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Introduction

CDMSlite (2018)

Rare-event searches, e.g. dark matter direct detection,

are becoming increasingly sensitive:

+ Ultra-low backgrounds (~0.01 cpd/kg/keV) Some implementation in rare-event searches, but
* Low energy thresholds and ROIs at < keV-scale unoptimized
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Simulation statistics constrained by highly Goal: Develop rare-event search tailored L o-t8 — o-10
suppressive shielding guidance/approach to optimisation ~——
» Balance computational effort with variance Lo-48 - — Lo-12
GEANT4 includes built-in biasing techniques:
o . . ° ° ° . . 10—5[) —y R S— S — - 10—14
Statlgtlcally welght. biased particles to maintain . oo . . e
physics, reduce variance Dark matter mass [GeV/c?]

Methodology and Metrics

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)

Importance Splitting & Russian
Roulette Biasing and Geometry

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

Sum weights to get probability of interaction

with SPC for each job in collection

 Mean (up) and standard deviation (op) extracted
to find relative uncertainty (R):
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Spht [ I 1 [ All dimensions in mm l/LP
P post pre R compared against average execution time ()
lshield = M X tlayer [ =2 . t
of sims
Results: Photons and Neutrons
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Improved Efficiency and Computing Emissions

Gains in computational efficiency to reach The optimal scenario is found to have large gains over the Biasing Execution Footprint Factor Increase
I’eql:III’Ed R . . other scenarios [ evel Time [s] [gCO,e] on Optimal
» Fix R, and compare execution time for Optimal (15L) 300.00 0135 ]
different amounts of layers Translates to a reduction in computing-related emissions ;. 1. .4 (5L) 1966.53 0:890 6.6
Apply to 2750 keV gammas, considering: * These emissions can contribute ~10% of the average Over-biased (23L) | 1776.26  0.804 5.0
* Optimal (15 layers), Under-biased (5 layers),  particle physicists carbon footprint [2] Unbiased 684421  3.099 23.0

Over-biased (23 layers), Unbiased

S u m m a ry arxiv.org/abs/2609.03822

* 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

arxiv.org/abs/2609.07523
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