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Abstract. In this work we present IDL codes and pipelines that help astronomers to determine abundances and metallicity gradients
from optical spectra observed in discoidal galaxies. The code includes an algorithm that automates the process of extracting fluxes
of strategic spectral lines to calculate metallicities, in special Oxygen abundances. We tested our codes using multislit spectra of
the galaxy NGC4254 observed with Gemini/GMOS. Differences lower than 5% were found on the determination of distances,
abundances and metallicity gradients when compaired with traditional precedures.

Resumo. Neste trabalho nos apresentamos códigos em IDL e pipelines que auxiliam astrônomos a determinar gradientes de
abundância e metalicidade a partir espectros no óptico em galáxias discoidais. Os códigos incluem um algoritmo que automatiza
o processo de extrair o fluxo de linhas espectrais estratégicas para calcular metalicidades, em especial abundâncias de Oxigênio.
Testamos nossos códigos usando o espectro multislito da galáxia NGC4254, observado com GEMINI/GMOS. Diferenças inferiores
a 5% foram encontradas na determinação de distâncias, abundâncias e gradientes de metalicidade quando comparado com os
procedimentos tradicionais.
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1. Introduction

Chemical abundances and metallicities gradients are fundamen-
tal observational measurements that are related to the star for-
mation rate. Consequently they are used to estimate ages and
an indirect way to measure the evolution of galaxies and the
Universe as whole. In particular, the study of the radial and az-
imuthal variation of this quantity in discoidal galaxies imposes
strong boundaries regard to the galactic evolution process, be-
cause it limits the life time of the observed objects, characterizes
interactions and environmental effects besides it reveals signa-
tures of secular effects of galactic structures directly related to
the stellar formation.

2. Procedures

The procedures to measure abundances and metallicities require
many steps, from planning the observations, through data re-
duction, culminating with the spectral analysis. In this work we
present IDL codes and pipelines that helps the observer to deter-
mine abundances and metallicity gradients of discoidal galaxies.

Projection Parameters: Given the projection parameters of a
galaxy (Figure 1), the code calculates precise galactocentric dis-
tances and determines metallicities gradients. Distances are cal-
culated in the sky plane in arcsec, and depending on the distance
they can be converted in linear distances (Scarano Jr et al. 2008).

Line Recognition and Radial Velocities: To recognize spectral
line it is used a template with the main spectral lines. Among
the processes involved in code execution is the determination of
individual radial velocities over the galaxy affected by rotation
(using tasks from the RVSAO package, Kurtz, 1998).

Galactic and Intrinsic Extinctions: Extinction affects line fluxes
differentially along the wavelenght dispersion in reason of the

Figure 1. Sketch representing the projection of a disk galaxy
from the galactic plane to the sky plane. Besides the coordinates
systems x, y, z in different rotations, we show i for the inclina-
tion, φ for the position angle, N for the celstial north and NR for
the recedent node

presence of dust and gas between the source and the observer.
Since we are talking about two distinct regimes of interstellar
medium (galactic and extragalactic), two corrections are needed.
Galactic extinction was calculated using the model by Amôres
& Lépine (2005). The intrinsic extinction of each region was as-
sumed to be that derived using the expected ratio for Hydrogen
recombination lines (Osterbrock 1989). Both Galactic and in-
trinsic corrections were performed using the code FM_UNRED
by Fitzpatrick (1999).
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3. Code Sections

After the previous procedures, our codes are based on the fol-
lowing tasks:

Line Fluxes: The code includes an algorithm that automates the
process of extracting the fluxes of strategic spectral lines to ob-
tain extinctions, Oxygen abundances and metallicity gradients.
With the inputs of the previous procedures a series of peak func-
tions fits are performed to the same spectral line. Fluxes are mea-
sured by means of gaussians, double gaussians, lorentzian and
numerical integration procedures. This set of values allowed us
to estimate uncertainties (Scarano Jr & Lépine, 2013).

Abundances and Metallicity Gradients: The code includes an
algorithm that automates the process of extracting the fluxes of
strategic spectral lines to obtain extinctions, Oxygen abundances
and metallicity gradients. With the inputs of the previous proce-
dures a series fits of peak functions are performed to the same
spectral line. Fluxes are measured by means of gaussians, dou-
ble gaussians, lorentzian and numerical integration procedures.
This set of values allowed us to estimate uncertainties (Scarano
Jr & Lépine, 2013). In this version, only empirical procedures,
based on the statistical methods O23, O3N2, N2, Ar3 O3. The
calibrations method of Pagel et al. (1979) with the considerations
of McGaugh (1994), [Sc06], the [O III]/[N II] method of Pettini
& Pagel (2004) [PP04] and Stasinska (2006) [S06],the [N II]/Hα
method of Pettini Pagel (2004), the [Ar III]/[O III] method of
Stasinska (2006) were included in our code. Once the distances
for each region is determined as well their abundances, metallic-
ity gradients are calculated using linear fits over the correlation
of these variables.

4. Results, Discussion and Conclusions

With the purpose to verify the efficiency of the codes we com-
paired the results obtained with our code and the tradtional pro-
cedure to determine the fluxes of spectral lines using SPLOT.
For this we have worked with 61 spectra observed for the galaxy
NGC4254 with Gemini/GMOS for which all the data reduction
precedures were previously performed.

If we consider only the application of our code compaired
with the extraction of the fluxes manually, we have all abun-
dances and gradients determined in about 5.2 minutes, against
almost 44 hours of «manpower work». Considering the other
procedures needed for the inputs of our code, the whole proce-
dure take less than 2.5 hours.

Distances measured from the center of the galaxy to the
center of the observed sources have deviances of less than 5%
(Figure 2). Obviously it depends on the position angle of the ob-
served objects. The uncertainties of the projected distances are
higher near the minor axis than in the major axis .

The results on abundances are limitaded only to those ob-
jects for which its possible to apply the methods of the previous
section. (Figure 3). From the correlation it is possible to verify
differences also lower than 5% that are propagate in the same
proportion to the metallicity gradients.

Using our code we were able to determine, in a fast way,
galactocentric distances, abundances and metallicity gradients
for the galaxy NGC4254. Differences on the distances are in-
side statistical flutuations. However, for the abundances, it was
possible to detect differences related to the methods in favor of
our code, which allows the user obtain fluxes from multi-peak
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Figure 2. Comparisons between traditional procedures to mea-
sure distances and the results from our codes. Linear fits and
their confidence and prediction bands are also presented. Overall
differences lower than 5% were found
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Figure 3. Comparisons between traditional procedures to mea-
sure abundances and the results from our codes. Linear fits and
their confidence and prediction bands are also presented. Overall
differences lower than 5% were found. For the abundances, the
slope lower than 1 indicates that there are flux losses in the tra-
ditional procedures. The interception value reflects only the un-
certainties of the statistical methods (about ± 2 dex).

fits and for these reason covers different kinds of line profiles.
The code may acessed by request.
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