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Important web-sites 

DDEP – Decay Data Evaluation Project 

http://www.nucleide.org 

Also, new website at LNHB….. http://www.lnhb.fr  

 

Examples of gamma-ray spectra  (HPGe/Ge(Li) and NaI) 

http://www4vip.inl.gov/gammaray/catalogs/catalogs.shtml 

 

Useful tools: http://www.Nucleonica.org   

Websites of several NMIs (National Metrology Institutes like  

NPL (UK), NIST (USA)  LNHB (France). 

http://www.nucleide.org/
http://www.nucleide.org/
http://www.nucleide.org/
http://www.nucleide.org/
http://www4vip.inl.gov/gammaray/catalogs/catalogs.shtml
http://www4vip.inl.gov/gammaray/catalogs/catalogs.shtml
http://www.nucleonica.org/
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The simplified Basic Equation for gamma-ray 

spectrometry 
 tAPC 

Pt

C
A 

Peak Count 

Measurement time  

(live time) 

FEP (Full Energy Peak) efficiency 

Gamma-ray emission probability 
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K1 = summing correction 

K2 = Branching correction 

K3 = Equilibrium correction 
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Combine activities from several gamma-rays from one radionuclide 

The (almost) complete basic equation for gamma-ray spectrometry 

Correction factor from 

calculation or  Monte 

Carlo code (MC) 

Measured 

(Exp) 

Reference  

sample (Ref) 
td  = decay time (to a reference date) 

tm = measurement live time 

tr = measurement real time 

Combine activities from several daughters into one activity 

for the mother (like for 226Ra and the 222Rn-daughters) 

tm 

tr 

r 

Angular correlations 
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K1 = summing correction 

K2 = Branching correction 

K3 = Equilibrium correction 

The basic equation for gamma-ray spectrometry 

td  = decay time (to a reference date) 

tm = measurement live time 

tr = measurement real time 

m tm 

tr 

r 

K4 = angular correlations 

K4 

This lecture: 

Is it included in "your" 

software? I cannot say but you 

should check! 



6 CEA, Paris, June 13, 2018 

Basic Equation – Time corrections 

Decay during measurement 

Decay from reference date dte


(1 )mte







tr 

r 
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Half-life: 50 days 

td= 

decay time 
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(real time) 

Reference date 

If deadtime=0 

then tr=tm 
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Half-life: 1 day 

td= 

decay time 
ta= activation  

time 

tr= 

measurement time  

(real time) 

0

0.5

1

1.5

2

2.5

3

0 1 2 3 4 5 6 7 8 9 10

Time (days)

A
ct

iv
ity

 (a
.u

.)

If deadtime=0 then tr=tm 



9 CEA, Paris, June 13, 2018 

Serial Decay 

Bateman's equations 

Serial decay 

)(stableCBA 

t

AABB
B AeNN

dt

dN  
 0

N, being number of atoms 
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The radioactive decay 

 Discovered by Henri Becquerel (1896) 

 Decay law formulated by Ernest Rutherford in 1905 

 The general analytical solution to Rutherford's law was 

derived by Harry Bateman in 1910 (while at Cambridge). 

 Mathematician 

 Manchester – Cambridge – Göttingen – PARIS – 

Liverpool – Manchester – USA (CalTech.) 

 

 

 

 But don't forget the Swedes 

(1882-1946) 
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Harry Bateman 

Useful site: 

Nucleonica 
https://www.nucleonica.com/

wiki/index.php?title=Help%3

ADecay_Engine%2B%2B 
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Chain of “D” decays 

)(........ 14321 stableDAAAAA D  

Recursive problem: 
t

jjjj

j jeNN
dt

dN
1

0)1(1







General solution: “Bateman’s equations” 







D

i

t

i
D iecN

dt

dN

1

0



)(,1

1

ij

D

jij

j

D

j

ic















13 CEA, Paris, June 13, 2018 

Excel sheet to be distributed 
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Decay starting at Ra-226
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15 

Decay starting at Rn-222
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Starting with radon-222 
 
Half-life 3.8 days 
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Decay starting at Po-218
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Exercise: 

Implement the following decay series in the 

excel file: 

228Ac       228Th         224Ra…. 6.1 h 1.9 y 
232Th         228Ra         

14·1010 y 5.8 y 
3.6 d 
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Serial decay 
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More complex if N0B or A0B are not negligible, 
but in principle add the term              or   t
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Pay attention!! 
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Equilibrium 

3 cases 

  - Secular equilibrium 

  - Transient equilibrium 

  - No equilibrium 
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Secular equilibrium 

- Mother half-life >> daughter   
(at least a factor 1000 bigger  1 permille effect on apparent half-life) 

- The apparent half-life of the daughter = the half-life of the mother 

- Total activity is doubled 

 

 

=> Use correct half-life when calculating activity!!! 
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Transient equilibrium 

 
• Mother half-life > daughter half-life (ratio between 1 and 

1000 or so) 

• The apparent half-life of the daughter = the half-life of the 
mother 

• Total activity is NOT EXACTLY doubled. Equilibrium factor:  

 

 
AB

B






= 

𝑇½(𝐴)

𝑇½ 𝐴 −𝑇½(𝐵)
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Exercise: Equilibrium factor 

Derive the expression of the equilibrium factor. Start by taking the 

ratio of the activity of the daughter divided by the activity of the 

parent.  
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Common case of ~secular equilibrium 

90Sr             90Y   90Zr (stable) 28.8 years 2.7 days 

Factor 3900 
 Equilibrium factor: 1.00026 

FYI: "Full" chain: 

90Sr            90Y         90Zr 28.8 years 2.7 days 
90Kr            90Rb         

33 s 2.7 min 
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No equilibrium 

 

• Mother half-life < daughter half-life  
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EXAMPLE 
 

Radionuclide: 8 days 

Organs: 6 days 

Effective 3.4 days 

effective = radioactive + biological  
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238U decay 
chain 

238U decay chain 

Suitable for gamma 
spec 
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Ra-226 activity from daughters 

Assuming  
• No possibility to use 186 keV line due to interference from U-235 
• Equilibrium between Ra-226 and Rn-222+daughters 
• All radionuclides homogeneously distributed in the sample  (how to know 

this?) 

Then… 
• All gamma-rays from Pb-214 and Bi-214 should give the same activity. 
 295, 352, 609, 1120, 1764 
  => calculate a weighted mean (if all agree) 
• Use possible discrepancies to discover problems with efficiency 

calibration or re-distribution of radionuclides (radon) in the sample. 

• Air-filters (pelletized or not) need to be placed in radon-tight container 
for ~2 weeks) 
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U-235 after obtaining Ra-226 activity 

Assuming  
• No possibility to use 144 keV, 163 keV or 205 keV  (or any other line) 

Then… 
• Knowing he Ra-226 activity, Calculate the number of counts that Ra-

226 will generate in the 186 keV peak 
• Subtract these counts from the total counts in the 186 keV peak in the 

spectrum 
• Quantify U-235 using the remaining counts in the 186 keV peak. 
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Decay starting at Ra-226
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Decay starting at Ra-226
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What about Pb-210? In equilibrium with Ra-226? 
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Decay starting at Ra-226
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Quantification of Ra-226 using the Rn-222 

daughters 
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Effect of radon re-distribution on efficiency 

Completely 

filled sample 

container 

70% filled 

sample 

container 

20% correction 7% correction 
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Radon measurement using gamma-spec. 

General rule: Fill the container completely (especially important when 

measuring e.g. radon in water (submerse container completely in 

"basin") 

 

Test the sample container for leakage. How? 

 

Use of adsorbants? 

 

Most of all: Be aware of the problem of radon and thoron re-

distribution 
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The simplified Basic Equation for gamma-ray 

spectrometry 

Pt

C
A 

Still highly useful for: 40K and other long-lived radionuclides 

without cascading gamma-rays  

and for: 137Cs unless the reference date is years from the 

measurement date 
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The simplified Basic Equation for gamma-ray 

spectrometry – with summing-correction 

Pt

C
A 

highly useful for : 134Cs, 152Eu, 60Co, … etc. unless the reference 

date is years from the measurement date 

K1 
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Branching 

=EC+b 
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Branching 
One example: Tl-208, in equilibrium with 228Th 

http://www4vip.inl.gov/gammaray/catalogs/ge/pdf/th228.pdf 

 

To calculate activity of 228Th   using the 2614 keV and 583 keV lines from 
208Tl, it is necessary to correct for the 36% branching ratio. 

http://www4vip.inl.gov/gammaray/catalogs/ge/pdf/th228.pdf
http://www4vip.inl.gov/gammaray/catalogs/ge/pdf/th228.pdf
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From Idaho national 

laboratories' (INL) online 

gamma spectra catalog 
http://www4vip.inl.gov/gammaray

/catalogs/index.shtml  

 

 

http://www4vip.inl.gov/gammaray/catalogs/index.shtml
http://www4vip.inl.gov/gammaray/catalogs/index.shtml
http://www4vip.inl.gov/gammaray/catalogs/index.shtml
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From idaho national 

laboratories' (INL) online 

gamma spectra catalog 
http://www4vip.inl.gov/gammaray

/catalogs/index.shtml  

 

 

http://www4vip.inl.gov/gammaray/catalogs/index.shtml
http://www4vip.inl.gov/gammaray/catalogs/index.shtml
http://www4vip.inl.gov/gammaray/catalogs/index.shtml
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Mo-99 and Tc-99m 
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(see next slide) 
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I (140 keV) = 89,6%  

    In equilibrium 

43 
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Simplified decay scheme!! 
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Ratio with branching = 0.963 

Mo-99 and Tc-99m 
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Extract from DDEP page on Mo-99 
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• Positron emission 

Beta plus decay 
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Beta plus decay 

Isobaric transition in which a proton is transformed into a neutron 

and a positron (+neutrino) is emitted from the nucleus 

energyeYX A
1Z

A
Z  

 e

• in proton rich nuclei 
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Energy diagram 
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Fate of positrons 

Positrons (anti-electrons) have a short lifetime in matter. They 

readily annihilate with electrons. 

The annihilation radiation are two photons of 511keV (=me) emitted 

at 180° angle. 
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Beta-plus 

http://www4vip.inl.gov/g

ammaray/catalogs/ge/pd

f/na22.pdf 
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The 511 keV peak will appear in the spectrum and 

will also create coincidence summing!! 

 

It is generally produced in the sample.  

 

Extremely thin samples can be difficult to quantify 

 

The 511 keV is not usually used for quantification. 

But, if the sample is very "radiopure" it is possible. 
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Q-values only "slightly" above 1022 keV will have 

very low probability for beta plus decay. 

 

 - Sr-85  (1065 keV) 
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Stay in touch 

 
•EU Science Hub: ec.europa.eu/jrc 

•Twitter: @EU_ScienceHub  

•Facebook: EU Science Hub - Joint Research Centre 

•LinkedIn: Joint Research Centre 

•YouTube: EU Science Hub 


