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The information contained in this document is the property of British Nuclear Fuels pIc 
(BNFL) and AEA Reactor Services of the UK Atomic Energy Authority (UKAEA).The 
UKAEA has free use of such information for any work they may wish to undertake for their 
own use or on behalf of the British nuclear industry or Her Majesty's Government. 
 
The information which this report contains is accurate to the best knowledge and belief of 
the UKAEA, but neither the UKAEA nor any person acting on behalf of the UKAEA make 
any warranty or representation expressed or implied with respect to the accuracy, 
completeness or usefulness of this information, nor assume any liabilities with respect to the 
use of, or with respect to any damages which may result from the use of any information, 
apparatus, method or process disclosed in this report. 
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Summary 
 

The decay data of various radionuclides have been evaluated on the basis of a series of well 
defined specifications and the requirements of .the UK nuclear power, fuel reprocessing and 
waste management programmes. These radionucides are primarily activation products and 
standards that are commonly used in gamma-ray spectroscopy. Recommended data include 
half-life, branching fractions, alpha, beta and gamma-ray energies and emission 
probabilities, total decay energy, mean alpha, beta and gamma energies, internal conversion 
coefficients, and all associated uncertainties. Computer-based files have been generated in 
ENDF-6 format, including lists of the references used to produce the proposed decay 
scheme and comments that identify any inadequacies. 
 
The work reported in this document was carried out for BNF pIc, Sellafield under contract 
number V67677A (5R51745) and through the Corporate Research Programme of AEA 
Reactor Services. 
(Task 1064) 
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1 INTRODUCTION 
 
The United Kingdom Chemical Nuclear Data Committee (UKCNDC) has for over 20 years 
identified specific nuclear data needs for the UK nuclear industry. The data that fall within 
the auspices of the UKCNDC are normally determined by standard chemical techniques in 
conjunction with mass spectrometry and alpha-particle and gamma-ray spectroscopy (eg 
fission yields and decay data) .All such measurements and evaluation programmes are co-
ordinated to meet data requests identified by members of the committee. An important aim 
is to produce and maintain recommended libraries of relevant nuclear data. These data files 
have to be assembled in a suitable form for a wide range of applications, including reactor 
design, fuel handling, reprocessing, waste management, and shielding and transport. Such 
libraries need to be regularly updated so that the best data can be used with confidence. 
 
 
The UK Activation Product Decay Data Library (UKPADD-1) was established in 1977, and 
ENDF-6 format was adopted (1) . Significant improvements have occurred as a consequence 
of a wide range of relevant decay-data measurements, including a multinational programme  
during the late 1980s which was carried out under the auspices of the IAEA Co-ordinated 
Research Programme on the Measurement and Evaluation of X-ray and Gamma-ray 
Standards for Detector Calibration (2) .It was judged appropriate to undertake a 
comprehensive evaluation of the decay data for 236 radionuclides as requested by various 
specialists within the UK nuclear industry (3), including calibrant standards as well as 
reactor-based activation products. 
 
 
The new activation product decay data library (UKPADD-2) contains comprehensive decay 
scheme data for 236 nuclides. These radionuclides are listed by increasing ZA values: 
 
ZA = ((atomic number x 1000) + mass number), 
 
in which ground states precede metastable states. Material numbers cover the range 7000 to 
7235.  
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2.   DECAY DATA 

 
UKPADD-2 contains recommended data for the following parameters (see also Section 4) : 
 
(i)     half-life, 
 
(ii)    total decay energies (Q-values), 
 
(iii)    branching fractions, 
 
 iv)    alpha-particle energies and emission probabilities, 
 
(v)     beta-particle energies, emission probabilities and transition types, 
 
(vi)    gamma-ray energies, emission probabilities and internal-conversion coefficients, 
 
(vii)   spontaneous fission data including prompt and gamma-ray spectra. 
 
The spin and parity of the decaying nuclide have been defined, and uncertainties are 
assigned to all evaluated data. Other data in UKPADD-2 (mean energies, discrete electrons 
and mean x rays) were derived from the above data by using the processing code 
COGEND(4, 5) .The component contributions to the average energies (beta, 
electromagnetic and heavy particle) are derived from the evaluated input data by COGEND, 
which has data libraries of fluorescence yields, Auger-electron energies, mean x-ray 
energies and electron-wave-function ratios from which capture ratios can be calculated. 
 
The library has been generated in ENDF-6 format (6). There is a general information section 
for each nuclide which contains: 
 
(i)     name of the evaluator and date of the evaluation (month and year), 
 
(ii)     list of references used to construct the recommended data set, 
 
(iii)    detailed comments associated with the evaluation, 
 
(iv)    consistency check of the evaluated data. 
 
The recommended decay data are contained within the main data section. Every effort has 
been made to produce consistent and comprehensive data sets. When necessary, the 
theoretical internal conversion coefficients tabulated by Band et al (7), Hager and Seltzer (8) 
and Rosel et al (9) have been used in conjunction with the evaluated gamma-ray data. 
Nuclear binding energies and Q-values were obtained from the tabulations of Wapstra et al 
(10, 11) .X-ray data were derived from improved energy and emission probability data (12, 
13) .All of the energy data are in eV, and the absolute emission probabilities are expressed 
as' fractions of the decay (calculated from the spectral normalisation factor and relative 
emission probabilities) .These data in UKPADD-2 are listed as described in reference 6, and 
summaries of the contents of the updated library are given in Tables 1 and 2. 
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The consistency of the recommended data has been determined by calculating the 
percentage deviation between the effective Q-value and the calculated Q-value: 
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where Qi. and BFi are the Q-value and branching faction of the i-th decay mode  
 (ie weighted sum of the evaluated Q-values of the radionuclide), 

re the energies and emission probabilities of the i-th alpha particle, j-th beta particle, k-th 
amma ray, l-th x ray etc of the individual decay process. 

he percentage deviations of the data in the new library (UKPADD-2) are compared with 
quivalent values in the old library (UKPADD-l) in Table 3. Percentage deviations above 
% would be regarded as high and imply a poorly defined decay scheme; a value of less 
an 5% indicates the construction of a reasonably consistent decay scheme. 

   EVALUATION PROCEDURE
n initial decay scheme was constructed for each radionuclide from a suitable combination 
f the various data sources. The evaluation procedure was as follows: 

)    assess the status of the existing data, 

i)   identify data discrepancies, 

ii)  evaluate and recommend decay data. 

he emission probabilities have been expressed as the absolute probability of the transition 
, β, conversion electron, x ray or y ray) per decay. All available measurements were 

enerally taken into account during an evaluation, including experimental data from 
boratory reports and written private communications. Comprehensive statements of the  
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precise evaluation procedure were prepared after each assessment, as well as details of any 
changes made to the reported data. Under specific circumstances, the evaluations involved 
the determination of a weighted mean for each parameter. No individual measurement was 
allowed to contribute more than 50% to the sum of weights when more than one value of the 
same parameter was reported, and the uncertainty of the datum was increased if necessary. If 
the set of accepted experimental data proved to be inconsistent, one of several possibilities 
was adopted: 
 
(i)    recommend the unweighted mean, 
 
(ii)   reject some measured values on the basis of objective or subjective judgments (eg  
        inappropriate calibration procedure or ill-defined measurement techniques employed   
        by the metrologist), 
 
(iii) change the weights. 
 
An appropriate method of changing weights was preferred rather than outright rejection of 
data. Any serious problems encountered during an evaluation are described in the comments 
section associated with each nuclide in the library. If the resulting decay scheme has any  
outstanding problems, a statement was made to the effect that better measurements are 
required. 
 
An evaluation strategy was adopted on the basis of a series of specific data manipulations: 
 

(i)  every effort was made to ensure that there was a reasonable balance between the 
       population and de-excitation of all excited levels in the decay schemes; 
 
(ii)   all decay modes of each radioactive nuclide were specified in terms of both the   
        branching fractions and the Q-values; 
 
(iii)  sum of all α, β-, β+  /electron-capture and isomeric gamma-emission probabilities 
       were consistent with the corresponding branching fractions; 
 
(iv)  gamrna-emission probabilities must be the photon probabilities per disintegration; 
 
(v)  Internal-conversion coefficients for gamma-ray transitions were consistent with  
       both the photon and total transition probabilities, ie (photon + conversion electron) 
       emission probabilities = total transition probability; 
 
(vi)  when the internal conversion of a gamrna-ray transition was significant, theoretical 
       internal-conversion coefficients were adopted if experimental data were unavailable; 
 
(vii) type of beta transition had to be taken into account in the calculation of mean beta      

energies from the evaluated end points; 
  
(viii) energies and emission probabilities of conversion electrons, Auger electrons, x 
         rays and annihilation radiation were derived in a consistent manner. 
 

Uncertainties were also estimated for all of the parameters incorporated into UKPADD-2. 
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4     ACTIVATION PRODUCT DECAY DATA LIBRARY, UKPADD-2
 
The computer based library is based on standard 80-column card images, and is stored as 
34960 lines (2.83 Mbytes) in ENDF-6 format. There is a general information/descriptive 
data section (MF=l, MT=451) for each nuclide containing the following information: 
 
(i) radionuclide, date of evaluation, name of evaluator, date of distribution (month, year) 

 and date of latest issue (year, month and day); 
 

(ii) library name (UKPADD-2), file identifier (material number), date type (radioactive   
decay data) and format type (ENDF-6); 

 
(iii) list of references used to determine the recommended data set; 
 
(iv) detailed comments on the evaluation; 
 
(v) specific decay data not contained in the main decay data section, including beta-

particle transition parameters; 
 
(vi) consistency check of the recommended data set. 
 
The recommended decay data are contained within the primary data section (MF=8, 
MT=457) .These data are: 
 
(i) spin and parity of the decaying radionuclide; 
 
(ii) half-life; 
 
(iii) average energy per disintegration for light particles, electromagnetic radiations and   

heavy particles; 
 
(iv) decay modes, Q-values and branching fractions; 
 
(v) radiation decay data, including gamma-ray, beta-particle, electron-capture, alpha-  

particle, neutron, discrete-electron and x-ray transitions; 
 
(vi) spontaneous fission decay data. 
 
The various decay parameters of the majority of radionuclides in UKPADD-2 have been 
reasonably well defined in the published literature, and were evaluated with good 
precision and confidence to produce consistent decay schemes. However, the relevant 
data for six of the 236 activation products proved insufficient to evaluate and 
recommend complete decay schemes. These troublesome radionuclides are discussed in 
detail below. 
 
4.1 He-8

He-8 undergoes beta-particle and neutron decay. While a reasonably consistent 
decay scheme can be assembled, the neutron emissions are less well defined and 
constitute an incomplete decay scheme. 
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4.2    Li-9

Li-9 undergoes beta-particle and neutron decay. The latter emissions are relatively 
complex and poorly characterised, resulting in the formulation of an incomplete 
decay scheme 
 

4.3   V-54
There are major difficulties in defining the population-depopulation transitions of 
the 834.8 and 3159.3 keV nuclear levels. Furthermore, it is assumed that no beta 
transitions occur to the nuclear levels at 834.8, 3159.3, 3222.2 and 3436.8 keV, 
despite contrary evidence from gamma-ray measurements. 

 
4.4 Sb-129m

A significant number of gamma-ray transitions can not be satisfactorily incorporated 
 into the proposed decay scheme, and the calculated normalisation factor for the  
 gamma rays is judged to be a poor estimate. 
 

4.5 Cs-136m
Cs-136m has only been detected from an analysis of Cs x-rays following the proton 
 irradiation of lanthanum. No decay data have been reported, although this 
 metastable level at 600 keV has been postulated on the basis of the equivalent 
 observed decay of 1-136m. A decay scheme cannot be proposed with such a lack of 
 information. 

 
4.6 Au-198m

The significant 333 keV gamma ray observed in the decay of Au-198m cannot be 
 satisfactorily placed in the proposed decay scheme. There is also a lack of gamma 
 -ray data to produce a satisfactory decay scheme. 
 

All of the remaining 230 radionuclides in UKPADD-2 have been evaluated to give 
reasonably consistent decay schemes that are suitable for a wide use of applications in 
the nuclear industry and research. The resulting data library is a considerable 
improvement on the earlier set of files (1) in terms of the overall consistency and re-
definition of more substantial decay schemes. Even in those few instances where an 
increased percentage deviation occurs between the effective and calculated Q-value, the 
UKPADD-2 data are more comprehensive and reliable. 
 
5 CONCLUSIONS
 
Sets of recommended emission probability data and decay schemes have been derived 
for a series of activation products and calibrant standards specified by members of the 
UK Chemical Nuclear Data Committee (UKCNDC) .The resulting evaluated data sets 
represent significant improvements in the quality of specific decay parameters. Several 
inconsistencies have been identified in the decay data, and further efforts are required 
to resolve these difficulties. 
 
All of the data have been assembled to constitute the UK Activation Product Decay Data 
Library (UKPADD-2) .Users require a computer-based copy of these data files and a 
knowledge of the ENDF-6 format so that they can undertake necessary reactor and fuel 
cycle calculations. Enquiries concerning this library should be addressed to the author: 
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AEA Technology 
Harwell Laboratory 
Oxfordshire 
OX110RA 
UK, 

or  
Dr C Nordborg 
NEA Data Bank 
Le Seine Saint-Germain 
12 Boulevard des Iles 
F92130 Issy-les-Moulineaux 
France. 
 

following submission of the data files to the NEA Data Bank and possible usage in JEF 
(Joint Evaluated File) .Notification of any errors in the library should be directed to the 
author of this report. 
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UKPADD-2 Library: Main Decay Modes and Number 
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