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Formation of SO galaxies through mergers

Bulge-disc structural coupling resulting from major mergers
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ABSTRACT

Context. Observations reveal a strong structural coupling betwedgeband disc in SO galaxies, which seem@dlilt to explain if
they have formed from supposedly catastrophic events suolagr mergers.

Aims. We face this question by quantifying the bulge-disc couyplindissipative simulations of major and minor mergers thatilt

in realistic SOs.

Methods. We have studied the dissipati-body binary merger simulations from the GalMer database dfve rise to realistic,
relaxed £SO and SO remnants (67 major and 29 minor mergers). We sierslaface brightness profiles of these SO-like remnants in
the K band, mimicking typical observational conditions, to penf bulge-disc decompositions analogous to those cartiethaeal
SO0s. Additional components have been included when ne@thedglobal bulge-disc structure of these remnants has hmapared
with real data.

Results. The SO-like remnants distribute in tB¢T —r. —hy parameter space consistently with real bright SOs, wB¢fds the bulge-
to-total luminosity ratior. is the bulge fective radius, antly is the disc scalelength. Major mergers can rebuild a buigeabupling

in the remnants after having destroyed the structures optbgenitors, whereas minor mergers directly preserve tiemnants
exhibit B/T andre/hg spanning a wide range of values, and their distribution rsitent with observations. Many remnants have
bulge Sérsic indices ranging<n < 2, flat appearance, and contain residual star formation lreeloed discs, a result which agrees
with the presence of pseudobulges in real SOs.

Conclusions. Contrary to the popular view, mergers (and in particularjomavents) can result in SO remnants with realistically
coupled bulge-disc structures in less tha® Gyr. The bulge-disc coupling and the presence of pseudebuh real SOs cannot be
used as an argument against the possible major-mergen ofithiese galaxies.
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1. Introduction tometric parameters in SOs (in particular, between theitesc

. lengths and magnitudes), clearly pointing to a strong bdige

O) Traditionally regarded as a transition class betweent®éfs structural coupling in these galaxies. This resultimpasgtsong

O ‘and spirals, SO galaxies have deserved relatively margtteai- constraint to any mechanisms that try to explain the origid a

< tion for decades, but have recently made their way to cetdges evolution of lenticulars.

H in the Con.t_eXt Of aStronO.mical I’eseaI’Ch. It r bﬁ936 Observations Support the idea that gas Str|pp|ng due

S who classified these lentil-shaped passive galaxies ¢lélatis) to ram pressure in clusters carffetively transform spi-

.— .as some kind of primordial spirals devoid of spiral arms &ad sra|s into SOs [(Crowl et all 2005; Crowl & Kennely 2006,

>< formation; therefore, in his well-known tuning-fork diagn SOs [2008:[Rasmussen et al. 2008; Volimer et al. 2008, 2009,/ 2012;

*— are depicted in between elliptical and spiral galaxies. A8 p[Sivanandam et al._2010; Million etlal. 201D; Abramson ét al.

of an increasing interest in these astronomical objecteetn- [2017). If we also consider that the fraction of lenticulataga

dependent studies have drawn attention to the fact that'lentes decreases with redshift, whereas the fraction of $ira|

ulars constitute a heterogeneous family of galaxies, witlics jncreases, it is tempting to conclude that lenticulars come

tural and rotational properties more similar to those ofapi out of spirals which have had their gas stolen (see e.g.

than to ellipticals (see Laurikainen et al. 2010; Cappedital. [Aragén-Salamanca et/al. 2006).

2011 Kormen Bender 2012). Nevertheless, according to Wilman et al. (2009), SOs are at
Strenuousfort has been devoted in the last few decades, J@ast as common in groups as they are in clusters, and clearly

observations and modelling, to try to understand the psssesmore common in groups than in the less dense field. Moreover,

that give rise to and transform these galaxies. In any chsegt cluster SOs are usually located within groups in the clusied

are observational constraints that any evolutionary meishas usually exhibit traces of past mergers (Rudick et al. 200902

should preserve. Laurikainen et al. (2010, L10 hereaftaveh Janowiecki et dl. 2010; Mihos etlal. 2013). The dominantgala

recently studied the photometric scaling relations in agaraf evolution mechanims in groups are tidal interactions ancgme

175 early-type galaxies containing almost 120 S0s. They hars (Mazzei et al. 2014a,b), so the gas stripping mecharasm c

found noticeable correlations between the bulge and dise plonly account for the origin of a fraction of SOs.
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Similarly, internal secular evolution is often invoked - e merger-built SOs are compatible with those observed fdiSea
plain how SOs emerge out of spirals. This is supported by tbenot. In a forthcoming paper (Querejeta et al., in prepg, w
fact that many SOs host pseudobuldes (Laurikainen et aB;20®ill analyse in detail whether our SO remnants can additigna
[Grahari{ 2013, L10) i.e. bulges with bulge-to-total lumimysi reproduce the photometric scaling relations reported iy fot
ratios and concentrations typical of late-type spiral gias real SOs.

(B/T < 0.2 andn ~ 1), which often contain embedded discs, in- A brief description of the models is presented in Sdct. 2. The
ner spiral patterns, nuclear bars, some star formationwdaich methodological approach is summarised in $éct. 3. In Bdtt. 3
present rotational support more similar to spiral galattias to we explain the criteria used to identify what encountersiltes
classical bulges (sée Kormendy & Kennitutt 2004). Thespfrdn E/SO or SO galaxies. Then, we simulate realistic 1D surface
erties seem incompatible with the smooth spheroidal stract brightness profiles of the remnants in tieband and perform
that usually results from major merger events. So, they sme umulti-component decompositions (SeCts] 3.2[ant 3.3). th.[Ee
ally attributed to the evolution induced by bars and oth&rimal we compare the characteristic photometric parameters ef th
components in the galaxies, which direct material towahes tbulges and discs derived from the decompositions of theke0-|
centre, enhancing the bulge component (Pfenniger & Normamnants with the parameters of real SOs. Model limitatanes
[1990). However, the bulges that emerge out of gas-free lw@ammented in Sedfl 5. The discussion and final conclusions de
models do not show concentrations and sizes compatible withed from this study are presented in Sects. 6[dnd 7, respbct
the parameters observed in real SOs (see the comparisoWassume a concordance cosmol = 0.3,Q, = 0.7,
[Eliche-Moral et all 2012, 2013, EM12 and EM13 henceforth).Ho = 70 kms* Mpc?, sem. 2007), and magnitudes

Current hierarchical models of galaxy formation assume thare provided in the Vega system.
the bulges of SOs formed by means of a major merger of early
discs or by a sequence of minor merger events, followed by a o
later disc rebuilding out of the left-over gas and stripptatss 2- Description of models

: imack 1999). This scenario seems compatibhar of the HORIZON collaboration, GalMris a public
with the fact that most SOs reside in groups and with obserygsapase containing 1000 hydrodynami-body simulations
tions reporting merging relics in many SOs (see refererioege ¢ galaxy mergers with intermediate resolution, sampliag v

andin EMlZ_)' _ ) i ious mass ratios, morphological properties of the progesit
Concerning the minor merger mechanism (mass ratios abayg orhital characteristics. The project and the databashar-
7:1), these are known to induce gentle transformatlons fBghly described i Chilingarian etlal. (2010), so we wiku

the global structure of the progenitdw bL—ZOOJprovideabrief summary here.
Eliche-Moral et all 2006, 2011: Moster e 10). In faet, A representative sample of galaxy morphologies is consid-

cent simulations of gas-free intermediate and minor mergefeq ranging from giants to dwarfg, (, d) and from ellipticals
onto SOs show that these events can preserve or even enh?é“é?)irals (EO, SO, Sa, Sb, Sd). The orbitetiin the relative
the structural bulge-disc coupling by triggering inters@ular  jantation of the spins of the progenitors with respechtar-
evolution in the surviving disc (EM12; EM13). So, in print8p - pita| angular momentum, the pericentral distance, andritieli
minor mergers are consistent with bulge-disc coupling. motion energy. The stellar mass ratios of the encounteigeran
On the contrary, the b_ulges and discs of SOs formed throughm 1:1 to 20:1 depending on the progenitors (see T@ble). U
major mergers (mass ratios below 4:1) are expected to be- Sty gate, the database contains 876 giant—giant interactiad
turally decoupled, as the encounters must destroy thenalligi1 26 gS0—dwarf encounters. As we are interested in SO-like re
structure of the progenitors, rebuilding the remnant bsil@ed nants we have initially considered all the merger expentsie
discs through independent processes (bulges from the mefggnin the database as possible candidates to give riseESth

and discs from later material reaccretion). This expectddes o 50. We will comment on the selection of the dynamically re-
disc decoupling in major mergers directly contradicts thees- |5yed S0-like remnants in Sect.B. 1.

vations of nearby SOs commented above etal The progenitor galaxies are modelled using spherical non-
2009, L10). Nevertheless, recent observational and ttieate rotating dark-matter haloes, with optional stellar andegas

studies support the idea that major mergers must have b%?srbs, and central non-rotating bulges. The EO progersitks

relevant for the evolution of present-day massive E-SOsesinyny stellar or gaseous discs, the SO initial model does na ha
z~ 1.5-2 (Eliche-Moral et dL—ZQJ-M'llQ--B—Qmﬁm“—eu-aL—ZQmla'9’gaseous disc, and the Sd progenitor is bulgeless. The-tmslge

iret et all 20111; Weinzirl et al. 20111; Prieto etlal. 2013)eTe- gjsc ratios are 2.0, 0.7, and 0.4 for the SO, Sa, and Sb priogeni
fore, the question is whether this popular view of major reesg respectively; the ratio of dark to baryonic matter rangesnir
as catastrophic events that destroy any bulge-disc caipiin o 43 (gE) to 3 (gSd). Haloes and bulges are constructed using
a galaxy is realistic or not. Recent studies show that dia6s Gjymmer spheres with characteristic mass and radisige and
survive even 1:1 mergers, mostly depending on the initial g%mge for the bulge andVliaie andr i, for the dark matter halo,
content (Hopkins et al. 2009), but whether major mergers cg8 indicated in Tabl@2. The discs folldw _Miyamoto & Nagai
account for the bulge-disc structural coupling observedead (1975) density profiles, with masses and vertical and radile-
SOs has not yet been explored. ~__lengths as described in the same Table. The total number-of pa
We address this question usingrbody dissipative sim- ticles is 120,000 for each giant galaxy and 48,000 for thertiya
ulations _of major galaxy mergers provided by the GalMgjistributed among each galaxy component depending on the
project (Chilingarian et al. 2010). We have also analysedit  morphology, except for the gSO progenitor, which has 48,00
nor merger simulations onto an SO progenitor available & tiaticles. This means that we have a total of 240,000 pesticl
database. These simulations considefedent morphological jn the major merger experiments and 528,000 in minor merger
types and mass ratios for the colliding galaxies, coveringo@ gnes (see Tabl@ 2). The gS0 progenitor is barred at the dtart o

range of orbital parameters. We have identified the encosintge simulation, whereas the other giant progenitors areTot!
that end up in relaxed remnants with realistic SO-like moiph

ogy, to determine whether the photometric structures ofehe! GalMer project| httg7galmer.obspm.fr
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Table 1: Mass ratios of the GalMer merger experiments  dwarf; EO, SO, Sa, Sh, Sd for the corresponding Hubble types)
then an “0” followed by the numerical identifier of the orbit
Major mergers (giant — giant) used in the GalMer database, which is unique for each combi-
nation of orbital parameters under consideration. For gtem

w gEO SO gSa gSb gSd 9S0dSao6 means thata dwarf Sa (galaxy 2) is accreted by a gi-
Type 1 ant SO (galaxy 1), following the orbit identified as numben6 i

gEO 11 — 151 31 31 thedatabase (i.e.the one with an orbital inclination ¢f, p&ri-
gSa _ _ 111 211 21  centre of 16 kpc, initial motion energy of %%0* km? s~2, and
gSb - - _ 11 11 retrograde spin-orbit coupling).

gSd - - - - 11 The GalMer database provides the simulations in FITS bi-

i nary tables, one per stored time step of the total computes ti
Minor mergers (gS0 — dwarf) period (intervals of 50 Myr are considered). The tables aiont
Type 2 the mass, position, velocity, and other relevant prope!fie
m dEO dSO dSa dSb dSd each particle in the simulation at each time. Fidure 1 repriss
the time evolution of the stellar and gaseous componentef th

gS0 71101 101 201 201 aecretion of a dwarf Sb by a giant SO galaxy, obtained usiag th

) ) o shapshots previewer of the GalMer database.
Notes. The present study has considered all merger simulatiorik ava

able from the GalMer database up to February 2014 (876 megmte Ve Stress that the GalMer database only contained giant —
and 126 minor ones, 1002 experiments in total). The steltmsmatios giant major merger encounters and minor mergers over a giant
of the encounters depend on the morphological type of thggmitors, SO progenitor when the present study was carried out.

as indicated in this table.

stellar masses in the giant progenitors range5-15x10*M,. 3. Methodology

Therefore, the final stellar mass of the remnants rangesseatw

~ 1-3x10'" M, in the major mergers and 1.2-13x10* My in We have first identified all the merger simulations that end up
the minor ones, depending on thi@ency of the star formation in a dynamically-relaxed remnant with morphology, struefu
induced by the encounter and on the masses of the progenitbisematics, SFRs and gas content typical (B€&and SO galax-
This will be relevant when comparing to real data in 9dct. 4. ies (SO-like galaxies hereafter). The selection of the sarop

The simulations make use of a TreeSPH technique, R0-like relaxgd remnants will be presented in detail in lgic .
ing the code described in_Semelin & ComibEs (2002). Gralloral et al. (in prep.), so we only provide a short summary in
tational forces are calculated using a hierarchical trethate Sect[3.1L.

(Barnes & HUt 1986), the resulting forces are then softenelt ~ We have simulated realistic surface brightness profilelsén t
Plummer potential, and finally use smooth particle hydra@shgn K band for these SO-like relaxed remnants, mimicking the ob-
ics to follow gas evolution,(Lu¢y 1977; Gingold & Monagharserving conditions of recent samples of nearby S0s with lwhic
[1982). The softening length is fixed &= 280 pc in the giant— we have compared the products of our merger simulations (see
giant encounters, and to = 200pc in giant—dwarf runs. All Sect[3.2). We then worked out structural decompositioms fo
experiments have been evolved for a total time period of 2.9%uch remnants (SeEfB.3), to ultimately perform a detaited-
3.50Gyr. parison of the resulting photometric parameters with thaise

One of the most important features of these simulatiof@ined for real galaxies (Seft. 4). This will allow us to @sse
is that they take into account thefects of gas and star for-Whether a major merger origin of SOs is compatible with the ob
mation. Gas is modelled as isotherma@{s = 10* K), and servational constraints imposed by real SO data or not. We ha
star formation is implemented using the method describedaf$0 included in this analysis the relaxed SO remnantstiegul

i iSt[(1994): a prescription for the star forinat from the minor merger experiments available from the GalMer
rate (SFR) is first defined, assuming the Schmidt-Kennieutt | database (gS0 — dwarf encounters).
and then the formation of stars out of the gaseous composient i
implemented via hybrid particles, which contain a gas agt st
lar fraction that vary with time (depending on the condison
the surroundings). Enrichment of the interstellar medil®i),
stellar mass loss, metallicity changes, and energy imjeaiut

of supernova explosions are also considered. From the initial sample of 1002 merger simulations avaéabl

For each combination of progenitors, a wide set of orbitfom GalMer, we rejected all merger experiments that do eot r
is sampled. The initial distance between galaxies is alvéy's sultin a one-body remnant at the end of the simulation. Usiag
equal to 100 kpc, but initial velocity is allowed to take ug thpreviewer of the database, three co-authors independédaetly
discrete values 200, 300, 370 and 580 ki Secondly, for each tified visually the models that resulted in final stellar remts
case, both retrograde and prograde orbits are taken intmatc with disc components and apparently relaxed morphologies.
Orbits with ditferent pericentre distances are also simulated (8tal of 215 major merger experiments and 72 minor merges one
16, and 24 kpc). Finally, six possible values of inclinat@rm® \ere selected as candidates to give rise to relaxed SO resatan
consideredi = 0, 33, 45, 60, 75, and 90 the end of the simulation. We then determined which remnants

We refer to the simulations using a notation that aims twave really reached a relaxed dynamical state, obtaininditw
make the initial conditions of the encounter explicit. Wetfie- nal subsamples of 173 major merger and 29 minor merger mod-
fer to the morphology of the primary galaxy, followed by thels. Time periods from full merger to the end of the simulatio
morphology of the secondary(i, d for giant, intermediate and range betweer 1 and~ 2 Gyr.

3.1. Identification of SO remnants

3.1.1. Preselection of relaxed, apparently disc-like remnants
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10 kpc Stellar evolution Toxpe Gas evolution

t=0.6 Gyr

t=0.9 Gyr t=1.2 Gyr

t=2.1 Gyr t=2.4 Gyr t=1.8 Gyr t=2.1 Gyr

Fig. 1: Time evolution of the stellar and gaseous materitié@minor merger model gS0dSbo99 (left and right panelpgaively).
Time is shown at the bottom left corner of each frame. At eawapshot, the line of sight has been sefite 30° andg = —9Q°
and nearly centred on the giant SO. The field of view has bemrased in the frames corresponding to 0 to show the original
location of the dSb satellite. In this experiment, only thead galaxy contains gas at the start of the simulation. Bhisulation
has been run for a total period of 3 Gyr. The snapshots havedigained with the previewer of the GalMer database.

3.1.2. Simulation of realistic images of the remnants Sil'’chenkol 2013), independently of the type of the progamit
the particle initially belonged to. The SFH experienced thy t
e > ; . e ; thybrid particles is dferent for each particle. We have approxi-
titative criteria when_ it comes to identifying faint struces ted the SFH of each one by a simple stellar population model
(such as external discs or spirals, see Abrahqm etal.l 19 P) with the average age and metallicity of the mass i star
Bamford et all 2009), so we have performed a visual MorphQstained in the particle.
logical classification of the final remnants. Our intentioasvto We have also simulated théfects of the typical observing
m]?ke sure that we have selected the remnants thath\_/ouldsbe Wnditions of current surveys of nearby SO galaxies in oarph
sified as SO or SO types by observers, to incur a fair compatismetric images, mimicking their characteristic limitingagni-
son with real data. There_zfore,we simulated realistic pimeativic tudes, signal-to-noise, spatial resolution, and seeirigesain
images of the remnants in several broad baBd¥ (R, 1, andK)  g5ch hand. We have added photonic noise considering that the
mimicking mean properties of current observatlona_ll susvaly limiting magnitude in each band correspondsItN = 3 in
nearby galaxies, and then classify them morphologicalgnat o reference observational samples. A distance of 30 Mpc ha
ing to these images. In Eliche-Moral et al. (in prep.), wevBNO,een considered to all our remnants, as it is the average dis-
several examples of how relevant accounting for the obserygnce of the S0 galaxies within the Near-InfraRed SO Stirvey
tional efects is to distinguish between E and SO remn;nts. (NIRSOS[ Laurikainen et al. 20111), which is the reference ob-
The stellar mass of each particle (3.5 - —20.0) x 10°Mo)  gervational sample that we will base our comparisons on (see
was converted into light flux in the fierent photometric ba”dSSectl]l). Assuming this distance, we have transformechaitri
cc_>n3|der|ng theM/L ratio in the_b_and of a stellar pop_ulr_:\tlonphysicm lengths in the remnants into sky projected angias
with the.average age gind metaII|C|ty_of the stellar conte_lthlw_ and we have implemented théets of the cosmological dim-
the particle at each time. We considered star formatlorohlspning assuming a concordant€DM cosmology. We have not

ries (SFH) characteristic of each morphological type adie®  gjmylated dust extinctionfiects in these artificial images.
to observations, and using the stellar population synshasid-

els by Bruzual & Charlot (2003). A Chabrier initial mass func
tion and the Padova 1994 evolutionary tracks have been useh3. Visual identification of SO-like remnants
(Bertelli et all 1994).

For the collisionless stellar particles, we have assumétsS
that are characteristic of real galaxies of the same moggjiol
cal type as the progenitor that initially hosted the paet{@, SO,
Sa, Sh, or Sd), according to the parametrisations deschibe
Eliche-Moral et al.|(2010a). Old stellar particles do notédnan
assigned age in the GalMer simulations, so we have assume
typical age of the old stellar population located in the odtscs 2 More information on NIRS0S available at:
of nearby SO galaxies~( 10 Gyr, see_Sil'’chenko et al. 2012;http;/www.oulu.fyastronomynirs0g

tis often dificult to distinguish between ellipticals and face-on
enticulars, due to the absence of prominent spiral arms;iam
cases, only a break in the surface-brightness gradientlam a
(ys to conclude that we are dealing with an 50 _(Wilman et al.
2009). Therefore, we have simulated images in each band for
Jrﬁgl:e-on and edge-on views to make the identification of SOs
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Table 2: Masses, scalelengths, scaleheights, and numpartafies of the dterent components in the progenitor galaxies

Characteristic parameters gEO gSo gSa gShb gSd dEO dso dSa dsisd

(@ Mauge [2.3x 10°Mg] 70 10 10 5 0 7 1 1 0.5 0
Mhalo [2.3 x 10°M,)] 30 50 50 75 75 3 5 5 7.5 7.5
I'suige [KpC] 4 2 2 1 - 1.3 0.6 0.6 0.3 -
I'halo [KPC] 7 10 10 12 15 2.2 3.2 3.2 3.8 4.7

(b) My pisc [2.3x 10°M,)] 0 40 40 20 25 0 4 4 2 2.5
Mg pisc/ My pisc 0 0 0.1 0.2 0.3 0 0 0.1 0.2 0.3
a. pisc [KpC] - 4 4 5 6 - 1.3 1.3 1.6 1.9
h, pisc [KpC] - 0.5 0.5 0.5 0.5 - 0.16 0.16 0.16 0.16
ag pisc [KPC] - - 5 6 7 - - 1.6 1.9 2.2
hgpisc [kpC] - - 0.2 0.2 0.2 - - 0.06 0.06 0.06

(©)  Nhybria - — 20,000 40,000 60,000 - — 8,000 16,000 24,000
Nstellar 80,000 320,000 60,000 40,000 20,000 32,000 32,000 24,0000006 8,000
Nbwm 40,000 160,000 40,000 40,000 40,000 16,000 16,000 16,0000006 16,000

Rows (a) Plummer sphere parameters used to model the bulgesatoesiof the progenitor galaxies, as a function of the
considered morphological typeBtg ge is the (stellar) mass of the bulgklyai is the total mass of the dark matter halo,
while rguge andryaio are their correspondingtective radii. (b) Parameters of the Miyamoto-Nagai dengitfiles used to
model the gaseous and stellar discs of thedént progenitors: the sub-indexdenotes the stellar disc, and the sub-index
g refer to the gaseous didel is massa is efective radius, andl is the vertical scalelength. (c) Number of hybrid particles
(initially fully gaseous), collisionless stellar pargéd, and dark matter particles used for each progenitor galax

easier. By assumption, the face-on view of each remnant cor- Our SO-like remnants have a median (B-R) colourd.9,
responds to the direction of the total angular momentumsof ivhereas local ETGs of similar masses typically have (B-R)
baryonic material. We have defined the edge-on view as the paslours of~ 1.5 (Bell & de Jong 2001). This fierence in the
pendicular direction contained in the XY plane of the orain (B-R) colour is due to the youth of the starbursts inducedhay t
coordinates system of the simulation. Some examples ofrthe@ncounters in the centres of the remnants. This makes the av-
tificial face-on and edge-on images in tiéand for some rem- erageK-bandM/L ratios used in our models to be 2 times
nants are shown in Figl 2. smaller than the typical ones in quiescent early-type gasax

The classification was performed visually by five co-authoggid thus our remnants arel mag brighter irkK-band than real
independently. The morphological type assigned to each ref®s with similar stellar masses. In any case, blue centuat-st
nant is the median value of the five classifications. A coneplguires are quite common in nearby E-SO (in fact, they are lysual
agreement between all classifiers was obtained in 85% of thansidered as evidence of recent merging, see Ké%ﬁéﬁégn eta
major merger remnants, ensuring the robustness of thei-cla809;| Huertas-Company et al. 2010; Wei et al. 2010), and the
fication. In the sample of 173 relaxed major merger remnamennants would exhibit analogous colours to those obsdrnved
with possible detectable discs, we finally identified 106 s, present-day SOs with 1 — 2 Gyr of additional passive evolu-
E/SOs, and 42 SO0s, which correspond to the following percetien. There are other sources of uncertainty in the deteatiun
ages: 61.3% of Es, 14.4% of 0, and 24.3% of SOs. We noteof the M/L ratios used in the models, which are inherent to the
that the elliptical galaxies in this subsample harbour a dian- assumptions adopted to estimate them, such as the ageeassign
ponent detectable in their density maps, but not in realisad to the collisionless stellar particles, the SFHs, or thesatered
band images. All remnants from the minor merger simulatiotdF. We will take this into account for the interpretationtbie
(9SO — dwarf encounters) are still SOs after the encounter, gesults in SecEl4.
cording to all co-authors.

The morphology of the remnants has been analysed in de; . . . . )
tail. None of E[)h e Sg}llik e major-merger remnants exhib}i/m@’@ %.2. Simulation of realistic surface brightness profiles
bar. All minor mergers result in barred galaxies, but thegere  3.2.1. Simulating the conditions of NIRS0S
itor gSO has already a strong bar at the start of the simulatio
The BES0 and SO remnants usually have lenses, ovals, and iniérhave simulated realistic surface brightness profilesin&0-
discs detectable in the images. We confirmed the morphalbgiltke remnants reproducing the typical observing condgimrthe
classification by analysing realistic simulations of thHly sur- photometric band of the NIRSOS data, in order to compare the
face brightness profiles in thé, R, andK bands (for more in- parameters of the bulges and discs in our remnants with those
formation, see Se¢f.3.2). All of them presented clear bdige exhibited by real SO galaxies contained in that sample (L10)
structures. We have also derived the final rotational supgtar The K-band images in NIRSOS have an average depth of
formation rates and final gas content of these SO-like retshamx ~ 22magarcse@ for a limiting signal-to-noise ratio of
and we have compared them to typical values measured in 188l = 3. We have adopted this limiting surface brightness
S0s. We find remnants to be consistent with SOs also accordiogthe sameS/N to simulate the surface brightness profiles.
to these properties. The projected spatial resolution has been set to the averfage

Article number, page 5 ¢f23



A&A proofs:manuscript no. Merger_S0s_coupling

gE0gSa016 (S0) 250dSa0105 (S0)

Edge-on

Face-on Edge-on Face-on Edge-on
- - » -
14 T L AL T 10F T LI T T
. rgEof)agég Uo=17.026+0.752 ] i fsof%agég‘r’ L 14,=18.095+0.000 ]
B ™ 56 50 hy;, =4.888+2.652 1 L e as hy=5.219+0.044
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Fig. 2: Simulated-band images and radial surface brightness profiles of sdv&&remnants from our sample of major and
minor mergers. The simulations assuBe- 30 Mpc,ux im = 22 mag arcse@ for S/N = 3, and a spatial resolution of @.7First
two rows of panels: SimulatedK-band images of the final remnants for face-on and edge-avsviehe horizontal arrow at the top
left of each panel represents a physical length of 5kpc. e &f view is 50 kpex 50 kpe. We have used ftierent logarithmic
greyscales to highlight the structure of the outer discst(fow of panels) or of the central bulges (second row of gn€hird
row of panels: Simulated radiaK-band surface brightness profiles and multicomponent dpositions performed to therdotted
horizontal line Limiting surface brightness of the imagdé3otted vertical linesMinimum and maximum radii considered in the
fit. Black empty circlesData considered in the fiGreen filled circlesData excluded from the fiRed dotted-dashed lin€itted
Sérsic bulgeBlue dashed lineFitted exponential disdGreen long-dashed linéddditional Sérsic component required in the fit
(representing components such as ovals, bars, lenses badeex inner discspolid light green lineTotal profile resulting from
the fit. Fourth row of panels: Residuals of the fits as a function of radial location in tladagy. [A colour version is available in
the electronic edition.

NIRSOS data{ 0.7”). It is equivalent to~ 100 pc for the dis- included photonic noise to the data considering the lirgitirag-
tance considered for our remnani £ 30 Mpc, see Sedi_3.1), nitude indicated above fd&8/N = 3. No dust extinction #ects
which is even lower than the softening length used in the Eimuhave been included, as they are expected to be negligibfein t
tions (€ = 280 pc in the major mergers alad= 200 pc in minor K band.

events). Therefore, the minimum spatial resolution isndtely L10 obtained their parameters from 2D multi-component de-
set bye in each case. As commented in SECHl 3.1, we have atsampositions to deei-band images of the galaxies, not from
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Fig. 2: Continued.

1D surface brightness profiles. We will discuss next why thisages of galaxies (Peng eilal. 2002, 2010). However, wedfoun
strategy is problematic when applied to the simulated irmagegeveral problems when comparing with real data.

from Gall\_/ler, and will justify our decom_position meth_od bdse  one of the problems was that the decompositions required
on 1D azimuthally-averaged surface brightness profileani 4, many components in the centre to reproduce the origimal |
case, as we will see i1 3.2.3, the 1D profiles clearly show g eqjistically ¢ 3-5 subcomponents beside the bulge and the
‘three-zone’ structure very similar to that found in obsgions disc, see an example in FIg. 3), whereas the decomposit&ns p
like NIRSOS. formed to the SO galaxies in NIRSO0S required at most (L10).
Real SOs exhibit a more fllused and smooth appearance than
our remnants irk-band images, in the sense that they look less
structured in inner components at the central regions. Mewe
We initially reproduced the procedure from L10 by carrying o we know that the basic structure of the bulges and discs in our
multi-component decompositions to our artifickétband im- S0-like remnants are consistent with those observed inS@sl
ages for face-on views of the remnants using GAG-&highly in optical bands (Eliche-Moral et al., in prep.), so the peob
efficient algorithm for 2D fitting of analytic functions to digit was not that the central structure in our remnants was usteal
tic, but that the bulge substructures were much more ndiieea

3 GALFIT home page: httfusers.obs.carnegiescience fpengwork/gaifitaltsintmliate K -band images than in real cases. Therefore, the

3.2.2. Optimal decomposition method: 1D vs 2D
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Fig. 2: Continued.

flux of the bulge componentin the remnants got divided inte seConsequently, we would expect present-day SOs to look more
eral subcomponents in our 2D decompositions. As commentadzy than our SO-like remnants.
in Secf3.1, this fect would probably disappear by simply al- In addition, the simulated remnants present an inherent
lowing the remnants to evolve passively for a few Gyr more. grainy appearance at the galaxy outskirsts due to the high
mass of the stellar particles in the simulation ((3.5 —

The fact that we have notincluded dust extinction in our sim-20.0)x 10°M). At large radii, light accumulates at the pixels
ulated images may also have dfeet here, as it would contributewhere the particles are located, instead of displaying adyem
to blur the appearance of the bright and young inner compeeous distribution in space (see Fip. 2). Since light distgd in
nents formed at the centre of the remnants. In fact, dusslaésjointed pixels cannot be identified as a unique compobgnt
are frequent central features in nearby $0s (Annibalil@Cil0; fitting codes such as GALFIT, the scalelength of the outessdis
Finkelman et dil 2010). Additionally, present-day mas@s in our remnants is significantly underestimated.
must have evolved passively for much longer periods of time Fig.[3 illustrates this problem for the remnant of gSbgSbho70
than our remnants (Fritz et/al. 2009; Eliche-Moral et al. @0)1 The originalK-band image, the best GALFIT model, and its
ISil'chenko et all 2012; Davidzon etlal. 2013; Prieto et all20 residuals are shown on the left panels. We used five Sérsie com
[Choi et all 2014); so nearby SOs tend to be dynamically mere pwnents to generate a model with a similar appearance to the
laxed and mixed, and their young stellar populations arentém original image, trying to minimise the residuals. Howewee,
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had to fix the outer disc parameters to those obtained from tleennants coming from gas-rich progenitors usually have sev
exponential fit to the 1D surface brightness profile, bec#use eral tidal satellites orbiting around, which are respoledior the
light (mass) was distributed in isolated pixels towardsdée peaks that appear in their surface brightness profiles ¢asitrs
skirts, making it dfficult for GALFIT to fit a continuous light in gSdgSdo42).

distribution there. This is noticeable in the pixels withsjiive
residuals at large radii and the extended circular regitin még-
ative residuals (which is tracing the modelled disc). Thisbp
lem also &ected the inner disc region (fitted with the fourtt fe
GALFIT component). The central panels of Fify. 3 show the 1 §
profile derived by azimuthally averaging the 2D GALFIT made
compared to the 1D surface brightness profile of the remna|
The model clearly loses light in the inner disc (traced by pom
nent 4 in the GALFIT model). The problem of the too comple §
structure of the bulges in the simulated images is alsatifitesd
by this panel. The GALFIT model loses light in the centreconf &=
pared to the 1D surface brightness profile (we note also thie p( &
tive residuals at the centre of the remnant, in the leftmasgp.

We found that these problems could be solved by petig. 4: Artificial K-band photometric images of remnant gS-
forming multi-component decompositions based on 1D fate-ggSdo51 (ES0), for the face-on and edge-on views defined on
azimuthally-averaged surface brightness profiles instéger- the basis of the total stellar angular momentum (see [Sdbt. 3.
forming them on 2D photometric images. The 1D profiles afFhe remnant contains a high-rotating embedded disc, very in
ready average the 2D spatial information at each radiusib@i clined with respect to the main outer disc, which dominates t
the complex central structure of the remnant bulges. They afotal stellar spin of the galaxy. This is biasing the “faceview”
improve the signal-to-noise at the outskirts compared t&@P towards a face-on view of this embedded inner disc, instéad o
face brightness maps, avoiding the problem of the granylefi 3 face-on view of the outer disc. The field of view in all panels
the discs in the artificial images. In the right panels of Bigve  corresponds to 50 kp&s0kpe. The arrows indicate a physical

show how the decomposition performed directly on the 1D syéngth of 5 kpc. A colour version is available in the electronic
face brightness profile of model gSbgSbo70 overrides the-predition]

lems of the structured appearance of the bulge and the grainy

structure of the disc in the 2D artificial images. _ In some merger experiments with very inclined orbits, the
Therefore, we have simulated realistic surface brightn&gsnnant contains high-rotating inner discs, completelpeda
profiles of our SO-like remnants in tt€ band, mimicking the e in the light distribution of the bulge, which are verylined
observing conditions of the NIRSOS data, to perform 1D multy;ih respect to the orientation of the main disc of the rentrian
component decompositions. _ _ _ these cases, the face-on view derived from the total angudar
Our major merger remnants are quite axisymmetric, and 1ntum of the stars in the galaxy (as commented in Begt. 3.1)
and 2D decompositions have been proven to provide similar plyas piased to show a face-on view of this inner disc, not of the
tometric parameters in such case (within typical obsevwali qyernal remnant disc. In these cases, the line of sight was ¢

errors, see de Jo ; 1996; MacArthil et ted to provide a true face-on view of the main remnant disc
;%90). This ensures that the comparison g exan?ple is shown in Fg. 4.

tween the photometric decompositions performed to NIRS0S

and to our remnants is fair. However, all remnants in the mi-

nor merger experiments are still barred at the end of the sinfi3. Photometric decompositions of the remnants
lation (in fact, the original gS0O progenitor is already lealy. In
these cases, the 1D decompositions provide a descriptithre of
azimuthally-averaged light distribution of the bar.

- Face-on

We have performed multi-component decompositions to the si
ulated 1D surface brightness profiles in téband to compare
with the results by L10. The majority of remnants had profiles
that required an additional component besides the bulge and
3.2.3. Constructing 1D surface brightness profiles the disc to be adequately modelled (see $ect.|3.2.3). Taiatco

) i ) for this, we performed bulgelisc (B+D) and bulge[inner
We have converted the projected radial mass density pr‘nﬁ'e%omponent}disc (B+C+D) decompositions for all SO-like rem-

the remnants into surface brightness profiles inkheand, fol- ants and selected the one that reproduced better theatraly
lowing an analogous procedure to the one described mct.&rof"e in each case.

for simulating photometric images (see details there). Akeh
derived azimuthally-averaged 1D surface density profifab® o _
stellar remnants in face-on views, so we do not have to apply &3.3.1. Fitting functions

correction for galaxy inclination to the obtained profiles. For the bulges, we assumed the traditional Sérsic profilsice

We plot the azimuthally-averaged surface brightness p - [Caon etall 1993 Prieto et 4. 2001: Baes & Gentile

files of some remnants in Fig. 2. All the remnants exhibit ty] )
ical bulge-disc structures. The majority of them clearlpwh '
‘three-zone’ profiles proving the existence of additionddcom-
ponents in the centre, such as the lenses in models gEOgSaoéS { [( r )1/n ]]
, = leg €Xp|—bn -1,

and gSbgSbo70, the nuclear bar in experiment gSOdSaol'@ P @)

or the inner disc in model gSdgSdo42 (compare their profiles

with their images in the figure). This is very frequent in realherer, is the bulge &ective radius]eg is the surface bright-
SOs (Llommwﬁ 1; Sil'Chenk: [. 201DeT ness atre, andn is the Sérsic index. The factdy, is a func-

le

Article number, page 9 ¢f23



A&A proofs:manuscript no. Merger_S0s_coupling

Azimuthal average of the 2D Galfit fit 1D surface brightness decomposition
. 14 T T T : T T = - T T H T T p
k-band image 2 gSbgSdo70 fe,=11.48+0.04 ] ME" gSbgsdo70 P ]
R x*=0.2230 {R.,= 0.14:0.00 ] % r..=2.500 wo=19.76243.002
1613 1o=19.75  in,= 0.67+0.03 ] N ro=23.88 aige= 19943 14,
I : 16 Tmax ; =17.193+0.471
. E hy=13.88  iu,,=15.06+0.14 1 FN 2 Lobutge—_ 15 ;
disk” e2” L x°=0.4238 Re puge=3-013+1.042
- % Wes=18.73  iR_,= 0.73:0.08 1 & [ e e 43 1
9 18} R.,= 4.09  in,= 1.37+0.50 4 9 18f: 01 04640.282 -
@ H % il : _ 1 @ Lo Mec1 - £e. ]
a b 1 0.50 feq=18.03+0.47 S R, ¢, =2.655+2.109 1
= : _ = : \ e 101
§ | ‘R 5= 2.66+0.21 s ny,=0.164+0.061 1
},,zo:.\\ in,= 0.35+0.10 @ 20" -~ ; 7]
= ] (-] « o ° 4
Galfit model g ‘ E B . 1
; L { 22 -_ ....... \.\. ........ ‘.\::.. Wy, 1
: [ B/T=\0.538¢0.\}‘93
24 ICl/TTO.Dlﬁi0.0\R} :
) [ D/T=0.446 N .
[ N "

Residuals &y Ry
| 1
3 3 3
2 2 0.0
Bl X
1 I —05
3 3 o
-1.0
10 20 30 40 50
R [kpe]

Fig. 3: Comparison between the best GALFIT multi-compoetbmposition of the 2-band image of the remnant gSbgSdo70
and the corresponding 1D decompositibaft panels: Artificial K-band image of the remnant for a face-on viéapf, 5-component
model obtained with GALFIT (free of noismiddle), and residuals resulting from the subtraction of the muaittle imagelgotton).
The same logarithmic greyscale is used in the two upper pamblereas the linear greyscale in the bottom panel emasatsie
background noise at the outskirts. The field of view corresisdo 100 kpg100kpc, and the green circle represdRts 25kpc in
the galaxyMiddle panels: Azimuthal average of the GALFIT modajieen solid ling compared to the 1D surface brightness profile
(circles). The five axisymmetric Sérsic components required by thdetliog are plotted in the top panel: a nuclear component
(component 1red dotted-dashed linea thin inner disc witm = 1.37 (component 2grange dotted ling a lense withn = 0.35
(component 3green dotted-dashed lihea fixed extended lense component with= 0.5 (component 4light blue long-dashed
line), and the outer exponential disc, fixed to the result obthinghe 1D fit ark blue dashed line The residuals are plotted as a
function of radius in the bottom pan&tight panels. For comparison, 1D decomposition obtained fitting the atially-averaged
K-band surface brightness profile. The legend is the sameFg.[8. [A colour version is available in the electronic editibn.

tion of the parameten, which may be approximated dy, = The additional inner components have been fitted including
1.9992n-0.3271in the range ¥ n < 10 with an errox 0.15% another Sérsic component,

(Grahari 2001). We had to constraito the observational range

of values during the fitting (1< n < 4, see L10), because 1ne

many remnants had small nuclear bars and ovals embeddef. () = |, exp [—bn,c [(L) - 1)} ()
the bulges (which biased towardsn ~ 0.2 — 0.5) or central

cusps resulting from the merger-induced starbursts (witho
unrealistically highn valuesn > 5). In two models (gSdgSdo1l

gg?aasrigigr?;sl)é \évgcg?g tc())siftci) cr)?]i: 4 since the beginning to According to observations, lenses, ovals, and bars haw&cSér
P ' profiles withn, < 1, while embedded inner discs typically have

The exponential law adequately describes the global radial~ 1 (Laurikainen et al. 2005, 2009; Sil'chenko 2009, L10).
profiles of most remnant discs down to the Iimiting magnitucwe left the Sérsic index, as a free parameter in the fits and
considered (see Figl. 2), but many discs in our remnants &xhihecked that the fitted values agreed well with the morphpolog
breaks at deeper magnitudes (see Bbdaal. 2014). We have of the inner components visible in the artificial photoneini-
thus adopted a simple Freeman exponential profile to model tyes.
discs in the remnants (Freerfian 1970),

lec

whererec is the dfective radius of the additional inner compo-
nent,lec is its surface brightnessafc, andn. is its Sérsic index.

3.3.2. Fitting strategy

We performed the BD and B+C+D fits (depending on the pro-
r file) using a Levenberg-Marquardt nonlinear fitting aldgamitto
In(r) = lop eXp(—h—), (2) locate they? minimum solution by iterative changes to the pa-
rameters in eqBl [}-3. We initially consider a minimum fitting
radius ofryin = 0.3kpc (which is approximately the highest
softening length used in the simulations). However, most-re
wherehp is the disc scalelength (radius at which the surfacents had nuclear compact sources or discs embedded within t
brightness is reduced by @) andlgp, its central surface bright- spheroidal light distribution of the bulge, which have beeo-
ness. duced by merger-induced nuclear starbursts and which idire st
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very bright in K band at the end of the simulation (see somesulting from some failed automatic fits. This procedureof
examples in the second row of panels in Elg. 2). These nucléarating errors for the fitted photometric parameters idekito
components have their observational counterparts in gggl-e some extent the uncertainties due to the degeneracy of iveiry s
type galaxies (see e.g. Erwin & Sparke 2002; Balcellslet #&r solutions. As commented above, this degenerfiegted no-
;_Laurikainen et al. 2009). Compact sources steepen ttheably the bulge Sérsic index. This is the reason why we hav
profile at the centre (artificially raising of the fitted bulge), obtained relatively large errors farin some models.
while young nuclear discs biastowardsn ~ 1 in the central All our SO-like remnants were well described by &B or
regions. We have thus excluded the innermost regions frem 8+C+D profile. Figuré® shows the multi-component decompo-
profiles dfected by these nuclear components by raisingin  sitions performed to the radial surface brightness profifesix
the fit, only if there was another component that clearly dorg0-like remnants in th& band. We plot the residuals of each
inated the profile in the centre and extended beyond this mfit-as a function of radius in the galaxy at the bottom panels.
imum radius (i.e. if the compact source or nuclear disc waery few remnants were better reproduced by -eDBfit than
embedded in a spheroidal bulge-like component). Some exgdgy a B+C+D decomposition (one example ofB fit is model
iments also give rise to core-type profiles in the centresef tgSagSao9 in Fifl2). The additional component includedén th
remnants, that deviated downwards the inward extrapolatio B+C+D fits may represent a lense or oval (as in model gS-
the bulge Sérsic profile (observational analogues can bedfouhgSbo70 in Fid.2), an embedded inner disc (as in model gS-
in Kormendy et al ; m_2013). We have extgSdo42, see the same figure), or an azimuthally-averaged ba
cluded these regions from the fits by raisimg, too. (see model gS0dSao105 in the figure).

The maximum radiusrfay) in all fits has been set to the ra-  In Tabld3 we list the bulge and disc photometric parameters
dius of the isophote corresponding to the limiting surfaggti- derived from the multicomponent decompositions perfortoed
ness in the imageg ~ 22 mag arcse®). In some major merg- our SO-like remnants that have been analysed in the present
ers involving a gEO progenitor, an outer spheroidal envelmp study, as well as the main characteristics of these decdmpos
stellar material from the gEO remains in the remnant, dotning@ions: number and type of componentsincluded (i.e. whetlger
ing the surface brightness at the external radii over theglis- B+D or B+C+D), rmin andryax considered in each case, ayd
file (cf. gE0OgSao016 in Fi§]2). Sometimes, these outskigsda of the fit in mag. y? is typically below~ 1 mag in total for the
the slope of the fitted disc towards a shallower solution, so whole fitted radial range in most cases. It rises up ®mad in
slightly decreasednay in these cases to avoid that problem. Ahe cases with tidal satellites within the fitted radial geofihe
similar procedure was adopted when a tidal satellite indwce decompositions performed to the original progenitors dse a
peak in the profile neamax that was clearly biasing the fittedlisted in Tabl€B.
slope of the disc.

We performed several tests changmgh, rmax and the ini-
tial guesses of the parameters by up to a factor of 10 to clmeck 4. Results
robustness of the obtained solutions. We found that the Bts ) )
were reasonably stable, whereas the addition of an extra cdmorder to quantify to what extent major mergers destrog; pr
ponent in the centre strongly degenerated the solutionthen S€rve, or rebuild bulge-disc coupling, here we compare kize p
sense that there were two to foutfdient sets of componentsiometric parameters derived for our relaxed SO-like rertgian
that adequately reproduced the global surface brightness ith real observational da}a. We have also included the mi-
file and provided similar minima of2. The strong degeneracyn0r merger models that give rise to a relaxed SO remnant in
of multi-component decompositions is also usual when de§} comparison. In particular, we check the overlap of our pa
ing with real galaxies (see e.g. L10). However, it was easy i@meters in various photometric planes with those obtabyed
discard many of these solutions and select the most appropf ! al. (L04 hereafter 2004), Weinzirl et al. 020
ate one simply by considering the edge-on morphology of 409 henceforth), and L10 from near-infrared observatioins o
galaxy and the radial profile of the residuals of each fit (s€@irals and SOs. For reference, we also compare our results
Fig.2). We consider the fits with the lowegt values and in- With the dry minor mergers simulated by Aguerri et al. (2001,
spect visually the results and the artificial images, whictkes A01 hereafter) and Eliche-Moral et'al. (2006, EMO6 hendiafor
it relatively straightforward to select the most approfaide- EM12; EM13).
composition. When a given model had two feasible solutions,
the scalelengths, characteristic surface brightnesstrantbtal
magnitudes of the bulges and discéfelied by~ 10-20% at
most, lying within the typical observational errors. Thigams We start by analysing the coupling between the scalelerajths
that the fitted values of these parameters can be considereddiscs and bulges. Fi§l 5 shows the distribution of the final SO
bust, as well as the bulge-to-tot&8/T) and disc-to-total@/T) like remnants in the lod) — log(re) plane. Each filled circle
ratios derived from them. On the contrarychanged notice- represents the fate of aftérent merger event, with the colour
ably between the dlierent possible solutions. The errors of theode going from red to purple reflecting that later Hubbleety
fitted parameters were obtained through the bootstrap metlpoogenitors are involved (and, consequently, it roughlyreso

Efron & Tibshirani 1998| Press etlal. 1994) accounting far t sponds to a sequence of increasing gas content). With less sa
errors of the surface brightness profiles. We performed Blonirated colours and smaller symbols, at the background,lihe o
Carlo simulationsl = 100) of the surface brightness profileservational results from L04, W09, and L10 are depicted. For
considering the errors associated with each data poimttéetto reference, the remnants of the collisionless simulatidmsioor
particle counting) and performed a+B or B+C+D decompo- mergers onto an SO are also shown with grey diamonds (A01,;
sition to each realisation. We then estimated the standarndd EMO06; EM12; EM13). These collisionless models are scalable
tion of the photometric parameters obtained fromihiés with i.e. they can be moved diagonally in this diagram just caersid
respect to the nominal values derived by fitting the origpral ing a diferent length unit. We have also overplotted the least-
file. We used 8 rejection in this computation to discard outliersquares linear fits performed to the observational dididhs of

4.1. Bulge-disc structural coupling
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Fig. 7: Time evolution of the surface brightness profiledefstellar material in two models that result in an SO-likemant, centred
on the mass centroid of the most massive (primary) progeaiteach timelLeft panels For the major merger gSagSdo4ight
panels For the minor merger gS0dSao0103. The contribution of thikéestmaterial of each progenitor to the total profile at et@cie

is marked with a dferent colour lplue primary progenitorgreen secondary progenitor). We have plotted with red dashex$lin
the original surface brightness profile of the primary prag® in all panels, to stress that minor merger events ¢isslgrpreserve
the profile, whereas major encounters completely rebuidhilge and disc profiles in the remnants out of material fra b
progenitors. The limiting surface brightness that we adersis shown with a horizontal dotted line. We also indicaefirst and
second pericentre passages, as well as the moment whenl timeffger is reachedA colour version is available in the electronic
edition]

spirals and S0s, whenever the Pearson correlatiofiiceat o For the largest bulgefective radii, from Figl b it seems like,
is larger than 0.5. on bulk, lenticulars have slightly larger disc scalelesgtian
spirals. It is precisely towards this upper side of the oleser
Observationally, all disc galaxies, from SOs to spiralgypo tional distribution of SOs where our remnants are locatdw T
late a diagonal region in the plane lbg( — log(re), as it can be SO remnants of our minor mergers cover a rather small area of
seen in Figlb. Scatter exists, but it is still remarkable théges the loghy) — log(re) plane, and they lie close to the results from
of a certain size predominantly exist in galaxies with a giveprevious studies based on dry minor merger simulations {A01
disc scalelength. Moreover, it is important to emphasiaettre  EM12). The diferent sets of major mergers, however, span a
distributions of the dferent types of galaxies overlap: a similamuch larger range of values, reproducing well the scatter ob
increasing tendency seems to hold for all kinds of disc gaetax served in real SOs. Finally, it is also interesting to not the
with a steeper slope in the case of SOs. experiments with the largest gas fractions are the onesltioat
the largest deviations in positions on the plane. Our S®+#m-
The merger remnants that we are studying cluster towargknts exhibit a bulge-disc coupling in terms of sizes thabis-
the upper-right corner of the plane (Hig. 5), but this is lhseave sistent with the one observed in real SOs.
are dealing with remnants which have masses similar to ttet mo
massive SO0s in the NIRS0S sample, at the upper end of the sizedn Fig.[d, we plot the distribution of real and simulated SOs
and luminosities of observed lenticulars. This is natumalthe in the Mg(disc) — Mg (bulge) plane. The linear fits performed
masses of the progenitors range@.5 — 15 x 10''M,, (Sect[2). to the distributions of real SOs and spirals indicate thattttal
The distribution of scalelengths for the bulges and discsuwsf K-band magnitudes of their bulges and discs correlate lipear
remnants overlaps with that of the largest SOs; even théescaalthough the linear trend of the SOs is tilted with respedht®
introduced by the dierent types of encounter is compatible wittone of spirals. All our remnants accumulate towards the uppe
the scatter of real galaxies. end area covered by the brightest real SOs. More importantly
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OBSERVATIONS: VERGER SMULATIONS: Fig. 6: Distribution of our SO-like remnants in thdx (disc)-
% 50 (L10) £/50 ang :ﬁemm;ts from GALMER: Mk (bulge), compared to the observational distributions of
+ S0/a+5a (L10) ® g0 —— g[Sa/Sb/Sd] (major) nearby SOs and spirals (LO4; WO09; L10) and to previous sim-
A So-Sc (LO4: W09) e 90 - d{gg;ggggl/s'(’ﬁ‘?gr)(mi""f) ulations of dry minor mergers (A01; EM06; EM12; EM13). The
¢ Sc-Sd (L04; W09) ® gSD - g[Sb/Sd] (major)J linear fits performed to the observational distribution§6fand
® gSd —- gSd (mojor) spiral galaxies are overplotted in the diagram with solickd
¢ SOs from dry minor mergers (AOT; EM12) (Pearsorpsp = 0.76, psp = 0.70). The symbols represent the

same models and observations as in the previous figure; ikonsu
the legend in Fig:15.4 colour version is available in the elec-

Fig. 5: Location of our SO-like remnants in the lbgf— log(re) tronic edition]
plane, compared to the observational results (L04; W09;) L10
and previous simulations of dry minor mergers (A01; EMOG;
EM12; EM13). Details on the symbols and colour-coding us
can be found on the legend. The linear fits performed to the
servational distributions of SO and spiral galaxies arerjgot
ted in the diagram with solid lines only when Pearson’s cor
lation cosficient is greater than 0.5, in this case only for S
(pso = 0.59, psp = 0.21). [A colour version is available in the
electronic editior. Figures[b andl6 prove that the SO-like remnants resulting
from major and minor mergers present a bulge-disc coupling
consistent with observations in terms of scalelengths amd-1

the remnants from both minor and major mergers fulfill wedl thnosities. In the minor merger experiments, the global sinec
observational constraint of bulge-disc coupling also im®of of the main progenitor disc is mostly preserved at the endef t
luminosity: the magnitude of the disc takes up a value wrschsimulation in all cases. In the right panels of Elg. 7, we shiosv
proportional to the bulge magnitude within some scattear@th time evolution of the stellar surface brightness profilengf ¢SO
both by simulations and observations). progenitor in the minor merger experiment gS0dSao b3

We have again overplotted the collisionless minor mergéfe have overplotted the additional contribution from ateule
models by AO1 and EM12 in Fifl 6 for comparison. They castellar material coming from the dSa satellite at each tmsehe
be moved diagonally in the plane considering fiesient mass disruption process evolvegreer). The original surface bright-
unit (i.e., luminosity unit), up to the region where our disdive ness profile of the gS0 progenitor is shown in all panels fanco
minor mergers are located. Therefore, the inclusion of gas garison (ed dashed ling At the end of the simulation, the total
star formation &ects does not seem to be relevant to preserpeofile due to the stars from the gS0 and the dSa in the remnant
the bulge-disc coupling in satellite accretions onto gasrpro- is very similar to the original profile of the gS0 progenitorai
genitors. radii down to the limiting magnitude under considerationefie-

As commented in Se¢t 3.1, our remnants are brighter thimme, in minor mergers, the changes experienced by the lanide
real SOs of analogous masses in the NIRSOS sample by a fadiec structures are small in general, mostly driven by mdér
of ~ 2, due to recent merger-driven starbursts. If the remnastscular processes induced by the encounters (see EM18)ss0 i
were allowed to relax passively for an additional period-of not surprising that bulge and disc preserve their couplirte
— 2 Gyr, their colours would become more similar to those ehd of the accretion. The original bar that the gS0 progehés
nearby SOs and the remnants would experience a dimmingabthe start of the simulation in the minor merger experirmént
~ 1mag in theK band. Assuming that the averalyfyL ratios strengthened at each pericentre passage of the satedlitekies
of the bulge and the disc are similar, the remnants would maplkace before the full merger (see Hig. 1).

scﬂggonally towards fainter magnitudes up~tol mag in Figl®,
nearly following the line fitted to the distribution of reaD&
E]éherefore, a global dimming of the remnants-byl mag inK-

and would keep the agreement between real and simulated SOs
IN the Mk (disc) —M (bulge) diagram.
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The bulges and discs in the S0O-like remnants resulting frddds is consistent with the increasing trend that the obsena
major mergers exhibit a realistic structural coupling,reifeghe SOs seem to follow (within the scatter).

progenitor discs are basically destroyed in such major@mco |t s also remarkable that the SO-like remnants resultiogfr

ters. In the left panels of Figl 7, we show the time evolutibn @ur major merger experiments span the observational rasfges

the stellar surface brightness profile for the gSa progemitthe  r./hy andB/T values in the top panel of Fifll 8, although their

major merger model gSagSdo42. Here, we also highlight wigkellar masses cover a relatively narrow rangé (- 3x10*M,,).

different colours the contribution to the total profile at eanteti This means that major mergers can give rise to SO galaxiés wit

of the stars coming from each progenitor, as well as the origery different global properties starting from similar progenitors

inal profile of the gSa galaxy¢d dashed ling At the end of just depending on the initial conditions of the encounters.

the simulation, the distribution of the stellar mass confitogn The intermediate and bottom panels of fFlg. 8 can shed some

the gSa progenitobfue) is completely diferent at all radii from ;g1 o the origin of the systematic shift between spiraisl a

its original profile. There has been considerable mass titgra gog i the./hy — B/T plane, and explain why our remnants end

from intermediate radii to the core and to the outskirts. &, covering the area they do. The intermediate panel shats th

terial originally belonging to the gSd has also been acdrate g 5|5 tend to have systematically larger bulfedive radii for

different radii, rebuilding a new bulgelisc structure. Then, in 3 given bulge-to-total luminosity ratio. The distributiover-

major mergers, the processes after the bulge relaxationhend|; 1t most of our remnants tend to align where most SOs lie,

disc rebuilding seem to force both components to keep a-stry, ayerage corresponding to smatigthan their spiral counter-

tural connection. This suggests that the bulge-disc cogmf 415 |t is also interesting to note that remnants with dngest

all disc galaxies (and not just of SOs) may arise from fundameispersions (which still lie close to some of the SO outliers

tal physics. This would explain why both SO and spiral g@axi e plane) are those with the highest gas fractions. For teigp

exhibit a similar bulge-disc coupling in terms of sizes and | ness, the bottom panel shows the relation betvigeandB/T,

minosities (despite having fliérent evolutionary pathways), a, i no linear fit to observations is attempted here, sinc@ée-

well as why the SO galaxies resulting from events as violent &, correlation caicients are low. In any case, it is reassuring

major mergers do still fulfill this coupling. to find that the merger remnants that we are studying populate
These results confirm, both from the sizes point of view arh area which is observationally covered by lenticulars.

from the perspective of the luminosity, that the analysedil® | conclusion, the SO-like remnants resulting from majat an

remnants show a similar coupling between their bulges asubdiminor mergers are consistent with the distribution of regs B

to that observed in real SOs. This proves that, contrary ¢o tﬁﬁere/hd, re, andhg versusB/T planes.

widespread belief, major mergers can produce SO remnattits wi

coupled bulge-disc structures analogous to those observedl

SOs. 4.3. Pseudobulges resulting from major mergers

Figure[® shows the distribution of our SO-like remnants mrth
4.2. Trends of the bulge and disc scalelengths with B/ T —B/T andre/hg — n planes (left and right panels, respectively),

compared to the distributions of real SOs and spirals andde p
The correlation betweene/hy and B/T or n in spirals has vious simulations of dry minor mergers. The left panel iradés
undergone significant debate in the last couple of decadggit real galaxies distribute diagonally in the B/T plane, with
the apparent lack of observed correlation in the earlied-stiearlier types tending to accumulate towards higBEF andn
ies lead some authors to claim that the Hubble sequence wakies. Half of our major merger remnants exhibit bulge wit
scale-free[(de Jo 96; Courteau etal. 1996; Graham 208dncentrationsr() and light contents relative to the tota/(T)
MacArthur et al. 3;_Balcells etll. 2007b); on the contrarcompatible with the observations of SO galaxies, whereas th
others found a slight increasing trend in those planes, sugher half exhibit too low values for theiB/T ratios. All minor
gesting that earlier Hubble types (with highByfT) tend to merger remnants present less concentrated bulges (iver,
host bulges of relatively larger sizels (Graham & Prieto 199han real SOs with similaB/T. These models accumulate in a

[ 1_Mosenkov et dl. 2010). L10 found a slight delump below the diagonal distribution of real galaxiemat 1

creasing trend ofe/hg with the morphological galaxy typ& and 03 < B/T < 0.8. L10 showed that real SOs tend to ex-

Vi leur L. 1 91) frofh= -3 (SO) to T = 2 (Sa), hibit lower n values than popularly thought (they usually have
which becomes essentially constant frém= 2toT = 6 (Sato n < 2, instead of the widespread belief of typicab 3 bulges).
Sc; see their Fig. 5). However, although our remnants tend to exhibik 2 bulges

Independently of whether./hy exhibits significant trends accordingly to L10 results, many of them are too displacethfr
with B/T andn or not, we have studied if our SO-like remnantthe location of real SOs in the— B/T diagram (see Fid.]9).
overlap with real SOs in thes,/hg — B/T andre/hg — n planes. The low n values of the remnants coming from a minor
In Fig.[8 we first plotre/hy as a function of thé/T ratio, com- merger are an artefact of the initial conditions. The omgdin
pared to observational data (top panel). From the lineanfit ¢SO is already fdset from the location of SOs in this diagram
observational SOs and late-type spirals we notice thatpiite s (B/T = 0.2 andn = 1, see Tablgl3). Therefore, even though all
of the large scatter, there is a similar increasing trendath b minor mergers onto this progenitor induce an increment ef th
galaxy types, but with a systematifget upwards in the case ofconcentrationrf) and relative luminosity of the bulg®(T), this
spirals. When we overplot our remnants in this plane, it bgg® bulge growth is not enough to counteract the initial comodis.
clear that we are mostly reproducing the SOs, prefereptaltr- So, these minor merger experiments would probably givetoise
lapping the area around the linear fit to lenticulars rathant SOs with highen for similar B/T ratios if the gS0 progenitor al-
the late-type spirals. There are only three outliers exinipthe ready had a more realistic Sérsic index. The dry minor merger
highestre/hyq values, corresponding to gas-rich major mergersimulated by AO1 and EM12 provide more realistizalues for
In any case, the scatter in the resultighy of the remnants as their B/T, just because the original SO progenitor used in these
a function of B/T is large, but the distribution of the simulatedencounters laid onto the observational cloud since thenbéwg.
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In major mergers, the reason for thifset in Sérsic indices The lower half of the observational distributions of SOshage
is related to the collapse of gas particles towards the eehitr two photometric planes could be probably reproduced by merg
some cases, gas accumulates at the remnant centre, ggerig riers onto less massive progenitors than those used here.
inner discs of~ 3 — 4 kpc size made of newborn stars. These flat Finally, any trends with gas content and even mass ratios
central structures made of young stars dominate the ligiitidi seem to be subdominant as to where galaxies end up in all the
bution and bias the bulge Sérsic index towands 1. However, photometric diagrams shown in Fifg$. 53 11. It is true that the
in other cases, the inner discs made of young stars are tdb smmost gas-rich major merger models disseminate more in the
(~ 2kpc) to explain then ~ 1 bulges which dominate the profileplanes, whereas the minor mergers cover much tighter gresas (
out toR ~ 5kpc, and which are basically made up of old starbecause they share the same main progenitor). The minoemerg
In these cases, the explanation of the bulge flattening msg aremnants are surrounded by those of our major merger events.
from gas dynamics. Gas particles are known to transfer andinerefore, the mass ratio or gas content alone lack thegredi
lar momentum to the old stellar particles during the enceunttive power to dictaminate the specific region of these plamies
providing rotational support to them and flattening theimtsgd which remnants will fall.
distribution. This might lead to the ~ 1 bulges built out of old Summarizing, these simulations show that major mergers
stellar material. One example is shown on Eig. 10. The conttian build up SOs hosting pseudobulges without requiring the
bution of the new stars (light blue) in the final remnant of gStevelopment of a bar, as already shown by EM13 for dry mi-
bgSbo9 (black) only dominates the light distribution at¢toee nor merger events. The presence of gas and star formatipn are
of the galaxy R < 1kpc), which has been excluded from thénowever, essential to explain the formation of SOs with-tilez
decomposition. The region of the~ 1 bulge (red dashed line) bulges through major merger events.
basically consists of old stellar material, frdRn~ 1 kpc out to
R ~ 5kpc, where the lense component starts to dominate.

This situation would probably change if the models were - Limitations of the models

lowed to relax for a longer time period, as relaxation ugual . - .
entails dynamical mixing and reduces rotation. The bulgddco baIMer models survey a wide set of initial conditions, buyh

. J NP .are also limited. Here we comment on the limitations inheten
potentially pdf up and raise its Sérsic index. Moreover, these i o present models

ner discs made up of young stars are expected to fadelaypag
in K in ~ 1 -2 Gyr (see Sect. 3.1); in that case, they would neg- 1. Mass ratios of encounters and progenitor masses.

ligibly contribute to the surface brightness profile at tleatce. GalMer models cover a significant range of mass ratios (1:1

Most present-day massive SOs have passiveml evolved fohmyg 20:1, see Tabld 1), but they are fixed for each pair of pregen
longer time periods than these particular mo tor morphologies, so thefects of diferent mass ratios cannot be

2013;/Choi et al. 2014), so this is a natural explanation of Wiynalysed for a given set of initial conditions (and in parte, for
such lown are rare in the local universe. a given couple of progenitor types). In fact, intermediagzgers

Many SOs host pseudobulges, i.e., bulges Vi < 0.4 (with mass ratios from 4:1 to 7:1) are not present in the detap
andn ~ 1, with high levels of star formation and disc-relate@,t many studies suggest that intermediate encounters ahd m
%omena, such as spiral patterns or bars (see Laurikeiilaén tiple minor mergers may have been as relevant for the evoiuti

, L10). The properties of these bulges have usually eenof S0 galaxies as major merger events (see Mallerl &t al] 2006;
tributed to a secular origin, mainly to bar evolution. Ourdets  [Bournaud et al. 2007; Wilman et/al. 2013; Tapia et al. 2014, an
demonstrate that a major merger can give rise to an SO galagierences therein).
hosting a pseudobulge without requiring any bars (none of ou \gre than the limitations in terms of mass ratios, the reason
major merger remnants develops a significant bar, seelSBEt. yhy our remnants only cover the largest observational S®sits

In the right panel of Figl19 we plat./hq as a function of at |east one of the progenitors is always a giant galaxy,it&in
the Sérsic index. Although many of our remnants exhibit taQe||ar massM, > 5 x 10°M,. Therefore, it would be inter-
low n values compared to real SOs, the large scattaeihy esting to complement the present study with examples frem th

at eachn value of observational data masquerades ti&e00f jntermediate-merger regime and with galaxies of more mdes
these models im with respect to real SOs. However, there is gitial masses.

clump of models witm ~ 1 andreg/hy > 0.4 that clearly devi- )
ates from the rest of models in this plane. All these SO-lé@-+ 2. Gas and star formatioryects.
nants come from gas-rich major encounters with very indine Dissipative éects have been proven to be essential for
orbits. The existence of very young (and thus bright) irezlin establishing the global structure and kinematics of merger
inner discs in the centres of these remnants biaséswards remnants (see e.q. Jesseit etial. 2007; Di Matted et al.| 2007;
higher values than expected for théiy. Cosmological simu- |di Matteo et all 2008). A major advantage of GalMer models is
lations indicate that encounters with very inclined orlhitsse that they include the dynamicaifects of gas and star forma-
been rare in the Universe, so it is understandable that #resetion, providing a more realistic picture of the merger evizain
counters populate a region of the plane only sparsely cdugre collisionless models, but it also entails a series of causis.
observations (Zentner et/al. 2005; Gomez-Flechosa et 40;20  Firstly, we must bear in mind that our SO-like remnants cor-
Benjouali et al. 2011). respond to the outcome of a merger between progenitor galaxi
Figure[11 is an alternative way of checking that our merg¢hat are analogous to those found in our local Universe. gtiéii
ers reproduce the upper end of the observed SO mass spectradshifts, where the actual encounters that led to presmns0s
and that, for such sizes, our remnants preferentially spord took place, the gas fractions were even higher. For instdhee
to the lowest observed Sérsic indices. When the disc anétbuigas fraction can be up te 50% of the total stellar mass at
scalelengths are plotted against the Sérsic index, we aethth z ~ 1 (Papovich et al. 200%; Genzel ef lal. 2008; Tacconilet al.
remants reproduce the upper half of the observational dioud2008; Forster Schreiber etial. 2009; Law et al. 2009). As e wi
there —nandhy —n planes. Our results agree well with previouargue in the discussion, this increases the likelihood ahfo
collisionless simulations of dry minor mergers in both dags. ing an SO-like remnant, reinforcing the relevance of ouultss
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Fig. 9: Distribution of Sérsic indicaswith B/T andre/hy in our SO-like remnants (left and right panels, respegiivelompared
to the observational parameters from real SOs and spir@k; fv09; L10). We also represent the locations of previonmitions
of dry minor mergers (A01; EM06; EM12; EM13). The dotted Briadicate the location af = 1, 2, and 4 in each diagram. The
symbols represent the same models and observations aspnetvieus figures; consult the legend in Hig. A.dolour version is
available in the electronic editioh.
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Fig. 11: Distribution of our SO-like remnants in the lag)flog (n) and log fy)-log (n) planes (left and right panels, respectively),
compared to the observational distributions of SOs anaisp{L04; W09; L10). The location of previous collisionlessulations
of minor mergers is also shown (A01; EM06; EM12; EM13). Thetical dotted line indicates the location nf= 1, 2, and 4 in
each diagram. The symbols represent the same models andatimses as in the previous figures; consult the legend in[EifA
colour version is available in the electronic editipn.

In any case, expanding the present analysis to simulatidhs wng to K-band, both from galaxy to galaxy and across indi-
larger gas fractions would be helpful to interpret this poin vidual galaxies|(van Dokkum & Franx 200i1; MacArthur et al.
[2004; | Sil'chenko et al._2012); however, this is still a highl
Secondly, the conversion from mass into light is not a tridebated issue from the observational point of view, andgyyi
ial issue. We have adopted a number of simplifications: (a) weadopt more complex distributions of stellar ages/an8FHs
assign a single age to every old stellar particle (10Gyr); (wvould only introduce additional uncertainties and corrgikc
we assume a given SFH per morphological type, typical ffrther the interpretation of our results. In any case, wita
each progenitor, and independent of the location of thegbest present conversion of mass into light, we account for the-mor
within the galaxy; (c) for gas particles transforming intars, phological appearance of remnants, including the impogén
we approximate the SFH by a SSP model. There is some ob-
servational evidence of variation in the age of stars cbutyi
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fects of the recent starburts in the structure of the cebtrlfe encounter is always a giant galaxy, even if both major and mi-
(see Seck. 413). nor mergers are considered. In this context, one advantage o
3. Total simulation time the merger origin picture is that, even considering suchmma_

' : ) range in stellar masses, they can explain the trends andrelisp
) The r.nodelslhave been evolved for up to 3.5 Gyr, |nVO|\éionS observed in the — B/T —fe — hd p|anes for up to one
ing relaxing periods of- 2 Gyr at most. Even though we havejex. Mergers that dier only slightly in their initial conditions
checked that all the remnants analysed were dynamicaélyedl are capable of producing quitefidirent sort of remnant sys-
at the end of the simulation, the stellar material acquinetht) tems, and all of them with bulge-disc structural couplingsis-
the merger may have not had enough time to be properly mix@sht with observations. If we also account for the obseoveti
This may be the reason for the over-structured bulge that wgd computational evidence that points to a merger origimfo
found in 2D decompositions in comparison to NIRSOS galaxignificant fraction of SOs (and in particular, for the mostsn
ies (Secl312). Moreover, the youth of these substrucmage sjve ones, sée Eliche-Moral eflal. 2010a; Bernardilet allagit
them brighter than usual even in theband. Stellar populationsjviéndez-Abreu et all_2014; Barway et al._ 2013; Wilman ét al.
with these ages would decrease their flux by up-td mag in [2013; Tapia et al. 2014), it seems unjustified to exclude majo
the K-band during the next 1-2Gyr (Prieto et al. 2013), be-mergers from the curre)nt scenarios oJf S0 formation and evollu
coming completely smooth within the global bulge light dist tign.
bution. Anyway, some nearby E-SO galaxies of lower masses angther relevant point is the role of gas fraction when pro-
than those of our SO-like remnants exhibit blue nuclearcstruuucing SOs out of mergers. It has already been mentioned that
tures, which are usually considered as traces of past Mergiyr so-like remnants arise from progenitor galaxies that ar

activity (Kannappan et al. 2003; Huertas-Company €t al.0201ynaj0gous to those found in our local Universe, with gas-frac

Wei et al[ 2010). Blue colours in massive SOs are also more Cogns typical of present-day spiral galaxies (see Tablé®@y-
mon at intermediate redshiffs (Fritz eflal. 2009). ever, many authors claim that massive SOs have evolved pas-

sively sincez ~ 0.8, but they seem to have undergone strong

star formation episodes at higher redshifts (Davidzon)&Ci 3;

6. Discussion [Choi et al.[ 20114). These results fit in a hierarchical fororati
It is well known that mergers (even major events) can, upicture in which a significant fraction of present-day messi
der favourable conditions, preserve discs (Springel & eist SOs derive from mergers of spiral discs occurred at 1. In

[2005), but major mergers in particular are expected to preduhose early epochs, the typical gas fraction in spirals vigisen
remnants with decoupled bulge and disc structures. Contiar than at present, reaching up 050% of the total stellar mass
this widespread belief, we have shown that SO-like remmants atz ~ 1 (Papovich et al. 2005; Genzel etlal. 2008; Tacconilet al.
sulting from dissipative major and minor mergers exhibigles [2008;| Forster Schreiber et/al. 2009; Law et al. 2009). Witthsu
disc structural coupling coherent with observations, moieg large amounts of gas, the formation of disc components immaj
the results obtained from dry minor merger simulations (2M1merger events becomes more probable, and so does the prob-
EM13). ability of forming an SO-like remnant instead of an ellitic

As commented in Se€f. 4.1, minor merger events directly pi¥ang et all 2009; Hammer etlal. 2010, 2013; Puechlet al. 2009)
serve the bulge-disc coupling of the original main progemit Even the lower gas amounts contemplated by the present model
EM13 showed that, even in the absence of gas and star forrkeady point to major mergers producing SO remnants with co
tion, satellite accretions induce internal secular evotuin the pled bulges and discs; therefore, the buildup of a relevaat f
progenitor disc that can even enhance this structural Tifle tion of present-day SO galaxies through major mergers-at,
addition of small amounts of gas to the satellites can ontysbo When gas fractions were higher, seems to be quite feasible.
internal secular processes in the main progenitor, as oedéan The fact that our results point to a merger origin of some
the minor merger models analysed here. On the contraryrm&$®s should not, of course, be overinterpreted. Naturally,not
mergers destroy the original bulge and disc structuremdulie reasonable to claim that all lenticular galaxies derivefroerg-
first phases of the encountégt the final bulge and disc struc-ers, and we are far from being able to quantify what amount
tures are rebuilt (partially based on the relics of the oagipro- of the SOs in the local Universe are the direct consequence of
genitor structures) to give rise to SO remnants that oveénldipe one or several galaxy encounters. It is widely accepted that
n—B/T —re/hg parameter space with the distribution of brightvithin the densest environmentstets like ram-pressure strip-
SO0s. Except for a few outliers, especially in terms of cotr@en ping or galaxy harassment can explain the gas loss and conse-
tion (Sérsic index), we otherwise reproduce the tail of the mosjuent change of spirals into SOs (Aragon-Salamancélet )20
massive lenticulars in NIRSOS in the various photometidmps Moreover, such mechanisms help explain the rise of theifnact
as the consequence of both major or minor mergers. Therefafenticulars with redshift, and the corresponding dexbinspi-
SOs with realistically coupled bulge-disc structures megutt rals (Dresslér 1980). However, here we would like to poirtt ou
from the relaxation process that follows certain mergersnén that, whatever that contribution has been, any S0s derfvamgy
such violent events as major mergers. This process occtivwithe major merger between two spirals would also contribite t
timescales that are reasonable in a cosmological sense (fas the trend observed by Dressler of transformation of spirdts
4 Gyr), and it is therefore a plausible mechanism to explaén tS0s. It is beyond the scope of the present paper to quangfy th
formation of a fraction of the current population of SOs. Theelevance of major mergers in terms of creating SOs (rectint e
bulge-disc coupling observed in all disc galaxies may theis mates indicate that they may have been essential in theupuild
the consequence of basic physical processes. This woulgiexpof ~ 50% of present massive SOs at most,see Tapia/et al. 2014),
the observational fact that both spirals and SOs preseiifasimbut it is a mechanism that surely needs to be taken into atcoun
linear trends (slightly fiset or tilted) in photometric planes suctand may especially explain the origin of the SOs that reside i
ashq —re, Mk (disc) —Mk (bulge), orre/hg — B/ T. groups and less dense environments. SOs are at least as acommo

Our remnants span a relatively narrow range of final stellar groups as in clusters, and galaxy interactions are thei-dom
masses, 1 — 3x 10!M,, because one of the members of theant evolution mechanism in this regime (Wilman ef al. 20009;
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Mazzei et al| 2014d,b). Moreover, the role of merging in “preéhat mergers (and in particular, major ones) cannot be disda
processing” galaxies in filaments before falling into a tdus from the formation scenarios of SOs on the basis of the strong
and in “post-processing” them during their infall might@lse bulge-disc coupling observed in these galaxies or theiteany

underestimated at present (see Vijayaraghavan & Ricke§;20fo host pseudobulges.
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Fig. 8: Distribution ofre/hy, re, andhy versusB/T for our SO-
like remnants resulting from major and minor mergers, com-
pared to real observations of SOs and spirals (L04; WO09; L10)
and to previous collisionless simulations of minor mergafl;
EMO06; EM12; EM13). The linear fits to the observational dis-
tributions of SO and spiral galaxies are overplotted withdso
lines only when Pearson’s correlation éiveent exceeds 0.5
(here, in the top and middle panelsp panel psp = 0.64,
psp = 0.63; middle panelpso = 0.60, psp = 0.55; bottom panel

pso = 0.0021,psp = —0.20). The symbols represent the same
models and observations as in the previous figures; corllt t
legend in Fig[h. A colour version is available in the electronic
edition]
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Fig. 10: Bulge-lense-disc decomposition performed to atik&0
remnant with am ~ 1 bulge (model gSbgSbo9%olid black

e line: Total surface brightness profile in thé band.Red solid

] line: Contribution of the old stars to the total profilaght blue
solid line Contribution of the young stars to the total profiRed

] dashed lineFitted bulge § ~ 1.0). Green dashed lineFitted

1 . . e lense componenBlue dashed lineFitted disc. We have over-

' ' ' T plotted the limiting magnitude and the minimum and maximum
radii considered in the decompositiatofted straight lines The
subframes of each panel show the artifidiaband images of
the remnant for face-on and edge-on views, using a logaidthm
. greyscale to highlight the substructures at the centre &in p

] ticular, the flattened, disc-shaped bulge). The field of view
50 kpex50kpc. [A colour version is available in the electronic
edition]
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Table 3: Characteristic photometric parameters of thedsuémd discs of the SO-like relaxed remnants inkheand

i I'min I'max )(2 le hy M (total)
No. Model Morph Fit kpc] [kpe] [mag] [kpc] n [kpc] B/T D/T [mag]
1 @ (3) 4) (5) (6) (7 (8) 9) (10) (11) (12) (13)
- Originalge0 E B 0.5 13.4 0.069 3.67863.712 0.99:0.15 1.0 0.0 -25.11
— Original gSO SO BC+D 0.5 16.1 0.063 0.889570.078 1.06:0.12 4.1+2.9 0.20+0.039 0.55502# 0.000013 -24.74
- OriginalgSa Sa BC+D 0.3 11.6  0.022 2.532120.577 0.89:0.25 42+1.0 0.40£0.18 0.59+0.12 -25.16
— OriginalgSb  Sb BC+D 0.5 15.0 0.173 0.9684R22.712 1.81.0 4.2+2.3 0.27+0.12 0.7203@-0.00073 -24.55
- OriginalgSd  Sd D 0.5 18.0 0.265 4.670.032 0.0 1.0 -24.77
1 gEOgSaol SO BC+D 05 21.4  0.082 £ 16 2.47+0.67 6.15:0.95 0.4814G-0.00026 0.2740.33 -26.01
2 gEOgSao5 SO BC+D 0.5 23.5 0.071 0.27.8 1.0£1.7 5.30+ 0.65 0.24+0.20 0.46:0.17 -25.99
3 gEOgSaol6 S0 BC+D 05 26.5 0.676 1.680.33 3.65+0.35 4.8:2.6 0.452+0.018 0.4647% 0.0015 -26.02
4 gEOgSao44 SO BC+D 1.0 14.4 0.261 1.980.10 4.00-0.88 3.633:0.086 0.594-0.082 0.363:0.048 -26.00
5 gEOgSbo5 SO BC+D 0.7 22.3 0.126 3.320.40 2.34:0.40 14.5-6.6 0.629+ 0.087 0.1310.094 -25.75
6 gEOgSho44 SO BC+D 1.0 23.5 0.205 3.420.18 1.339:0.092 20+18. 0.67+0.17 0.31+0.20 -25.74
7 gEOgSdo5 SO BC+D 1.0 20.0 0.286 3.760.24 1.2510.086 20.6:1.7 0.696+ 0.091 0.2610.013 -25.94
8 gEOgSdol6 SO BC+D 05 279 0.672 2.6680.069 2.7730.071 12.4-6.8 0.70£0.12 0.18:0.14 -25.96
9 gEOgSdo44 SO BC+D 0.7 28.7 1.692 2.620.80 1.12-0.50 6.1+2.8 0.54+0.13 0.37+0.14 -25.95
10 gSOdE0098 SO BD 0.5 19.0 0.032 1.5520.016 1.47%0.042 6.1750.058 0.5764- 0.0045 0.4235:0.0045 -24.89
11  gSO0dEO0099 SO BC+D 0.5 19.0 0.018 1.390.36 1.40Q:0.082 5.81.7 0.533:0.031 0.414453 0.000007 -24.89
12 gSOdEO0100 SO BC+D 05 19.2 0.015 1.421.65 1.49:0.82 6.6+ 16.5 0.56+0.11 0.367982 0.000002 -24.89
13 gSO0dEO0101 SO BC+D 0.5 19.6 0.018 1.650.10 1.78:0.14 8.44+0.45 0.630:0.033 0.3442-0.0096 -24.89
14 gSO0dEO0102 SO BC+D 05 20.2 0.022 1.520.24 1.43:0.20 6.76:0.13 0.5810.062 0.39350.0075 -24.89
15 gSO0dE00103 SO BC+D 0.5 18.1 0.015 1.3840.056 1.334:0.010 4.9636-0.0037 0.52139 0.00075 0.468352 0.000001 -24.89
16 gSOdEO0104 SO BC+D 05 19.0 0.019 1.260.28 1.1+1.1 5.3+15.9 0.46+0.18 0.450404- 0.000024 -24.89
17 gS0dEO0105 SO BC+D 0.5 18.2 0.016 1.3460.029 1.28:0.10 5.170.28 0.528-0.019 0.4240.034 -24.89
18 gSO0dEO0106 SO BC+D 05 18.6 0.021 1.3880.026 1.24%0.063 6.36:0.31 0.536:0.010 0.343-0.023 -24.89
19 gSO0dE00109 SO BC+D 0.5 19.4 0.018 1.490.61 1.52-0.69 6.3+ 3.7 0.575:0.075 0.408585 0.000012 -24.89
20 gS0dE00110 SO BC+D 05 18.4  0.029 1.820.52 1.104-0.010 5.56:0.13 0.4610.029 0.439322 0.000007 -24.89
21 gS0dEOo0l1l11 SO BC+D 0.5 19.5 0.020 1.320.19 1.29:0.38 6.3+ 6.3 0.512-0.060 0.394-0.053 -24.89
22 gS0dE00113 SO BC+D 05 18.7 0.016 1.360.24 1.31+0.61 5.6:4.9 0.525+0.092 0.411068 0.000002 -24.89
23 gS0dEO0115 SO BC+D 0.5 19.2 0.034 1.280.50 1.16+0.28 7.14+-0.39 0.4750.091 0.365%0.011 -24.89
24  gS0dE00117 SO BC+D 05 19.2 0.034 1.280.38 1.16:£0.31 7.14-0.40 0.470.10 0.365:0.013 -24.89
25 gS0ds0097 SO E=D) 0.5 19.6 0.033 1.5140.014 1.124-0.021 5.67%0.019 0.5519-0.0027 0.448@-0.0027 -24.85
26  gS0dS0098 S0 BC+D 05 20.4  0.025 1.223 1.435£0.010 6.7%+35 0.497+0.047 0.412-0.042 -24.85
27 gS0dS0099 SO BC+D 0.5 19.6 0.020 1.380.13 1.05%0.010 5.92:0.31 0.47210.0063 0.44403% 0.000006 -24.85
28 gS0dS00100 SO B+D 05 18.8 0.015 1.41.2 1.333:0.010 6.72£0.35 0.582:0.019 0.389-0.030 -24.85
29 gS0ds0o0101 SO H#+D 1.0 20.0 0.023 1222 1.094+0.010 6.9-5.1 0.504+0.020 0.382:0.049 -24.85
30 gS0dS00102 SO B+D 05 19.6 0.021 1.3320.037 1.2280.064 6.4810.017 0.495-0.053 0.40201%0.000014 -24.85
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Table 3: Characteristic photometric parameters of thedsuémd discs of the SO-like remnants in kheand

(Continued)

; I'min I'max X’ le hq M (total)
No. Model Morph Fit kpc] [kpe] [mag] kpc] n kpc] B/T D/T [mag]
@ ® @ ©6 ©® ® ) (10) (11) (12) (13)
31 gS0ds00103 SO H+D 0.3 18.0 0.029 1.120.39 0.99:0.57 4.623-0.032 0.40%0.051 0.485484 0.000004 -24.85
32 gS0dS00105 SO £+D 05 17.7  0.017 1.360.27 1.37:0.69 5.0:5.0 0.527+0.066 0.443:0.017 -24.85
33 gS0dSaol0 SO B+D 0.5 18.4  0.023 1.340.14 1.20:0.22 5.332:0.011 0.50%0.010 0.449624 0.000004 -24.91
34 gS0dSaol03 SO #+D 0.5 18.4  0.017 1.420.35 1.549: 0.040 5.4580.017 0.532-0.020 0.43004% 0.000009 -24.91
35 gS0dSaol05 SO #+D 05 18.3 0.021 1.320.16 1.11+0.32 5.219:0.043 0.476:0.015 0.457874 0.000006 -24.91
36 gS0dSaol06 SO #+D 05 17.9 0.018 1.140.15 1.05:0.25 5.04:0.74 0.404:0.012 0.45176% 0.000014 -24.91
37 gS0dSbol06 SO 8=9) 0.3 17.7 0.042 1.3550.053 1.0730.010 4.824:0.024 0.52:0.34 0.47+0.34 -24.84
38 gS0dSdo100 SO 9] 0.3 18.6  0.032 1.5290.015 1.2410.021 6.082-0.036 0.5805- 0.0026 0.4194-0.0026 -24.87
39 gSagSaol SO B+D 0.5 26.9 0.229 2.13920.034 2.54:0.11 7.329:0.040 0.674:0.011 0.2630.011 -26.10
40 gSagSao5 SO 9] 0.3 23.9 0.264 1.5480.062 1.770.10 4.911Q: 0.0057 0.54:0.17 0.45:0.17 -26.13
41  gSagSao9 SO S=9) 0.5 23.1 0.328 1.2350.086 2.25:0.12 4.922-0.017 0.637969 0.000002 0.36200&0.000001 -26.13
42  gSagShol SO BC+D 0.5 25.2  0.588 1.180.80 1.3:1.6 5.3+9.1 0.44+0.25 0.382913 0.000003 -25.89
43  gSagSbo2 SO BC+D 0.5 206  0.262 1.460.73 1.9+1.3 5.3+9.8 0.56+0.16 0.38485-0.00018 -25.90
44 gSagSho5 /50 B+C+D 0.5 22.3 0.106 1.120.45 1.2+1.2 59+11.1 0.45:0.17 0.43:0.15 -25.91
45  gSagSho9 SO B+D 1.7 243 0.132 1.79¥0.097 1.13:0.62 10.04:0.81 0.49%0.075 0.33%0.031 -25.92
46  gSagSbo2l SO £+D 0.8 16.6  0.046 1.280.43 2.13:0.62 5.210: 0.028 0.461:0.035 0.45229% 0.000006 -25.91
47  gSagSbho22 SO B+D 0.5 22.7 0.266 0.580.21 2.14%0.010 4.92(:0.023 0.39& 0.010 0.403996 0.000001 -25.92
48 gSagSbo24 SO £+D 05 26.3 0.128 0.880.24 3.983:0.010 7.02:0.20 0.648:0.015 0.289063 0.000027 -25.92
49 gSagSho42 /B0 B+C+D 1.1 25.1 0.138 0.860.39 1.159:0.010 6.00% 0.065 0.306:0.010 0.450835% 0.000001 -25.89
50 gSagSho43 /B0 B+C+D 1.5 256 0.127 0222 1.16+0.58 6.1£1.9 0.34+0.15 0.454+0.020 -25.89
51 gSagSho71 /B0 B+C+D 0.5 20.7 0.114 0.7010.089 1.283@-0.0081 4.5038 0.0098 0.3854-0.0052 0.435682 0.000001 -25.88
52  gSagSdo2 SO BC+D 2.0 25.7 0.235 1.780.86 1.2:1.5 6.1+ 2.7 0.39+0.27 0.47+0.17 -26.07
53 gSagSdo5 SO BC+D 0.7 30.9 3.771 0.9%0.10 1.094: 0.097 5.4:6.9 0.393:0.059 0.469% 0.058 -26.07
54  gSagSdo9 SO BC+D 0.5 24.8  0.395 1.280.12 2.065¢ 0.405 8.16:0.64 0.543:0.041 0.394:0.023 -26.07
55 gSagSdol4 /B0 B+D 1.0 28.3 1.085 2.780.49 2.145-0.010 16.4-1.0 0.651+0.019 0.3480.019 -26.03
56 gSagSdol8 /B0 B+C+D 0.5 246  0.236 2812 1.03:0.44 5.7+5.2 0.33:0.13 0.39:0.13 -26.07
57 gSagSdo41l /B0 B+C+D 1.0 25.0 0.346 1.4%20.27 2.54+0.87 9.81+0.70 0.6210.096 0.28@: 0.087 -26.04
58 gSagSdo42 SO £+D 1.0 31.7 3.530 1.010.11 1.452:0.010  5.4482:0.0078 0.3864-0.0016 0.50522% 0.000001 -26.04
59 gSagSdo43 /B0 B+C+D 1.2 27.9 0.714 1.180.75 1.10:0.49 5825 0.353:0.052 0.53@& 0.055 -26.06
60 gSagSdo70 /B0 B+C+D 1.0 25.7 0.352 1.080.25 1.16:0.81 8.0:1.8 0.395+0.089 0.401: 0.049 -26.04
61 gSagSdo71 /B0 B+C+D 15 30.1 0.434 1.190.45 1.4:1.5 10.0+1.6 0.39+0.16 0.323:0.091 -26.05
62 gSagSdo73 /B0 B+D 15 26.5 0.364 1.85960.0085 2.7784-0.0083  6.786:0.010 0.661:0.010 0.338:0.010 -26.08
63 gSbgSbho9 SO BC+D 0.7 23.7 0.093 1.080.26 1.012:0.010 9.78:3.9 0.323:0.022 0.394: 0.036 -25.61
64 gSbgSbol6 /S0 B+C+D 1.0 23.3  0.117 2.500.35 2.00£0.36 11.568-0.99 0.56+0.10 0.3610.019 -25.63
65 gSbgShol7 /B0 B+D 1.5 225 0.121 2.6440.047 1.112-0.068 5.335%0.20 0.609:0.025 0.39(: 0.025 -25.62
66 gSbgSbol9 /B0 B+C+D 0.5 20.6  0.080 3.720.71 3.25:0.44 4.4415 0.0019 0.2%:0.10 0.391338: 0.000004 -25.62
67 gSbgSho22 SO 0 1.0 226 0.196 1.480.11 2.42+0.20 6.204Q- 0.0051 0.610.23 0.38:0.23 -25.63
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Table 3: Characteristic photometric parameters of thedsuémd discs of the SO-like remnants in kheand

(Continued)

; I'min I'max X’ le hq M (total)
No. Model Morph Fit kpc] [kpe] [mag] kpc] n kpc] B/T D/T [mag]
@ ® @ ©6 ©® ® ) (10) (11) (12) (13)
68 gSbgSho41l /B0 B+C+D 0.5 20.6  0.055 3.020.38 1.00:0.14 4.6704: 0.0035 0.17@0.060 0.53528@ 0.000001 -25.61
69 gShgSho42 B0 B+C+D 0.5 21.3  0.106 0.620.61 2.61£0.54 55:2.5 0.462: 0.057 0.39605% 0.000010 -25.60
70  gSbgSho69 /B0 B+C+D 25 24.1 0.105 3.140.22 1.02:0.45 9.5+3.1 0.5970.051 0.293: 0.055 -25.60
71  gSbgSbo70 S0 B+C+D 1.5 242 0121 1.320.61 1.1+1.8 12.1+2.4 0.37+0.18 0.349:0.094 -25.59
72  gSbgSho72 SO 0 2.0 24.2 0.108 1.21.0 2.580:0.010 9.229 0.57+0.16 0.42+0.16 -25.65
73 gSbgSdo5 SO BC+D 0.5 22.6  0.456 0.7910.040 1.32:0.21 5.23:0.20 0.402:0.026 0.426:0.019 -25.84
74  gSbgSdo9 SO BC+D 0.5 246 0.181 0.660.74 1.91+0.74 6.6+2.9 0.39+0.11 0.442:0.063 -25.82
75 gSbgSdol4 SO B+D 1.5 22.8 0.453 2233 1.0+1.8 14.6£9.5 0.30074-0.00061 0.3&0.21 -25.81
76  gSbgSdol7 SO BC+D 0.5 21.8 0.659 0.9910.095 2.202:0.064 4.79% 0.035 0.524288 0.000002 0.475646 0.000001 -25.83
77  gSbgSdol8 SO B+D 1.5 24.9  0.560 2314 1.253:2.080 8.8:12.1 0.47:0.28 0.41+0.19 -25.83
78 gSbgSdol9 SO BC+D 0.3 26.6  0.395 2.240.49 1.00:0.36 5.6:4.3 0.511+0.094 0.4640.094 -25.81
79 gSbgSdo23 B0 B+C+D 1.0 26.4  0.399 4.290.52 1.00:0.29 6.8:2.3 0.40+0.10 0.361:0.042 -25.85
80 gSbgSdo41 SO 0 0.3 244 0311 2.9820.082 1.1530.074 6.0:1.3 0.6070.015 0.392:0.015 -25.81
81 gShgSdo69 SO BC+D 03 26.0 0.356 2.9980.075 1.08:0.10 7.98:0.39 0.470:0.042 0.392:0.010 -25.81
82 gSbgSdo70 SO BC+D 25 23.8 0.423 3.21.0 1.7+1.4 13.9+10.2 0.53:0.19 0.44+0.18 -25.82
83 gSbhgSdo71 B0 B+C+D 1.2 23.4  0.695 1.150.43 2.1£1.7 8.0+1.8 0.47+0.18 0.33:0.11 -25.82
84 gSdgSdol B0 B+C+D 1.0 27.4 1.801 0.25.0 4.0 8.22.2 0.282+0.095 0.40446% 0.000005 -26.03
85 gSdgSdo2 SO BC+D 1.3 27.3  0.267 2.920.68 1.03:0.26 8.0:3.5 0.39+0.18 0.45:0.11 -26.04
86 gSdgSdo5 SO BC+D 2.0 27.8 0.559 2.25.8 1.0+£1.2 11.2+3.1 0.24+0.28 0.42+0.21 -26.02
87  gSdgSdo9 SO BC+D 1.3 28.3 0.654 2.320.34 3.01+0.14 6.380: 0.042 0.469Q-0.0088 0.496332 0.000002 -26.03
88 gSdgSdol6 /B0 B+D 0.3 31.8 2.354 2.980.16 1.1970.093 6.640.42 0.466:0.033 0.5330.033 -25.97
89 gSdgSdol7 SO BC+D 1.0 29.4 2561 3.120.50 1.07:0.34 5.3:7.9 0.36+0.10 0.446: 0.063 -26.00
90 gSdgSdo21 /B0 B+C+D 15 295 0411 0214 1.4670.010 7.9:2.6 0.381+0.042 0.46Q:0.039 -25.99
91 gSdgSdo42 SO BC+D 1.0 25,5 0.639 0.2510.010 2.95%0.010 5.68:0.23 0.401019 0.000013 0.466 0.025 -25.99
92 gSdgSdo45 /B0 B+C+D 1.0 244 0.286 2.3880.048 1.158& 0.010 5.6:1.8 0.345+0.022 0.43%0.029 -25.99
93 gSdgSdo51 B0 B+C+D 1.5 26.1  0.257 1.21.0 1.41+0.51 6.7+1.1 0.333:0.036 0.51926-0.00088 -26.07
94  gSdgSdo69 SO BC+D 1.0 28.3 1.122 3.120.17 1.00G: 0.066 5.250% 0.0055 0.12%0.017 0.562326:0.000001 -25.97
95 gSdgSdo71 SO BC+D 0.3 27.1  0.689 2.62¥0.021 1.264:-0.052 11.680.14 0.652Q: 0.0093 0.309@ 0.0058 -26.00
96 gSdgSdo74 SO BC+D 1.0 30.2 0.838 3.43.9 4.0 8.%+1.8 0.671+0.097 0.27%0.074 -26.01
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Columns (1) Number ID. (2) Model code: gfpelg[typedo[#orbit], see Secil2. (3) Visual morphological type assigned adegri realistic broad-band simulated images (see Bedt. 3.1
(4) Multicomponent decomposition performed to #éand surface brightness profile: bulgksc (B+D) or bulger[inner component}disc (B+C+D). We have assumed only an spheroidal
component to fit the gEO progenitor (B) and just an exponkdisa in the gSd progenitor (D). The additional inner comgarhas been modelled with a Sérsic profile, and it may cooresp
to a lense, oval, bar, inner disc, or to several of them depgrah the case (see S€ctl3.3). (5) Minimum radius of dataded in the fit, in kpc. (6) Maximum radius of data includedtie fit,

in kpc. (7)x? of the fit, in mag. (8) Bulge dfective radius., in kpc. (9) Bulge Sérsic index (10) Disc e-folding scalelengthy, in kpc. (11) Bulge-to-total luminosity ratio. (12) Diso-total
luminosity ratio. (13) Total absolute magnitude of the gglm the K band. All parameters have been derived from the multicorepbdecompositions performed to the simulatethiand
surface brightness profiles of the stellar progenitors anthants. The bulge Sérsic index had to be fixenl 04 in two models (no errors are thus indicated in these cases).
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