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INTRODUCTION  
  

 A reactor produces more than 1000 radioactive nuclei, most of which are unstable and undergo radioactive 

decays. The heat produced by the energy released in such decays is known as decay heat. About 8% of the total heat 

produced in a reactor is decay heat. After shut down, the decay heat is the only source of heat in the reactor and 

therefore, it is very important in reactor design, irradiated fuel operations and storage [1]. The decay heat has three 

components, contribution from heavy particles (neutron, proton, alpha, fission products etc.), light particles 

(electrons and positrons) and photons (X-rays, gamma rays etc.). These are denoted as HHP, HLP and HEM, 

respectively [2].  The decay heat as a function of cooling period can be calculated using the data from nuclear 

databases such as Ref. [3]. The decay heat can be measured using calorimetric method and this can be compared 

with the calculated values to test the nuclear data bases. It has been observed that a large deviation between the 

measured and the calculated values and it has been attributed to the incorrect beta feeding intensities to the higher 

lying levels (Pandemonium effect) in some key nuclei [1, and references there in].  

 

In most cases the beta feeding intensity for the radioactive decays are measured using the high resolution gamma 

spectroscopy (HRGS) method. In this method, the feeding intensity to a particular level in the daughter nucleus is 

estimated by the difference in intensities of the gamma rays emitted from that level and that feeding the level. The 

High purity Germanium (HPGe) detectors are used for such HRGS measurements. The HPGe detectors have very 

good energy resolution but the efficiency of such detector is extremely low for high energy gamma rays, compared 

to the scintillator detectors. Therefore, for some of the nuclei which has large Q-value for beta-decay can emit high 

energy gamma rays and some of these gamma rays can be “missed” by the HPGe detector and large errors are 

introduced in the estimate of beta-decay feeding intensity. In many cases it has been proved that an apparently 

“complete” decay scheme had to be modified significantly [4]. An incorrect level scheme leads to large errors in the 

data bases. The pandemonium effect and the errors introduced by that can be overcome in the Total abruption 

gamma spectroscopy (TAGS) method. In this method, the scintillator detectors are used with high (close to 100%) 

efficiency and covering almost 4pi solid angle. The sum energy of the gamma rays decaying out in an event is 

recorded in this method and therefore, there is very little or no chance of missing gamma rays. 

 

Recently, an assessment of the fission product data requirement for the decay heat calculations for Th/U fuel has 

been made and a technical report has been published by the International Atomic Energy Agency [5]. In this report, 

the details about the different degree of importance of different fission products have been discussed and the authors 

have also suggested the TAGS measurement of the key nuclei in the Thorium fuel cycle.  

 

A TAGS setup has been developed at the Variable Energy Cyclotron Centre, Kolkata (India) using BaF2 

detectors. The unique feature of the setup is its large granularity. This setup has been tested using various 

radioactive sources and is ready for online or offline use. One of the major motivations is to use the setup for TAGS 

measurement of the key nuclei in the Th fuel cycle. 

 

THE TAGS SET UP AT VECC 

 

The TAS set up at VECC is shown in Figure 1. The set up consists of 50 elements of BaF2 detectors. Each 

detector is 5 cm in length with a cross sectional area of 3.5 x 3.5 cm
2
. The energy resolution of the detectors was 

about 8%. The full array, shown in the left hand side in Figure 1, consists of two blocks having 25 detectors in each 

one of them. The detectors in each block are arranged in castle type geometry as shown in the right hand side in 

Figure 1. The blocks are brought together for a closed 4 configuration. The radiation source can be kept inside and 

at the middle of the array. The advantage of the large granularity is that the sum energy can be obtained using 
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different multiplicity of the gamma rays in an event. This helps to separate the individual peaks with the sum-peaks. 

This has been depicted in the measurements using different sources having different multiplicity of gamma rays in 

an event. Simulations (in GEANT 3 platform) were also performed for two other geometries with the above 

detectors and also with similar but longer (35 cm) detectors. 
        . 

 

 
Fig. 1: The closed configuration of the TAS array 

 

 
Fig 2: Two halves of the TAS array. 

 

RESULTS AND DISCUSSIONS 

 

 The setup has been tested using different radioactive sources which has different numbers of cascading  

rays. Sum spectra are obtained in the offline analysis with different conditions of multiplicity and the effect of 

higher multiplicity on the sum spectrum has been tested.   The known strong feeding intensities of the 
152

Eu 

source are well reproduced in the sum spectrum gated by high multiplicity. This VECC TAS setup is a unique setup 

particularly for the high multiplicity cascade events. The response of the setup has been compared with the GEANT-

3 simulation and the setup is ready to be used for the decay measurements.  

 

CONCLUSIONS 
 

 A unique modular TAS set up has been developed at the Variable Energy Cyclotron Centre, Kolkata, India 

using 50 elements of BaF2 detectors. In this setup, it is possible to obtain sum spectrum gated by different 

multiplicity hit. The setup has been successfully tested using four different sources which emit single to multiple  

rays. The details of the setup and the test results will be presented. 
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