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Status of experimental and evaluated cross sections for the 209Bi(n,3-8n) reactions.  
 

 
Fig. 1. Experimental and Evaluated data for the 209Bi(n,3n)207Bi cross section. 

 

 
Fig. 2. Experimental and Evaluated data for the 209Bi(n,4n)206Bi cross section. 
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Fig. 3. Experimental and Evaluated data for the 209Bi(n,5n)205Bi cross section. 

 

 
Fig. 4. Experimental and Evaluated data for the 209Bi(n,6n)204Bi cross section. 
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Fig. 5. Experimental and Evaluated data for the 209Bi(n,7n)203Bi cross section. 

 

 
Fig. 6. Experimental and Evaluated data for the 209Bi(n,8n)202Bi cross section. 
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High-energy (n,xn) dosimetry 
reactions

V.G. Pronyaev (pronyaev@ippe.ru)
IPPE, Obninsk, Russia

 

1. Most DOS reactions are used for spectra 
unfolding below 15 MeV (IRDF-2002) 

2. They have rather “flat” shape in the energy 
range from 20 MeV to 100 MeV



  

High-energy (n,xn) dosimetry reactions
Requirements:

1. Bell- or step-wise shape of the cross sections (ideal – delta or 
step function)

2. Shifted on energy relative each other

3. Minimal number of dosimetry samples for unfolding with a few 
MeV resolution

4. High activation cross sections, half-lives convenient for 
measurements and high quantum gamma-yields

5. Gamma-line energies in the region of maximum of the 
detector efficiency

6. No, or minimal admixture from “parasitic” gamma-lines which 
can not be separated through energy resolution of detector or 
times of activation, cooling and activity measurement



  

High-energy (n,xn) dosimetry 
reactions

Best reactions for high energy dosimetry:

1. ZN(n,xn)ZN-x-1 reactions

2. Natural mono-isotopic samples 

3. Medium or heavy atomic weight – high non-elastic, high cross 
sections for neutron emission, low for charged particle 
emission

4. x=1,...,10 for heavy samples, reactions covering the energy 
below 100 MeV

5. x=1,...,10 for medium weight samples, have different 
thresholds relative thresholds in heavy samples



  

High-energy (n,xn) dosimetry 
reactions

Drawbacks of (n,xn) reactions:

1. Energy resolution of unfolded spectrum can not be better 
than widths of bell-shaped form of the cross section (between 
10 and 15 MeV) or difference between thresholds 

2. Width of the bell is increasing with the x 

3. (n,xn) cross sections in the maximum are decreasing with x 
increasing 

4. Bell-shape of cross section is converting in step-shape form 
with increasing of x. This is probably not a drawback



  

High-energy (n,xn) dosimetry 
reactions

Mono-isotopic samples which can be used:

209Bi, 197Au, 139La (99.91%) and 103Rh

Example of cross sections for 197Au:

 

TENDL-2011 library

blue – non-elastic
green –  (n,2n)
red – (n,3n)
gray – (n,4n)

Above 33 MeV non-elastic
(MT=3) is wrong in 
TENDL-2011 library



  

High-energy (n,xn) dosimetry 
reactions

 

TENDL-2011 
library has wrong 
total cross section 
(green line) above 
33 MeV because 
non-elastic (gray 
line) and and all 
(n,xn) reactions for 
x>4 are wrongly 
given under MT=5.
Experimental data 
for total cross 
section are high-
accuracy data by 
Abfalterer et al. 



  

High-energy (n,xn) dosimetry 
reactions

 

Comparison of 
experimental data – 
nonelastic taken 
from EXFOR and 
(n,xn) by E. Kim, T. 
Nakamura, A. Konno 
et al. Nucl. Sci. Eng., 
129, p.209 (1988) 
with TENDL-2011 
and ENDF/B-VII.1 
evaluation for non-
elastic and inverse 3-
rd order polynomial fit 
for (n,xn) reactions. 
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High-energy (n,xn) dosimetry 
reactions

 

Comparison of 
(n,xn) 
experimental 
data by E. Kim, 
T. Nakamura, A. 
Konno et al. 
Nucl. Sci. Eng., 
129, p.209 
(1988) with 
ENDF/B-VI 
(=ENDF/B-VII.1) 
evaluation done 
independently 
from exp. data. 
Taken from 
publication by 
Kim et al..



  

Properties of (n,xn) CS and Residual Nuclei Decays for 197Au(n,xn) and 209Bi(n,xn)

 



  

Properties of (n,xn) CS and Residual Nuclei Decays for 139La(n,xn) and 103Rh(n,xn)

 



  

Conclusion

 

1. Reactions (n,xn) at natural mono-isotopic targets are good candidates for 
use in the neutron dosimetry for spectra in the energy range between 15 and 
100 MeV

2. Gamma-lines from decay of different residual nuclei can be separated not 
only trough energy resolution of the detectors but also through choosing of 
optimal irradiation, cooling and measurement times

3. Although the energy resolution for the unfolded spectra in case of use of 
one mono-isotopic detector is low (between 8 – 15 MeV), it can be improved 
if some set of natural mono-isotopic targets (with shifted thresholds for 
(n,3n), (n,4n),... reactions) will be used

4. New precision measurements, calculations and measurement are needed 
to achieve the accuracy needed for the use of these reactions for dosimetry 
purposes

5. The extension of energy range of the reactions used in the reactor 
dosimetry to high energies is not productive for use in high energy dosimetry 

because the most cross sections are rather flat at these energies    


