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Radioactive decay

• Radioactive decay is the stochastic process by 

which an unstable atomic nucleus undergoes 

spontaneous transformation into one or more 

daughter nuclei

• Excess binding energy is removed via the 

emission of alpha- or beta-particles, and/or 

electromagnetic waves (gamma rays, X-rays) or 

by nuclear fission.

• This excess energy depends on the difference in 

mass of the parent atom and the daughter atom 

plus the particle emission (Q-value).



Radioactive Decay

• Each radionuclide undergoes its own unique process to lose 

this excess binding energy

• This process could be achieved through multiple pathways

• Though the decay of a single atom will only go through one

• This process is illustrated by its “Decay scheme”



Radioactive Decay

• Some radionuclides can decay by 

more than one type of decay 

process

• Which can have different decay 

branch probabilities



Nuclear Decay Data

• Decay Data is a broad term that covers the values and 

arrangement associated with the decay processes of a 

radionuclide

• It covers multiple parameters, such as:

• Decay scheme

• Energy of excited states

• Spin states (angular momentum)

• Emission probabilities

• Half-lives

• These have to be determined experimentally



Atomic Decay Data

• The term “Decay Data” can also get used to cover atomic 

data 

• This atomic data is associated from radiations occurring 

from rearrangements of the atomic electrons

• Such as X-ray emissions, Auger electron emissions, 

internal conversion electrons

• These all have associated energies and emission 

probabilities



Radioactive Decay Constants

• Critical to be able to compare measurements of the same 

solution at any time and space

• It is impossible to predict when a single atom will decay

• However, for significant numbers of identical atoms the decay 

rate can be expressed as a decay constant () or half-life 

(T1/2)

• Half-lives of radionuclides have a huge range from near 

instant to longer than the universe

𝑇 Τ1 2 =
𝑙𝑛 2

𝜆



Emission probabilities/intensities

• Along with the half-life, these are probably the most important 

values for everyday use

• These are the probabilities of the any given emission arising 

from a single atom decaying

• But it’s like flipping a coin….



Emission probabilities/intensities

• Along with the half-life, these are probably the most important 

values for everyday use

• These are the probabilities of the any given emission arising 

from a single atom decaying

• But it’s like flipping a coin….

• Who measures just one atom decaying?

• We measure lots of decays!



Decay chains of alpha emitters 
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Reaction cross-section data

• Radionuclides can be produced from stable or 

unstable isotopes by firing protons, neutrons, or 

photons at a target

• There are different reactions to create the same 

radionuclide

• 226Ra(p,2n)225Ac

• 226Ra(d,3n)225Ac

• 226Ra(,n)225Ra→225Ac

• 232Th(p,x)225Ra→225Ac

• Nuclear cross-section of a nucleus is the probability 

that a nuclear reaction will occur.

• These can be different at different particle energies



Importance in Nuclear Medicine
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How does metrology underpin decay data

• Decay Data parameters are measurable quantities

• Traceability and standards underpin these 

measurements

• Primary standards provide significant benefits for 

determining absolute emission intensities

Absolute gamma-ray 

emission intensities



Examples of ‘recent’ decay data measurements

A Knights Tale (2001)

A Knights Tale (2001)



Ra-223 and decay progeny gamma-ray 

emission intensities



Ra-223 and decay progeny gamma-ray 

emission intensities

• Total of 148 gamma-rays from the decay series

• No previous absolute gamma-ray emission 

measurements just normalised values available

• Absolute emission intensities calculated from decay 

scheme

• Gamma-ray spectrometry showed agreement with 

the primary techniques….so no problem?



Ra-223 and decay progeny gamma-ray 

emission intensities

• 18% range in the activities determined from the 

main gamma-ray emissions 

• No confidence in this data



Ra-223 and decay progeny gamma-ray 

emission intensities

Absolute emission intensities

Pibida, L., Zimmerman, B., Fitzgerald, R., King, L., Cessna, J.T., Bergeron, D.E., 2015. Determination of photon emission probabilities for the 
main gamma-rays of 223Ra in equilibrium with its progeny. Appl. Radiat. Isot. 101, 15–19. 

Collins, S.M., Pearce, A.K., Regan, P.H., Keightley, J.D., 2015. Precise measurements of the absolute γ-ray emission probabilities of 223Ra and 
decay progeny in equilibrium. Appl. Radiat. Isot. 102, 15–18., 

Kossert, K., Bokeloh, K., Dersch, R., N¨ahle, O.J., 2015. Activity determination of 227Ac and 223Ra by means of liquid scintillation counting and 
determination of nuclear decay data. Appl. Radiat. Isot. 95, 143–152. 

Marouli, M., Lutter, G., Pomm´e, S., Van Ammel, R., Hult, M., Pierre, S., Dry´ak, P., Carconi, P., Fazio, A., Bruchertseifer, F., Morgenstern, A., 
2019. Measurement of absolute γ-ray emission probabilities in the decay of 227Ac in equilibrium with its progeny. Appl. Radiat. Isot. 144, 34–
46. 

Simoes, R.F.P., da Silva, C.J., da Silva, R.L., de S´a, L.V., Poledna, R., de Oliveira, A.E., Iwahara, A., da Cruz, P.A.L., Delgado, J.U., 2021. 
Standardization of 223Ra by live-time anticoincidence counting and gamma-ray emission determination. Appl. Radiat. Isot. 170, 109559. 



Ra-223 and decay progeny gamma-ray 

emission intensities

Relative emission intensities

Pibida, L., Zimmerman, B., Fitzgerald, R., King, L., Cessna, J.T., Bergeron, D.E., 2015. Determination of photon emission probabilities for the 
main gamma-rays of 223Ra in equilibrium with its progeny. Appl. Radiat. Isot. 101, 15–19. 

Collins, S.M., Pearce, A.K., Regan, P.H., Keightley, J.D., 2015. Precise measurements of the absolute γ-ray emission probabilities of 223Ra and 
decay progeny in equilibrium. Appl. Radiat. Isot. 102, 15–18., 

Kossert, K., Bokeloh, K., Dersch, R., N¨ahle, O.J., 2015. Activity determination of 227Ac and 223Ra by means of liquid scintillation counting and 
determination of nuclear decay data. Appl. Radiat. Isot. 95, 143–152. 

Marouli, M., Lutter, G., Pomm´e, S., Van Ammel, R., Hult, M., Pierre, S., Dry´ak, P., Carconi, P., Fazio, A., Bruchertseifer, F., Morgenstern, A., 
2019. Measurement of absolute γ-ray emission probabilities in the decay of 227Ac in equilibrium with its progeny. Appl. Radiat. Isot. 144, 34–
46. 

Simoes, R.F.P., da Silva, C.J., da Silva, R.L., de S´a, L.V., Poledna, R., de Oliveira, A.E., Iwahara, A., da Cruz, P.A.L., Delgado, J.U., 2021. 
Standardization of 223Ra by live-time anticoincidence counting and gamma-ray emission determination. Appl. Radiat. Isot. 170, 109559. 



Ra-223 and decay progeny gamma-ray 

emission intensities



Th-227 gamma-ray emission intensities

• Calculated absolute gamma-

ray emissions lacked 

precision

•  > 8% uncertainty due 

to scaling factor

• Previous data published was 

either in the 1960s or from a 

private communication in 

1992



Th-227 gamma-ray emission intensities

• Order of magnitude improvement in 

precision



Effect on time zero determination
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Ac-225 half-life

• Previously a half-life of 10.0(1) d from a measurement in 1950



Status and needs of radionuclides being 

investigated for targeted alpha-particle therapy

https://zenodo.org/records/8247129https://www.degruyter.com/document/doi/10.1515/ract-2022-

0004/html



Status and needs of radionuclides being 

investigated for targeted alpha-particle therapy



Importance of Decay Data Evaluations

• Evaluated datasets provide the decay data that 

most use on a routine basis

• There are several databases of evaluated decay 

data

• NNDC

• Decay Data Evaluation Project (DDEP)

• However, there can be a significant lag between 

publication of new data and its inclusion in new 

evaluated datasets

• There are not enough evaluators and too many 

radionuclides

https://www.nndc.bnl.gov/

http://www.lnhb.fr/home/nuclear-data/nuclear-data-table/



Current Challenges for Decay Data

RECOGNITION TECHNICAL

SKILLED PEOPLE
ROBUSTNESS & VALIDITY OF 

DATA



Future outlook

• There are new programs that have built in metrology 

to measure decay data for medical radionuclides

• NuPECC Long Range plan (in progress) has 

identified decay data, metrology, and needs for 

societal applications

ALPHAMET

UK Medical Radionuclide 

Innovation Programme (MRIP)



Conclusion

• Decay data is a broad term covering a large field

• They are measurable quantities

• A lot of the data is old and does not benefit from 

traceability or metrology

• It has an impact across the radiopharmaceutical 

pathway

• There is still plenty to do but significant 

improvements have been made in the last 10 years

• State-of-the-art techniques

• Metrology and traceability

• Robust uncertainties

• Decay data is seeing an increase in interest and the 

need for better confidence in the data

• There are new programmes underway that identify 

the need for metrology in decay data
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