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■ LNHB is the French national metrology laboratory for ionising radiation: radioactivity and dosimetry of 

photons and charged particles

■ Provide metrological references to users through a strict traceability chain 

■ Standards and measurements for:

■ Radiotherapy 

■ Nuclear medicine 

■ Diagnostics

■ Health protection

■ Nuclear industry

■ Environmental studies

■ Defense 

■ Research

1

Laboratoire National Henri Becquerel

R & D

Reference maintain 

and upgrade

International traceability

excellence of the national 

metrology chain

Transfer to 

users

08/06/2023S. Leblond Ongoing developments at the Decay Data Evaluation Project Wonder 2023



Disposition : Titre et contenu

08/06/2023 2

At the origin of DDEP

■ Within the metrology community, in the early 1990s, there was a specific need identified for evaluated 

decay scheme data for use in absolute activity measurements, including important atomic data, e.g. 

conversion electrons, X-rays, Auger-electrons.

■ During international inter-comparison exercises, differences in recommended activity values were seen 

to be dependent upon the decay scheme data used.

■ A group dedicated to decay scheme evaluation was formed in 1993 between LNHB (France) & PTB 

(Germany), quickly followed by USA and others in 1994 

■ Hence, the international DDEP group was established in 1995, in which a common evaluation 

methodology was defined and adopted, including a comprehensive review process.

■ The Bureau International des Poids et Mesures (BIPM), which, through the Consultative Committee on 

Ionising Radiation, oversees the international metrology community inter-comparison exercises 

recommended that the DDEP evaluated decay scheme data should be used by all metrology institutes. 
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3

DDEP missions

■ Provide recommended decay data to non-specialists

■ Metrology 

■ Fundamental physics (detector calibration)

■ Nuclear medicine

■ Nuclear industry
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3

DDEP missions

■ Provide recommended decay data to non-specialists

■ Metrology 

■ Fundamental physics (detector calibration)

■ Nuclear medicine

■ Nuclear industry

■ Main information of interest:

■ Half-life, Q-value

■ Decay scheme 

■ Intensity and energies of

o Alpha / beta / electron capture

o Gamma and internal conversion 

o X-rays & Auger electrons 

Emitted particles

Decay properties 
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DDEP members

■ DDEP Coordination: Xavier Mougeot

■ LNHB Local team (evaluation, review, edition, publication)

■ Decay data evaluators 

■ Additional support

 Tibor Kibédi (BrIcc and BrIccMixing codes)

 Balraj Singh (ENSDF collaboration)

 Alan L. Nichols
(Surrey University, UK)

 Aurelian Luca
(IFIN, Romania)

 Brian E. Zimmerman
(NIST, USA) 

 Rob Shearman
(NPL, UK)

 Xialong Huang
(CIAE, China)

 Nikolai Kuzmenko
(KRI, Russia)

 Sylvain Leblond

 Xavier Mougeot

 Mark A. Kellett (Special advisor) 

 Christophe Dulieu (IT support)
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DDEP evaluation pipeline

1. Initiation of a evaluation

■ Need from a project / collaboration

■ Following a user request

■ Evaluator initiative

Initiation

Publication
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DDEP evaluation pipeline

1. Initiation of a evaluation

■ Need from a project / collaboration

■ Following a user request

■ Evaluator initiative

2. Data evaluation

■ Performed independently by 1 or 2 evaluators

■ Using DDEP guidelines and tools

From few weeks… 

to several months… 

Initiation

Publication

Beginning of data evaluation
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DDEP evaluation pipeline

1. Initiation of a evaluation

■ Need from a project / collaboration

■ Following a user request

■ Evaluator initiative

2. Data evaluation

■ Performed independently by 1 or 2 evaluators

■ Using DDEP guidelines and tools

3. Reviewing process

■ One DDEP reviewer is assigned

■ Complete verification of the evaluation

■ Discussion with evaluator until agreement 

From few weeks… 

to several months… 

Initiation

Publication

Several weeks / months

Beginning of data evaluation

Beginning of evaluation reviewing
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DDEP evaluation pipeline

1. Initiation of a evaluation

■ Need from a project / collaboration

■ Following a user request

■ Evaluator initiative

2. Data evaluation

■ Performed independently by 1 or 2 evaluators

■ Using DDEP guidelines and tools

3. Reviewing process

■ One DDEP reviewer is assigned

■ Complete verification of the evaluation

■ Discussion with evaluator until agreement 

4. Edition and publication

From few weeks… 

to several months… 

Initiation

Publication

Several weeks / months

Beginning of data evaluation

Beginning of evaluation reviewing

Beginning of edition

Several days
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DDEP various collaborations 

■ IAEA Coordinated Research Projects (CRP)

■ 2019: Nuclear Data for Charged-particle Monitor Reactions 

and Medical Isotope Production 

■ 2013: Library of Recommended Actinide Decay Data 

■ 2007: Update of X Ray and Gamma Ray Decay Data Standards

for Detector Calibration and Other Applications

■ Evaluations for Comprehensive Nuclear-Test-Ban Treaty Organisation

(Mónica Galán: Xe and I isotopes)

■ European Research Project (EMPIR Euramet)

■ CEA INSNU project (Reactor safety)

■ Joint Evaluated Fission and Fusion file (JEFF) European library
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Publications 

■ Tables of Radionuclides 

■ published by BIPM

■ 8 volumes from 2004 to 2016

■ Around 40 isotopes per volume
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Publications 

■ Tables of Radionuclides 

■ published by BIPM

■ 8 volumes from 2004 to 2016

■ Around 40 isotopes per volume

■ Mini Table of Radionuclides

■ Published by EDP Sciences

■ Price: 25 €

■ 1884 units sold (paper + digital)

■ Around 300 isotopes

■ Small and compact
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LNHB website

■ Download available

■ BIPM Monographies

■ Nucleus Evaluation

■ Comments file

■ ENSDF file

■ PenNuc input file

■ BetaShape file

http://www.lnhb.fr/nuclear-data/nuclear-data-table/
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LNHB website

■ Download available

■ BIPM Monographies

■ Nucleus Evaluation

■ Comments file

■ ENSDF file

■ PenNuc input file

■ BetaShape file

■ Access in 2022

■ ~ 130 access per day

■ ~ 20 downloads per day

■ ~ 20 countries

■ ~ 7 times more views 

in 5 years
http://www.lnhb.fr/nuclear-data/nuclear-data-table/
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Laraweb online tool

■ Laraweb online interface

■ Easy access to decay data

■ Decay scheme

■ Direct access to Tables & recommendations

■ Various tools (activity calculation, mass…) 

■ Energy / intensity queries

■ Statistics

■ ~ 2000 users per day

■ ~ 3000 requests per day

■ ~  60 countries

■ Common queries: 241Am, 137Cs, 152Eu…

http://www.lnhb.fr/Laraweb
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Decay data for Monte-Carlo

■ Monte-Carlo simulations 

■ Rely on many databases

■ Strongly dependent on the quality of the latter

■ Need for a complete inclusion of DDEP data

■ PENELOPE 

■ PENNUC module

■ GEANT4 

■ Nuclide++ module
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Laraweb continuous development

■ Decay chain tools

■ Parent / Daughters activity calculation 

■ Calculation of radiation emission intensities

■ Decay chains visualisation (in process)

■ BetaShape on the web (released recently)

■ Any suggestion? 

■ Contact: Christophe.DULIEU@cea.fr

66Ga

http://www.lnhb.fr/Laraweb/BetaShape_web/

08/06/2023S. Leblond Ongoing developments at the Decay Data Evaluation Project Wonder 2023
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Increasing the number of evaluators

■ DDEP workforce remains limited 

■ 7th to 9th of March 2022: Organisation of a DDEP workshop dedicated to evaluator training 

o Vanessa VALLET 

(CEA Cadarache)

o David BERNARD 

(CEA Cadarache)

o Muriel FALLOT 

(SUBATECH)

o Amanda PORTA 

(SUBATECH)

o Lydie GIOT 

(SUBATECH)

o Alejandro ALGORA 

(Instituto de Física Corpuscular)

o Philippe CASSETTE

(Sofia University)
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TAGS measurements

■ Pandemonium effect

■ First discover by J. Hardy in 1977

■ Lead to inaccurate estimation of beta feeding

■ TAGS measurements

■ Gamma calorimeters 

■ New level scheme including pseudo levels

■ Inclusion of TAGS data in DDEP

■ Discussions with TAGS community

■ Procedure to be defined 

■ Requires support and expertise
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JEFF 4

■ Historical link between DDEP and the JEFF database

■ Inclusion of DDEP decay data in JEFF 3.3 by M.A. Kellett

■ Possible involvement of DDEP in JEFF 4

■ Update of the decay data library

■ Addition of the BetaShape calculations

 Beta decay electrons spectra

 Antineutrino spectra

 LogFT value

■ Limited by available manpower
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DDEP project at LNHB

■ Evaluations of decay data

■ Since 1993

■ For non-specialist

■ Recommendations available

■ Online on LNHB website

■ Through LNHB web tool

■ For Monte-Carlo simulation

■ On-going evolutions

■ Software & website

■ Recruitment of new evaluators

■ Inclusion of TAGS data ?

■ Update of JEFF 4?
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■ A β- decay to 137Ba

■ Populates ground & excited states

■ Half-life around 30 years

■ Total Q-value close to 1176 keV

■ Emissions 

■ Two main β- branches

■ Ground state (Emax ~ 1176 keV)

■ Second excited state (Emax ~ 514 keV)

■ Iconic 662 keV gamma

30/03/2023S. Leblond -- DDEP recommendations for 137Cs decay data -- ICRM2023 3

Decay overview of 137Cs

Surely decay data are well known…



Disposition : Titre et contenu

■ Latest 137Cs decay data evaluations

■ DDEP

■ R.G. Helmer and V.P. Chechev (2006)

■ ENSDF 

■ E. Browne and J.K. Tuli (2007)

30/03/2023S. Leblond -- DDEP recommendations for 137Cs decay data -- ICRM2023 4

Decay data status

New publications

Can it be improved?

DDEP ENSDF

T1/2 (y) 30.05 (8) 30.08 (9)

Iβ(11/2-) (%) 94.36 (28) 94.7 (2)

Iβ(3/2+) (%) 5.64 (28) 5.3 (2)

Iγ (%) 84.99 (20) 85.1 (2)
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■ Abundant bibliography 

■ More than 75 publications

■ From 1948 to 2016

■ Different experimental methods

■ Many languages

■ How to select a meaningful dataset?

30/03/2023S. Leblond -- DDEP recommendations for 137Cs decay data -- ICRM2023 5

Half-life of 137Cs: overview
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■ Abundant bibliography 

■ More than 75 publications

■ From 1948 to 2016

■ Different experimental methods

■ Many languages

■ How to select a meaningful dataset?

■ DDEP guidelines

■ Discard measurements without 

uncertainty estimation

■ One measurement per

author / laboratory

30/03/2023S. Leblond -- DDEP recommendations for 137Cs decay data -- ICRM2023 5

Half-life of 137Cs: overview
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■ Highly discrepant 

■ 23 references considered

■ T1/2 varying from 26 to 33 years

■ Uncertainties from 0.011 to 3 years

■ Statistical test of the distribution:

𝜒2 ~ 11 ≫ 𝜒𝑐𝑟𝑖𝑡
2 ~ 1.9

30/03/2023S. Leblond -- DDEP recommendations for 137Cs decay data -- ICRM2023 6

Half-life of 137Cs: a first dataset to work with
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■ Highly discrepant 

■ 23 references considered

■ T1/2 varying from 26 to 33 years

■ Uncertainties from 0.011 to 3 years

■ Statistical test of the distribution:

𝜒2 ~ 11 ≫ 𝜒𝑐𝑟𝑖𝑡
2 ~ 1.9

■ Unweighted average T1/2 = 30.09 (8) a

Reminder:
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Half-life of 137Cs: a first dataset to work with
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How to proceed further?

DDEP ENSDF

T1/2 (a) 30.05 (8) 30.08 (9)
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■ Critical analysis of each publication

■ Evaluate possible experimental bias

■ Evaluate uncertainty budget assessment

■ Support from previous works

M.J. Woods, The Half-life of 137Cs – A critical Review, NIM A286 (1990)

30/03/2023S. Leblond -- DDEP recommendations for 137Cs decay data -- ICRM2023 7

Cs-137 Half-life: final refinement
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■ Critical analysis of each publication

■ Evaluate possible experimental bias

■ Evaluate uncertainty budget assessment

■ Support from previous works

M.J. Woods, The Half-life of 137Cs – A critical Review, NIM A286 (1990)

■ Selected publications 

■ Dietz et al., (1973) GEC T1/2 = 30.174 (11) a

■ Martin et al., (1990) CRNL T1/2 = 30.029 (12) a

■ Schrader et al., (2010) PTB T1/2 = 30.06 (4) a

■ Bellotti et al., (2012) INFN T1/2 = 29.96 (8) a

■ Juget et al., (2016), IRP T1/2 = 29.994 (29) a

■ Unterweger et al., (2020) NIST T1/2 = 29.88 (15) a

30/03/2023S. Leblond -- DDEP recommendations for 137Cs decay data -- ICRM2023 7

Cs-137 Half-life: final refinement
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■ Critical analysis of each publication

■ Evaluate possible experimental bias

■ Evaluate uncertainty budget assessment

■ Support from previous works

M.J. Woods, The Half-life of 137Cs – A critical Review, NIM A286 (1990)

■ Selected publications 

■ Dietz et al., (1973) GEC T1/2 = 30.174 (11) a

■ Martin et al., (1990) CRNL T1/2 = 30.029 (24) a

■ Schrader et al., (2010) PTB T1/2 = 30.06 (4) a

■ Bellotti et al., (2012) INFN T1/2 = 29.96 (8) a

■ Juget et al., (2016), IRP T1/2 = 29.994 (29) a

■ Unterweger et al., (2020) NIST T1/2 = 29.88 (15) a
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Cs-137 Half-life: final refinement

x2

29,700

29,800

29,900

30,000

30,100

30,200

30,300

1970 1980 1990 2000 2010 2020 2030

T
1
/2

(y
e
a
rs

)

Date of publication



Disposition : Titre et contenu

■ A final dataset of 5 measurements

■ Consistent: 𝜒2 ~ 0,8 < 𝜒𝑐𝑟𝑖𝑡
2 ~ 3.3

■ Unweighted mean T1/2 = 29.984 (30) a

■ Weighted mean T1/2 = 30.018 (16)int (14)ext a

■ Recommended uncertainty extended

to match Martin et al. (1990)

T1/2 = 30.018 (22) a

30/03/2023S. Leblond -- DDEP recommendations for 137Cs decay data -- ICRM2023 8

Cs-137 Half-life: new DDEP recommendation

DDEP ENSDF This work

T1/2 (a) 30.05 (8) 30.08 (9) 30.018 (22)
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■ A final dataset of 5 measurements

■ Consistent: 𝜒2 ~ 0,8 < 𝜒𝑐𝑟𝑖𝑡
2 ~ 3.3

■ Unweighted mean T1/2 = 29.984 (30) a

■ Weighted mean T1/2 = 30.018 (16)int (14)ext a

■ Recommended uncertainty extended

to match Martin et al. (1990)

T1/2 = 30.018 (22) a
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Cs-137 Half-life: new DDEP recommendation

DDEP ENSDF This work

T1/2 (a) 30.05 (8) 30.08 (9) 30.018 (22)

■ Outlooks

■ Lower dependency to Martin et al.

■ 50% of the weight

■ Need for additional measurements

■ Unpublished results ?

■ PTB (continuation of Schrader works)

■ NRC (IC from 1995 2009)
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■ A simple decay scheme

■ Three main transitions 

■ 137Cs → 137Ba (11/2-) ~ 95%

■ 137Cs → 137Ba (3/2+) ~ 5%

■ 137Ba (11/2-) → 137Ba (3/2+) ~ 85+10%  (γ + EC)

■ Three negligeable transitions

■ 137Cs → 137Ba (1/2+) ~ 6 10-4 %

■ 137Ba (11/2-) → 137Ba (1/2+) ~ 1 10-5 %

■ 137Ba (1/2+) → 137Ba (3/2+) ~ 6 10-4 %

30/03/2023S. Leblond -- DDEP recommendations for 137Cs decay data -- ICRM2023 9

Decay scheme of 137Cs: overview

~ 5% 

~ 95% 

~ 85% 
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■ A simple decay scheme

■ Three main transitions 

■ 137Cs → 137Ba (11/2-) ~ 95%

■ 137Cs → 137Ba (3/2+) ~ 5%

■ 137Ba (11/2-) → 137Ba (3/2+) ~ 85+10%  (γ + EC)

■ Three negligeable transitions

■ 137Cs → 137Ba (1/2+) ~ 6 10-4 %

■ 137Ba (11/2-) → 137Ba (1/2+) ~ 1 10-5 %

■ 137Ba (1/2+) → 137Ba (3/2+) ~ 6 10-4 %

■ Knowledge of one of the main transitions is enough

■ Completeness of the decay scheme

■ Assuming knowledge of the αT conversion coefficient (BrIcc)

30/03/2023S. Leblond -- DDEP recommendations for 137Cs decay data -- ICRM2023 9

Decay scheme of 137Cs: overview

~ 5% 

~ 95% 

~ 85% 
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■ A limited dataset

■ Only six publication (from 1965 to 1983)

■ Three remains after applying DDEP criteria

■ Legrand et al. (1973) CEA Iγ = 85.3 (3) %

■ Merritt et al. (1978) CRNL Iγ = 84.7 (7) %

■ Behrens et al. (1983) NPL Iγ = 85.21 (7) %

30/03/2023S. Leblond -- DDEP recommendations for 137Cs decay data -- ICRM2023 10

Intensity of the 662 keV gamma emission
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■ A limited dataset

■ Only six publication (from 1965 to 1983)

■ Three remains after applying DDEP criteria

■ Legrand et al. (1973) CEA Iγ = 85.3 (3) %

■ Merritt et al. (1978) CRNL Iγ = 84.7 (7) %

■ Behrens et al. (1983) NPL Iγ = 85.21 (7) %

■ Consistent dataset but an issue with Behrens et al. 

■ Estimated using magnetic spectrometer

■ Usage of discrepant αT conversion coefficient

■ Replaced by Goodier et al. (1975) Iγ = 86 (1) %
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■ A limited dataset

■ Only six publication (from 1965 to 1983)

■ Three remains after applying DDEP criteria

■ Legrand et al. (1973) CEA Iγ = 85.3 (3) %

■ Merritt et al. (1978) CRNL Iγ = 84.7 (7) %

■ Behrens et al. (1983) NPL Iγ = 85.21 (7) %

■ Consistent dataset but an issue with Behrens et al. 

■ Estimated using magnetic spectrometer

■ Usage of discrepant αT conversion coefficient

■ Replaced by Goodier et al. (1975) Iγ = 86 (1) %

■ Weighted mean Iγ = 85.26(30) %

■ Weight of Legrand et al. 78 %
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Intensity of the 662 keV gamma emission
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Intensity of the beta to ground state transition

■ Another limited dataset

■ Only six publications (from 1957 to 1983)

■ Four of them are discarded after analysis

■ Only two measurements avalaible

■ Hansen et al. (1969) CBNM Iβ = 5.4 (3) %

■ Behrens et al. (1983) NPL Iβ = 5.57 (7) %
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Intensity of the beta to ground state transition

■ Another limited dataset

■ Only six publications (from 1957 to 1983)

■ Four of them are discarded after analysis

■ Only two measurements avalaible

■ Hansen et al. (1969) CBNM Iβ = 5.4 (3) %

■ Behrens et al. (1983) NPL Iβ = 5.57 (7) %

■ Question regarding the measurement of Behrens et al.

■ Inaccurate measurement of αT conversion coefficient

■ Limitation of weight of Behrens et al. to 50 %

■ Behrens et al. (1983) NPL Iβ = 5.57 (30) %

■ Average Iβ = 5.48 (30) %
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■ Two main possibilities

■ From 662 keV gamma intensity

■ Iγ = 85.26 (30) %

■ From the beta decay to the ground state of 137Ba

■ Iβ = 5.48 (30) %  corresponds to Iγ = 84.97 (29) %

■ Final recommandation: weighted average of both
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Decay scheme reconstruction

DDEP ENSDF This work

Iβ(11/2-) (%) 94.36 (28) 94.7 (2) 94.65 (30)

Iβ(3/2+) (%) 5.64 (28) 5.3 (2) 5.35 (30)

Iγ (%) 84.99 (20) 85.1 (2) 85.09 (29)
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■ A new evaluation of 137Cs has been performed

■ Recommendations are consistent with 

previous evaluations
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Conclusions & outlooks

94.61 (30) % 

85.05 (29) % 5.39 (30) % 

T1/2 = 30.018 (22) a

DDEP ENSDF This work

T1/2 (a) 30.05 (8) 30.08 (9) 30.018 (22)

Iβ(11/2-) (%) 94.36 (28) 94.7 (2) 94.65 (30)

Iβ(3/2+) (%) 5.64 (28) 5.3 (2) 5.35 (30)

Iγ (%) 84.99 (20) 84.99 (20) 85.09 (29)
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■ A new evaluation of 137Cs has been performed

■ Recommendations are consistent with 

previous evaluations
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Conclusions & outlooks

94.61 (30) % 

85.05 (29) % 5.39 (30) % 

T1/2 = 30.018 (22) a

DDEP ENSDF This work

T1/2 (a) 30.05 (8) 30.08 (9) 30.018 (22)

Iβ(11/2-) (%) 94.36 (28) 94.7 (2) 94.65 (30)

Iβ(3/2+) (%) 5.64 (28) 5.3 (2) 5.35 (30)

Iγ (%) 84.99 (20) 84.99 (20) 85.09 (29)

Analysis of datasets has shown the need for additional 

measurements for both half-life and transition intensities


