Boletim da Sociedade Astronômica Brasileira, 32, no. 1, 70-71
c SAB 2020

Bayesian inference applied to modeling early-type galaxies imaging
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Abstract. In this work we present the preliminary results of the modeling of galactic systems known as Early-Type (elliptical and
lenticular). The characterization of its components such as bulge, disk, central point sources, and others of lesser mass contribution,
proved to be an important diagnosis of physical processes that determine the evolution of these systems, and in particular their
dependence on the environment where they reside. We used the GALPHAT to process a sample of 24000 ETG galaxies defined in
the SPIDER project, modeling as a profile of Sérsic and as a profile of Sérsic + Exponential. Through the Bayes Factor analysis, we
distinguish which is the best modeling and from there we will study the main scale relationships for these systems. It is important to
remember that the Bayesian inference, because it allows the analysis of the entire probability distribution of the model, instead of just
a maximum probability value resulting from the frequentist analysis.
Resumo. Neste trabalho apresentamos os resultados preliminares da modelagem de sistemas galácticos conhecidos como Early-Type
(elípticas e lenticulares). A caracterização de suas componentes como bojo, disco, fontes pontuais centrais, e outras de menor
contribuição, mostrou ser um importante diagnóstico de processos físicos que determinam a evolução desses sistemas, e em particular
sua dependência com o ambiente onde residem. Utilizamos o GALPHAT para estudar uma amostra de 24000 galáxias ETG definidas
no projeto SPIDER, modelando como um perfil de Sérsic e como um perfil de Sérsic + Disco Exponencial. Através da análise do
Bayes Factor discriminamos qual a melhor modelagem e a partir daí estudaremos as principais relações de escala para estes sistemas.
Importante lembrar que a inferência Bayesiana, por permitir a análise de toda a distribuição de probabilidade do modelo, ao invés de
somente um valor de máxima probabilidade resultado da análise frequentista.
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1. Introduction
In astronomy, every year we witness the appearance of new and
more sophisticated instruments, telescopes and other observational tools which can gather much more data than previously
done. These data need to be stored and processed for later research. To perform the cycle of "test-result-conclusion" faster,
one needs to process and analyze data in a more timely manner.
Not only, the results should represent the full exploitation of the
data. To make the situation of data accumulation worse, the current speed of new galactic data generation is much faster than
the growth of speed of its processing. So, every day, scientists
struggle to figure out how to get more meaningful results in less
time. Methods based on Bayesian Inference may be part of the
solution, giving the fact that Bayesian Analysis provides the full
posterior distribution of each parameter as an output. However,
these tools are very computationally costly in operation. So, to
stay competitive in the world of always growing requirements,
one needs to look for new and creative solutions with available
hardware and software resources. Paying each time more attention to optimization and price/benefit of the tools available.
Establishing nearly 14 billion years of evolution from observing galaxies as they are observed today is a task fraught with
danger. In this project, we propose a program that extends galaxy
evolution studies to infrared wavelengths and higher redshifts
(further in the past) to consistently investigate the properties of
galaxies and their environments over a significant cosmic time
interval. A crucial step towards this will be the implementation,
optimization and augmentation of the GALPHAT galaxy photometry program pipeline, which will provide a solid statistical
basis for the analysis of the structural parameters of the components observed in galaxies (mainly the bulge and the disk).

2. Data and Processing
Our data sample consist of 24310 Early Type Galaxies (ETG)
taken form Sloan Digital Sky Survey (SDSS) Data Release 7
(DR7; La Barbera et. al. 2010). Actual SPIDER sample consists
of 40000 galaxies, but firstly, very small galaxies (re < 2 arcsec)
that would be very unlikely to converge during GALPHAT processing were cut off, so the smallest galaxies left in the list were
not smaller than re = 2. Secondly, huge galaxies (kpc > 100) that
naturally could not exist in nature also were cut off. Finally, list
was ordered by re parameter (smallest to largest).
2.1. Processing pipeline composition
In this research, data processing is handled by GALPHAT.
GALPHAT (GALaxy PHotometric ATtributes), which is a frontend application of the Bayesian Inference Engine (BIE), a parallel Markov Chain Monte Carlo package, to provide full posterior
probability distributions and reliable confidence intervals for all
model parameters. The BIE relies on GALPHAT to compute the
likelihood function. GALPHAT generates scale-free cumulative
image tables for the desired model family with precise error control. Interpolation of this table yields accurate pixelated images
with any center, scale, and inclination angle. GALPHAT then rotates the image by position angle using a Fourier shift theorem,
yielding a high speed and accurate likelihood computation. The
BIE uses standard MPI and POSIX threads and, therefore, will
run in a broad spectrum of parallel or scalar environments and
can be easily ported to high-performance hardware for production analysis. Fundamentally, the BIE is a library, but the package provides a command-line interpreter (CLI) with access to
nearly all the import object classes (Yoon & Weinberg & Katz
2011).
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To optimize usage of GALPHAT, especially with long lists
of objects, (Stalder et. al. 2017) had developed an automated
pipeline, called PyPiGALPHAT. Its task is to analyze galaxy
structural parameters, retrieve images from a given survey, generate configuration files, detect individual astronomical sources
in these images, and finally schedule GALPHAT analyses and
manage acquired data from an HPC cluster. Our primary aim
in the beginning of the project was to optimize, parallelize and
rewrite if needed, to speedup the execution and permit extension for new models, especially Sersic + Exponential. Before
we could start any of the improvements stated above, some work
needed to be done on already existing pre-processing and postprocessing code base.

3. Processing progress
Currently, we are almost finishing the processing our sample
with «Sersic» model, having 100% of the list of 24310 done
we are reprocessing the galaxies that ended up with error with
slightly altered parameters after a brief analysis of the input data.
At the same time, processing with the «Sersic+Exponential»
model has already started after a lengthy testing and parameters
adjustment during which we have prepared all structure necessary to start processing on Santos Dumont supercomputer. For
that, we improved and optimized some steps of the pipeline to
render a more comprehensive and direct experience.

2.2. Processing pipeline execution
In Figure 1 we can see an example of a galaxy image retrieved
from SDSS telescope database and mask generated with first
step of our pipeline. After obtaining the image, generating its

Figure 3. Screenshot of out visualization interface which is connected to database with all the processed data. It is one of the
main lines of development of the project. The platform where,
in future, community will be able to access the processing results of this research.

Figure 1. Example of the image and mask of one of the galaxies
of our list after first step of the pipeline processing.

4. Future Work

masks and preparing input scripts, all these files are sent to
GALPHAT for processing. There, they will be combined to remove all objects but the galaxy itself. In the end, given that

Our future goal is to finish the processing of the
Sersic+Exponential model, gather and organize all the data
and start analysis of the results, focusing on the comparison of
Bayes factor (Kass & Raftery 1963) of the two models. But
before that, we ought to continue the implementation of the
improvements and polishment of the processing pipeline up
until the end of the processing.
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galaxy converges, GALPHAT will return full posterior distribution of 7 parameters for «Sersic» model and 12 for «Sersic
+ Exponential» (Sérsic 1963). Which, in consequence, we plot
and receive convergence panel. And finally, after processing all
galaxies, we will combine all posteriors distributions of all of
them to get the figure that will represent our sample and characterize the group.
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