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PERT card overview

• Uses differential operator method1 to compute first- and second-order tally 
variations due to density, composition, and reaction cross-sections

• Can have multiple PERT cards in one MCNP input deck to study tally 
variations for several sets of nuclides, reactions, and energy ranges

• METHOD option tells MCNP to calculate either the perturbed tally (METHOD=-
1, -2, -3) or the change in the unperturbed tally (METHOD=1, 2, 3)

1. J. A. Kulesza et al., “MCNP® Code Version 6.3.0 Theory & User Manual,”  LA-UR-22-30006, Rev. 1, Section 2.12.1, (2022)
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Sensitivity analysis via the PERT card

• The PERT card can be used1 to compute tally sensitivities with respect to 
nuclear data
− For each nuclide, reaction, and energy range, write one PERT card with METHOD=2
− Parse the MCTAL file for the unperturbed tally (𝑐𝑐0) and tally variation (Δ𝑐𝑐1)
− Calculate the first-order sensitivity as 𝑆𝑆𝑐𝑐,𝜎𝜎𝑥𝑥 = Δ𝑐𝑐1

𝑝𝑝⋅𝑐𝑐0
− 𝑝𝑝 is an arbitrary perturbation size (typically choose 𝑝𝑝 = 1)

• PERT cards can also be used1 to calculate the statistical uncertainty of the 
sensitivities
− Treating 𝑐𝑐0 and Δ𝑐𝑐1 as independent, only METHOD=2 is needed
− To account for correlation between 𝑐𝑐0 and Δ𝑐𝑐1, need METHOD=2, -2

1. J. Favorite, “Using the MCNP Taylor series perturbation feature (efficiently) for shielding problems,” EPJ Web of Conferences 153, 06030 (2017)
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Difficult to use PERT card capability by hand

• User must add the following to their MCNP input deck
− Create a “fictitious” material that is copied from an existing material
 Multiply original nuclide fraction by 1 + 𝑝𝑝

 Multiply original material density by ∑𝑖𝑖 𝜔𝜔𝑖𝑖
′

∑𝑖𝑖 𝜔𝜔𝑖𝑖
0

− Write PERT cards for all nuclides, reactions, energy ranges, and methods
• User must parse the output MCTAL file for tally results and their corresponding 

uncertainties to calculate
− Tally sensitivities to nuclear data
− Uncertainty in sensitivities due to Monte Carlo statistics
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Easy_PERT simplifies the process

• Python tool that is run from the command line
− Uses Faust1 to modify the MCNP input deck and write outputs in a JSON format
− Uses MCNPTools2 to parse the output MCTAL file

• User provides an existing MCNP input deck and specifies nuclides, reactions, 
energy ranges, and methods

• Tool handles
− Calculating modified fractions and material densities
− Writing a modified MCNP input deck
− Parsing the output MCTAL file into a JSON format

1. W. Haeck, A. R. Clark, and M. W. Herman, “Calculating the Impact of Nuclear Data Changes with Crater,” Trans. Am. Nucl. Soc., Vol. 123, No. 1, p. 723-726 (Nov. 2020)
2. C. R. Bates et al., “The MCNPTools Package: Installation and Use,” LA-UR-22-28935, (Aug. 2022)
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Easy_PERT demo

• Start with an existing MCNP input deck • Main Python script is used to perform 
each of the steps
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Easy_PERT demo

• Use the “write” command to add required PERT card entries to your existing 
input deck
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Easy_PERT demo

• The tool takes care of making the fictitious material, calculating the fictitious 
density, and writing all of the relevant PERT cards
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Easy_PERT demo

• After performing the MCNP calculation to get a MCTAL file, use the “parse” 
command to parse the tally information into a JSON format
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Summary and future work

• A powerful use-case for the MCNP code PERT card is calculating tally 
sensitivities to nuclear data1

• Writing PERT card entries and parsing output MCTAL files is tedious and error-
prone

• Easy_PERT makes use of existing tools (Faust2 and MCNPTools3) to handle 
writing PERT card entries and parsing the output MCTAL files

• Early in development process, so upcoming capabilities are
− Calculating sensitivities
− Combining MCTAL files from separate runs into one JSON file

• Looking forward to feedback, suggestions, and friendly testers

1. J. Favorite, “Using the MCNP Taylor series perturbation feature (efficiently) for shielding problems,” EPJ Web of Conferences 153, 06030 (2017)
2. W. Haeck, A. R. Clark, and M. W. Herman, “Calculating the Impact of Nuclear Data Changes with Crater,” Trans. Am. Nucl. Soc., Vol. 123, No. 1, p. 723-726 (Nov. 2020)
3. C. R. Bates et al., “The MCNPTools Package: Installation and Use,” LA-UR-22-28935, (Aug. 2022)
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Questions?

Contact: arclark@lanl.gov
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