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The final sample 1s composed of 156 galaxies, 65 pure
spheroids, and 91 galaxies with a bulge and disk component, as
presented in Figure 1 (green and red histograms). Ten more
galaxies were discarded from the 166 galaxies analyzed
because the 2D modeling of their individual SEDs provides
no constraints for their stellar populations (see Sections 3.1.1
and 3.2). The representativeness of the final sample is checked
by means of a Kolmogorov—Smirnov test, assuring that each
subsample does not introduce any substantial bias in the (z, M,)
parameter space (p-value, > 10%, p-valuey > 30%). More-
over, it 1S worth nothing that our selection clearly discards
galaxies modeled with low values of the Sérsic index (n = 1.5).
This is mainly because we focus on the spheroidal component,
partially due to our inclination threshold, but also because we
checked the goodness of our selection for each individual
galaxy, discarding unphysical or poorly constrained solutions.
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Figure 2. From left to right: postage RGB images for a typical galaxy in our sample (GDN 18522) and corresponding images in the three different filters: HST ACS

F435W, F600W, and F850LP (top panels) and SHARDS f500w17, f602w17, and f840w17 (bottom panels). The galaxy is oriented north up, east to the left, and the
field of view is 18 x 18 arcsec™.
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Figure 10. Mass surface density MR, L5 of bulges (circles) and pure spheroids
(triangles) as a function of their mass, color-coded according to their formation
redshift zg,m. Emors are reporied as the 16th-84th percentile interval. Systems
are separated between compact and extended ones at log(X, s) = 10.3
M, kpc‘“i (dashed gray horizontal line: Barro et al. 2013).
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Figure 12. Averaged SFHs of the first-wave bulges (purple solid line), second-
wave bulges (orange dashed line), and pure spheroids (black solid line). The
red and black shaded curves represent the corresponding 16th-84th percentile
interval. The blue shaded area indicates the redshift studied in this work.
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Figure 11. Distribution of timescales as a function of formation redshift for our
bulges (first wave: purple circles; second wave: orange circles) and pure
spheroids (black miangles). The red shaded region shows the density
distribution of the 500 MC realizations for each bulge. The purple and orange
histograms represent the frequency of the timescales for all the MC realizations
of first- and second-wave bulges, respectively.
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Table 2
Median Physical Properties of the Spheroidal Population at Redshift 0.14 < z< 1
Type log(M.) T Zform T R. log () 5)
M) (Gyn) (Myr) (kpe) (M. kpe™")
n (2) (3) ) ) 6) (O]
Firsi-wave bulges 10,8192 65TL; 6213 20341° 1.3708 10.6'9%
Second-wave bulges 103104 175 1330k g13+00 Lo 10.24+55
Pure spheroids 105183 13752 L1843 2014 1954 101493

Note. Column (1): spheroidal type. Column (2): stellar mass of each component. Column (3): mass-weighted age. Column (4): redshift of formation. Column (5):
timescale of exponentially declined SFH. Column (6): effective radius. Column (7): mass surface density.
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Figure 1. Left panel: Visual examples from the HST imaging (Koekemoer et al. 2011) of the diversity of morphologies of our
galaxies as a function of their stellar mass and bulge-over-total mass ratio (B/T )mass. Right panels: Bulge-over-total mass ratio

(green) and mass distributions of bulges (red) and disks (blue).
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Figure 3. Mass assembly history of our bulges (left panel) and disks (right panel) as a function of the age of the universe.
Bulges are separated between first-wave (purple dashed lines) and second-wave ones (orange solid lines). Disks are separated
between those around first-wave bulges (blue dashed lines) and those around second-wave bulges (green solid lines). For each
system we mark the instants when they build 10%, 50%, and 90% of the current stellar mass (from darker to lighter colors, from
smaller to larger sizes). In particular, stars stand for zsp, i.e., the redshift when each system grows half of its current mass. The
gray shaded regions stand for the redshift of observation.
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Figure 4. Averaged SFHs of the first-wave bulges (purple
dashed line) and disks around them (blue solid line), com-
pared with the one of second-wave bulges (orange dashed
line) and disks around them (green solid line). The red and
blue shaded curves represent the 16th-84th percentile inter-
val computed from the scatter of the SFHs of bulges and
disks, respectively. The gray shaded area indicates the red-
shift studied in this work.
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Figure 5. Mass-weighted formation redshift of bulges (dots) and disks (triangles) as a function of their stellar mass. Bulges
and disks are separated in first-wave (purple and blue, respectively) and second-wave ones (orange and green, respectively).
FErrors are reported as 16th-84th percentile interval. The gray dash-dotted horizontal line marks zy; = 3. The histograms
represent the frequency of the mass-weighted formation redshifts of the bulge and disk populations, respectively. Purple and
orange histograms stand for first and second-wave bulges, while the histogram with red dashed contour stands for the entire
hnlee nannlation Rlne and oreen histnerams stand for disks aronnd firet and second-wave hnlees while the histaoram with
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Figure 8. Mass surface density of disks as a function of their
mass-weighted formation redshift. Disks around first and
second-wave bulges are shown in blue and green, respectively.
Errors are reported as 16th-84th percentile interval. Red
squares mark the four galaxies shown in RGB colors as an
example (right panels).
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Figure 10. Hlustration of the proposed scenario for the formation and morphological evolution of massive disk galaxies at
redshift 0.14 < z < 1. This cartoon complement the picture detailed in Paper I (Fig. 13}, adding the information about the disk
growth. The upper panel shows the evolution of fast-track systems. These galaxies build a compact spheroid at high redshift
through an intense episode of star formation (first-wave bulge), evolve rapidly through a blue and red-nugget phase (z ~ 1.5—3),
and grow an extended stellar disk by redshift 2 ~ 1. The lower panel shows the evolution of slow-track systems. In these galaxies
there is a high level of (slow) co-evolution between the spheroidal (second-wave bulge; z < 3) and disk component (z ~ 1) and
probably no compact quiescent phase would be observed, i.e., a relatively prominent star-forming disk is always present. In the
cartoon, the difference in age between first and second-wave bulges is marked by darker to lighter red colors in the disk galaxies
sketched at redshift z < 1.

Table 2. Median physical properties of bulges and disks at redshift 0.14 < z < 1.

Type log(M,) tar M z10 290 T R, log(®1.5)

(Mg)  (Gyr) (Myr)  (kpe) (Mg kpe %)
1) (2) (3) 4) (5) (6) (7) (8) (9)

bulges 105103 27430 1M 9g¥SS 13¥34 210480 10409 104703
first-wave bulges 108402 65+13 g2l geril 4707 20072 13708 106704
second-wave bulges ATVE S O SO S S S 8 Kt 3 A A N S (A5
bulges older than disks 106503 45120 gttt wotdl avtil on0bES qatl® qostls
bulges coeval of disks 04555 145 1175 12530 Lofpd 20l Loff3 108753
bulges younger than disks 101702 1.1%93 08793 09798 08794 200130 070 100703
disks 102804, 1248 10798 nori] oofdd ao0it sy gutdd

disks around first-wave bulges  10.3%0% 13418 09f0% 21 ggiud 3601810 g 3til 9.0+08
disks around second-wave bulges  10.2707 LO*iT 10795 LoT5; 0.9%0% 820700 4871 [0 '
disks younger than bulges toizEds 0sFd? oorld 4EdS 0grtd ws0iEd? 6.055% 9.0+93
disks coeval of bulges 104798 16¥21 12403 1 EFl8 (gidl  grptil0 g gi0s 9.2+08

disks older than bulges 103803 20497 1548 2873% 0.940% 9003350 36138 9.4t04




