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ABSTRACT:One of the greatest challenges facing nuclear energy is the highly radioactive long – lived material 
generated during power production. The option merges accelerator and fission reactor technologies into a single system 
that has the potential to efficiently generate electricity from nuclear fission and transmute the long – lived waste 
material. 
In the work, we use semi-empirical formulas established from the TARC experiment to calculate the transmutation rate 
of the long lived radioactive isotopes 135Cs, 79Se, 126Sn and 93Zr into short lived or stable elements. The obtained results 
proved that Adiabatic Resonance Crossing is very efficient for destroying fission fragments and can be used to induce 
any other type of nuclear transmutation. 
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I. INTRODUCTION 
 
In the Accelerator Driven System (ADS) as proposed by Carlo Rubbia [1], radiotoxicity of waste is dominated by long 
– lived fission fragments (LLFFs) which can only be destroyed by nuclear decay following neutron capture. This 
system can transform LLFFs into short – lived or stable elements [2,3] 
By using the semi-empirical formulas from TARC experiment [4] and cross –section (E) from JENDL 3.2, we have 
calculated the transmutation ratio [5,6] for 135Cs, 79Se, 126Sn and 93Zr with a proton momentum of 3.5 GeV/c, nuclear 
reaction of (n,) and an efficiency of detector  = 1 for very thin samples. Our calculating programs are written in Math 
4.0 language and we expand the scope of the formulas for energy range from 0.1 eV to 1 MeV. To simplify our work, 
we assumed a constant k coefficient and extrapolated the results for standard deviation curves. 
Our calculations in the range of 10-3eV E  0.1 eV energy region resulted in the lack of accuracy because of the lack 
of data in the low energy of JENDL 3.2 library. The obtained results indicate that the long – lived radioactive isotopes 
can capture neutron and turn into stable or short – lived radioactive isotopes. 

II. RELATED WORK 
 

1. Apparent cross section 

The samples that need to be transmuted contain a 1 mg target element. We placed each sample at different positions in 
the lead volume one of 12 holes. We chose the location at hole10, because it is at z = 7.5 cm and it is not too close and 
not too far from the center of the lead block. Results are showed in figs. from 1 to 4. 
 

2. Transmutation rate 

Neutron capture on 135Cs, 79Se, 126Sn and 93Zr and subsequent decay scheme: 
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135 6 136Cs t 2.30 10 y n Cs t 13.16d1 1
2 2

79 4 80Se t 6.5 10 y n Se stable1
2

126 5 127Sn t 1.0 10 y n Sn t 2.10h1 1
2 2

93 6 94Zr t 1.53 10 y n Zr stable1
2

      

     

      

     

   
   
   
 
 
 
   
   
   
 
 
 

 

 

III. RESULTS 
 

The results of calculation of apparent neutron capture cross section on  135Cs, 79Se, 126Sn and 93Zr were showed in fig.1 
below: 
 

 

IV.  

 
 
 

Fig.1Calculation of apparent neutron capture cross section on the long lived radioactive isotopes by Math 4.0 and data of JENDL 3.2 
(a)135Cs  (b) 79Se (c)126Sn (d) 93Zr 

 
Theoretical transmutation rates (trthE) for these isotopes calculated on very thin samples were showed in fig.2 from (a) 
to (d) below: 

 

(a)(b) 

   (c)                                                                           (d) 
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Fig. 2Transmutation rate (trthE) for the long lived radioactive isotopes calculated on very thin sample of 1 gram  (a) 135Cs (b) 79Se (c) 126Sn (d) 93Zr 

 
Results from the calculation have proved that possibility of transmutation is enhanced in resonance region and is localized at some 
main resonance peaks where the highest neutron capture cross section occurs. 
The results gave us: 

- The transmutation rate is about 8% in the range of 10-3eV to 20 eV and 91% in the range of 20 eV to 104eV with the 
isotope of 135Cs. 

- The transmutation rate is about 79% in the range of 1 eV to 104eV with the isotope of 79Se. 
- The transmutation rate is about 66% in the range of 103eV to 106eV with 126Sn. However, in the low energy region, 126Sn 

has also a range of possibilities to capture neutrons and it is about 34% (can see this by fig.1(c)) 
- With 93Zr, the transmutation rate is about 6% in the range 10-3eV to 50 eV and about 92% in the range of 10-3eV to 106eV. 
- We can see the percent rate of capturing neutrons in the table 1 and transmutation rate of 135Cs, 79Se, 126Sn and 93Zr with 

mass 1 gram of samples in fig.2 
 

Table1: The percent rate of capturing neutrons in the ith resonance region (tri) and in the full resonance region 
(trtot) 

 
Full integrated region [10-3, 106]  (eV) 

Element 135Cs 79Se 126Sn 93Zr 
Integrated 
region (eV) 

[10-3, 20] [20, 104] [1, 104] [103, 106] [10-3, 50] [50, 104] 

tot

i
tr

tr  
8% 91% 79% 66% 6% 92% 

 

(a)                                                                                        (b) 

                          (c)                                                                                          (d) 
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Fig.3: Transmutation rate per proton  th 4tr
p 10 obtained from theoretical calculation 

V. CONCLUSION  
 

From the obtained results, we can draw the conclusions: 
- In the resonance region a neutron has the highest probability of capturing and the highest transmutation rate. It 

is clearly seen that Adiabatic Resonance Crossing is very efficient for destroying fission fragments. 
- In the resonance region the transmutation rate trth of 79Se is highest in comparison to 135Cs and 93Zr while the 

transmutation rate of 126Sn is lowest. This proved that in the thermal neutron energy region, 126Sn has the high 
probability of capturing thermal neutrons. Therefore, we can use the Energy Amplifier system (EA) [7,8] to 
burn it. 
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