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Abstract: Like other disciplines, Astronomy faces the era of Big Data, where the analyses and
discovery of specific objects is a significant and non-trivial matter. The APOGEE survey and Gaia
mission are good examples of how these kind of projects have increased the amount of data to be
managed. In this context, we have developed an algorithm to search for specific features in the
APOGEE database. The main purpose is to seek spectral lines both in absorption or emission, in the
whole APOGEE database, in order to find chemically-peculiar stars. We propose an algorithm
which has been validated using cerium lines and we have applied it to the search for other
chemical compounds.
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1. Introduction

The Apache Point Observatory Galactic Evolution Experiment (APOGEE) [1] is a galactic survey
focused on the structure and evolution of the Milky Way galaxy using high-resolution infrared
spectroscopy. It aims to observe a very extensive star dataset in a late stage of stellar evolution to study
its chemical composition and physical structure. APOGEE is a phase of a wider project, named Sloan
Digital Sky Survey (SDSS), whose objective is to create the most detailed three-dimensional map of
our galaxy [2].

We have used the fourth spectroscopic release from APOGEE, called Data Release 14 (DR14),
which contains data for approximately 263.000 APOGEE targets. Each star includes spectra, derived
stellar parameters, as well as elemental abundances for most of the stars. To develop our algorithm we
have only used spectra data.

Our aim is to develop an algorithm to search for peculiar targets. To achieve this objective,
we have applied signal processing techniques to stellar spectra, which can reveal many features of stars
such as their chemical composition. We focused on detect spectral lines, which are used to identify
the presence of atoms and molecules in stellar objects. For each chemical element present in a galactic
target, there will be spectral lines in one or several wavelengths. The algorithm searches for these lines
in the wavelengths of interest, and it has been developed to be able to seek any chemical compound.

2. Methods

The algorithm uses methods to detect specific features, categorizing and filtering each detection
by means of different thresholds defined based on the local values of the signal.

For each wavelength where there can be located a spectral line, a window for local analysis
is created. We apply morphological analysis for their extraction. First, we look for peaks—or
valleys—close to these wavelengths, defining a threshold calculated from the signal continuum and
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their variance to avoid the detection of false positives due to noise or very rippled spectra. Secondly,
the area of the candidate line is calculated and normalized according to continuum, with the aim of
filtering lines with little width and/or height. The detection of a line is considered positive when both
steps are achieved. Furthermore, the algorithm is configurable, in order to allow the user to define a
great deal of parameters to search for different types of objects. The user can:

Search for any list of lines of interest from their wavelengths.
Search for emission or absorption lines.
Choose the minimum number of lines which should be detected over the total to consider a
positive case

e  Determine critical lines which must be detected in all objects. If these lines are not detected in
the spectrum, it would not be a positive case, even though the number of the other detections
exceeded the minimum.

e  Define the size of the local analysis window.
Establish the minimum value of the normalized area that the lines must satisfy.

As it can be seen in Figure 1, spectra present two gaps without flux. These absences of data are
the result of the wavelength coverage in APOGEE detectors, since spectra are recorded onto three
separate detectors, which do not cover the full infrared H band. Some lines could appear within these
gaps but, as the range of the gaps can vary slightly, sometimes they are added as an optional lines to
seek. If they are distinctly located within these bands, we discard them.
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Figure 1. APOGEE Spectrum.
3. Results

We tested the algorithm searching for cerium III compound (Ce III), which can present several lines
in a spectrum. In order to validate it, we have compared our result with the detections of Chojnowski et
al., who report 157 chemically-peculiar stars with Ce III absorption lines [3]. Our exploration detected
105 stars in common with measurements taken by Chojnowski. In addition, we detected 975 new
objects with presence of cerium. The results were obtained using the parameters shown below:

Lines: 15,961.157, 15,964.928, 16,133.170, 16,292.642 A.

Type of lines: Absorption lines.

Minimum number of lines: 4 (All lines are considered critical).
Window size: 30 A.

Minimum area: 0.020.

Total detections: 1080 stars.

In Figure 2 it is shown several stars with Ce III lines.
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After validation, the algorithm has been used to find other chemically peculiar stars. In order to
ensure the quality of the search and in accordance with the nature of each chemical compound, it has
been mandatory to adjust individually the parameters of the algorithm.
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Figure 2. Ce III Lines. Each row shows a single target with cerium lines.
4. Conclusions

On balance, we have designed and tested an algorithm whose aim is provide a useful tool to help
in the search of chemically peculiar stars as it has been seen in more detail above. We are working
to improve the calibration in the validation stage in order to achieve better and more reliable results
and to avoid false positive cases. Moreover, we have obtained promising results searching for rarer
elements, which have to be studied in detail and may be important enough to be published in the
future. Also, we want to combine morphological analysis with Artificial Intelligence techniques to
enhance feature extraction, allowing to discover new peculiar stars.
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