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Introduction 

Arguable, the nuclear data evaluation activity is a subject of more than 80 years old and was 

started by the evaluation of nuclear structure data [1]. Nuclear Structure and Decay Data 

(NSDD) evaluation in the ENSDF (Evaluated Nuclear Structure and Decay Data File) format is 

considered as one of the important activities worldwide under the aegis of International Atomic 

Energy Agency (IAEA). India has now become one of the active members in the Nuclear 

Structure and Decay Data (NSDD) network and has contributed regularly and significantly for 

more than 10 years. Before that the Indian contribution to this activity was sparse and irregular. 

There are two main data bases for NSDD: (a) The ENSDF (Evaluated Nuclear Structure Data 

File) database, which contains evaluated nuclear structure and decay information for nuclides. 

The file is updated on a continuous basis and the evaluations are published in the journal Nuclear 

Data Sheets. The ENSDF evaluation is coordinated by the National Nuclear Data Centre, BNL, 

USA [2] and the Nuclear Data Section, IAEA, Vienna, Austria [3] and (b) The XUNDL 

(eXperimental Unevaluated Nuclear Data List) database which contains experimental data 

compiled from recent nuclear structure papers. The XUNDL database has been established in 

1998 and is coordinated by McMaster University, Canada. 

There are several quantities which are included in the evaluated nuclear structure and decay 

data file. These include (i) disintegration energies, (ii) decay modes, (iii) excitation energies (iv) 

radiation and transition probabilities, (v) nuclear level schemes, (vi) spin-parity values of a 

nuclear state, (vii) magnetic and electric multipole moments, (viii) nuclear band structure and 

(ix) half-lives. These quantities are very important to the users from several applied disciplines, 

which include reactor physics, radiation protection, medical science, agriculture, archeology 

apart from the researches in the field of basic research. 

 

Mass (A) Chain Evaluation 

A complete ENSDF evaluation is the 

evaluation of different parameters 

mentioned above with comments on the 

basis of the adopted values of all the nuclei 

in a mass parabola as shown in the adjacent 

figure. That is, these parameters are 

evaluated for each nucleus and are grouped 

as isobars i.e all the nuclei under the same 

mass number and a set of this evaluation is 

called a mass chain evaluation. There is 

varied number of nuclei in a particular mass 

chain. As an example, the A = 88 mass 

chain contains 13 nuclei.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: An example of nuclei in a mass (A) 

chain evaluation
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Datasets in a Mass Chain Evaluation 

For every nucleus in a mass chain, there can be several types of datasets, depending on the 

different ways of producing the ground and the excited states in that particular nucleus. For 

example, the ground and excited states can be produced by-(or -) decay, by light or heavy-ion 

induced fusion evaporation reaction, by scattering or transfer reaction, as a fission product, as an 

isomer decay (IT) etc. Moreover, different reactions in fusion evaporation, scattering and transfer 

reactions are also put as different datasets. From these individual datasets, an adopted data set is 

created by the evaluator for each nucleus. An adopted dataset is the most important dataset which 

contains all the recommended levels, gammas etc. for a particular nucleus. The number of 

datasets can be as high as 50 for a particular nucleus. There can be several published data for 

each datasets. Therefore, one needs to consult several papers for the evaluation of a particular 

nucleus. The evaluated data of several such nuclei constitute a mass chain evaluation. This 

indicates that the mass chain evaluation is a very huge job and must be done very carefully 

considering that the adopted datasets are used in application in most cases. 

 

ENSDF File Format 

The ENSDF file is created with a standard 80-character format as shown in Fig.2. In this 

figure, the types of parameters corresponding to different rows and the record length for a 

particular parameter in that row are shown. 

 
Fig.2: The ENSDF File format 
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Nuclear Structure Data Activities in India 

The activities of the nuclear structure data community in India are mainly, (i) Mass (A) chain 

evaluation, (ii) Horizontal Evaluation, (iii) Decay data evaluation and (iv) Measurements. The 

Indian community has significant contribution in each of these categories. 

The mass chain evaluation is one of the main nuclear data activities in India under Nuclear 

Data Physics Centre of India (NDPCI). Several groups from all over the country are involved in 

this activity. There are about 8 different groups from Universities as well as research laboratories 

contribute to the mass chain evaluation. Since 2005, about 15 mass chain evaluations have been 

successfully completed and published. A few other mass chain evaluations are currently in 

progress. A workshop on evaluation of nuclear structure and decay data has been organized 

recently and was very successful in the way that several participants have attended the lectures 

and the practical sessions. In the practical sessions, the A = 215 mass chain was started to be 

evaluated which was subsequently successfully completed and published [5].  

The horizontal evaluation means the evaluation of the best values of one or a few selected 

nuclear parameters for many nuclides irrespective of their mass number. Indian contributions to 

horizontal evaluations have started long ego and has been continuing [6]. The horizontal 

evaluations are mainly in the field of rotational and quasi-particle structure of nuclei. One of the 

recent horizontal evaluations is on Magnetic Rotational bands which is one of the most important 

topics of current interest in nuclear physics. Another very important horizontal evaluation on 

nuclear isomers has been completed recently and will be published soon. 

Because of the importance of the decay data, special attention is given to the evaluation of the 

nuclear decay data. In the decay data evaluation, parameters like, (i) Half-lives, (ii) Q-values, 

(iii) Branching fractions, (iv) Energies, (v) Emission probabilities and (vi) Atomic data, etc are 

evaluated from the published data for the decay of the nuclei by , , , electrons (Auger, 

conversion) and X-rays. The decay data evaluation of 
233

U and 
229

Th has been completed as a 

part of the IAEA CRP on “Updated Decay Data Library for Actinides” [7]. The decay data of 

each of these nuclei contained about 50 excited states and about 200 -rays along with other 

related parameters and these nuclei have significance to the Th-U fuel cycle [8]. 

In the measurement part, Indian researchers have produced significant and important nuclear 

structure data using the Indian National Gamma Array (INGA) [9]. Besides those, specific 

measurement as a part of data evaluation has also been carried out [10]. Recently a highly 

granular setup for the measurement of Total Absorption Spectroscopy (TAS) has been tested 

using BaF2 detectors at VECC, Kolkata [11]. This can be used for the TAS measurement to 

study the -decay feeding intensities for the nuclei which contribute significantly in the reactor 

decay heat.  

 

Summary 

The importance of the evaluation of nuclear structure and decay data has been emphasized in 

this presentation. Some of the details of the ENSDF evaluation have been discussed. India has 

been included as one of the centres of NSDD network and several evaluators from India have 

contributed significantly to the ENSDF evaluation. The interest of the researchers from India in 

the nuclear structure data evaluation include the mass chain evaluations, decay data evaluation, 

horizontal evaluation as well as specific measurements related to important nuclear data. There 

have been several significant contributions in these fields from India. The interest in the ENSDF 

evaluation and measurements among the nuclear physicists in India is growing.   
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