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Absolute intensity of one gamma 
ray is known (%Iγγ) 

 Relative intensity γ Δ γ�

 Absolute intensity γ Δ% γ�

 Normalization factor N γ γ�

 Uncertainty ΔN Δ% γ / γ Δ γ / γ)2]1/2 

 Then γ γ 

 Δ% γ Δ Δ γ 1/ γ 1)2]1/2 γ �

Iγ 1 Iγ 2 

%Iγ 

β �



The corresponding normalization factor is: 

                N = (100-Iβ0) / Σ[ Ii(out) + Ii(gs) – Ii(in)] =  
                  (100-Iβ0)  / Σ[ Ii(out) –  Ii(in)] + Σ Ii(gs), but 
                  Σ[ Ii(out) –  Ii(in)] = 0, therefore 
                  N = (100-Iβ0) / Σ Ii(gs) 

Ii(out) 

Ii(in) 

Ii(gs) 0 

Iβi 

Iβ0 



  γ: relative γ-ray intensity; α:  total conversion 
coefficient

x γ x α

 Normalization factor γ x α

 Absolute  γ-ray intensity γ x γ = 1 / α

 Uncertainty Δ γ x Δα α

β  %�

Iγ�



  Normalization factor γ α γ α

  γ x γ x γ γ α γ α

  γ x γ x γ γ α γ α

  γ x γ x γ γ α γ α

  Calculate uncertainties in γ γ γ 
fractional uncertainty in α α

E. Browne, Nucl. Instr. and Meth. A249, 461 (1986). 
or use computer program GABS

β- % 

Iγ 3 

Iγ 2 

Iγ 1 



Equilibrium Decay Chain 

  are the radionuclide half-lives, 
  only radionuclide A0 exists, 
  γ γ γ are known. 
 Then, at equilibrium 
  γ γ γ γ 

 Normalization factor γ 3 γ 

A0 

A1 

A2 

A3 

Iγ 1 

Iγ 3 

T0 

T1 

T2 



Annihilation radiation intensity is known 

  γ Relative annihilation radiation intensity 
  Intensity imbalance at the ith level = (γ+ce) (out) – (γ+ce) 

(in) 
  ε β theoretical ratio to ith level 
  ε β β therefore β

γ

γ γ

  Solve equation (1) for (rel. gs feeding). 
  Solve equation (2) for N (normalization factor). 

(γ+ce) (in) 
(γ+ce)(out) 

(ε+β+)2 

(ε+β+)1 

(ε+β+)0 

ε+β+ 



X-ray intensity is known 

  Relative Kx-ray intensity 
  Intensity imbalance at the ith level = (γ+ce) (out) – (γ+ce) (in) 
  ε β theoretical ratio to ith level 
  ε β so ε (atomic vacancies); ω K-fluorsc.yield 
  Fraction of the electron-capture decay from the K shell 
  ω ε ε

ω

γ
  Solve equation (1) for X0, equation (2) for N. 

(γ+ce) (in) 
(γ+ce)(out) 

(ε+β+)2 

(ε+β+)1 

(ε+β+)0 

ε+β+ 
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G.F. Grinyer et al., Phys. Rev. C 71, 044309 (2005)  

7369.8 (26Mg)

6744.6 

Irel=3.5(8)×10-6

β γ coincidences 

26Na beam: 106 s-1 for 12 hours, trigger rate 24 kHz

γ



Expanded ββ-decay level scheme of 142Ba 

71 levels 
215 γs 

Sn=6183(8) keV 

1054 keV 
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