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Abstract 

Monte Carlo neutron transport codes are one of the best tools to simulate complex 

systems like fission and fusion reactors, Accelerator Driven Sub-critical systems, 

radio-activity management of spent fuel and waste, optimization and 

characterization of neutron detectors, optimization of Boron Neutron Capture 

Therapy, imaging etc. The neutron cross-section and secondary particle emission 

properties are the main input parameters of such codes. The fission, capture and 

elastic scattering cross-sections have complex resonating structures. Evaluated 

Nuclear Data File (ENDF) contains these cross-sections and secondary parameters. 

We report the development of reconstruction procedure to generate point cross-

sections and probabilities from ENDF data file. The cross-sections are compared 

with the values obtained from PREPRO and in some cases NJOY codes. The results 

are in good agreement. 
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1. INTRODUCTION 

Monte Carlo particle transport codes need microscopic cross-sections for all the interacting 
particles. These cross-sections can be obtained from theoretical models or experiments. The 
list of isotopes in nature is too large to measure each of them. Theoretical models are not 
good enough to reproduce experimental data as nuclear structure plays an important role in 
low energy nuclear interactions. Evaluation of these cross-sections tries to implement a 
realistic approach. Evaluation of cross-sections can be divided into two parts 1) conversion of 
all measured cross-section into single reference frame, same temperature, resolution with all 
possible correlations, 2) Extraction of the parameters from these data and production of the 
missing cross-section data points with the help of theoretical models. The result of this 
process is stored in so called Evaluated Nuclear Data File (ENDF) which over the years 
acquired standard formats and handling procedures. The ENDF nuclear data file is the basic 
file which can be used to reconstruct point cross-sections for neutrons below 20MeV or 
sometimes upto 200MeV for few selected nuclides. In addition to neutron, there are photon, 
electron, proton, deuteron, triton, He3 and He4 interaction data. The library also contains 
decay data, photo nuclear reaction data, thermal scattering data, fission fragment mass 
distribution data, atomic relaxation data etc. The scope of this report is to describe the work 
to reconstruct the most complex neutron cross-sections into linear-linear interpolation format, 
probability tables for secondary particle emission distributions, fission neutron multiplicities 
and fission fragment data.   

The ENDF data are provided in a standard specific ASCII format and are divided into 
different “files” based on so-called MF cards. The MF cards are divided into sections 
identified by MT cards which represent different reactions. The description of these MF and 
MT cards are given in ENDF manual [1]. Each MF file and corresponding MT sections 
contain different records containing the data structures. Complete definitions of different MF 
and MT numbers are available in the manual but few values are given in (Table.1) just for 
completeness. 

Table.1. Description of the MF and MT Cards 

MF Description MT Description 

1 General information 1 Total 

2 Resonance parameter data 2 Elastic 

3 Reaction cross sections 51-90 Inelastic 

4 Angular distributions for emitted particles 18 fission 

5 Energy distributions for emitted particles 19 First chance fission 

6 Energy-angle distributions for emitted particles 16 n,2n 
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7 Thermal neutron scattering law data 17 n,3n 

8 Radioactivity and fission-product yield data 22 n+a 

 

The data records are written in different formats called TAB1, TAB2, LIST, TXT, CONT etc.  
The ENDF data tape structure is given in (Fig.1) 

 

Fig.1. Structure of an ENDF data tape (reproduced from ENDF manual) 

The definition of the ENDF TAB1 record is given through a FORTRAN formatted read 
statement given below (Note that our entire program is written in C++). 

 
 
 
 
 
 

TAB2 record is given as follows: 
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Other records are having their own structures which can be looked into ENDF manual. 

The major task described in this report is the reconstruction of resonance cross-sections from 
resonance parameters given in ENDF file with MF=2. These parameters are given in terms of 
different theoretical formulations and are described in the following sections. This work is 
executed within the GeantV framework where the ENDF data are transformed into ROOT [2] 
file. The ROOT file is read again to reconstruct the physically meaningful quantities for the 
simulation i.e. cross-sections, multiplicities, angular and energy distributions, fragment mass 
distributions, residual masses etc. The data are re-written into ROOT file to be used by Monte 
Carlo simulations. 

2. RECONSTRUCTION OF CROSS-SECTION 

The neutron cross-sections can be divided into three main energy regions: 

1) Resolved Resonance Region (RRR) – in this region, individual resonances are well 
separated and parameters can be given for each resonance separately. An evaluator can 
supply additional resolved resonance parameters with allowed quantum numbers and in 
accord with level density statistics. 

2) Unresolved Resonance Region (URR) – the resonances are still physically separated but 
experimental resolution is not good enough to resolve them individually. In this region 
resonance self shielding is still important. File MF=3 may contain infinitely dilute cross-
sections and user must calculate the self shielding using file MF=2. 

3) High Energy Region (HER) – the resonances are overlapping in this region except for 
Ericson fluctuations. These fluctuations are termed as random contributions of the compound 
reactions on the average values of direct reactions. 

The cross-section data in ENDF file can be divided into two categories 1) cross-sections are 
given into file MF=3, 2) resonance parameters are given in File MF=2 for RRR+URR and 
cross-sections for HER regions are given into file MF=3. 

The cross-sections for ~60 isotopes belonging to category 1 (as mentioned above) are given 
in ENDF file MF=3. These cross-sections are directly processed by linearization and 
unionization classes before Doppler broadening. The cross-sections of some important 
elements for many applications i.e. H-1, H-2, Li-6 and O-16 are given in (Figs.2-5). The 
cross-sections calculated by our code are designated with GeantV. A ratio plot for elastic and 
capture cross-sections shows the differences between our code and leading codes for 
reconstructing neutron cross-sections. The PREPRO/GeantV represents that PREPRO data 
were interpolated for reconstructed energy points from GeantV (GeantV as reference) and 
vice versa for the plot represented by GeantV/PREPRO (PREPRO as reference). The data for 
H-1, H-2, and Li-6 are in very good agreement within tolerance. GeantV reproduces data for 
O-16 for PREPRO reconstructed energy points and agreement is within tolerance except 3 
points near 3.439E6 where PREPRO deviates by 0.45%.  
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Fig.2. Elastic and capture cross-sections for Hydrogen a) Ratio plot of GeantV values 
when calculated for PREPRO [3] reconstructed energy points, b) Ratio plot of 
PREPRO values when calculated for GeantV reconstructed energy points. 
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Fig.3. Elastic and capture cross-sections for H-2 a) Ratio plot of GeantV values when 
calculated for PREPRO reconstructed energy points, b) Ratio plot of PREPRO 
values when calculated for GeantV reconstructed energy points. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4. Elastic and capture cross-sections for Li-6 a) Ratio plot of GeantV values when 
calculated for PREPRO reconstructed energy points, b) Ratio plot of PREPRO 
values when calculated for GeantV reconstructed energy points. 

5



 

Fig.5. Elastic and capture cross-sections for O-16 a) Ratio plot of GeantV values when 
calculated for PREPRO reconstructed energy points, b) Ratio plot of PREPRO 
values when calculated for GeantV reconstructed energy points. 

In the second category, cross-sections are given in terms of resonance parameters. The 
parameters are divided into resolved and unresolved resonance parameters. The resolved 
resonance parameters of file MF=2 are given in terms of 5 different formulations namely  

 1) Single Level Breit Wigner, 

 2)  Multi-level Breit Wigner, 

 3) Reich Moore, 

 4) Adler-Adler, 

 5) R-Matrix Limited. 

The resonance equations for these formulations are described into ENDF manual and 
reproduced here for understanding. 

2.1 Single Level Breit Wigner (SLBW) 

These parameters are obtained by the experimental widths, peak heights and theoretical 
models. The parameters corresponding to the contributions of different angular momentum 
states (channel spin), are added to get the cross-section for the given interaction channel. 
These parameters are given for Elastic, Capture and Fission (if exist/possible) cross-sections 
(Eqs.1-6). The cross-sections at higher energies for inelastic scattering and threshold 
reactions are given into file MF=3. The SLBW representation is the simplest one and it does 
not account for the resonance-resonance interference but deals only with channel-channel 
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interference. Fission and Capture use only symmetric form of the SLBW which gives only 
positive cross-sections but scattering cross-section have the asymmetric form as well and can 
give negative cross-sections as well. These negative cross-section tails are compensated 
either by the low level resonances or negative energy resonances are added to compensate the 
negative bias. 

Elastic scattering cross-section: 

, , E  ,                                                                                        Eq.(1) 

 
Here angular momentum (l) is summed up to NLS values given in File 2. 
 

, E 2l 1 sin ∑ gJ ∑ E E  

E E

NRJ
J    Eq.(2) 

Here, k is wave vector, gj is angular momentum/spin factor, sum is over r=1 to NR 
resonances, Γ  is total width, Γ  is neutron width, E  is resonance energy. 

Capture cross-section: 

, , E    and                                                                                 Eq.(3) 

 

, E ∑ gJ ∑
E E

NRJ
J                                                                         Eq.(4) 

 

Fission cross-section: 

, , E   and                                                                                   Eq.(5) 

 

, E ∑ gJ ∑
E E

NRJ
J                                                                          Eq.(6)    

Similar to negative bias, a positive bias may also occur in the high energy boundary of the 
RRR. Additional high energy resonances are added to compensate this bias. 

The cross-sections are shown for U-239 (Fig.6) and Xe-135 (Fig.7) for which the ENDF data 
are given in the SLBW format. Both these elements are very important in the reactor 
operation and control respectively. The results are in good agreement with the PREPRO 
results. The discrepancy at discontinuities is due to smeared data in GeantV and double 
energy points (non-smeared) in PREPRO code. 
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Fig.6. Elastic, capture and fission cross-sections for U-239 a) Ratio plot of GeantV 
values when calculated for PREPRO reconstructed energy points, b) Ratio plot of 
PREPRO values when calculated for GeantV reconstructed energy points. 
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Fig.7. Elastic and capture cross-sections for Xe-135 a) Ratio plot of GeantV values when 
calculated for PREPRO reconstructed energy points, b) Ratio plot of PREPRO 
values when calculated for GeantVreconstructed energy points. 

2.2 Multi Level Breit Wigner (MLBW) 

The MLBW includes resonance-resonance interference into the elastic scattering formula as 
given in Eq.(7) but capture and fission cross-sections are same as SLBW cross-sections. 
Positive cross-sections are ensured due to squared term but biasing effects are taken care 
either by extra resonances added at lower and higher ends of RRR. Most of the cross-sections 
are given in terms of this formalism in ENDF VII.1. The resonance-resonance interference 
term is given as  

, E ∑ gJ ∑ ∑
E E E E

E E E E

NRJ
J                                          Eq.(7) 

The cross-section reconstructed by MLBW for long lived radio-active waste isotopes I-129, 
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Np-237, Am-241 and Cm-246 are given in (Figs.7-10.) The agreement with PREPRO results 
is good. 

 

 

Fig.8. Elastic and capture cross-sections for I-129 a) Ratio plot of GeantV values when 
calculated for PREPRO reconstructed energy points, b) Ratio plot of PREPRO 
values when calculated for GeantV reconstructed energy points. 
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Fig.9. Elastic, capture and fission cross-sections for Np-237 a) Ratio plot of GeantV 
values when calculated for PREPRO reconstructed energy points, b) Ratio plot of 
PREPRO values when calculated for GeantV reconstructed energy points. 

  

 

11



 

Fig.10. Elastic, capture and fission cross-sections for Am-241 a) Ratio plot of GeantV 
values when calculated for PREPRO reconstructed energy points, b) Ratio plot 
of PREPRO values when calculated for GeantV reconstructed energy points. 
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Fig.11. Elastic, capture and fission cross-sections for Cm-246 a) Ratio plot of GeantV 
values when calculated for PREPRO reconstructed energy points, b) Ratio plot 
of PREPRO values when calculated for GeantV reconstructed energy points. 

2.3 Reich-Moore (R-M) 

The ENDF implementation of the R-M formalism calculates elastic and fission as specific 
channels but capture is calculated after subtraction from total absorption cross-section. 
Absorption is calculated by subtraction of elastic from total cross-sections as there are no 
inelastic cross-sections allowed in this formalism Eqs.(8-11). Explicit contributions of spin, 
orbital angular momentum and total angular momenta are added. Fission channel is 
considered as Bohr channel in deformation space and not like individual two body fission 
product breakup. The total cross-section can be obtained by summing over all entrance and 
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exit channels with all possible channel spins taking into account unitarity. 

T E ∑ ∑ gJRe 1 U J, J
J | |
J | |

|I |

|I |
                                          Eq.(8) 

The collision matrix UlsJ,lsJ is to be evaluated and summed over all angular momentum and 
spin states. 

Similarly, elastic cross-sections can be obtained by summing only on the same exit channel 
as entrance channel. 

, E ∑ ∑ gJ|1 U J, J|
J | |
J | |

|I |

|I |
                                           Eq.(9)     

           

,                                                                                   Eq.(10) 

Fission is obtained by summing over two exit fission channels corresponding to two fission 
fragments. 

E ∑ ∑ gJ |U J |J | |
J | |

|I |

|I |
|U J |                                   Eq. (11) 

The potential scattering for the higher target spins should be calculated for I+1/2 and I-1/2 
spin states. If the data by evaluator has been given only for the positive spin values then the 
contributions from all missing J values are added. The collision matrix elements are 
calculated for the non fission and fissile elements separately. The results for many structural 
and fuel elements i.e. Al-27, Si-30, Fe-58, Cu-63, Th-232, U-233, U-235, Pu-239 and Pu-241 
are compared with the PREPRO results in (Figs.12-20). 
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Fig.12. Elastic and capture cross-sections for Al-27 a) Ratio plot of GeantV values when 
calculated for PREPRO reconstructed energy points, b) Ratio plot of PREPRO 
values when calculated for GeantV reconstructed energy points. 

 

Fig.13. Elastic and capture cross-sections for Si-30 a) Ratio plot of GeantV values when 
calculated for PREPRO reconstructed energy points, b) Ratio plot of PREPRO 
values when calculated for GeantV reconstructed energy points. 
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Fig.14. Elastic and capture cross-sections for Fe-58 a) Ratio plot of GeantV values when 
calculated for PREPRO reconstructed energy points, b)  Ratio plot of PREPRO 
values when calculated for GeantV reconstructed energy points. 

 

Fig.15. Elastic and capture cross-sections for Cu-63 a) Ratio plot of GeantV values when 
calculated for PREPRO reconstructed energy points, b)  Ratio plot of PREPRO 
values when calculated for GeantV reconstructed energy points. 

 

16



 

Fig.16. Elastic, capture and fission cross-sections for Th-232 a) Ratio plot of GeantV 
values when calculated for PREPRO reconstructed energy points, b)  Ratio plot 
of PREPRO values when calculated for GeantV reconstructed energy points. 
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Fig.17. Elastic, capture and fission cross-sections for U-233 a) Ratio plot of GeantV 
values when calculated for PREPRO reconstructed energy points, b)  Ratio plot 
of PREPRO values when calculated for GeantV reconstructed energy points. 
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Fig.18. Elastic, capture and fission cross-sections for U-235 a) Ratio plot of GeantV 
values when calculated for PREPRO reconstructed energy points, b)  Ratio plot 
of PREPRO values when calculated for GeantV reconstructed energy points. 
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Fig.19. Elastic, capture and fission cross-sections for Pu-239 a) Ratio plot of GeantV 
values when calculated for PREPRO reconstructed energy points, b) Ratio plot 
of PREPRO values when calculated for GeantV reconstructed energy points. 
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Fig.20. Elastic, capture and fission cross-sections for Pu-241 a) Ratio plot of GeantV 
values when calculated for PREPRO reconstructed energy points, b)  Ratio plot 
of PREPRO values when calculated for GeantV reconstructed energy points. 

The Adler-Adler formalism is included in our framework but no data are given in ENDF 
VII.1. R-Matrix formulation is not included at present as no such data exist for the 
verification. 

3. UNRESOLVED RESONANCE REGION (URR) 

URR region is treated only by SLBW formalism with average energy dependent or 
independent widths, level density, spacing etc. Unresolved resonance parameters are given in 
terms of average widths where widths are distributed according to chi-squared distribution 
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with designated number of degrees of freedom. The number of degrees of freedom could be 
different for neutron and fission widths and for different L, J values. If the target spin is zero 
then degree of freedom on channel spin is only one, otherwise two degree of freedom exist 
for up and down spin orientations. Fission may have up to four degrees of freedom. The 
average cross-section parameters for an interval of energy is obtained by constraints on 
observed/calculated level density or strength functions in that energy band. The average 
cross-sections parameters are extracted by taking statistics of the resolved resonance 
parameters and adjusting it to the low resolution.  

The L=2 (d-wave) resonance are narrower than L=1 (p-wave) which is narrower than L=0 (s-
wave). Due to this, the overlapping regions for different L values are different, but there is 
only one boundary selected between RRR and URR. The narrow resonances are more self-
shielded than broader resonances, and due to this, there are some fictitious resonances added 
in the URR region.  

The discontinuity between RRR and URR should not be more than 10-15% if there are no 
fluctuations in the cross-sections of URR region. In case of fluctuations this difference could 
be a little larger. The discontinuity between URR and HER should not be higher than 5% in 
any case as these cross-sections represent no fluctuations and are much smooth.  

The reconstructed resonance cross-section may not represent the true evaluated data. The 
background cross-sections are given into file 3 which is to be added to the reconstructed 
cross-sections. Elastic, capture and Fission cross-sections are given from Eqs.(12-17). The 
average widths (Γ) and width fluctuation parameters (R) are given in Eqs.18-20).  

, , E  ,                                                                                      Eq.(12) 

Here angular momentum (l) is summed up to NLS values given in File 2. 

, E 2l 1 sin ∑ J

D ,J
,J 2Γ JsinNJS

J                      Eq.(13)  

      

, , E                                                                                         Eq.(14) 

 

, E ∑ J

D ,J
,J

NJS
J                                                                               Eq.(15) 

 

, , E                                                                                          Eq.(16)    

  

, E ∑ J

D ,J
,J

NJS
J                                                                                Eq.(17) 

 

,
J J

J
                                                                                       Eq.(18) 
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,
J J

J
                                                                                        Eq.(19) 

,
J f J

J
                                                                                         Eq.(20) 

4. LINEARIZATION 

Monte-Carlo transport codes based on point cross-section data need cross-sections into 
linear-linear interpolation in energy scale to minimize interpolation time during simulation. 
The ENDF data are given in 5 different interpolation forms 1) Histogram, 2) Linear- Linear 
3) Linear- Log, 4) Log-Linear and 5) Log-Log interpolation in the energy vs. cross-section. 
All these cross-sections are therefore converted into linear–linear interpolation. We have to 
introduce tolerance while converting these cross-sections in to linear-linear interpolation 
form. This is done by bisecting the energy intervals until the required interpolation accuracy 
is achieved. The bisection is linear in energy but the cross-sections are non-linear. This led us 
to develop a nonlinear bisection method which ensures required accuracy.  The cross-section 
points between resonance peaks are also generated by same method. 

5. UNIONIZATION 

The point cross-sections for different reactions i.e. elastic, capture, inelastic scattering in 
ground and excited states, charge particle emissions, fission etc. have different thresholds and 
different energy bins. A search algorithm may take significant time if the energy points are 
not the same for all cross-section types. This also saves time to calculate total cross-section 
which is required to select the interaction with a particular material by the different incident 
particles i.e. proton, neutron, photon, electron, deuteron etc. The unionization of energy grids 
is done after all partial cross-sections are processed, linearized, and Doppler broadened.  

Total cross-sections are compared with values calculated from NJOY and PREPRO codes. 
The total cross-section for U-235 is given in (Fig.21). All partial cross-sections are built with 
0.1% tolerance for linear, reconstruction and Doppler broadening. The discrepancy at the 
boundary of RRR and URR is in a very narrow region of energy.  
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Fig.21. Total cross-section for U-235 a) Ratio plot of GeantV values when calculated for 
NJOY energy points, b)  Ratio plot of NJOY [4] values when calculated for 
GeantV energy points. 

 

6. DOPPLER BROADENING 

The neutron cross-sections in ENDF files are provided at zero Kelvin (0K) temperature. The 
cross-sections which are measured in different experimental conditions are converted by 
theoretical models into 0K data. If the data exist at 300K then one should not do Doppler 
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broadening for 300K and should be done only for higher temperatures. The temperatures in 
Fusion and fission reactors may vary from 300-600 K in normal operating conditions to 
~3000K in the accident situations.  

The sharp peaks of the resonance cross-section flatten with the increase of temperature. 
Although the area under the peaks remains same (only reaction rates at peak are invariant but 
they are not invariant outside it) but the reaction rate may increase or decrease based in the 
system under study which may have different flux and energy dependence of the neutron 
cross-sections. We have followed the Cullen’s kernal broadening method [5]. We have re-
derived it to understand and develop our own algorithm.  

The Doppler broadened cross-sections are compared for all the elements and are given for Bi-
209 at 293.6K, 600K, 900K, and 1200K. The GeantV data are also compared with available 
data from NJOY code system. The NJOY data are processed with 0.1-0.3% tolerance and 
GeantV data are calculated with 0.1% tolerance for linearization, reconstruction and Doppler 
broadening. There are some differences in elastic data above RRR region. We have observed 
that NJOY data are not broadened in this energy range. The PREPRO data are calculated with 
0.1% tolerance as well and results are in good agreement. 

 

Fig.22. Elastic and capture cross-sections for Bi-209 at 293.6K (black), 600K(red), 
900K(green) and 1200K(blue) a) Ratio plot of elastic cross-sections, b)  Ratio plot 
of capture cross-sections. NJOY values are interpolated for GeantV energy 
points.  
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Fig.23. Elastic and capture cross-sections for Bi-209 at 293.6K (black), 600K(red), 
900K(green) and 1200K(blue) a) Ratio plot of elastic cross-sections, b)  Ratio plot 
of capture cross-sections. GeantV values are interpolated for NJOY energy 
points.  

 

Fig.24. Elastic and capture cross-sections for Bi-209 at 293.6K (black), 600K(red), 
900K(green) and 1200K(blue) a) Ratio plot of elastic cross-sections, b)  Ratio plot 
of capture cross-sections. GeantV values are interpolated for PREPRO energy 
points.  
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Fig.25. Elastic and capture cross-sections for Bi-209 at 293.6K (black), 600K(red), 
900K(green) and 1200K(blue) a) Ratio plot of elastic cross-sections, b)  Ratio plot 
of capture cross-sections. PREPRO values are interpolated for GeantV energy 
points. 

 

7. DISCREPANCY IN CROSS-SECTION 

There is a common discrepancy at the RRR+URR boundary in all the cross-sections. We 
have not kept two points evaluated by RRR and URR formalism for this boundary energy. 
We have Doppler broadened these points that results in smearing them. Due to this reason we 
see a discrepancy with the PREPRO code. The second disagreement appears at the boundary 
of the URR+HER regions. The reason of this discrepancy is same as previous one for 
RRR+URR boundary.  

8. ANGULAR DISTRIBUTIONS 

The differential, energy-integrated angular distributions are given in the ENDF file 4. These 
data are given as the probability tables or Legendre polynomial format. We have converted 
all the data into probability tables to save time during simulations. The angular bins are 
determined by the variation of the angular probabilities. Sufficient bins are used to make a 
linear interpolation during simulation. Simulated angular distributions are given in (Fig.26). 
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Fig.26. a) Angular distribution of elastic scattered neutrons for Fe-56 at 10MeV incident 
energy, b) angular distribution of the neutrons at 1keV (black), 1MeV (cyan), 
5MeV (blue) and 10MeV (red) for Pu-241.  

9. ENERGY DISTRIBUTION 

The differential, angle-integrated energy distributions are given in ENDF file 5. These energy 
distributions are given into 6 different formulations and probability tables. The formulas are 
given into ENDF file. These formulations are used to produce probabilities tables. The 
energy distribution simulated for millions of incident neutrons are given in (Fig.27). 

10. ANGLE-ENERGY CORRELATED DISTRIBUTION 

The energy angle correlated distributions are not just integral distributions as given in file 4 
and 5 but more complex information stored into file 6. Energy conservation is strictly 
respected at every selection. 

 

 

 

 

 

 

 

 

Fig.27. a) Fission neutron energy distribution for U-235, b) energy spectrum from n, 2n 
(blue) and n,3n (red) reactions. 
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11. PROMPT AND DELAYED FISSION NEUTRON MULTIPLICITY 

Spontaneous and neutron induced fission reactions produce prompt and delayed neutrons. 
The energy spectra are given in file 5 or/and 6. Isotropic angular distributions are usually 
given in file 4. The neutron multiplicity is given in file 1. The average multiplicities are given 
for total, prompt or delayed. Integer neutron values are produced during simulations using 
Poissonian distribution. The delayed neutrons are produced with 6-8 precursor families with 
different decay times and multiplicities. The simulated data are given in (Fig.28). 

12. NEUTRON INDUCED AND PROMPT FISSION FRAGMENT DISTRIBUTION 

The independent and cumulative fission fragment mass and charge distributions are given in 
ENDF file 8. We have included the independent distributions. The distributions are given for 
2-3 energies namely 0.0253eV, 1-100keV, 10-14MeV. The intermediate energies are 
simulated with integration of the probability distributions. Fission fragment mass distribution 
for Pu-241 is given in (Fig.29). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.28. Fission neutron multiplicity, a) Total, b) Prompt, c) Delayed and d) Total fission 
heat. 

a b 

c d 
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Fig.29. Fission fragment mass distribution at 0.0253eV and 10MeV incident neutron 
energies for Pu-241. 

13. CONCLUSIONS 

We have developed a tool with series of C++ classes to generate point cross-sections, 
probability tables for angular and energy distributions, fission neutron multiplicities and 
fission fragment mass distributions into GeantV framework. The PREPRO/NJOY cross-
section data are interpolated for the reconstructed values from GeantV and vice versa. A 
Comparison is made for all isotopes available into ENDF library and good agreement is 
achieved.  

FUTURE WORK 

Development of secondary photon distributions is underway. The charge particle interactions 
will be developed in near future. Development of ACE file format is also in the list of 
programs to be developed where these formats are used in other codes like MONC [6], 
MCNP [7] etc. The whole program will be vectorized for its use into GPU based programs. 
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