Highlights on Spanish Astrophysics X, Proceedings of the XIII Scientific Meeting of the Spanish
Astronomical Society held on July 16— 20, 2018, in Salamanca, Spain. B. Montesinos, A. Asensio Ramos,
F. Buitrago, R. Schodel, E. Villaver, S. Pérez-Hoyos, 1. Ordoniez-Etxeberria (eds.), 2019

Deep imaging of the most massive galaxies of the
nearby Universe.

S. N. dos Reis'?, F. Buitrago!?, and P. Papaderos?®

I Instituto de Astrofisica e Ciéncias do Espaco, Universidade de Lisboa, OAL, Tapada da
Ajuda, PT1349-018 Lisboa, Portugal

2 Departamento de Fisica, Faculdade de Ciéncias da Universidade de Lisboa, Edificio CS8,
Campo Grande, PT1749-016 Lisboa, Portugal

3 Instituto de Astrofisica e Ciéncias do Espaco, Universidade do Porto, CAUP, Rua das
Estrelas, PT4150-762 Porto, Portugal

Abstract

Taking advantage of deep photometric data from HST, we analyze the z < 0.5 massive
galaxies obtained in the H- and I-bands, in order to disentangle the several components
that might constitute most massive galaxies in our Universe. We perform single and double-
Sérsic analysis for our sample of 17 galaxies. From our photometric analysis, we notice that
Sérsic index values are not a good representation of a galaxy’ morphological type and find no
trend between B/T and redshift. We detect within our sample two late-type galaxies with
sizes smaller than expected. Additionally, our set of simulations shows that the apparent
magnitudes and Sérsic index are the key parameters to a good recovery of the structural
parameters.

1 Introduction

The most massive (M oj1ay = 10! Me) galaxies in the Universe undergo a dramatic trans-
formation in their observational properties across cosmic time, from compact star-forming
disks to huge red and dead spheroidal galaxies [3]. However, how galaxies acquire their mass
and how they evolve morphologically are still open questions. One important finding from
the work by [3] is that late-type galaxies (LTGs) and irregular objects are the dominant
morphologies among massive galaxies at z ~ 2.5, whereas since z ~ 1 they are dominated
generally by early-type galaxies (ETGs).

The current most favored galaxy formation model for massive galaxies is a two-phase
formation scenario that predicts a rapid formation phase at 2 < z < 6 dominated by in-situ
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star formation [12], and a second phase in which they are predicted to suffer intense minor
mergers [8, 9, 1] 2 10L 5, 4] that may transform them into the spheroids that we see today.

The availability of deep photometric data from the Hubble Space Telescope (HST) with
combination of 3D-spectroscopy surveys allows a detailed analysis of these massive systems
to investigate their structure and evolution. The part dedicated to the deep photometric
data is presented here, and it is by means of multi-band surface photometry and bulge-disk
profile decompositions of 17 nearby (z < 0.5) massive galaxies from the Cosmic Assembly
Near-infrared Deep Extragalactic Legacy Survey (CANDELS) [6] 7).

2 Analysis

For our analysis we used two filters: F160W (WFC3 H-band) which is the reddest HST filter,
and F814W (ACS I-band) corresponding to the closest to the optical rest-frame.

We used SExtractor [I] to identify the neighboring objects to be masked or chosen to
be fit simultaneously with the galaxy target. The values of apparent magnitude, size, axis
ratio and position angle retrieved from SExtractor were then used as initial guesses in fitting
the galaxies’ structural parameters with GALFIT [13]. We performed single Sérsic fits and
bulge-disk decompositions with the aim to describe each galaxy’s surface brightness profile
as accurately as possible, and to disentangle between a bulge and a disk in the case of a LTG,
or to check if an ETG is purely elliptical or contains other components (e.g., a disk or bar).

After a detailed analysis trying to retrieve the best possible fit to our galaxy sample,
we derived their sizes. Following the definition of effective radius (r.), we computed curves
of growth for the best-fitting two-component GALFIT models by integrating the flux within
concentric elliptical apertures until we reach half of the galaxy total flux. These multi-
component r. are expected to yield a more accurate measure of size since the two-component
fits generally provide a better match to the 2D surface brightness distribution of our sample
galaxies than a single Sérsic model.

We further derived the surface brightness profiles for each galaxy and construct a mass-
size relation for the sake of comparison with standard references in the literature.

Additionally, we conducted a set of simulations to test the robustness of our measured
structural parameters, both for the H- and I-bands. This was achieved by creating ~2500
mock galaxies uniformly distributed along the entire parameter space value ranges of the
structural parameters from our analysis, placing each galaxy randomly on the correspondent
band image and convolving with the respective PSF. We analyzed each artificial galaxy with
the same methodology used in our real sample for the single Sérsic fits.

3 Results

Figure [1] shows the histograms obtained for the two bands’ single Sérsic fits. Following [14]
who use n = 2.5 as a division line between ETGs and LTGs, our sample would result in two
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Figure 1: Sérsic index histograms for single-Sérsic fits values, both for the H-band (left) and
the I-band (right). It is remarkable that in the H-band our sample contains nine visually
classified LTGs, yet accordingly with Sérsic index fits only two would be classified as disk-like
objects (n < 2.5).

galaxies classified as disk-like (n < 2.5) in the H-band, and four in the I-band, but by visual
inspection in the H-band we classified nine galaxies as being LTGs. Our results imply that
the Sérsic index provides a poor means for the quantification of the visual morphology of our
galaxy population.

We construct the mass-size relation for our H-band data in Fig. 2| and compare with
the results from [I4] and from [16] for the lowest redshift bin centered at z = 0.25. ETGs
are represented with red dotted points and the LTGs with spiral points (blue or purple in
the case of a galaxy with a bar). We show in the y-axis the computed multi-component
effective radii. The results from [I6] for each galaxy in our sample, which were inferred from
fitting single Sérsic functions, are represented by a triangle and connected with a line to our
data. The colored dashed lines correspond to [16] at z = 0.25 (red for ETGs and blue for
LTGs), while the red and blue shaded regions correspond to [14] local relation. Our results
are consistent with those found by [I4], having almost the entire sample falling inside their
scatter. There are however two LTGs with sizes ~20 under the relation, being then much
smaller than expected. These objects are worth a further investigation in the future.

In Fig. [3] we present surface brightness profiles for two representative galaxies from our
sample that were visually classified as being ETG (top panels) and LTG with a bar (bottom
panels). The left panels show the profiles in the H-band whereas the right panels in the
I-band. Inside each profile we display the corresponding galaxy stamp in units of surface
brightness (mag arcsec™2) with shadowed areas matching the masks used to recover the
observed light profile. All galaxies in our sample are more luminous in the H-band. For most
of the objects in our sample we obtain an over-prediction of the light in the outskirts when
performing a single-Sérsic fit (solid purple line). By using more Sérsic functions we recover
a better description of the total light distribution, thus having a better match between the
observed profile (black points) and the multi-component fit (solid green line). Nevertheless,
for most of the cases, the light is under-estimated in the outskirts of our multi-component
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Figure 2: Size-stellar mass distribution of our H-band data, linked to [16] results represented
by a triangle. The colored dashed lines correspond to [16] at z = 0.25. [14] local relation
for ETGs and LTGs is represented by the solid red and blue lines, respectively, with the
corresponded scatter being the shaded red and blue regions. Our results are in agreement
with [I4], having most of our sample matching the local relation. However, there are two
LTGs smaller than expected (by ~20), thus being interesting to further investigate.

Sérsic fits.

Our set of simulations on mock galaxy images demonstrates that, on the statistical
average, GALFIT can retrieve Sérsic model parameters with a satisfactory accuracy. However
individual fits can yield substantial systematic deviations from observed profiles, in particular
in their low-surface brightness periphery. Uncertainties in non-linear fitting and also the
mathematical nature of the Sérsic law itself can be the ones to blame for such deviations.

The strong dependence of the fit on the central data points urges for a precise correc-
tion for PSF convolution effects and offers an explanation for systematic deviations between
the best-fitting Sérsic model and the observed SBP in the low-surface brightness periphery of
galaxies. From several GALFIT models from our sample, both single and multi-component
fits, such deviations are apparent at the level of ~1, requesting for a careful judgment of
solutions from GALFIT and parametric image decomposition tools in general. A conclusive
investigation of the buildup history of the extended stellar envelope of massive galaxies ap-
peals for a test in whether the color profiles implied by subtraction of GALFIT models in
two different bands are replicatable by evolutionary synthesis models and consistent with a
two-phase galaxy formation scenario.
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Surface brightness profiles in the H-band (left panels) and in the I-band (right

panels) for two different morphological galaxies in our sample: ETG (top panels) and barred
LTG (bottom panels). The violet and green colors correspond, respectively, to the results
from single Sérsic fit and multi-component Sérsic fit. Black points represent the observed
luminosity profile, solid lines show the models convolved with the PSF, dashed lines stand
for the decomposition of the multi-component model into bulge (red), disk (blue) and bar
(orange), dotted vertical lines represent the effective radius and the dotted grey vertical line
is the [15] effective radius. We display the galaxy stamp in units of surface brightness (mag
arcsec”2) with shadowed areas matching the masks used to obtain the observed light profile,
the galaxy ID on top left and a scale bar on top right corresponding to 10 kpc. The respective

color bar is shown below the stamp.
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