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Summary

Introduction

Importance Splitting & Russian 

Roulette Biasing and Geometry

Methodology and Metrics

Results: Photons and Neutrons

Improved Efficiency and Computing Emissions

Some implementation in rare-event searches, but 

unoptimized

Goal: Develop rare-event search tailored 

guidance/approach to optimisation

• Balance computational effort with variance

Common biasing technique: Importance Splitting & 

Russian Roulette

• ‘Splits’ simulated particles at non-physical 

boundaries between importance ‘layers’ 

• Particles assigned reduced statistical weight

• Number of particles split, weights, determined by 

importance values assigned to layers

• Backwards going particles killed probabilistically

Range of simulations with:

• Range of layer counts

• Collected jobs of increasing number of primary 

events

• DarkSPHERE-inspired shielding [1], 1.5 m thick 

with spherical proportional counter (SPC)

Sum weights to get probability of interaction 

with SPC for each job in collection

• Mean (𝜇𝑃) and standard deviation (𝜎𝑃) extracted 

to find relative uncertainty (𝑅):

𝑹 compared against average execution time (𝝁𝒕) 
of sims

Study performed for two particle types

• Gammas at 2750 keV and 1461 keV

• Neutrons at 10 MeV and 5 MeV

Relative uncertainty vs. execution time

plotted for different numbers of layers

• Fit with power law: 𝑨 × 𝒕−𝟏/𝟐

Time slices are chosen, with 𝑹 plotted against number of 

layers for each time slice

• Parabolic shape. Minima: most optimal layer number

Physical predictability through layer thickness in terms of 

mean free path (𝒕𝑳𝒂𝒚𝒆𝒓 = 𝒄 × 𝝀𝑯𝟐𝑶
𝜸\𝒏

)

Multiple (𝑐) of 𝜆𝐻2𝑂
𝛾\n

in optimal layer thickness is:

• Particle dependent

• Energy independent

• Generalisable to shielding thickness and material

Gains in computational efficiency to reach 

required 𝑅
• Fix 𝑹, and compare execution time for 

different amounts of layers

Apply to 2750 keV gammas, considering:

• Optimal (15 layers), Under-biased (5 layers), 

Over-biased (23 layers), Unbiased

The optimal scenario is found to have large gains over the 

other scenarios

Translates to a reduction in computing-related emissions

• These emissions can contribute ~10% of the average 

particle physicists carbon footprint [2]
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• Rare-event searches are pushing both low threshold and ultra-low background frontiers

• With this comes highly suppressive shielding

• Precise simulations require prohibitively large amounts of computing resources

• Presented an optimisation study of the importance splitting/Russian roulette technique, to offer guidance for its implementation

• Main outcome: A generalisable, optimal layer thickness is obtained in terms a particle’s mean free path in shielding

• It is particle dependent, energy independent, and generalisable to shielding thickness and material

• It yields significant improvement in computational efficiency, variance reduction, reduced computing related emissions
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Rare-event searches, e.g. dark matter direct detection, 

are becoming increasingly sensitive:

• Ultra-low backgrounds (~0.01 cpd/kg/keV)

• Low energy thresholds and ROIs at < keV-scale

Simulation statistics constrained by highly 

suppressive shielding

GEANT4 includes built-in biasing techniques:

• Statistically weight biased particles to maintain 

physics, reduce variance
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