Systematic comparison of dust scattering codes: Insights from
automated cross-validation using POMELO
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Dust  scattering  calculations -
determining extinction, scattering, and
polarization Ccross-sections for
aspherical particles - are fundamental
to multiple research domains:

* Universal integration framework:
POMELO enables systematic

: validation across 5 dust scattering

|| R I codes with incompatible formats

* Automated execution pipeline:
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ALMA, VLT facility interpretations  Statistical validation protocol:

Figure 1: Absorption cross section (CABS) of spheroids for each code for different aspect ratios a/b=17.0, 1.5, 2.0 (solid, dashed, dashed-dotted) as a

* Atmospheric modeling: Aerosol function of wavelength A. Fixed parameters: inclination angle a = 90°, grain size a = 7.5742e-01 um. Optical constants (silicate) by Demyk et. al.

Cross-correlation analysis and

(HOM6, SPVV), spheroidal TMM

studies and climate research systematic difference
applications . . . . . . . . « e . quantification
. Radiative transfer: Essential input POMELO - Polarimetric Optical Matrices for Extinction and Light Scattering Optimization . Benchmark validation:
for protoplanetary disk and stellar Framework Architecture Practical Access & Usage Kirchschlager et al. (2020)
wind modelling - POMELO framework: ~21,000 lines Python computational infrastructure * Output formats: (polarized) Cross-section files (_C.bin) and full reproduction across multiple
- Universal I/0 between incompatible code formats and coordinate systems Muller matrices (_Z.bin) ready for radiative transfer codes :
. : : L : : . ) computational methods
. . - Parallel orchestration: Multi-code execution with intelligent load balancing * Adaptable formats: Universal |/O enables conversion to RADMC-
( Current Limitations ) - Data products: Cross-sections, full Muller matrices, validation metrics, error logs 3D, tMCpol, and other RT code requirements
- Benchmarking: Code performance comparison and reliability assessment * Currentaccess: Contact thomas.vannieuwenhuyse@eso.org < Community |mpa ct >
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Community standards: Cross-
validation framework for model
reliability

Uncertainty quantification:
Systematic error detection and
propagation prevention

Figure 2: Selected scattering matrix elements (Z11, Z12, Z33, Z34 — rows) for
each code (columns) for different aspect ratios a/b =1.0, 1.5, 2.0 (solid,
dashed, dashed-dotted) as a function of one scattering angle 6. Fixed
parameters: inclination angle a = 0°, primary exit angle ¢ = 0°, grain size a =
1.935e-02 um, wavelength A = 9.080e-02 um (size parameter x = 1.339). Optical
constants (silicate) by Demyk et. al.

Figure 3: Selected scattering matrix elements (Z11, Z12, Z33, Z34 — rows) for
each code (columns) for different aspect ratios a/b =1.0, 1.5, 2.0 (solid,
dashed, dashed-dotted) as a function of one scattering angle 6. Fixed
parameters: inclination angle a = 30°, primary exit angle ¢ = 0°, grain size a =
2.2190e-01 um, wavelength A = 350 um (size parameter x = 0.004). Optical
constants (silicate) by Demyk et. al.

direct use in RT codes

Framework expansion: Additional
dust codes easily integrated
through modular interface design

( Results ) ( Performance Metrics )
Size Parameter x vs. Worker Duration [s] vs. Size Parameter x
* First comprehensive cross-method comparison * Method size parameter x = 2rta/A validity ranges  Parameter Space S B 3 Figure 4: POMELO job
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