
We confirmed via comparison to analytic results that our sample variance
estimator accurately takes into account, and removes, the additional 
variability introduced by the use of Monte Carlo radiation transport solvers. 
We also performed a numerical campaign to understand the estimator 
variance trade off between particle histories 𝑁! and UQ samples 𝑁".  

• Monte Carlo methods used to solve radiation transport problems 
introduce additional variability that pollutes the variance computed 
with typical UQ methods.

• We developed an estimator that uses variance deconvolution to  remove 
that additional variability.

• We studied the estimator performance on two representative example 
problems over different numbers of samples and particle histories.

Comparing where 𝕍𝑎𝑟 𝑆# is minimized over 25,000 repetitions for an attenuation-only case (left) and a corresponding case with 
scattering physics (right), we find that 𝕍𝑎𝑟 𝑆! is minimized at different locations for different QoIs, even within one problem[2].
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Introduction

Cross section – material property that governs interaction probability 

To calculate transmittance:
1. Use nuclear data to sample distance to collision event
2. Sample collision events based on cross-section values
3. Track particle until it leaves the system
4. Average behavior of all tracked particles

To perform UQ, we introduce a cross-section as a function of stochastic 
parameter 𝜉. For each material region m, total cross-section is:
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Monte Carlo Methods for Radiation Transport

Finite number of particles N" → variance from solver

Stochastic Radiation Transport Problem
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Overview Estimate S! ≈ 𝕍𝑎𝑟" 𝑇
Compare sample estimates of 𝕍𝑎𝑟# 𝑇 and 𝕍𝑎𝑟# (𝑇(𝜉, 𝜂)
to analytic solutions using the pth raw moment for 
transmittance[1]:
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We want the variance of the QoI as function of stochastic input, 
removing contribution from stochastic solver[1].
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Apply Law of Total Variance:
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are accessible quantities, so

Variance Deconvolution

Total polluted variance = parametric 𝜉 and solver 𝜂 variance

UQ Goal: calculate 𝕍𝑎𝑟# 𝑇 𝜉, 𝜂
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Minimize 𝕍𝑎𝑟 𝑆!
𝕍
𝑎𝑟

𝑆#

Number of histories, 𝑁! Number of histories, 𝑁!

Conclusions
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