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The origin of bulges and discs in the CALIFA survey: 1.
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ABSTRACT

This series of papers aims at understanding the formation and evolution of non-barred disc
galaxies. We use the new spectro-photometric decomposition code, c2p, to separate the spectral
information of bulges and discs of a statistically representative sample of galaxies from the
CALIFA survey. Then, we study their stellar population properties analising the structure-
independent datacubes with the Pipe3D algorithm. We find a correlation between the bulge-
to-total (B/T) luminosity (and mass) ratio and galaxy stellar mass. The B/T mass ratio
has only a mild evolution with redshift, but the bulge-to-disc (B/D) mass ratio shows a
clear increase of the disc component since redshift z < 1 for massive galaxies. The mass-
size relation for both bulges and discs describes an upturn at high galaxy stellar masses
(log (M«/Mg) > 10.5). The relation holds for bulges but not for discs when using their
individual stellar masses. We find a negligible evolution of the mass-size relation for both the
most massive (log (Mx b,a/M@) > 10) bulges and discs. For lower masses, discs show a larger
variation than bulges. We also find a correlation between the Sérsic index of bulges and both
galaxy and bulge stellar mass, which does not hold for the disc mass. Our results support an
inside-out formation of nearby non-barred galaxies, and they suggest that i) bulges formed
early-on and ii) they have not evolved much through cosmic time. However, we find that the
early properties of bulges drive the future evolution of the galaxy as a whole, and particularly
the properties of the discs that eventually form around them.
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Figure 8. Mass-size relation for the bulges (circles) and discs (stars) of our galaxy sample. The left and right panels show the distributions as a function of
the global galaxy mass and the mass of each component, respectively. All stellar masses are derived from our stellar population analysis. The effective radii
of both bulges and discs (1.678xh) are obtained from the r-band photometric decompositions of Méndez-Abreu et al. (2017). Grey isocontours represent the
mass-size relation of our galaxy sample without separating their structures. Golden isocontours show the mass-size relation of the photometrically defined
pure ellipticals in the CALIFA sample (sce Méndez-Abreu et al. 2018, for details). The B/T luminosity ratio for each galaxy is coloured in reddish (bulge)
and bluish (disc) colors according to the colorbars. The blue and red solid lines show the best-fit obtained by Lange et al. (2016) for their sample of discs and
spheroids, respectively. The blue and red dotted lines represent the best-fits (see Table 3) obtained for our sample of discs and bulges, respectively. To perform
our fit to the mass-size relation we divided the sample into two mass bins: 8 < log (Mx/M) < 10.5 and 10.5 < log (M4 /M) < 12 to capture the clearly
appreciated change in the slope. The grey and blue shaded areas show the global and disc stellar mass range where our sample is incomplete, respectively.
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Figure 9. Mass-size relation for the bulges (circles) and discs (stars) of our sample galaxies at different redshifts (z = 2, upper left; z = 1, upper right; z = 0.5,
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Figure 10. Distribution of the bulge Sérsic index as a function of the global
galaxy mass (grey small squares), bulge mass (small salmon circles), and
disc mass (small cyan stars) for our sample galaxies. Large black squares,
red circles, and blue stars represent the mean values in global galaxy, bulge,

and disc masses, respectively. The mean values are only represented for bins
where our sample is statistically representative (see Sect. 4.2). Blue stars
and black squares have been slightly shifted from the center of the bin for
visualization purposes. The grey shaded area shows the global stellar mass
range where our sample is incomplete.
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