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• A broad term that covers the unique values and 

arrangement associated with the decay process of 

a radionuclide

• Covers multiple parameters, such as:

• Energy of excited states

• Spin states (angular momentum)

• Multipolarities

• Emission probabilities

• Half-lives
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• A broad term that covers the unique values and 

arrangement associated with the decay process of 

a radionuclide

• Covers multiple parameters, such as:

• Energy of excited states

• Spin states (angular momentum)

• Multipolarities

• Emission probabilities

• Half-lives

• Atomic data – e.g., X-ray emission intensities, 

Auger-electron emission intensities 

• Cross-section data
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• Effectively the constants of radioactive decay of a 

radionuclide

• These are all measurable quantities!

• They have uncertainties!



IMPORTANCE IN NUCLEAR MEDICINE
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WHY CONFIDENCE IN DECAY DATA MATTERS
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METROLOGY UNDERPINNING DECAY DATA

• Decay Data parameters are measurable 

quantities

• Traceability and standards can underpin these 

measurements
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METROLOGY UNDERPINNING DECAY DATA

• Decay Data parameters are measurable 

quantities

• Traceability and standards can underpin these 

measurements

• Good metrology requires more:

• Quality control

• Validation of methods

• Comparison of techniques (or to other 

laboratories)

• Robust uncertainty analysis
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DECAY DATA EVALUATIONS

• Evaluated datasets provide the decay data that 

most use on a routine basis

• There are several databases of evaluated 

decay data, e.g., 

• NNDC

• Decay Data Evaluation Project (DDEP)

• Evaluators rely on the data being robust!

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

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

• 64 Radionuclides evaluated

• 48 recommendations for more 

measurements
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• 64 Radionuclides evaluated

• 48 recommendations for more 

measurements

• Many issues arising due to 

“precise” measurements 

disagreeing
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HALF-LIFE UNCERTAINTY MODEL
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• 64 Radionuclides evaluated

• 48 recommendations for more 

measurements

• Many issues arising due to 

“precise” measurements 

disagreeing



HALF-LIFE UNCERTAINTY MODEL – TB-152
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Collins, S. M., et al. “Determination of the Terbium-152 half-life from mass-separated samples from CERN-
ISOLDE and assessment of the radionuclide purity“. Applied Radiation and Isotopes 202 (2023): 111044.



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?
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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



COMPARISON TO DDEP RECOMMENDED 

VALUES.
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COMPARISON OF RA-223 RESULTS

normalised to the 154.2 keV -ray emission

normalised to the 269.5 keV -ray emission

.
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COMPARISON OF RA-223 RESULTS

normalised to the 154.2 keV -ray emission

normalised to the 269.5 keV -ray emission

. • There appears to be a ‘switching’ 

point in the discrepancies.

• What could cause this?

• Errors in efficiency calibrations?
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COMPARISON OF 75Se DECAY DATA

Krien et al. (1970). ENSDF (2013)
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• Only one publication (before 2015) provides any 

detector calibration details

• This also happens to be the one that quoted the best 

uncertainties

• Krien et al. (1970) used 75Se to determine the full-

energy peak efficiency calibration.

• The -ray emission probabilities used at the time 

are provided.

• These are significantly different from the 

recommended values now.

• This allowed us to do some investigation work….



Before After

COMPARISON OF 75Se DECAY DATA

Krien et al. (1970). ENSDF (2013)

PRISMAP Radiolanthanides Workshop, 3 September 2024 30



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
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CONCLUSION

• Decay data has an important role 

in nuclear medicine

• ‘Good’ decay data relies on 

‘good’ metrology practice

• Robust uncertainty analysis is 

key

• Historical data should be treated 

with caution 

• Poor data in = Poor data out
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