟏  + 𝜷++ ʋ   (neutrino) 

③ electron capture (𝑬𝒄) : 𝑷𝟏𝟏  + 𝒆̅ → 𝒏𝟎𝟏  + ʋ 
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The continuous electron spectrum of                                               

Cs – 137  and  K , L , M conversion lines 

 

K – M – L Capture  ر اجاءت من ملئ الفجوات عند اقتناص الكترون من مد
 لوحظ ذلك من خلال الأشعة السينية المميزة ∗ ... الخ Mأو  Lأو  Kذري ثم يملأ من قبل 



-: Neutrino Hypothesis (1933) 

   The continuous spectrum in β – decay cannot be explained 

without the existence of neutrino (ʋ) 

𝑻𝜷 𝒎𝒂𝒙 = [𝑴𝑷 بدون نيترينيو −  (𝑴𝒅 +  𝒎𝒆)]𝒄𝟐 →     𝒎𝒆   الإلكترونكتلة     ,𝑴𝒅  كتلة الوليدة    ,𝑴𝑷  كتلة الأم 

    There is a violation of the energy conservation law , because 

of the beta particle is emitted only there will be definite energy 

by it. 

     Since the spectrum is continuous this cannot be explained by 

the equation above.                                                                              

     There must be another particle carries part of the energy 

which should has Zero charge , Zero mass called the         

Neutrino (ʋ) 

     Therefore the equation above must be :- 

𝑻𝜷 𝒎𝒂𝒙 = [𝑴𝑷ة للنيترينو طاقة حركي −  (𝑴𝒅 +  𝒎𝒆)]𝒄𝟐 − 𝑻ʋ  →  

 𝒎ʋ = [ 𝟏𝟐𝟎𝟎𝟎 −  𝟏𝟐𝟓𝟎𝟎] 𝒎𝒆   قليلة جدا ما زالت قد البحث 

From the conservation of the momentum and according to the 

(n – p) hypothesis and all odd – A nuclei , are expected to have 𝟏𝟐  integer spin 

exist , then , i.e. notIf the neutrino is        

      n → p + 𝜷− 
 

     
𝟏𝟐 = 

𝟏𝟐 ± 
𝟏𝟐  



 فان العلاقة اعلاه تكون غير صحيحة 

      
𝟏𝟐 = 

𝟏𝟐 ± 
𝟏𝟐 → 1 or 0 

       is not correct , therefore must exist a particle with  
𝟏𝟐   spin 

and Z = 0  ,  A = 0  

      i.e.                   
𝟏𝟐  integer  =  

𝟏𝟐  integer ± 
𝟏𝟐 ± 

𝟏𝟐  ∴  
𝟏𝟐  integer = 

𝟏𝟐  integer 

                                                                                                                  

-: decay –in Beta  Energetic ∗  

    The conservation law of energy in β – decay can be written 

as follows : 

     𝑻𝜷 𝒎𝒂𝒙 = [𝑴𝑷 −  𝑴𝒅 −  𝑴𝒆]𝒄𝟐 − 𝑻ʋ    ∴  𝑻𝜷 + 𝑻ʋ = [𝑴𝑷 −  𝑴𝒅 −  𝑴𝒆]𝒄𝟐 

Q = [𝑴𝑷 −  𝑴𝒅 −  𝑴𝒆]𝒄𝟐    Q = 𝑻𝜷 + 𝑻ʋ   energy – decay 

 معادلة عامة                                                     (Qطاقة الانحلال )   

 [𝑴𝑷 − 𝑴𝒅 −  𝑴𝒆]𝒄𝟐=  𝑻ʋ+  𝑻𝜷Q =    𝑻𝒅 ≪ 𝑴𝒅𝒄𝟐 



① 𝜷− - decay ∴  n → P + 𝜷− + ʋ̅ 𝑯𝟏𝟑 𝟐 → 𝑯𝒆𝟐𝟑 𝟏 + 𝜷− + ʋ̅ 𝑴(A,Z) → 𝑴𝒅(A,Z + 1) + 𝒎𝒆 + 𝑸𝜷− −𝑸𝜷− = 𝑻𝜷 (Parentالأم )  ∗ .……    + 𝑻ʋ̅ 

 مستمرةالطاقة الناتجة يتقاسمها الالكترون و النيترينيو و لهذا تكون 

𝑯𝟏𝟑تلقائيا )( عندما تنحل النواة الأم ∗توضيح لمعادلة ) 𝑯𝒆23( الى هليوم )𝟐 1 )
)على شكل الكترون سالب( له  (−𝛃)فضلا عن تكون او انتاج اشعاع بيتا السالب 

−𝑸𝜷−     (𝑸𝜷− = 𝑻𝜷متحررة  الى طاقة بالإضافة( 𝑴𝒆)كتلة   + 𝑻ʋ̅) 

 ( ينتج∗)الى طرفي المعادلة   Z𝒎𝒆فلو فرضنا اضافة  

M(A,Z) + Z𝒎𝒆 = 𝑴𝒅(A,Z + 1) + Z𝒎𝒆 + 𝒎𝒆 + 
𝑸𝜷−𝒄𝟐 

M(A,Z) + Z𝒎𝒆 = 𝑴𝒅(A,Z+1) + 𝒎𝒆(Z+1) + 
𝑸𝜷−𝒄𝟐 

M(A,Z) = 𝑴𝒅(A,Z+1) + 
𝑸𝜷−𝒄𝟐 ∴  𝑸𝜷−  = [𝑴𝑷 −  𝑴𝒅]𝒄𝟐 



② 𝜷+ - decay ∴  𝑷𝟏𝟏  → 𝒏𝟎𝟏  + 𝜷+ + ʋ 𝑪𝟔𝟏𝟏  → 𝑩𝟓𝟏𝟏  + 𝜷+ + ʋ 

ان شحنة النواة الوليدة اقل من شحنة النواة  (+𝛃) نلاحظ خلال انحلال بيتا الموجب
 و لذلك فان بوحدة واحدةالأم 

M(A,Z) = 𝑴̅𝑫(A,Z – 1) + 𝒎𝒆 + 
𝑸𝜷+𝒄𝟐 

و نضيف  الى الطرف الايسر Z𝒎𝒆الكتل النووية الى كتل ذرية نضيف  لو لتحوي
 الى الطرف الايمن نحصل على  Z𝒎𝒆 + 𝒎𝒆 − 𝒎𝒆المقدار 

M(A,Z) + Z𝒎𝒆 = 𝑴̅𝑫(A,Z – 1) + Z𝒎𝒆 + 𝒎𝒆 - 𝒎𝒆 + 𝒎𝒆 + 
𝑸𝜷+𝒄𝟐 

M(A,Z) + Z𝒎𝒆 = 𝑴̅𝑫(A,Z – 1) + (Z − 1)𝒎𝒆 + 2𝒎𝒆 + 
𝑸𝜷+𝒄𝟐 𝑴𝒑 = 𝑴𝑫 + 2𝒎𝒆 + 

𝑸𝜷+𝒄𝟐 [𝑴𝑷 −  𝑴𝑫 −  𝟐𝒎𝒆]𝒄𝟐=  𝑸𝜷+ 𝒎𝒆𝒄𝟐 = 0.511 MeV 

2𝒎𝒆𝒄𝟐 = 1.022 MeV 

 لا يحدث الانحلال        𝒄𝟐 < 1.022(𝑴𝑷 − 𝑴𝑫)و اذا كان                   



-: Electron Capture③  

                                                  L                                                 X – ray 

                                                  K                                                              

                                                                                                                  

     

 

 

 𝑩𝒆47 3       e.c           𝑳𝒊𝟑𝟕 𝟒 + ʋ                                                                   

               
53.6 d

  𝑴𝑷 + 𝒎𝒆 → 𝑴𝒅 + 
𝑸𝒄𝟐 

      Or 𝑴𝑷(A,Z) → 𝑴𝒅(A,Z – 1) + 
𝑸𝒄𝟐  𝑸𝒆.𝒄 = [𝑴𝑷 −  𝑴𝒅(𝒁 − 𝟏)] 𝒄𝟐 − 𝑬𝒆 

       Where  𝑬𝑒  is the binding energy of electron in its atomic 

shell capture ∗ عملية      عهان عملية اقتناص الالكترون من القشرة الذرية القريبة )الداخلية( يتب
 يمكن التعبير عن الانحلالات لبيتا كما يلي   ∗∗∗ .طاقة ارتباط الالكترون المقتنصبالمنبعثة يقدر   X – rayان طاقة    ∗∗ (X – rayهي انبعاث اشعة  ) ثانوية
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-: Decay constant for Beta Decay 

The half life for beta decay vary approximately from  𝟏𝟎−𝟏𝟑 sec 

up to  𝟏𝟎𝟏𝟔 year. 

The various types of beta decay can be classified by 

① The orbital angular momentum ( l )  carried by electron and 

neutrino  (e - ʋ pair). 

② The parity change (∆𝛑) which occurs 

③ The direction of spins of electron and neutrino (↑↓) or (↑↑) 

a) If the directions of spins of electron and neutrino are parallel 

(↑↑) or (↓↓) the decay is called  Gammo – Teller 

Se || 𝑺ʋ ∴  𝑺𝜷 = 
𝟏𝟐 + 

𝟏𝟐 = 1 

T) decay mode –(G        = 1 𝑺𝜷  ∴ 

b) If the directions of spins are anti parallel  (↑↓)  , then the 

decay called  Fermi – decay 𝑺𝒆 || 𝑺ʋ 𝑺𝜷 = 
𝟏𝟐 − 

𝟏𝟐 = 0 

Fermi decay mode      = 0 𝑺𝜷 

 



-: Fermi Theory of Beta Decay ∗ 

   Our treatment of beta decay based on a fundamental 

theorem of quantum – mechanics which state that the 

transition rate     between an initial (i) and final (f) states is 

given by :  
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Quantum mechanical treatment of transition probability  ʋ(t) 
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Empty levels 

∆E ≅ 
ħ∆𝒕 

𝒅𝑵𝒅𝒕    level density 

(density of state) 

Occupied levels 

0 



The decay constant of states (or the transition probability per 

unit time) is proportional to : 

 ∝ كثافة الحالات النهائية   
𝒅𝑵𝒅𝑬       level density or ρ(E)  

 = const. 
𝒅𝑵𝒅𝑬 

 = 
𝟐𝝅ħ  |∫ 𝜳𝒇∗  ∆ʋ 𝜳𝒊 𝒅ʋ|2

 
 𝒅𝑵𝒅𝑬                                      

                       

Where                                                                                                      

  𝜳𝒊 (system) = 𝜳𝒑 (parent nucleus) 𝜳𝒇(system) = 𝜳𝑫(daughter) 𝜳𝜷−(electron) 𝜳ʋ̅(antineutrino)  

Therefore 

  = 
𝟐𝛑ħ  |∫ 𝜳𝑫∗  𝜳𝜷−∗  𝜳ʋ̅∗ ∆ʋ 𝜳𝒑 𝒅ʋ|

2
 
 𝒅𝑵𝒕𝒐𝒕.𝒅𝑸𝜷− 

𝒅𝑵𝒕𝒐𝒕.𝒅𝑸𝜷− 
2|𝑴| 

𝟐𝝅ħ=   

Where  M      is the matrix element of transition 

M = ∫ 𝜳𝑫∗  𝜳𝜷−∗  𝜳ʋ̅∗ ∆ʋ 𝜳𝒑 𝒅ʋ 

        mainly) which levelsthe density of states (     
𝒅𝑵𝒕𝒐𝒕.𝒅𝑸𝜷−And    

of beta spectrum determined the shape                                

 

 

 



 

                                                                                                                  

                                                                                                                  

                                                                                                                  

                                                                                                                  

                                                  

 

 

 

 

 

 

 

 

 

 

Spectrum of momentum and kinetic energy for  𝜷+ and  𝜷− 

emitted from 
64

Cu 

 

The electron  (𝜷−)  is hold back by the positive electric field of 

the nucleus  (+Ze) , while the positron  (𝜷+)  is repelled by the 

nucleus ; therefore , the quantity |M|
2 

 is found to contain a 

coulomb penetration factor 

 

N(𝑷𝒆) N(𝑻𝒆) 

N(𝑻𝒆) N(𝑻𝒆) 𝜷− 𝜷+
 

𝜷+
 𝜷− 

𝑻𝒆(MeV) 𝑻𝒆(MeV) 

𝑷(𝑴𝒆𝑽𝒄 ) 𝑷𝒆(𝑴𝒆𝑽𝒄 ) 

64
Cu 64

Cu 



 

|M|
2 

= F (𝒁𝑫 , 𝑷𝒆) |𝑴̅|
2 

              Where          |𝑴̅|      is the matrix element without      

                                                       penetration factor. 

                         F(𝒁𝑫 , 𝑷𝒆)        is the penetration                           

                                                        effected or Fermi – Function.      

                     



 في كتاب الفيزياء النووية( 193)مثال محلول صفحة 

-: Example 

                     Determine the energy release due to free neutron   

                     decay  (𝐭𝟏𝟐 = 10 min) , if  𝒎𝒏 = 1.008665 amu ,            

                     𝒎𝑷 = 1.007825 amu , 𝒎𝒆 = 0.0005498 amu and       

                    𝑴𝑯 = 1.007825 amu ? 

Solution 

              ∴  n → p + 𝜷− + ʋ̅ 

                 Q = (𝑴𝒏 −  𝑴𝒑 −  𝑴𝜷− −  𝑴ʋ̅)𝒄𝟐 

 → 𝑴ʋ̅ ≅ 0                                   تهمل                     

                Q = (1.008665 – 1.007825 – 0.0005498)𝒄𝟐 

                   = (0.000841 amu) x 931.5 = 0.782 MeV 

                                                                                          

   

Giving the following nuclei -: Example 𝑵𝒊𝟐𝟖𝟔𝟒  → 63.94813 amu      ,    𝑪𝒖𝟐𝟗𝟔𝟒  → 63.9494 amu                      𝒁𝒏𝟑𝟎𝟔𝟒  → 63.94932 amu     ,    𝑮𝒂𝟑𝟏𝟔𝟒  → 63.95710 amu 

① which one of them is stable?   Which one is radioactive?       

② Which one can decay by 𝛽 - emission , What are the end      

       points of the spectra and Q – value of the decay? 

𝑪𝒖2964 ∗نيترينو   → 𝑵𝒊2864  + 𝜷+ + ʋ   𝑸𝜷+ = [𝑴𝑷 - 𝑴𝒅 - 2𝒎𝒆]𝒄𝟐            2𝒎𝒆 = 2(0.51 MeV)                     

                                                             = 1.02 MeV 



𝑪𝒖𝟐𝟗𝟔𝟒 ∗   نيترينيو مضاد  → 𝒁𝒏𝟑𝟎𝟔𝟒  + 𝜷− + ʋ̅ 

           𝑸𝜷−  = [𝑴𝑷 − 𝑴𝒅]𝒄𝟐 ∗ 𝑮𝒂𝟑𝟏𝟔𝟒  → 𝒁𝒏𝟑𝟎𝟔𝟒  + 𝜷+ + ʋ                           𝑸𝜷+  = ? 

 

 

                            Count/min 

 

                                                                

                                                              End point 

                                                                                          

                                                              𝑻𝜷 = max           E 

                                                               𝑻ʋ = 0 

(النوويةفي كتاب الفيزياء  213صفحة  6-12سؤال    ) 


