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Post-processing technique for MCRT output

SKIRT - MCRT (Monte Carlo Radiative Transfer) code used for simulating radiation
transfer in dusty astrophysical systems (Baes & Camps 2015; Camps & Baes 2015).
http://www.skirt.ugent.be

INLA - Integrated nested Laplace approximation (Rue et al. 2009) is a computational
method for approximate Bayesian inference of Latent Gaussian fields
R-INLA - package designed for modeling spatial data (Rue et al. 2017)
SKIRT Auriga project -
https://www.auriga.ugent.be/Home--SKIRT-Auriga-Project.html

synthetic UV-submm images of 30 simulated Milky Way type galaxies (Kapoor et al.
2021)
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Method

We explore the potential of INLA method as a tool for enhancing the MCRT images

high photon number (HPN) reference images - 3× 1010 photon packages SKIRT Auriga
images

low photon number (LPN) input images - 3× 108 or 3× 109 photon packages

LPN input images require only few % of the HPN reference simulation execution time

LPN input image + INLA ⇒ HPN reference image

INLA reconstructions are also time costly! How to reduce INLA reconstruction time?
1 Data sampling - using a percentage of the original data cube as INLA input

2 Dimensionality reduction techniques

PCA - Principal Component Analysis; prcomp R function
NMF - Non-Negative Matrix Factorization; nmf function in R

LPN input + PCA/NMF + INLA ⇒ HPN reference

(this work: Smole et al. 2022)

LPN input + AE NN + INLA ⇒ HPN reference

(Rino-Silvestre et al. 2022)
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Optimal sampling percentage and number of PCA/NMF
components - cut 600x600x50

The quality of INLA reconstructions (X
′
), compared to HPN reference images (X ), is

quantified by the normalized residuals, calculated as:

Residuals (%) = |
X

′ − X

X
| × 100% (1)

LPN (3x109) input to HPN ref.

LPN (3x108) input to HPN ref.
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Figure: Median of normalized residuals of the reconstructions as a function of sampling
percentage (left) and a number of PCA/NMF components used (right). The total running times
are represented in different colors.
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Integrated SEDs

Figure: Integrated SEDs for HPN reference, pure INLA and PCA/NMF+INLA reconstructions
(upper panels) with the associated residuals (lower panels), for face-on (left), edge-on (middle)
and intermediate (right) cubes.
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Single spaxel SEDs - face-on

Figure: Single spaxel SEDs for HPN reference (black) and LPN input (red) face-on cubes,
together with pure INLA (green) and PCA/NMF+INLA (blue and cyan) reconstructions.
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Spatial reconstructions of the face-on cube

Figure: Spatial reconstructions (upper panels) with the associated residuals (bottom panels) at
wavelength bin 7.88 µm. Sample size: 25%, face-on cube.
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Spatial reconstructions of the face-on cube

Figure: Spatial reconstructions (upper panels) with the associated residuals (bottom panels) at
wavelength bin 100.80 µm. Sample size: 25%, face-on cube.
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Spatial reconstructions of the face-on cube

Figure: Spatial reconstructions (upper panels) with the associated residuals (bottom panels) at
wavelength bin 515.36 µm. Sample size: 25%, face-on cube.
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Spatial reconstructions of the edge-on cube

Figure: Edge-on cube at wavelength bin 7.88 µm.
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Spatial reconstructions of the intermediate cube

Figure: Intermediate cube at wavelength bin 7.88 µm.
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Summary

t (%) =
tLPN skirt + tINLA

tHPN skirt
∗ 100, (2)
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Conclusions

Spatially integrated SED closely follow the reference SED for each of
the employed methods, with median of the normalized residuals
< 0.3%

Spatial modelling - faint galaxy outskirts have the highest residuals

Our method offers time-efficient reconstructions
spatal residuals ∼ 10− 30% requiring ∼ 7− 40% of the HPN
reference running time

Optimized LPN simulations can help narrow down the parameters to
then run a full HPN simulation.

Smole M., Rino-Silvestre J., González-Gaitán S., Stalevski M., 2022, A&A, 669, 152
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