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IAEA Nuclear Data SectionIAEA Nuclear Data Section
Provision of Provision of nuclear data servicesnuclear data services to scientists to scientists 
worldwide (data libraries, bibliographies and related worldwide (data libraries, bibliographies and related 
materials) through Internet, CDmaterials) through Internet, CD--ROM and other ROM and other 
media media 
Production of new databases throughProduction of new databases through
CoCo--ordinatedordinated Research ProjectsResearch Projects ((CRPsCRPs) and ) and Data Data 
DevelopmentDevelopment projectsprojects
Assist developing countries through Assist developing countries through technology technology 
transfertransfer activitiesactivities



Applications of Nuclear DataApplications of Nuclear Data
Energy applicationsEnergy applications

fission powerfission power
fusion reactor technologyfusion reactor technology

NonNon--energy applicationsenergy applications
nuclear medicinenuclear medicine
materials analysis and process controlmaterials analysis and process control
safeguardssafeguards
radiation safetyradiation safety
waste managementwaste management
environmental researchenvironmental research
basic research (e.g. nuclear astrophysics) and basic research (e.g. nuclear astrophysics) and 
educationeducation



Nuclear Data FilesNuclear Data Files

Bibliographic dataBibliographic data
(e.g. CINDA, NSR)(e.g. CINDA, NSR)
Experimental dataExperimental data
(e.g. EXFOR)(e.g. EXFOR)
Evaluated dataEvaluated data
(e.g. ENDF, ENSDF)(e.g. ENDF, ENSDF)

Nuclear reactionNuclear reaction
datadata (e.g. EXFOR, (e.g. EXFOR, 
ENDF)ENDF)
Nuclear structure Nuclear structure 
and decay dataand decay data (e.g. (e.g. 
ENSDF)ENSDF)



Data Centre ActivitiesData Centre Activities

CompilationCompilation
new data (neutronnew data (neutron--induced) in EXFORinduced) in EXFOR
master files in cooperation with other master files in cooperation with other centrescentres
collect evaluated and specialized librariescollect evaluated and specialized libraries

OnOn--line and Offline and Off--line data services with particular line data services with particular 
emphasis on the needs of developing countriesemphasis on the needs of developing countries
CoCo--ordination of Data Centre Networksordination of Data Centre Networks



IAEA Nuclear Data Section

http://www-nds.iaea.org/





Nuclear Data Centre NetworksNuclear Data Centre Networks
Network of 13 Network of 13 Nuclear Reaction Data Nuclear Reaction Data 
CentresCentres

4 core 4 core centrescentres::
IAEA Nuclear Data SectionIAEA Nuclear Data Section, Vienna, Vienna
OECD NEA Data BankOECD NEA Data Bank, Paris, France, Paris, France
US National Nuclear Data CenterUS National Nuclear Data Center, , 
Brookhaven, USABrookhaven, USA
Russia Nuclear Data CentreRussia Nuclear Data Centre, , ObninskObninsk, , 
Russian FederationRussian Federation

Expanded network Expanded network includes additional coincludes additional co--
operating specialized operating specialized centrescentres in Russian in Russian 
Federation, China, Japan, Hungary, Korea and Federation, China, Japan, Hungary, Korea and 
Ukraine Ukraine 

Nuclear Structure and Decay Nuclear Structure and Decay 
Data NetworkData Network

IAEA Nuclear Data SectionIAEA Nuclear Data Section, , 
Vienna (CoVienna (Co--ordination)ordination)
US National Nuclear Data US National Nuclear Data 
CenterCenter, Brookhaven, USA , Brookhaven, USA 
(Master database)(Master database)
13 data evaluation 13 data evaluation centrescentres in in 
USA, Russian Federation, China, USA, Russian Federation, China, 
France, Japan, Kuwait, Belgium, France, Japan, Kuwait, Belgium, 
CanadaCanada
Data dissemination Data dissemination centrescentres
IAEA, OECDIAEA, OECD--NEA, USA, France, NEA, USA, France, 
SwedenSweden



Want to be kept informed?Want to be kept informed?

Available as hardcopy and
from WWW in pdf format



Data Access and ServicesData Access and Services
WWWWWW

IAEA Nuclear Data Services homepage:IAEA Nuclear Data Services homepage:
http://wwwhttp://www--nds.iaea.orgnds.iaea.org//
BARC, India mirror server:BARC, India mirror server:
http://wwwhttp://www--nds.indcentre.org.innds.indcentre.org.in//
IPEN, Brazil mirror server:IPEN, Brazil mirror server:
http://wwwhttp://www--nds.ipen.brnds.ipen.br//

Secure Secure FTPFTP access to various libraries underaccess to various libraries under
IP address IP address ndsalpha.iaea.orgndsalpha.iaea.org

Mail Mail services (request hardcopies, CDservices (request hardcopies, CD--ROMs etc.):ROMs etc.):
ee--mail to mail to services@iaeand.iaea.orgservices@iaeand.iaea.org



Recent IAEARecent IAEA--NDS CoNDS Co--ordinatedordinated Research ProjectsResearch Projects

111120022002--0606RIPLRIPL--III: Parameters for Nuclear Reaction Calculations III: Parameters for Nuclear Reaction Calculations ––
NonNon--energy Applicationsenergy Applications

approvedapproved20052005--07 (?)07 (?)Reference Database for Neutron Activation AnalysisReference Database for Neutron Activation Analysis

20072007--11 (?)11 (?)Minor Actinide Neutron Reaction DataMinor Actinide Neutron Reaction Data

approvedapproved20052005--0909Reference Database for Ion Beam AnalysisReference Database for Ion Beam Analysis
approvedapproved20052005--0909Updated Decay Data Library for ActinidesUpdated Decay Data Library for Actinides

8820032003--0707Cross Sections for Production of Therapeutic Cross Sections for Production of Therapeutic RadionuclidesRadionuclides

9920032003--0707Nuclear Data for Nuclear Data for ThTh--U Fuel CycleU Fuel Cycle

9920022002--0606Standard Cross SectionsStandard Cross Sections
101019991999--20032003Prompt Gamma Activation AnalysisPrompt Gamma Activation Analysis

8819981998--20022002RIPLRIPL--II: Input Parameter TestingII: Input Parameter Testing

111119981998--20022002Update of XUpdate of X--ray and Gammaray and Gamma--ray Decay Data Standards for ray Decay Data Standards for 
Detector Calibration and Other ApplicationsDetector Calibration and Other Applications

ParticipantsParticipantsDurationDurationShort TitleShort Title



Nuclear Structure and Decay Data:Nuclear Structure and Decay Data:
Relevant IAEARelevant IAEA--NDS CoNDS Co--ordinatedordinated Research ProjectsResearch Projects

9919861986--9090XX--ray and Gammaray and Gamma--ray Standards for Detector Calibrationray Standards for Detector Calibration
(IAEA(IAEA--TECDOCTECDOC--619, IAEA Vienna, 1991)619, IAEA Vienna, 1991)

6619771977--8585Decay Data of the Decay Data of the TransactiniumTransactinium NuclidesNuclides
(Technical Reports Series No. 261, IAEA Vienna, 1986)(Technical Reports Series No. 261, IAEA Vienna, 1986)

ParticipantsParticipantsDurationDurationTitleTitle



Decay Data of the Decay Data of the TransactiniumTransactinium NuclidesNuclides

Technical Reports Series No. 261, May 1986Technical Reports Series No. 261, May 1986

ObjectivesObjectives
assess status of existing dataassess status of existing data
identify data discrepancies and unfulfilled requirementsidentify data discrepancies and unfulfilled requirements
encourage measurements to meet requirementsencourage measurements to meet requirements
evaluate the dataevaluate the data
assemble final set of recommended decay data (satisfy assemble final set of recommended decay data (satisfy 
required accuracies)required accuracies)



Decay Data of the Decay Data of the TransactiniumTransactinium NuclidesNuclides

ParticipantsParticipants

A.J. Fudge, UKAEA Atomic Energy Research Establishment (AERE), A.J. Fudge, UKAEA Atomic Energy Research Establishment (AERE), 
Harwell, UKHarwell, UK
R. R. VaninbroukxVaninbroukx, Central Bureau for Nuclear Measurements (CBNM), , Central Bureau for Nuclear Measurements (CBNM), 
GeelGeel, Belgium, Belgium
C.W. Reich, Idaho National Engineering Laboratory (INEL), Idaho C.W. Reich, Idaho National Engineering Laboratory (INEL), Idaho Falls, Falls, 
Idaho, USAIdaho, USA
H. H. OkashitaOkashita (and H. (and H. UmezawaUmezawa), Japan Atomic Research Institute, ), Japan Atomic Research Institute, 
TokaiTokai--mura, Japanmura, Japan
J. J. LegrandLegrand (and N. (and N. CoursolCoursol, F. , F. LagoutineLagoutine and G. and G. MaletMalet), ), LaboratoireLaboratoire de de 
MetrologieMetrologie des des RayonnementsRayonnements IonisantsIonisants (LMRI), Gif(LMRI), Gif--sursur--Yvette, FranceYvette, France
A.L. Nichols, UKAEA Atomic Energy Establishment A.L. Nichols, UKAEA Atomic Energy Establishment WinfrithWinfrith (AEEW), (AEEW), 
UKUK
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International Nuclear Data Committee, May 2002 and International Nuclear Data Committee, May 2002 and 
May 2004:May 2004:
recommended Update of Actinide Decay Data Library recommended Update of Actinide Decay Data Library 
by means of a Coby means of a Co--ordinated Research Projectordinated Research Project

Planned for 2005 to 2009Planned for 2005 to 2009



XX--ray and Gammaray and Gamma--ray Standards for Detector Calibrationray Standards for Detector Calibration
IAEAIAEA--TECDOCTECDOC--619, September 1991619, September 1991

Primary ObjectivePrimary Objective

produce a recommended set of decay parameters for produce a recommended set of decay parameters for 
selected selected radionuclidesradionuclides judged as the most important for the judged as the most important for the 
efficiency calibration of equipment used to detect and efficiency calibration of equipment used to detect and 
quantify xquantify x--ray and gammaray and gamma--ray emissionsray emissions



XX--ray and Gammaray and Gamma--ray Standards for Detector Calibrationray Standards for Detector Calibration
ParticipantsParticipants

W. W. BambynekBambynek, CEC, CEC--JRC, Central Bureau for Nuclear Measurements (CBNM), JRC, Central Bureau for Nuclear Measurements (CBNM), 
GeelGeel, Belgium, Belgium
Y. Y. YoshizawaYoshizawa, Hiroshima University, Hiroshima, Hiroshima University, Hiroshima--shi, Japanshi, Japan
R.G. R.G. HelmerHelmer, Idaho National Engineering Laboratory (INEL), Idaho Falls, Ida, Idaho National Engineering Laboratory (INEL), Idaho Falls, Idaho, ho, 
USAUSA
N. N. CoursolCoursol, , LaboratoireLaboratoire de de MetrologieMetrologie des des RayonnementsRayonnements IonisantsIonisants (LMRI), Gif(LMRI), Gif--
sursur--Yvette, FranceYvette, France
F.J. F.J. SchimaSchima, National Institute of Standards and Technology (NIST), , National Institute of Standards and Technology (NIST), 
Gaithersburg, Maryland, USAGaithersburg, Maryland, USA
T. T. BartaBarta and R. and R. JedlovszkyJedlovszky, National Office of Measures (OMH), Budapest, , National Office of Measures (OMH), Budapest, 
HungaryHungary
P. Christmas, National Physical Laboratory (NPL), P. Christmas, National Physical Laboratory (NPL), TeddingtonTeddington, Middlesex, UK, Middlesex, UK
K. K. DebertinDebertin, , PhysikalischPhysikalisch TechnischeTechnische BundesanstaltBundesanstalt (PTB), (PTB), BraunschweigBraunschweig, , 
GermanyGermany
A.L. Nichols, AEA Technology, A.L. Nichols, AEA Technology, WinfrithWinfrith Technology Centre,Technology Centre,
Dorchester, Dorset, UKDorchester, Dorset, UK



XX--ray and Gammaray and Gamma--ray Standards forray Standards for
Detector CalibrationDetector Calibration

Ancillary ObjectivesAncillary Objectives

selection of appropriate (efficiency) calibration nuclidesselection of appropriate (efficiency) calibration nuclides
assessment of the status of existing dataassessment of the status of existing data
identification of data discrepancies and limitationsidentification of data discrepancies and limitations
stimulation of measurements to meet data needsstimulation of measurements to meet data needs
evaluation and recommendation of improved efficiency evaluation and recommendation of improved efficiency 
calibration datacalibration data



XX--ray and Gammaray and Gamma--ray Standards for Detectorray Standards for Detector
Efficiency CalibrationEfficiency Calibration

cover as wide a range of photon energy as possiblecover as wide a range of photon energy as possible
(5 (5 keVkeV to to approximately 10 approximately 10 MeVMeV))
xx--ray and lowray and low--energy gammaenergy gamma--ray emitting ray emitting radionuclidesradionuclides from from 
5 to 100 5 to 100 keVkeV
commonly used and readily available nuclidescommonly used and readily available nuclides
nuclides used and offered as standards by national nuclides used and offered as standards by national 
laboratories, multilaboratories, multi--line nuclides for rapid calibrationsline nuclides for rapid calibrations
definition of a set of singledefinition of a set of single--line nuclides to avoid the need for line nuclides to avoid the need for 
coincidence summing correctionscoincidence summing corrections
choice of nuclides with accurately known emission choice of nuclides with accurately known emission 
probabilitiesprobabilities



XX--ray and Gammaray and Gamma--ray Standards for Detector Calibrationray Standards for Detector Calibration

Calibration Standards: Decay Parameters and CRP ActivitiesCalibration Standards: Decay Parameters and CRP Activities
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XX--ray and Gammaray and Gamma--ray Standards forray Standards for
Detector Efficiency CalibrationDetector Efficiency Calibration

HalfHalf--life inconsistencies: further measurements recommendedlife inconsistencies: further measurements recommended

Priority 1 – 55Fe, 56Co, 125I and 155Eu

Priority 2 – 54Mn, 75Se and 109Cd

Priority 3 – 22Na, 58Co, 65Zn and 133Ba



XX--ray and Gammaray and Gamma--ray Standards forray Standards for
Detector Efficiency CalibrationDetector Efficiency Calibration

HighHigh--energy gamma rays, energy gamma rays, 6666GaGa

Eγ (keV) Pγ

833.6 0.0603(12)
1039.4 0.379
1333.2 0.01232(25)
1918.8 0.0214(4)
2189.9 0.0571(11)
2422.9 0.0196(4)
2752.3 0.232(8)
3229.2 0.0148(11)
3381.4 0.0140(11)
3791.6 0.0102(11) 
4086.5 0.0114(19)
4295.7 0.035(7)
4807.0 0.015(4)



XX--ray and Gammaray and Gamma--ray Standards forray Standards for
Detector Efficiency CalibrationDetector Efficiency Calibration

Prompt gamma rays from the Prompt gamma rays from the 1414N(n, N(n, γγ))1515N reactionN reaction

Eγ (keV) Pγ

1678.174(55) 0.0723(18)
1884.879(21) 0.1866(25)
2520.418(15) 0.0579(7)
3532.013(13) 0.0924(9)
3677.772(17) 0.1489(15)
4508.783(14) 0.1654(17)
5269.169(12) 0.3003(20)
5297.817(15) 0.2131(18)
5533.379(13) 0.1975(21)
5562.062(17) 0.1065(12)
6322.337(14) 0.1867(14)
7298.914(33) 0.0973(9)
8310.143(29) 0.0422(5)
9149.222(47) 0.0162(2)

10829.087(46) 0.1365(21)



XX--ray and Gammaray and Gamma--ray Standards forray Standards for
Detector Efficiency CalibrationDetector Efficiency Calibration

Other highOther high--energy gamma rays?energy gamma rays?

35Cl(n, γ)36Cl*

48Ti(n, γ)49Ti*

52Cr(n, γ)53Cr*

53Cr(n, γ)54Cr*

11B(p, γ)12C*

14N(p, γ)15O*

23Na(p, γ)24Mg*

27Al(p, γ)28Si*





→

→



Status of Actinide Half LivesStatus of Actinide Half Lives
W. Bambynek

Commission of the European Communities, Joint Research Centre
Geel Establishment, Central Bureau for Nuclear Measurements, B-2440 Geel, Belgium

H. Lemmel
International Atomic Energy Agency, A-1010 Vienna



XX--ray and Gammaray and Gamma--ray Standardsray Standards
J. Legrand, A. Lorenz

France/IAEA
June 1988

Updated by H.D. Lemmel, IAEA, Vienna, August 1992



Update of XUpdate of X--ray and Gammaray and Gamma--ray Decay ray Decay 
Data Standards for Detector Calibration Data Standards for Detector Calibration 
and Other Applications (1998 and Other Applications (1998 –– 2002)2002)

M. Herman
IAEA Nuclear Data Section



International Nuclear Data Committee, 1997: 
strongly recommended IAEA to re-visit and place 
further emphasis on the development of 
improved decay data for “standards” applications

• detector efficiency calibration

• other applications (e.g. nuclear medicine, 
dosimetry, safeguards and environmental 
monitoring)

Update of XUpdate of X--ray and Gammaray and Gamma--ray Decay Data Standardsray Decay Data Standards



ParticipantsParticipants
M.M.--M. M. BBéé, BNM, BNM--CEA/LNHB, Centre CEA/LNHB, Centre dd’’EtudesEtudes NucleairesNucleaires de de SaclaySaclay,,
GifGif--sursur--Yvette, FranceYvette, France
V.P. V.P. ChechevChechev, VG , VG KhlopinKhlopin Radium Institute, St. Petersburg, RussiaRadium Institute, St. Petersburg, Russia
O. Helene and V.R. O. Helene and V.R. VaninVanin, , InstitutoInstituto de de FFíísicasica, , UniversidadeUniversidade de de SSãoão Paulo, BrazilPaulo, Brazil
R.G. R.G. HelmerHelmer, Idaho National Engineering and Environmental Laboratory, Idaho, Idaho National Engineering and Environmental Laboratory, Idaho
Falls, USAFalls, USA
S. S. HlavHlavááčč, Institute of Physics, Slovak Academy of Sciences, Bratislava, , Institute of Physics, Slovak Academy of Sciences, Bratislava, SlovakiaSlovakia
J.M. Los Arcos, CIEMAT, Madrid, SpainJ.M. Los Arcos, CIEMAT, Madrid, Spain
A. A. MarcinkowskiMarcinkowski, The , The AndrzejAndrzej SoltanSoltan Institute for Nuclear Studies, Warsaw, PolandInstitute for Nuclear Studies, Warsaw, Poland
G.L. Molnar, Institute of Isotope and Surface Chemistry, BudapesG.L. Molnar, Institute of Isotope and Surface Chemistry, Budapest, Hungaryt, Hungary
A.L. Nichols, AEA Technology plc, Harwell, UKA.L. Nichols, AEA Technology plc, Harwell, UK
E. E. SchSchöönfeld and R. Dersch, Physikalisch Technische Bundesanstalt, Braunfeld and R. Dersch, Physikalisch Technische Bundesanstalt, Braunschweig, nschweig, 
GermanyGermany
M.J. Woods, Centre for Ionising Radiation Metrology, National PhM.J. Woods, Centre for Ionising Radiation Metrology, National Physical Laboratory, ysical Laboratory, 
Teddington, UKTeddington, UK

Update of XUpdate of X--ray and Gammaray and Gamma--ray Decay Data Standardsray Decay Data Standards



Main issuesMain issues
1.1. Update of the current databaseUpdate of the current database

IAEA-TECDOC-619 data for 36 radionuclides were revisited and revised -
experimental data measured and published after 1990,

- average x-ray energies and emission probabilities are given in
IAEA-TECDOC-619 – require systematic analysis of the energies and 
emission probabilities of the individual Kα1, Kα2, Kβ1' and Kβ2'
components.

2.2. Additional Additional radionuclidesradionuclides
68 radionuclides formulated at Consultants’ Meeting, and adopted as a suitable 
starting point.

3.3. Extension of energy rangeExtension of energy range
- new nuclear techniques (for example radiotherapy) suffer from a lack of 
high-energy calibration standards, 
- data required for the calibration of γ-ray detectors up to 25 MeV, 
- appropriate radionuclides (56Co, 66Ga) and nuclear reactions identified, and 
γ-ray emission probabilities were compiled and evaluated. 

Update of XUpdate of X--ray and Gammaray and Gamma--ray Decay Data Standardsray Decay Data Standards



Main issuesMain issues (cont.)(cont.)
4.4. γγ -- γγ coincidence:coincidence: absolute γ-ray detection efficiency without absolutely 

calibrated γ-ray source
- angular correlation coefficients of specific nuclei, 80 keV to 2.75 MeV,
- 24Na, 45Sc, 60Co, 66Ga, 67Ga, 75Se, 88Y, 94Nb, 111In, 123mTe, 133Ba, 134Cs, 

152Eu, 154Eu and 207Bi,
- 11B(p, γ)12C* (4.43 and 11.67 MeV γ rays)

5.5. CovariancesCovariances
- lack of necessary data (and detail) in published measurements, 
- instructions proposed for communication to authors concerning data 

requirements for covariance analysis. 

Update of XUpdate of X--ray and Gammaray and Gamma--ray Decay Data Standardsray Decay Data Standards



Evaluations undertaken in conjunction with Decay Data 
Evaluation Project (DDEP) – member laboratories of the 
International Committee for Radionuclide Metrology (ICRM)
- co-ordinator: E. Browne (Lawrence Berkeley National 

Laboratory),
- CRP evaluations carried out under agreed DDEP 

methodology/procedures for consistency,
- recommendations reviewed and approved by DDEP prior to 
acceptance for CRP,
- adopted by DDEP

http://www.nucleide.org/DDEP_WG/DDEPdata.htm

Update of XUpdate of X--ray and Gammaray and Gamma--ray Decay Data Standardsray Decay Data Standards



Update of XUpdate of X--ray and Gammaray and Gamma--ray Decay Data Standardsray Decay Data Standards
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Update of XUpdate of X--ray and Gammaray and Gamma--ray Decay Data Standardsray Decay Data Standards



(continued)

Update of XUpdate of X--ray and Gammaray and Gamma--ray Decay Data Standardsray Decay Data Standards
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Update of XUpdate of X--ray and Gammaray and Gamma--ray Decay Data Standardsray Decay Data Standards



HighHigh--energy Gammaenergy Gamma--ray Standardsray Standards

Update of XUpdate of X--ray and Gammaray and Gamma--ray Decay Data Standardsray Decay Data Standards

226Ra up to 2.45 MeV
56Co  up to 3.55 MeV
66Ga  up to 4.8 MeV
14N(n, γ)15N* up to 10.8 MeV
35Cl(n, γ)36Cl* up to 8.6 MeV
48Ti(n, γ)49Ti* up to 6.8 MeV
50,52,53Cr(n, γ)51,53,54Cr* up to 9.7 MeV
11B(p, γ)12C* up to 13.9 MeV
23Na(p, γ)24Mg* up to 11.6 MeV
27Al(p, γ)28Si* up to 10.8 MeV



CRPCRP
IAEA technical document in preparation – will only include 
selected data from evaluated decay scheme for detector 
efficiency calibration and other applications: half-lives, PX and 
Pγ (listed with EX and Eγ)

DDEPDDEP
Recommended complete decay schemes available through  
http://www.nucleide.org/DDEP_WG/DDEPdata.htm
LNHB, Centre d’Etudes Nucleaires de Saclay, 
F-91191 Gif-sur-Yvette Cedex, France

Update of XUpdate of X--ray and Gammaray and Gamma--ray Decay Data Standardsray Decay Data Standards



Update of XUpdate of X--ray and Gammaray and Gamma--ray Decay Data Standardsray Decay Data Standards

5151CrCr

HalfHalf--life evaluated by M. J. Woods (NPL, UK), September 2003.life evaluated by M. J. Woods (NPL, UK), September 2003.
Decay scheme evaluated by E. SchDecay scheme evaluated by E. Schöönfeld (PTB, Germany) and R. G. Helmer (INEEL. nfeld (PTB, Germany) and R. G. Helmer (INEEL. 
USA), February 2000.USA), February 2000.

Recommended data:Recommended data:
HalfHalf--lifelife
TT1/21/2 = 27.7009 (20) d= 27.7009 (20) d

Selected gamma raySelected gamma ray
EEγγ (keV)(keV) PPγγ per decayper decay
320.0835 (4)320.0835 (4) aa 0.0987 (5)0.0987 (5) bb

aa from Ref. [1].from Ref. [1].
bb from direct emission probability measurements.from direct emission probability measurements.



Update of XUpdate of X--ray and Gammaray and Gamma--ray Decay Data Standardsray Decay Data Standards

5151CrCr

Selected XSelected X--raysrays
OriginOrigin EEXX (keV)(keV) PPXX per decayper decay
V Kα 4.94 - 4.95 0.202 (3)
V Kβ 5.43 - 5.46 0.0269 (7)



Update of XUpdate of X--ray and Gammaray and Gamma--ray Decay Data Standardsray Decay Data Standards

5151CrCr
InputInput data:data:
HalfHalf--life (d)life (d) ReferenceReference
27.7010 (12) a Unterweger et al [H1]
27.71 (3) Walz et al [H2]
27.704 (3) Rutledge et al [H3]
27.690 (5) Houtermans et al [H4]
27.72 (3) Lagoutine et al [H5]
27.703 (8) Tse et al [H6]
27.75 (1) b Visser et al [H7]
28.1 (17) b Araminowicz and Dresler [H8]
27.76 (15) b Emery et al [H9]
27.80 (51) b Bormann et al [H10]

27.7009 (20)27.7009 (20) RecommendedRecommended

a uncertainty increased to (25) to ensure weighting factor not greater than 0.50.
b rejected as an outlier.



Update of XUpdate of X--ray and Gammaray and Gamma--ray Decay Data Standardsray Decay Data Standards

5151CrCr

References References -- halfhalf--lifelife
[H1] M. P. Unterweger, D. D. Hoppes, F. J. Schima, Nucl. Instrum[H1] M. P. Unterweger, D. D. Hoppes, F. J. Schima, Nucl. Instrum. Meth. Phys. Res. . Meth. Phys. Res. A312A312 (1992) 349(1992) 349
[H2] K. F. Walz, K. Debertin, H. Schrader, Int. J. Appl. Radiat.[H2] K. F. Walz, K. Debertin, H. Schrader, Int. J. Appl. Radiat. Isot. Isot. 3434 (1983) 1191.(1983) 1191.
[H3] A. R. Rutledge, L. V. Smith, J. S. Merritt, AECL[H3] A. R. Rutledge, L. V. Smith, J. S. Merritt, AECL--6692 (1980).6692 (1980).
[H4] H. Houtermans, O. Milosevic, F. Reichel, Int. J. Appl. Radi[H4] H. Houtermans, O. Milosevic, F. Reichel, Int. J. Appl. Radiat. Isot. at. Isot. 3131 (1980) 153.(1980) 153.
[H5] F. Lagoutine, J. Legrand, C. Bac, Int. J. Appl. Radiat. Iso[H5] F. Lagoutine, J. Legrand, C. Bac, Int. J. Appl. Radiat. Isot. t. 2626 (1975) 131.(1975) 131.
[H6] C. W. Tse, J. N. Mundy, W. D. McFall, Phys. Rev. [H6] C. W. Tse, J. N. Mundy, W. D. McFall, Phys. Rev. C10C10 (1974) 838.(1974) 838.
[H7] C. J. Visser, J. H. M. Karsten, F. J. Haasbroek, P. G. Mara[H7] C. J. Visser, J. H. M. Karsten, F. J. Haasbroek, P. G. Marais, Agrochemophysica is, Agrochemophysica 55 (1973) 15.(1973) 15.
[H8] J. Araminowicz, J. Dresler, INR[H8] J. Araminowicz, J. Dresler, INR--1464 (1973) 14.1464 (1973) 14.
[H9] J. F. Emery, S. A. Reynolds, E. I. Wyatt, G. I. Gleason, Nu[H9] J. F. Emery, S. A. Reynolds, E. I. Wyatt, G. I. Gleason, Nucl. Sci. Eng. cl. Sci. Eng. 4848 (1972) 319.(1972) 319.
[H10] M. Bormann, A. Behrend, I. Riehle, O. Vogel, Nucl. Phys. [H10] M. Bormann, A. Behrend, I. Riehle, O. Vogel, Nucl. Phys. A115A115 (1968) 309.(1968) 309.



Update of XUpdate of X--ray and Gammaray and Gamma--ray Decay Data Standardsray Decay Data Standards

5151CrCr

Gamma ray: measured and evaluated emission probabilityGamma ray: measured and evaluated emission probability

EEγγ (keV) (keV) [1[1 ]] [2][2] [3][3] [4][4] [5][5] [6][6] [7][7]
320.0835320.0835 9.8 (6)9.8 (6) 9 (1)9 (1) 9.72 (15)9.72 (15) 10.2 (6)10.2 (6) 9.75 (20)9.75 (20) 10.2 (10)10.2 (10)

EEγγ (keV) (keV) [1][1] [8][8] [9][9] [10][10] EvaluatedEvaluated
320.0835320.0835 9.85 (9)9.85 (9) 10.30 (19)10.30 (19) 9.86 (8)9.86 (8) 9.87 (5)9.87 (5)

Evaluated emission probabilities are the weighted averages calcuEvaluated emission probabilities are the weighted averages calculated according to the Limitation of lated according to the Limitation of 
Relative Statistical Weights Method; no value has a relative weiRelative Statistical Weights Method; no value has a relative weighting factor greater than 0.50.ghting factor greater than 0.50.



Update of XUpdate of X--ray and Gammaray and Gamma--ray Decay Data Standardsray Decay Data Standards
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Decay Data Evaluation Project (DDEP)

56Mn – Comments on evaluation of decay data

Evaluated: November 1999
Re-evaluated: January 2004

Evaluation Procedures:

Limitation of Relative Statistical Weight Method (LWM) was applied to average 
numbers throughout the evaluation. The uncertainty assigned to the average value 
was always greater than or equal to the smallest uncertainty of the values used to 
calculate the average.



Decay Data Evaluation Project (DDEP)

Reference Half-life (days)

1968Sh07
1971GoYM
1972Em01
1973La12
1980RuZY
1992An13
1994Ya02

0.10771(4)
0.10742(33)
0.10779(25)
0.107438(8)
0.107350(33)
0.107454(4)§

0.1040(20)*

Evaluated value 0.107449(18)

§ Uncertainty increased to ± 0.000008 to ensure weighting factor not greater than 0.50.
* Method development study: removed from data set due to uncharacteristically large uncertainty.



Decay Data Evaluation Project (DDEP)

Eγ(keV)

Pγ
rel

1967Au01 1968Sh07 1973Ar15 1974Ho25 1974Ti01 2004MiXX Recommended 
Values*

846.7638(19)† 100(3) 100(3) 100(3) 100(3) 100(3) 100.000(103) 100(3)

1037.8333(24)† - - 0.06(1) 0.03(1) 0.040(5) - 0.040(4)§

1238.2736(22)† - - 0.14(3) 0.13(1) 0.10(1) 0.097(2) 0.098(2)§

1810.726(4)† 30(3) 29.4(16) 28.6(15) 26.9(13) 27.5(8) 26.610(72) 27.2(4)

2113.092(6)† 17.4(17) 16.0(9) 16.0(8) 14.3(7) 14.5(4) 13.956(53) 14.4(3)§

2523.06(5)‡ 1.10(15) 1.6(5) 1.14(5) 1.01(5) 1.00(3) 1.025(9) 1.03(2)

2598.438(4)† - - 0.026(5) 0.02(1) 0.019(2) - 0.020(2)

2657.56(1)‡ 0.60(10) 0.66(6) 0.71(4) 0.66(7) 0.66(2) 0.648(8) 0.652(7)§

2959.92(1)‡

3119.3(5)#

0.31(6) 0.26(3) 0.30(2) 0.32(3) 0.31(1) 0.314(6) 0.311(5)§

- 0.08(4) - - - - -

3369.84(4)‡ 0.22(5) 0.20(4) 0.15(2) 0.16(2) 0.17(1) - 0.17(1)

Gamma-ray Emission Probabilities: Relative to Pγ(846.7638 keV) of 100%

† Energy adopted from 2000He14.
‡ Energy calculated from the nuclear level energies specified by 1999Hu04.
# Energy from 1968Sh07, but transition not included in proposed decay scheme.
* Weighted mean values adopted using LWEIGHT, unless stated.
§ Recommended values adopted from a combination of the normalised residuals and Rajeval methods (see 2004MaYY).
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etc.



228Th – Comments on evaluation of decay data

Evaluated: July/August 2001 
Re-evaluated: January 2004

Evaluation Procedures:

Limitation of Relative Statistical Weight Method (LWM) was applied to average numbers 
throughout the evaluation.  The uncertainty assigned to the average value was always 
greater than or equal to the smallest uncertainty of the values used to calculate the average.

Decay Data Evaluation Project (DDEP)
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Published Gamma-ray Emission Probabilities

† Emission probabilities expressed in terms of photons per 106 disintegrations.
‡ Emission probabilities published relative to Pγ(238.63 keV) for 212Pb of 43.0%.

Eγ (keV) Pγ

1969Pe17 1977Ku15† 1982Sa36‡ 1984Ge07

74.4(1)
84.373(3)
131.612(4)
142.7(1)

166.410(4)
182.3(1)
205.99(4)
215.985(4)
228.4(2)
700.4(1)
741.87(1)
832.0(1)
908.28(1)
992.65(6)

-
1.21(6)

-
-
-
-
-
-
-
-
-
-
-
-

4.0(14)
12100(600)

1240(60)
0.013(4)
960(50)

0.052(18)
184(9)

2390(130)
0.18(3)
~ 0.03

0.014(4)
0.14(2)

-
~ 0.015

-
1.9(1)
0.17(2)

-
0.13(1)

-
-

0.30(2)
-
-
-
-
-
-

-
100.0(16)
10.70(15)

-
8.49(12)

-
-

1.61(5)
20.78(25)

-
-
-
-
-



Gamma-ray Emission Probabilities: Relative to Pγ(84.373 keV) of 100
Eγ (keV) Pγ

rel

1977Ku15 1982Sa36 1984Ge07 Recommended Values*

74.4(1)
84.373(3)
131.612(4)
142.7(1)

166.410(4)
182.3(1)
205.99(4)
215.985(4)
228.4(2)
700.4(1)
741.87(1)
832.0(1)
908.28(1)
992.65(6)

0.033(12)
100(5)

10.25(50)
0.00011(3)

7.9(4)
0.00043(15)

1.52(7)
19.8(11)
0.0015(3)
~ 0.00025
0.00012(3)
0.0012(2)

-
~ 0.00012

-
100(5)
8.9(10)

-
6.8(5)

-
-

15.8(11)
-
-
-
-
-
-

-
100.0(16)
10.70(15)

-
8.49(12)

-
1.61(5)

20.78(25)
-
-
-
-
-
-

0.033(12)
100.0(16)

10.6(2)
0.00011(3)

8.0(5)
0.00043(15)

1.58(5)
19.3(15)
0.0015(3)
0.00025(8)
0.00012(3)
0.0012(2)
0.00014(4)
0.00012(3)

* Weighted mean values adopted when judged appropriate; remainder derived from proposed decay scheme.

Decay Data Evaluation Project (DDEP)



Adjusted Alpha-particle Emission Probabilities per 100 Disintegrations of 228Th

Eα(keV) Pα

1953As31 1969Pe17 1970Ba20 1976BaZZ 1993Ba72 Recommended 
Values*

4448.0(3)
4523.0(3)
4952.5(4)
4997.8(3)

5138.01(26)
5176.89(23)
5211.08(22)
5340.38(22)
5423.28(22)

-
-
-
-
-

20
40
28
71

-
-
-
-
-
-
-

26.7(2)
[73.3(2)]

-
-
-
-

~ 0.05
0.18
0.36
26.7
72.7

-
-
-
-
-
-
-

27.3(5)
72.7(5)

-
-
-
-
-
-
-

26.5(6)
73.5(6)

4.4(12) x 10-6

1.7(3) x 10-5

2.5(5) x 10-5

1.0(3) x 10-5

0.036(7)
0.20(2)
0.38(3)
26.2(2)
73.2(2)

*Pα(5423.28 keV) of 73.2(2) is effectively the weighted mean of the normalised studies, which is subsequently matched against 
Pα(5340.38 keV) of 26.2(2); recommended emission probabilities of the low-intensity α transitions were derived from the evaluated 
gamma-ray emission probabilities and theoretical internal conversion coefficients.

Decay Data Evaluation Project (DDEP)
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LNHB web site: 
http://www.nucleide.org/

DDEP pages:
http://www.nucleide.org/DDEP_WG/DDEPdata.htm
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