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The Differential Operator (Taylor Series) Perturbation Method in MCNP (PERT) 
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The PERT Card Works Great But Its Application is Limited 
 
 
• No point detectors 
 
• No pulse-height tallies 
 
• No mesh geometries 
 
• No second-order Taylor series cross terms 
 
• No source perturbations 

 
+ When neutrons or gamma rays are emitted due to radioactive decay, the source rate density depends intrinsically on the nuclide 
densities in the source material.  
 
+ When the PERT capability in MCNP6 is used to compute sensitivities of a response to nuclide and material densities, those 
sensitivities do not include the effect of the source. 
 
+ This paper shows how to fix that limitation. 
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The Problem  
 
 
 
 
 
 
  Source 1 

Source 2 

Source 3 

• There are 3 source materials. 
 
• Suppose you perturb the density 
of Source 1 with the PERT card. 
 
• The calculated tally perturbation 
will include changes in the cross 
sections, but not changes in the source 
emissions. 
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The Problem  
 
 
 
 
 
 
  Source 1 

Source 2 

Source 3 

• There are 3 source materials. 
 
• Suppose you perturb the density 
of Source 1 with the PERT card. 
 
• The calculated tally perturbation 
will include changes in the cross 
sections, but not changes in the source 
emissions. 

In MCNP, 
sdef cel=d1   pos=fcel d2 rad=fcel d3 ext=fcel d4 axs=fcel d5   erg=fcel d6   wgt=W 
si1  l   c1   c2   c3 
sp1  d   s1   s2   s3 
…  

List of cells 

Source rates (neutrons/s) W = s1+s2+s3 
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Transport Equation and Sensitivity 
 
 
• The transport equation is A QΨ = . 
 
• The response is dR = Σ Ψ . 
 
• If there are Z sources,  

+ , 1, , .z zA Q z ZΨ = =   

+ The total source rate is 
1

Z

w z z
z

Q Q V
=

=∑ . 

+ The total response is 
1

Z

z
z

R R
=

=∑  where z d zR = Σ Ψ . 

 
 
• We will calculate the relative sensitivity of the total response R  

with respect to the density zρ  of source z: , z

z
R

z

RS
Rρ
ρ

ρ
∂

=
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Source 1 
Source 2 

Source 3 
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Relative Sensitivities 
 
 
• The relative sensitivity of the total response R with respect to the density zρ  of source z: 
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 is the relative sensitivity of the response due to source region i  

with respect to the density of source region z. 
 
  

Source 1 
Source 2 

Source 3 
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The Sensitivity Has a Transport Component and a Source Component 
 
 
• The total derivative of the response due to source region z with respect to the density of source region z: 

1

M
mz z z z

mz m z z z
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• The relative sensitivity of the response due to source region z with respect to the density of source region z: 
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• The transport part is what the PERT card is calculating. 
  

Transport Source 

Transport Source 
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Final Equation for SR,ρz 
 
 
• The relative sensitivity of the total response with respect to the density of one source region z: 

1 2

1 2
, , , ,z z z Z z

Z
R R R R

R R RS S S S
R R Rρ ρ ρ ρ= + + +  

 
• All of these sensitivities have only transport effects except for one that also has a source effect: 
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Source 1 
Source 2 

Source 3 
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Final Equation for SR,ρz 
 
 
• The relative sensitivity of the total response with respect to the density of one source region z: 
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• All of these sensitivities have only transport effects except for one that also has a source effect: 

1 2

1 2
, ( ), ( ), ( ), ,

( ), ,

z z z Z z z z

z z z

Z z
R R A R A R A Q

z
R A Q

R R R RS S S S S
R R R R

RS S
R

ρ ρ ρ ρ ρ

ρ ρ

 = + + + + 
 

= +



 

 
 
 
 
 
  

Source 1 
Source 2 

Source 3 

Transport Source 
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Final Equation for SR,ρz 
 
 
• The relative sensitivity of the total response with respect to the density of one source region z: 
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• All of these sensitivities have only transport effects except for one that also has a source effect: 
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• The transport part is computed using the PERT card. 
 
• We still need zR  and ,z zQS ρ . 

  

Source 1 
Source 2 

Source 3 

Transport Source 
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The Relative Sensitivity SQz,ρz of a Source Rate Density with Respect to a Mass Density 
 
 
• For decay sources, the source rate density is proportional to the mass density. 
 

+ , 1
z zQS ρ =  

 
• This is also true of (α,n) sources. 
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The Contribution Rz of Source z to a Response 
 
 
• Use MCNP6’s “special tally feature” FT to tally by source distribution number. 

 
• Example 
c Source 
sdef  par=n cel=d31 pos=fcel d32 rad=fcel d33  
      erg=fcel d34 ext=fcel d35 axs=fcel d36 
      wgt=2.772222664E+05  
si31  l   1               2 
sp31  d   1.647950612E+05 1.124272052E+05 
... 
c Tallies 
f1004:n 4 
ft1004 scx 31 
f2004:p 4 
ft2004 scx 31 
... 
 
• The output will include three entries:  

+ The contribution from the 1st item in distribution 31 
+ The contribution from the 2nd item in distribution 31 
+ The total 

 
  

PuO2 
Pu-alloy 

C-H-N-O 

Water 
Either cell 1 or 2 

According to their  
source rates 

Tally by bin of 
source dist. 31 
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Test Problem  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

PuO2 
Pu-alloy 

C-H-N-O 

Water 

• The PuO2 has 4 Pu isotopes and 3 oxygen isotopes 
+ ρ1 = 9.533052 g/cm3 
+ Q1 = 1.647950612E+05 neutrons/s 

 
• The Pu-alloy has 3 Pu isotopes and 2 Ga isotopes 

+ ρ2 = 15.82 g/cm3 
+ Q2 = 1.124272052E+05 neutrons/s 

 
• The C-H-N-O material is there to create gamma rays from neutrons 

+ ρ3 = 1.678 g/cm3 
 
• Neutron source rates and spectra were computed using SOURCES4D 
 
• All MCNP6 results were obtained using “DBCN 49j 2”  

+ Prints more digits in the tally and the relative uncertainty in the 
tally fluctuation chart (TFC) than in the regular tally output 
+ Tallies were repeated so that all bins had a TFC 
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Rz/R 
 
 
1tally     1004        nps = 20000000000 
           tally type 4    track length estimate of particle flux.      units   1/cm**2  
           particle(s): neutrons  
           this tally is modified by   ft  scx 
   
           volumes  
                   cell:       4               
                         6.54498E-02 
 
 cell  4  
                 5.66433151E+02 0.00090 
  
 cell  4  
                 1.64944753E+03 0.00038 
  
 cell  4  
                 2.21588068E+03 0.00036 
 
 
  

• The ratio for the Pu-alloy is 
2 22 0.00038 0.00036

0.74438 0.0523%

1.64944753E+03
2.21588068E+03

R
R
= ± +

= ±

 

 
• But the tallies are correlated. Taking correlations 
into account, 

2 0.74438 0.0311%R
R
= ±  

 
• The code I use for this is COSUBS (ref. at end). 
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Results Compared with Central Difference 
 
 

 Neutrons Gamma rays 
PuO2   
Direct 5.1272E-01 ± 0.84% 5.2838E-01 ± 2.59% 
PERT 5.1413E-01 ± 0.09% 5.0795E-01 ± 0.19% 
Diff. 0.27% –3.87% 

Pu-alloy   
Direct 1.5933E+00 ± 0.84% 1.7452E+00 ± 2.59% 
PERT 1.5878E+00 ± 0.05% 1.7374E+00 ± 0.11% 
Diff. –0.34% –0.45% 

 
 
• Direct perturbations used central differences with density perturbations of ±5%.  
 
• Correlated sampling (COSUBS) was used to reduce the statistical uncertainties. 
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A Related Problem 
 
 
 
 
 
  239Pu, 240Pu 

16O, 17O, 18O 

• There are 4 (α,n) sources and  
2 spontaneous-fission sources. 
 
• Suppose you perturb the 
density of 239Pu with the PERT card. 
 
• The calculated tally 
perturbation will include changes in 
the cross sections, but not changes 
in the source emissions. 
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Summary and Conclusions  
 
 
• To calculate the relative sensitivity , zRS ρ  of a response R with respect to the density ρz of a source material, use this: 

, ( ), ,z z z z

z
R R A Q

RS S S
Rρ ρ ρ= +  

 
• For decay sources and (α,n) sources, , 1

z zQS ρ = . 
 
• In MCNP6, 

+ ( ), zR AS ρ  is from the PERT card 
+ zR  is from the SCX special tally treatment. 

 
• Useful tools: 

+ SOURCES4D—Jeffrey A. Favorite, “Release of SOURCES4D Featuring Sensitivity Capabilities,” Proceedings of the 22nd 
Topical Meeting of the Radiation Protection and Shielding Division of the American Nuclear Society (RPSD 2024), 229–232, 
Orlando, Florida, November 17–21 (2024); https://doi.org/10.13182/T131-45778. 
+ COSUBS—Jeffrey A. Favorite, “A General-Purpose Code for Correlated Sampling Using Batch Statistics with MCNP6 for 
Fixed-Source Problems [version 1; peer review: 2 approved],” Nuclear Science and Technology Open Research, 2:33 (2024); 
https://doi.org/10.12688/nuclscitechnolopenres.17496.1. 

 


