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ABSTRACT

Context. Galaxy mergers are widely discussed as one possible emoliechanism for lenticular galaxies (S0s), because eveormi
mergers induce structural changes that affcdit to reconcile with the strong bulge-disk coupling olveer in the photometric
scaling relations of these galaxies.

Aims. We check if the evolution induced onto SOs by dry intermedétd minor mergers can reproduce the SO photometric scaling
relations.

Methods. We analyse the bulge-disk decompositions of the colligissN-body simulations of intermediate and minor mergets on
SO0s presented previously to determine the evolution intlbgethe mergers in several relevant photometric planes.

Results. The mergers induce an evolution in the photometric planasishcompatible with the data of SOs, even in the relations
that indicate a strong bulge-disk coupling. Mergers drive formation of the observed photometric relation in somsesaand
induce a slight dispersion compatible with data in otherser&fore, this evolutionary mechanism tends to preserveltservational
photometric relations. In the photometric planes wherentioephological types segregate, the mergers always induget®n
towards the region populated by SOs. No clear trends withrthgs ratio of the encounter, the central satellite densitthe spin-
orbit coupling are found for the range of values studied. d-pericentre orbits generate more concentrated disks ypahded
bulges than initially, while short-pericentre orbits de thpposite. The structural coupling of the bulge and the idigkeserved or
reinforced in the models because mergers trigger integwllar processes in the primary disk that induce signifibafge growth.
This happens even though the encounters do not induce bidues disks.

Conclusions. Intermediate and minor mergers can be considered to beilplaasechanisms for the evolution of SOs if one includes
their photometric scaling relations, because they carepresand even strengthen any pre-existing structural kdilgjecoupling by
triggering significant internal secular evolution, evetheut bars or dissipationalfects. Satellite accretions thus seem to unavoid-
ably entail internal secular evolution, meaning that it nb@yquite complex to isolate thefects of the internal secular evolution
driven by mergers from the one due to purely intrinsic digkabilities in individual early-type disks at the present.

Key words. galaxies: bulges — galaxies: evolution — galaxies: elliptical and lenticular, cD — galaxies: interactions — galaxies:
fundamental parameters — galaxies: structure

1. Introduction dicating that present-day bulges must have been built wwan t
phases (a fast early collapsezat 1.5, followed by a smoother
According to the current hierarchical models of galaxy fophase driven by mergers or disk instabilities, see Obrejd et

mation, galaxy disks are formed first through gas cooling 2013). These processes would generate the whole sequence of

collapsing dark matter halos (Dominguez-Tenreiro bt a0320 SPiral Hubble types, in such a way that the galaxies that have
Martinez-Serrano et &al. 2009). Relevant spheroidal gatary- undergone the ”CheSt mer.ger hIStOI‘.IeS host the largegebuit
ponents appear later in the cosmic scenario, essentiattyeid present/(Maller et al. 2006; Zavala etlal. 2008; Okamoto 2013
through major antr minor mergers| (Somerville & Primeck  Within this cosmological scenario, the bulges are expected
1999). The later accretion of the left-over gas and stripgiats exhibit photometric and kinematical properties similattie el-
onto the surviving original disk can rebuild it. In partieulel- lipticals, because their formation mechanisms are similare-
lipticals would result from extreme merger events with ngkdi over, the structures of the bulge and disk in a galaxy shoeld b
re-building (see, e.d., De Lucia etlal. 2006). This scenarile- more clearly decoupled with the rising contribution of merg
coming more complex as cosmological simulations imprave, iing to the buildup of the galaxy, because the survival of the
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original disk is less probable in violent or successive raesg (Eliche-Moral et all 2012). Nevertheless, it has not beersn
(Hopkins et all 2009). This is even more probable if the mergégated so far whether these SO remnants reproduce thegstron
had taken place & > 1.5, when galaxies hosted high fractiondulge-disk coupling observed in real SOs or not.

of cold, turbulent, and clumpy gas (Bournaud et al. 2011)e Th In the first paper of this series (Eliche-Moral et al. 2012, Pa
bulge and disk components are thus expected to result from mper | henceforth), we reported that dry intermediate andomin
independent and non-contemporary mechanisms as we congidergers can produce a significant bulge growth in an SO galaxy
earlier Hubble types (Scannapieco €t al. 2009), meanirightba but afect only very little the scale-lengths of its bulge and disk
bulges and disks of SO galaxies should be the most clearly déthe same time. Indeed, the evolution induced by the merg-
coupled of all types. ers is compatible with the observational distribution of 30

However, recent observations are in conflict with this evéhe space-res-hp-reg/hp-B/T, wheren is the Sersic indeXg
lutionary scenariol_Laurikainen et al. (2010, L10 herajfte- the bulge &ective radiushp the disk scale-length, arl8/ T the
ported strong photometric scaling relations between thgelsu bulge-to-total luminosity ratio. In the present paper, veene
and disks of nearby SOs, suggesting that the formation pplete the structural analysis started in Paper |, by presgiat
cesses of their structural components must have been ecbupttetailed comparison of the evolution induced by these msige
These authors also found that the photometric propertiteaf the most relevant photometric planes and scaling relatiotins
bulges are more similar to the bulges of spirals than to -ellijata of real SOs. We show that the traditional picture of rerg
ticals (see also Graham & Worley 2008; Kormendy et al. 2008s events that decouple bulges from disks in galaxies igiques
Kormendy & Bender 2012). Moreover, Krajn@wet al. (2012) able, thus reconciling the merger-related evolution of yna@s
reported that the (Sersiexponential) photometric decomposiwith their observed bulge-disk coupling.
tion of a sample of 180 unbarred galaxies from the ATEAS  The paper is organised as follows. We describe the models
survey is only a rough approximation to the real dynamical aand the bulge-disk decompositions performed on the reramant
structural properties of these galaxies (mostly S0s). $hig Sects[ P andl3. Sectibh 4 is devoted to the model scaling.€rhe r
gests that photometric decompositions do not clearly iffentsults are presented in Sdct. 5. In Secll 5.1, we analyse tiie-ph
decoupled disk- and spheroid-type components that wowld hanetric relations including only bulge parameters. The phit-
formed at diferent epochs. All these results seem to imply that scaling relations involving only disk parameters aisedssed
the contribution of merging to the buildup of present-dag Sin Sect[5.P, and we discuss the photometric planes relatityg
must have been negligible (Laurikainen €t al. 2009, 2016e® and disk parameters in SeCE15.3. Finally, the discussiadrttas
processes that are apparently more compatible with thigebulmain conclusions are given in Se¢is. 6 Bhd 7. A concordant cos
disk connection, are thus being proposed to explain thedernmology is assumed throughout the pagep (= 0.3, Q5 = 0.7,
tion of SOs, such as ram-pressure stripping and internalaec Ho = 70 km s Mpc™2,/Spergel et dl. 2007). All magnitudes are
evolution (see the review by Aguerri 2012). in the Vega system.

Nevertheless, the majority of SOs at low redshiftsg0%)
reside in groups, an environment where tidal interactiams a,
mergers are observed to drive galaxy evolution (Huchra ddiel ™
1982; | Berlind et al.| 2006] _Crook etlal. _2007;_Wilman et alWe used the battery of collision-less simulations of intedin
2009;Sil'chenko et al. 2012, and references therein). éddeate and minor mergers described in Eliche-Moral et al. (2006
many observational studies indicate that mergers and yal&MW06 henceforth) and in Eliche-Moral etlal. (2011, EM11 here
interactions may have contributed noticeably to the evolafter), which are 16 experiments in total. Both the primary
tion of SOs |((Kannappan & Fabricant 2001; Kannappanlet galaxy and the satellite consist of a bulge-disk-halo stmac All
2004; |Eliche-Moral et al. |_2006b;__Kannappan et al. _200hitial models represent SO galaxies (i.e., with no spiredgin
Chilingarian et al.| 2009; Freeland et al. 2009; Kaviraj et ahe disk, and without gas or star formation) witlfdient bulge-
2009, 12011;| Sil'chenko et al. 2009, 2010; Bai et al. 201@-disk mass ratiosH/D). The experiments fer in the orbits,
Eliche-Moral et al. 2010a,b; Chies-Santos et al. 2011; Dt e the spin-orbit coupling, the satellite-to-primary masd density
2011;|Kim et al. 2012 Prieto etlal. 2013). Independently oétios, and theéd/D of the initial primary galaxy (SOb or SOc).
whether mergers have partially shaped the characterisficsThese models have been extensively described in EM06, EM11,
the SO population or have built them, the strong bulge-digiad in Paper I, therefore we only briefly describe them here.
coupling observed in these galaxies iffidult to reconcile with The majority of the experiments were run using an SO0b pri-
the popular view that mergers (even minor onefijciently mary galaxy B/D = 0.5), using 185k particles in total for
decouple both components (Laurikainen et al. 2009, L10).  the simulation. Two experiments have an SOc primary galaxy

But do mergers unavoidably destroy any pre-existing stru@/D = 0.08), using 415k particles in total for the simula-
tural link between the bulge and the disk in a galaxy? Merggon. The total mass-to-light ratios are close to obseovetin
simulations confirm this idea for major mergers in general (i the two galaxy models if an adequa¥,,/L ratio is assumed
in galaxy interactions with mass ratios below 4:1), becaué&/L ~ 10, whereM = Mym + Mgar). Satellites are scaled
they typically result in elliptical-like remnants (Naab &iEert replicas of the primary galaxy with a big bulge in all experi-
2003;/ Bournaud et al. 2006; Gonzéalez-Garcia & Balcells 200%ents. The size-mass scaling of the galaxies was set in each
Gonzalez-Garcia et al. 2006; Naab et al. 2006; Naab & Taujilexperiment by forcing both the primary and satellite gadaxp
2006;/ Brook et al. 2007). However, simulations also show thabey the Tully-Fisher relation: ~ V™, wherelL is the galaxy
SO0-like remnants can result from mergers of intermediatesmauminosity andV its rotational velocity|(Tully & Fisher 1977).
ratios (between 4:1 and 7:1, see Bekki 1998; Bournaud et 8éveral values of the exponent in this relation were consite
2005%; | Eliche-Moral et al. 20064, 2011), and from some papanning the observational ranger¢ = 3.0, 3.5, and 4.0). A
ticular cases of major mergers (Springel & Hernquist 200Bighera tr exponent results in a denser satellite compared to the
Governato et al. 20017, 2009; Hopkins et al. 2009). Additilyna primary galaxy.
minor mergers (i.e., mass ratios above 7:1) onto pre-agi80s The galaxies were modelled using tld@lactICS code
also evolve the galaxy within the sequence of SO Hubble typ@auijken & Dubinski|1995) and have a bulgdisk+halo struc-

Model description
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ture. The dark halo is built following an Evans profile, whish Table 1. Orbital and scaling parameters of each merger experiment
modified accordingly in the models with a small bulge to easur

disk stability, and in that cases it may be considered cuSagh Model code Mi/Mz  doer/Mo 61 (°) (B/D)1 arr

galaxy was relaxed for about ten disk dynamical times pior t 1) @ @) (4) G ®
the merger simulation, to guarantee that the disks do natidgv (a) M6 PsDb 6:1 0.73 30 05 35
relevant internal secular evolution in isolation. The Teer® (a2) M6 PsDbTF3 6:1 0.73 30 05 30
parameter is close to 1 and flat for a large fraction of the disk33) M6 Ps Dtt)’ TF4 61 0.73 30 05 40
for all models prior to relaxation. After relaxation, theosen ) M6 PsR 6_'1 0.73 150 0.5 3.5
’ o . L () M6 PIDb 6:1 8.25 30 05 35

disk velocity dispersion heats the disk with=)1.7, enough to )

. S RN . (d) M6 PIRDb 6:1 8.25 150 0.5 3.5
prevent bar instabilities in the disk in isolation. We measu (6) M6 PsDs 6:1 0.87 30 008 35
the thickening of the disks by evolving the initial primarglaxy (7 ms PsRs 6:1 0.87 150 008 35
mode! in isolation fo.r 100 time units, the typlcallduratld‘rthie (9 M9 PsDb 91 0.79 30 05 35
experiments. The disk scale-heightattypically increases by (g2) M9 PsDb TF3 9:1 0.79 30 0.5 3.0
~ 50% due to two-bodyféects, growing by less than1/10 of  (g3)M9 PsDbTF4  9:1 0.79 30 0.5 4.0
the disk scale-length at most (EMO06). Therefore, the digithe_(h) M9 PsRb 9:1 0.79 150 05 35
but is not greatly ptied-up. (I) M18 Ps Db 18:1 0.86 30 0.5 3.5
The orbits are parabolic with an initial separation equalGo 82) k"ﬁg IF;IS Stt: 1188_:11 Bo-fg 1?5:’(? (?-55 335
times the primary disk scale-length in all simulations. \da r () M18PIRb 181 819 150 05 -

experiments with a pericentre distance equaigaand to .
Direct orbits have an initial inclination between the oabjtlane
and the primary galaxy plane equal td3Retrograde orbits use Notes. Columns: (1) Model code: MnP[l/s][D/R][b/s][TF34], see text.
an inclination angle equal to 150 The evolution of each ex- (2) Luminous mass ratio between the primary galaxy and tredlise.
periment was computed using thREECODE(Hernquist 1987; (3) First pericentre distance of the orbit in units of thegoral primary
Hernquist & Katz| 1989] Hernquist 1990; Hernguist & Barnedisk scale-length. (4) Initial angle between the orbitahmeatum and
1990) and the GADGET-2 codes (Springel €t al. 2001; Spiinge¢ primary disk spin (direct and retrograde orbits). (5)g8eto-disk
2005). We checked that the total energy is preserved torbef@iio of the original primary galaxy used in the experimesyD = 0.5
than 0.1%. Forces were computed to within 1% of those givepd Pulge) orB/D = 0.08 (small bulge). (6) Value af - assumed for
by a direct summation for the chosen execution parametees ( € satellite scaling to the primary galaxy.

EMO06 and EM11). All models are evolved fe2-4 halo cross-

ing times beyond a full merger to ensure that the remnantis fgce mass density profiles of their stellar material, usauze
laxed enough (see full-merger and total computed timesdon e oy views to compare them with observations, which usually
experiment in Table 2 in EMO6 and Table 3 in EM11). correct for galaxy inclination. These surface density pro-
~ Tabld1 lists the main characteristics of each merger expfifes can be transformed inti-band surface brightness pro-
Im_ent. We ran mergers with Satelllte-to-prlmary Steuarsmaf"eS, assuming a given mass_to_"ght ratio (See Selct. 4 for
ratios equal to 6:1, 9:1, and 18:1. We refer to each modabre details). The mass in the remnants is basically dis-
throughout the paper according to the code used in Papefributed according to a bulgalisk structure, therefore a com-
MmPIl/s][D/R][b/s], wherem refers to the mass ratio of the enyined Sérsieexponential function was fitted to the obtained sur-
counter (n = 6, 9, or 18 for mass ratios equal to 6:1, 9:1, 18:¥ace density profiles. The Sersic function (Sefsic 1968) pro
respectively), "PI" indicates long pericentréh{ = 8hp) and vides a good description of the bulge component in these pro-
"Ps" short pericentredger = hp), "D" is used in direct mergers files (e.g. Andredakis & Sandérs 1994; Andredakis &t al5199
and "R" in retrograde ones, and the next "b" or "s" letterindraharh 2001b:_Mollentb& Heidi 2001 ; [Prieto et Al 2001;
cates if the primary galaxy had a big or small bul§¢@ = 0.5 |[MacArthur et all 2003; Méndez-Abreu el al. 2008b):

or 0.08). A final "TF3" or "TF4" sffix is used to refer to the

models that assumerg = 3.0 or 4.0. Otherwise, a scaling with

atr = 3.5 must be assumed. For more details, we refer to EMOGr) = ler eXp{—by [(r/rer)™" — 1]}, 1)

EM11, and Paper I. . . . . .
P whererg; is the bulge &ective radius]g is the surface density

atrgr, andn is the Sérsic index (a parameter related to the bulge
concentration). The factds, is a function ofn, which may be

3. Bulge-disk photometric decompositions of the approximated by, = 1.9992n-0.3271in the range ¥ n < 10

remnants with an error< 0.15% (Ciotti 1991} Grahain 2001a),
Our initial primary galaxy models could be equated Th.e disk is well-described by an exponential law (Freeman
with late-type SOs (SOb and SOc) in the scheme pr$970)-
posed byl vandenBergh (1976) and recently updated Ry): lo exp(=r /hp) @

Kormendy & Bender [(2012) (see also L10; Cappellari et al.

2011), especially due to their lack of gas and spiral pasteravherehp is the scale-length of the disk amglp its central sur-

In paper |, we show that these mergers induce noticeablebulgce density.

growth and that the final remnants are also SOs with higiér We used a least-squares fitting procedure (see more details

values. Therefore, the mergers induce an evolution in the &d some examples in EM06). Residuals are bel@2 mag

sequence of Hubble types towards earlier types (in pasiculalong the whole radial range. The errors of the bulge and disk

S0c—S0b and S0b—S0a). photometric parameters were estimated with a bootstrabadet
The remnants of these experiments do not have significBfron & Tibshirani 1993; Press etlal. 1994). In Table 2, vee li

non-axisymmetric components or distortions (EM06; EM11fhe final values of the bulge and disk photometric parameters

Considering this, we derived azimuthally averaged 1D suwterived from these fits for all remnants, assuming the sgslin
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and the mass-to-light ratio commented in SEtt. 4. We remark ——r R — —_—
that these models are scalable in size, mass, and velaeity, i | Moo M) |':/T él II/IZBI Doto (Lourikoinen+10):
these parameters can be scaled toftedint galaxy simply by *

. . .. . . 30 35 4.0 X S0/a+Sa
assuming dferent mass and size units in the simulations. 10H Qqp A ° o) Sab—Sbe |
Sc—Sd

4. Scaling of the models

csec?]

These models are scalable in mass, size, and velocity. The pr &
mary model can be scaled to an SOb galaxy comparable to they; 15

Milky Way (MW) by consideringR = 4.5kpc,v = 220km s?, z -
andM = 5.1 x 10'°M, as the units of length, velocity, and —

mass, respectively (the corresponding time unit would then 5
20.5Myr). The primary SOc galaxy can be scaled to NGC 253 = 1
considerinR = 6.8 kpc,v = 510km s, andM = 2.6 x 10''M,, 20 , ‘ 7
as units (the time unit is 11.7 Myr). Assuming these scalings T o ot Coma anuster slipticols 1
the time period computed after the full merger ranges frofn 0. i (Khosroshohi+00)
to 1.1 Gyr depending on the model. o ———

To compare our models with observational data, we need to 0.1 1.0
transform the mass in the models to luminosity. This compari e [kpe]
sonis Only realistic for data that baSica”y trace the atetiass in Dry intermediate and minor mergers (present study): Other models:
galaxies, which these models do, because they do not ingasle e naintend /i o o Nl o e
and star formationféects. Therefore, we adopted the NIRS0S 4 >4 Merger onto SOc (8/0=0.08), Pericenter distance = hy | [Different model
survey as the observational reference in this study (NIRSOS e o e o o e o oo e D:jj:jjj:;)

Near-IR SO galaxy Survey, see Laurikainen etal. 2011). This
sample contains photometric data in théand for~ 180 early- Fig 1. Evolution in the Kormendy relationuf; vs. r in the bulges)
type nearby galaxy disks-(120 are SOs), and multi-componentiriven by our merger experiments, compared to the obsenaitilis-
decompositions of them have been published by L10. The adbutions of SOs and spirals by L10. Growth vectors havenlgetted,
vantage of these near-IR decompositions is that they ane osfiarting at the location of the original galaxy model andiegdt the
weakly dfected by dust and star formation, which makes thetar-Ter Values of the remnants. The growth vectors correspondititeto
excellent tracers of stellar mass. merger models with dense spheroidal satellites by Agueali ¢2001)

We assumed a mass-to-light ratio in tKeband typical of tahre r‘fpres.emedl'. '%lbc’t?hcasesl’. the e"O'“tign tin.f”dcf*dgg‘gegs in

: - . the plane is negligible. The scalings as we detailed in ve been

early-type galaxiesMsearg/Lic ~ 1 MG’/L.@*K (Resh_etnlkov 2000; assSmed for aI?p?ots, but note thafqthe models can be scaledss and
Portinari et al; 20_04)' Therefore, a direct eqL_uvaIencavlaen size. The location of Coma cluster ellipticals from Khosralsi et al.
the surface density and the-band surface brightness can bgpo) is marked with a solid line. Consult the legend for dbserva-
established in our models, for a given mass scaling (for mafgnal data and the models in the figure.
details, see Paper ).

We assumed the scalings provided at the beginning of this
section throughout the paper to facilitate the comparisdh w5, Results
real data, but we stress that they can be modified. The primary
SOb galaxy is scaled to the mass and size of the MW, whlle this section, we present the evolution induced by the simu
galaxy SOc is scaled to NGC 253. The real young stellar pdpted mergers in the photometric planes studied by L10. The
ulations and dust content of these two galaxies (which aire sphotometric relations between the global structural buligé
rals) are not expected to noticeabfiet their stellar masses andparametersry, reg, hp, rer/hp, andB/T) have been studied in
scale-lengths (see Paper ). Paper I, therefore we restrict ourselves here to the phdtame

For the MW, a radiu® = 13.9 kpc [Minniti et al/ 20111) and relations involving other parameters of the bulge (Sedi), ®f
a total magnitud&r = —238 mag were adopted. This last valughe disk (Sec{_5]2), and one parameter of the bulge with éne o
has been estimated through the conversion of the B¥and the disk (Sec{.5]3) that were not presented previously. iéé a
total magnitude Br = —-20.3mag, see Heraudeau & Simiercompare our results with the evolution triggered by the reerg
1997) to theK band, assuming the typical colour of nearbgxperiments of high-density dSph satellites (similar tmpact
early-type galaxies in the 2MASS Large Galaxy Atla { ellipticals, cE) onto an SOb performed by Aguerri etial. (200
K ~ 4mag, [ Jarrett et al. 2003). With these values, the cen- We remark that the models can be moved tibedént loca-
tral surface brightness of the disk of our SOb primary galiaxytions in most photometric planes by simply assuminedént
uop = 17.10 magarcseé in the K band (see Tablé 2), a valuemass and size scaling. As an example, we have marked the re-
very similar to the one reported hy Eell (2002) for the MWjion that could be achievable by our models if one were to use
(uop(K) = 17 magarcsed). a different scaling only in two photometric planes (those that

For NGC 253, we considered a radiRs- 14.2 kpc and a to- compare thé&-band magnitudes of flerent components in the
tal magnitudeKt = —23.8 mag, also in th& band. These phys- galaxies). This is because only mass scalifigcis them, which
ical quantities are derived from the data provided by Jaetedl. makes the trend of the scaling quite distinguishable fraeretio-
(2003), assuming the appardftband magnitude and the disdutionary trend induced by the mergers. However, in the ghot
tance to this galaxy reported by these authamg & 3.77mag metric planes where mass and size scalings can be combined,
at D = 35Mpc). With these values, theffective surface the scaling trend is not as intuitive, therefore we prefeolte
brightness of the bulge of our SOc primary galaxyuis = viate them for clarity. We adopted the model scaling rembrte
15.97 magarcseéin theK band, which coincides with the valuein Sect[% in all figures to facilitate the comparison betwten
reported by Jarrett et al. (2003) for NGC 253 (see Table 2). models and the data.
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relates the structure and the kinematics of the galaxiekitas

—r 1 T T T T T
0-8 [ - related with the virial theorem. It has been shown that threi€e
06k g h n parameter strongly correlates with the central velocigpdi-
T 4 1 sion of elliptical galaxies (see e.g. Graham et al. 2001)is Th
I g ] correlation between ando provides another representation of
0.4 7  the FP, called the photometric plane (PHP).
1 The PHP of early-type galaxies has been exten-
“ 0.2k 1 sively investigated in the literaturé (Lima Neto et al. 1999
o [ " oto (Lourikeinen 10): ] Marquez et al. 2000; Graham 2002; Khosroshahi et al. 12000,
S ook R4 . 0 « sojarse | 2004 Kourkchi et all 2012). In Figl2 we show the PHP for
g o, Seb—Sbe + SeSd 1 bulges of SO and spirals from L10. Note that bulges of SO
i ,/ Coma cluster ellipticals 1 and spirals define the same PHP. The slopes of the linear fits
-0.2r S (Krosroshont+00f 7  of the PHP of bright Klx(bulge) < —227mag) and faint
i « Trends (slopes of lineor fits): (Mk(bulge) > —-227mag) bulges are similar. Nevertheless,
—04L TR gir'j“hl:“l'ffs i",:'zfgsos_' SO bulges are located in the region with higher [ggfalues.
I "< brehent models 1 We have overplotted the results from our merger models. The
060 . " . | . L mass growth induced by the mergers in the bulges is the reason
0.2 0.0 0.2 0.4 0.6 0.8 Why the final remnants have higharvalues than originally,
0.172 log(ry,) — 0.069 g + 1.18 placing them in the region of the PHP occupied by SO bulges. In

addition, the slope of the linear fit of the PHP of our simutate
Fig. 2. Growth vectors in the photometric plane of the bulges (whidbulges is similar to the slopes of faint and bright real S@bsl

relates the three bulge parametergue, andrer) driven by our merger This indicates that minor mergers move the SO bulges aloag th
experiments, compared to the observational distribubdé&ds and spi- gpserved PHP of SOs.

rals by L10. The dashed and dotted-dashed arrows indicateehds

observed by L10 for brightMk (bulge) < —22.7 mag) and faint bulges

(M (bulge)> —227 mag) of the SOs in the NIRSOS survey. The solig.1.3. Photometric relations involving the bulge magnitude

arrow marks the trend found in our models. Consult the ledenthe

observational data in the figure. The legend for the moddissisame Figure[3 shows the relation of the absolute bulge magnitude

as in Fig[l. (Mk (bulge)) with the Sersic index of the bulge) @nd with the
total magnitude of the galaxyMk (total)) in all the remnants,
compared with observational data from L10. The intermediat

5.1. Photometric relations of the bulge parameters and minor mergers explored so far are able to increase tige bul
. magnitude by up te- 1 mag in most cases (assuming the scal-
5.1.1. Kormendy relation ings presented in Se¢il 4, see also Table 2). As stated in EM06

and EM11, this is due not only to the aggregation of material
from the satellite to the central parts of the remnant, bst &b
the dfect of the inward motion of disk material (see S&¢t. 6).
The increase im is also general in all cases. The amount of
change depends on the orbital parameters and, less eyident|
the initial density contrast (see Paper | for details).

We can express the bulge total luminosity in terms of the
Sersic parameters &s= kLIeﬂrrgﬁ, with leg the flux atreg, and

There is a strong correlation between the surface centigtitor
ness of early-type galaxies and theflieetive radius. This is the
so-called Kormendy relation, initially found for ellipi€galax-
ies (Kormendy 1977). Nevertheless, several authors hawersh
that bulges of SO galaxies also follow the same relation ésge
Méndez-Abreu et al. 2010), although there is a smfBeai of
the relation between SO bulges fainter thdp= —22.7 mag and
ellipticals. In this sense, the bulges of late-type galasieow

; : function of the Sersic index Thus a correlation between
a larger dfset with respect to the Kormendy relation than el a _
lipticals (sed Burstein 1979; Kent 1985: Andredakis & Saadene Sersic index andM (bulge) should be expected. Although
19941 Aguerri et al. 2004; Ravikumar et al. 2006). a number of authors do find such correlation for disk galaxies
P ' ' see, e.gl,_Graham 2001a), L10 claim that no such corralatio

In Fig.[1, we show the evolution induced by our merger &X found for SOs. The left panel of Figl 3 shows our results in

periments in the Kormendy relation. Our minor mergers MOYfe n-Mv (bulae) blane over-imposed on the observational data
the bulges of the initial galaxies (which lie slightly beldhe presentlt(asj bygL)lg. Our minor rr?ergers affeetive at increasing
region occupied by S0s l:_)ecause of the selected Sca“ngs’.tﬁ%%/alue ofn but less so at changing tieband bulge absolute
Sect[4) towards the location of the bulges of real SO gad;ax'%agnitude. This moves the remnants towards highealues

This evolution can be gx_plained_ by pon§idering the increriren and (slightly) higher bulge magnitudes, which increasedib-
the bulge mass (i.e., in its luminosity) induced by the magepersion of the remnants in the plane. '

(see Paper |), because Nigoche-Netro et al. (2008) denadedtr In other words, according to this mechanism, if we start from

a well-correlated set of progenitors, we may end with a less ¢
felated distribution of remnants in the plane, accumulatate
region where most SOs reside in the diagram. Therefore, our
experiments indicate that dry intermediate and minor m@srge
agree with the observational fact that SOs do not preseraa cl
n-Mg (bulge) correlation and also with their observationalriist
5.1.2. Photometric plane bution. ,

The right panel of Fid.J3 shows thé (bulge) vs.M (total)
Bulges of SO galaxies and ellipticals are distributed in ia threlation for our merger simulations after scaling compaoazb-
plane called the fundamental plane (IFP, Djorgovski & Davigervational data. In all cases, we see that both the totabaige
1987; Dressler et al. 1987; Falcdn-Barroso et al. 2002). Hhe K-band absolute magnitudes increase after the merger egent,

masses). In general, the dispersion induced by the merggisi
photometric plane is compatible with the dispersion obesg i
the bulges of real SOs reported by L10.
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Fig. 3. Growth vectors in th&@-My (bulge) (eft) and My (bulge)M (total) (right) planes driven by our minor merger experiments, compared to
observational data. The dashed lines def)fe = 0.01, 0.1, and 1.0 from L10. The blue shaded rediothe right panel indicates the locations

in the plane that are covered by our models simply by usingfardint mass scaling. Consult the legend for the observatitata in the figure.
The legend for the models is the same as in[Big. 1.
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Fig. 4.  Evolution in thers-Mg (bulge) (eft) and ues-Mg (bulge) ight) planes driven by our minor merger experiments, compare@ab

data. The dashed lin@ the left panel marks the location of Coma cluster ellipticalslby Graham &réé# (2008). Consult the legend for the
observational data in the figure. Growth vectors have beettepl for the models, but the evolution induced by the margethese planes is
negligible. The legend for the models is the same as irfFig. 1.

flecting the fact that the total mass and the bulge mass of thebrighter bulges and contribute to accumulating the rartma

system have increased. The brightening is higher in theebulg the region populated by SOs in the diagram and building up

magnitude than in the total magnitude, indicating that #la-r this relation, in agreement with observations.

tive mass increase is not the same in the two components. In-

deed, mergers tend to increase the bulge mass, but sligitly d Figure[4 shows the other two correlations that might be ex-

crease the disk mass (see Jeci. 5.3 andFig. 7). This mednsgkated from the Sersic fitting of the bulge parametegg:vs.

the minor mergers increase the fif&IT ratio, as already noted Mk (bulge) andues vs. Mk (bulge). While minor mergers tend

in Paper I. to brighten theK-band absolute magnitude of the bulge, it is

not so clear that this increment is translated into an expans

SO0s show a well-defined relation in tMy (bulge)- M (total)  of the dfective radius (see the left panel of the figure). The

plane that disperses and even vanishes when other later Hiliange induced in the bulgéfective radius by these mergers

ble types are considered (compare the data symbols in the rig negligible. Therefore, the final bulge is more luminouanth

panel of Fig[B). L10 found that the bulges of bright spiralsd the progenitor bulge in all cases but has a similar scalgtten

to behave similarly to those of SOs. In this sense, it is @déing which agrees with the observed accumulation of SOs on a strip

to note that dry intermediate and minor mergers would gise riat the right side of this diagram. As a seconddfed, the rem-
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Growth vectors in thdy-Mg (disk) (eft) anduop-hp planes (ight) driven by our minor merger experiments, compared to retd.da
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The straight lines represent the best fits for SOs (solig)irgfa+Sa (dotted-dashed lines), and Sab-Sbc galaxies (dasles)l éibhtained by L10,
which all have statistically significant rank correlatiopefficients. The arrown the right panel indicates the slope of the trend drawn by the
merger models in the plane. Consult the legend for the ohtienal data in the figure. The legend for the models is theesasrin Figl1L.

nants tend to have brighteffective surface brightness valuegand minor mergers onto SOs make these galaxies evolve along
than the progenitors, and thus a sequence of these minor méng photometric scaling relations of SO bulges.

ers would move the bulges towards the top right corner of the

right panel of Fig[#, where SOs accumulate as well. Theegfor . . .

the evolution induced by these mergers is completely compgtz' Photometric relations of the disk parameters

ible with the observed distribution of SOs in these photsimet| ayrikainen et al.[(2010) confirmed the strong correlatibes

planes. Assuming a filerent scaling for our initial SO models,tween the disk scale-lengthy) and other disk parameters pre-
the final remnants can reproduce the region populated by $Rsusly reported by other authors for SOs (Méndez-Abrellet a
in theres-Mg (bulge) diagram (left panel of the figure), but theppogd b). We represent the evolution driven by our merger ex
could hardly promote a galaxy initially at the SOs regiontte t periments in these two photometric planes in Eig. 5 and coenpa
location of the Coma cluster ellipticals in this photomepfane. them to the trends observed by L10. Although the evolutien in
The change ime anduer induced by the merger fiers de-  duced by the mergers agrees completely with the obsenation
pending on the pericentre distance: distribution of SOs in the two diagrams, the trends inducegd b
mergers dier.
1. Mergers with short-pericentre orbits tend to decrege Observationallyhp increases ad (disk) brightens in SOs
brighteningue (i.€., they tend to compress the bulges).  (see the left panel of Figl 5). The figure shows that the eianut
2. Mergers with long-pericentre orbits do the opposite:ythénduced by the mergers is coherent with this trend, not beeau
riseres and dimues (i.€., expand the bulges). mergers move galaxies to build up this trend, but because the
only trigger a negligible change in bolly and M (disk). If the
Therefore, long-pericentre orbits tend to give rise to molg-M (disk) relation were established in galaxies at early times
expanded bulges than initially, whereas short-pericentbits dry intermediate and minor mergers would preserve it anddvou
tend to concentrate them. We will show that analogue, but aperely cause a slight dispersion. The available data stipsr
posite, trends with the pericentre distance are found ®dibk scenario, because the relation between the disk magnitatiesa
parameterfp anduop (see Secf. 512). scale-length is similar in all galaxy types from Sc to S0.ded,
In general, we do not find clear trends in the photometribe distributions of the dlierent types overlap in the diagram.
scaling relations involving bulge parameters with the nratie In contrast, the evolution induced by the mergers inifs-
of the encounter, the central satellite density, or the-sphit hp plane agrees with the observational distribution of SOHret
coupling (see Fig§ll4). In the experiments with an origima  cause theyféect negligibly to these parameters, but because they
mary SOb galaxy, the encounters with long-pericentre giihit evolve galaxies to build up the observed trend (see the pighé|
duce weaker changes to the bulge photometric parameters thiaFig.[3). Observationallyp is observed to decrease with ris-
those with short pericentres. Additionally, the evolutiviyg- ing hp in all types (and in particular, in SOs). Our models consis-
gered in the models with a primary SOc galaxy is more noticently reproduce the observed trend. Although all obsemed
able than in those with an SOb for the same initial conditiass phological types follow a well-defined trend and overlaphist
already noted in paper I. plane (similarly to the one shown in the left panel), the neesg
Summarizing, the bulges of our remnants are more similarnow drive a well-defined evolutionary trend in thgp-hp plane,
the bulges of spirals than to ellipticals regarding liye(bulge)- instead of just introducing a slight dispersion (as happeiise
reg relation, the photometric plane, and the Kormendy relatiohs-Mk (disk) relation, left panel of the figure).
in agreement with the results reported by L10 for real SOs. We In Fig.[8, we represent the growth vectors induced by our
can therefore conclude from this section that dry interedi merger models in thgop-Mg(disk) plane. The mergers can
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e R R R R R R R R A Our merger models induce negligible changes in both the
L . 1 disk magnitude and the bulg&ective radius, which contributes

to preserve any relation between these parameters that exoul

ist prior to the merger (see the left panel of the figure). Efae,

1 asoccurredin thbp-Mg(disk) relation (see Fi@]5), dry interme-

* 7 diate and minor mergers are compatible with the observaition

. 1 fact that thereg-Mk (disk) correlation is common to all morpho-

4 logical types, because they just introduce a slight disperis

it.

16F
17F

18F

The mergers also tend to slightly brighten the bulges, ngpvin
1 theremnantstowards the rightin thi (disk)-M (bulge) plane,
i . e ° 1 where SOs accumulate (see the right panel of[Big. 7). Conside
20 ,x 7 ing a diferent mass scaling for our models, we can basically
L 1 reproduce the location of SOs at the right of this plane (kee t
21F Doto (tourikoinen+ 19 1 dashed blue area marked in the diagram).
C X S0/0+Sa Sc-Sd 1 Again, we do not find clear trends with the mass ratio of
220 ..o s o001 the encounter in the photometric relations shown in [Big.€7, i
-20 -21 -22 -23 -24 -25 -26 -—2v the changes in the photometric parameters are not nedgssari
M (disk) [mag] more pronounced in the encounters with mass ratios 6:1 than
_ o _ _ ~in those with 18:1. This lack of dependence on the mass ra-
Fig. 6. Evolution in theuop-Mk(disk) plane driven by our minor i seems to contradict previous findings (Naab & Butkert200
merger experiments, compared to the observational disinits of SOs 55 rhaud et al. 2005). But the initial conditions in thesedst
ﬁgg r?'ﬁ}'g ltggléig'fgotﬂseurl;égiIls?se?hdefggms ggisﬂlg'g?m nthe ies and ours are fierent because these authors started with spi-
rals and not with SOs. Moreover, the mass dependence could be
present if lower mass ratios are considered, as occurs iL®ig
in Bournaud et al.| (2005). We find no dependency on the spin-
irbit coupling and the central satellite density, nor cleands

19F

Wop [mag/arcsec?]

modify the disk central surface brightness by up~tol mag,
which induces a negligible change in the disk magnitudes THh{ . . . . .
contributes to disperse the remnants in the plane, showiridea W'th th‘? orbital pericentre _dlstance (in contrast to thetphveet-
range ofugp values for a given value of the disk magnitude, ifiC SCaling relations involving only bulge or disk paramsje
agreement with SO data. This explains why the disks of SOs do Summarising, dry intermediate and minor mergers onto SOs
not follow the Freeman lav (Freemlan 1070), as reported by L{{§u!d preserve the bulge-disk coupling that could exisbipio
and references therein. the merger in the original galaxy regarding tg (disk)+ ¢t and

We do not find clear trends with the mass ratio of the el (disk)-Mk(bulge) relations, naturally contributing to thé-o
counter, the central satellite density, or the spin-orbiting set of SOs in this last relation, which agrees well with obaer

in the photometric relations between the disk parametensish tions (L10).

in Figs.[® and6, which also occurred in the trends relating

bulge parameters (see Séct]5.1). However, the changeseididu. .
by the mergers in these photometric planes exhibit cleadsge 6- Discussion
depending on the orbital pericentre distance. Long-petiee
orbits tend to generate more concentrated disks thanlipitia
whereas short-pericentre orbits tend to expand them. $luis-i
cause the models with long pericentres decrégsend brighten
top, Whereas the experiments with short-pericentre orbits
the opposite in general: they incredsg and dimugp. This
trend is exactly the opposite to the one found for the bulges (
Sect[5.1.B). Also in contrast to the trends involving bybge
rameters, the changes in the disk parameters induced byrser
with short-pericentre orbits are not necessarily moreceatble
than changes in long-pericenter orbits.

In this study and in Paper |, we have shown that dry intermedi-
ate and minor mergers onto SOs induce evolution within the se
guence of SO Hubble types, generating SO remnants with-struc
tural and photometric properties that agree with obseraatilt
emarkable that, in particular, this is also true in thetpmet-
ric scaling relations which point to a strong bulge-diskgiing.
Therefore, the present models disprove the popular view tha
mergers unavoidably decouple the structure of these two com
gonents in galaxies.
We find that our simulated mergers induce evolution in the
. . ) . hotometric planes in two ways. In some of the photometric re
We find that the relations of the disk parameters in our réfpizinng the encounters induce a negligible evolution végpect
nants are similar to those of spirals, in agreement with S8 dg, {he original location of the galaxy in it; they merely caus

(L10). We can Itherefore co_nrt]sluk?e tr;]at dry int_erm?d!ate a(;}dd’EIight dispersion compatible with observations. Therefdrthe
nor mergers also agree with the photometric relations dt digyjgina| galaxies fulfill these relations prior to a mergeeir

parameters in SOs. remnants will obey them too, as occurs in Mg (disk)+e and

ho-res relations (see Fid.d7 here and Fig. 3 in Paper I). This
5.3. Photometric relations of bulge and disk parameters means that, although these mergers do not build up these pho-

tometric relations, neither do they destroy them. In otlases,
Figure[7 shows the evolution induced by our merger modelstime mergers drive the remnants to build up the observed,teend
the planes relating the disk magnitude with other bulgerpara occurs in theM (disk)-M (bulge) andhp-n planes (see Fid.] 7
ters (in particular, withreg and its magnitude). L10 reported no-here and Fig. 4 in Paper I). Independently of the case, the sim
ticeable correlations in these photometric planes, sinaitmin ulations show that mergers can preserve or even reinfoece th
for all morphological types (except that the slope is slighttight structural binding between the bulge and disk comptse
steeper for the SOs in thdk (disk)-M (bulge) relation). observed in SOs.
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Fig. 7. Evolution in theM (disk)+ (l€ft) and Mk (disk)-Mk (bulge) ¢ight) planes driven by our minor merger experiments, comparekdeo

observational distributions of SOs and spirals by L10. Ttheight lines represent the best fits for SOs (solid line8)aSSa (dotted-dashed lines),
and Sab-Sbc galaxies (dashed lines) obtained by L10 in eaghadh, all with statistically significant rank correlaticodficients. The blue
shaded regioim the right panel indicates the locations in the plane that are covered by aatets with a diferent mass scaling for each location.
Consult the legend for the observational data in the figuneaw@ vectors have been plotted for the models, but the &eolinduced by the
mergers in the planes is negligible. The legend for the nsidehe same as in FIg. 1.

There are two physical processes in these simulations iiibit them as #iciently after the full merger (see Fig. 1 in
sponsible of the preservation of the bulge-disk couplindie T Paper I).
first mechanism is that the merger triggers an inward tramspo  Figure[8 also shows that mergers with short-pericentre or-
of primary disk material through disk instabilities, whicbn-  pjts and high satellite masses generate more noticeabtestal
tributes more to the growth of the bulge than the deposition @istortions in the primary disk than long-pericentre csloit low-
disrupted satellite material itself (EMO06). In Fig. 8, weoshthe mass accretions (compare the two models shown in the figure).
time evolution of the spiral patterns and oval distortiamduiced \We have seen in this study that encounters with mass ratlos 6:
by the mergers for two models. The inflows of disk material t@to not necessarily entail more noticeable changes in theopho
wards the galaxy centre through these transient spiralseald metric parameters than those with less massive sateliitéact,
(a type of evolution normally ascribed to pure internal $&cu we have not found any trends in the photometric relations as a
evolution) contribute to link the bulge to its host disk bethuc- function of the mass ratio, the spin-orbit coupling, or thtet
turally and dynamically, even though the process has bégn tiite central density for the range of values studied here ¢be
gered outside the galaxin this sense, minor and intermediate-  Sectiofi5.B). The orbital pericentre distance seems tegatg
mass mergersinduce internal secular evolution. the remnants in the photometric planes more clearly (se@Fig

sometimes even inducing opposite changes in the photametri

The second mechanism is twofold. On one side, the den . : :
profile of the original disk partially survives the mergamnng Sgg;a%%ﬁgzs)dependmg on it (as occuradB, Mo, per, andrer,

up inwards and expanding outwards after the merger (EM@6, se

alsol Bournaud et al. 2004; Younger etlal. 2007). On the other S commented above, most remnants harbour small ovals
side, the satellite stars are located across a wide radigerin and dynamu_:ally COId. flat inner components consisting ot dis
the remnants, rebuilding the exponential profile of the disk- rypted satelllt_e materlal (suchas inner d.'SkS’ inner ripgsudo-
termediate radii (EMO6, but see also Bournaud Bt al. 20049, T/"gS, nested inner disks, and central spiral patterrighahom-

; : ; e e ; frequently found in real SQs (Laurikainen et al. 2009620
accreted satellite stars end in fast-rotating orbits dirg up thin ena x ;
rotationally supported inner components out of disruptedls 2009, 20111). These components naturally establish a stalct

lite material (EM11). This enhances the structural and dyina link t_>etween _the _bulge a_nd the disk in the g_alaxy as well. Ac-
cal coupling between bulge and disk in the remnant SO. cordingly, thelreX|s_tence in SOs, usuall_y ascribed to jnternal
secular processes in galaxies, may ultimately be relatedrtor

In all models with original SOb galaxies, the merger-indlicénergers.
spirals and distortions areffeiently diluted in a time period It is remarkable that the mergers preserve or even reinforce
~ 0.5-1Gyr after the full merger (see Fig.8). This quickhe bulge-disk coupling in the resulting galaxies, everugio
stabilization of the disk is caused by a central massive coms remnant develops a bar. As commented above, our primary
ponent in the original galaxy (as noted previously by mardisks are resistant to instabilities (and in particulah#os) be-
authors, see Pfenniger & Norman 1990; Sellwood & Moomause of large mass concentrations in the original galakies
1999; | Bournaud & Combes 2002; Athanassoula et al. |200itial SOb’s have a prominent bulgB(D = 0.5), while the orig-
Debattista et al. | 2005;| Gonzéalez-Garcia & Balcells 200#1al SOc's require concentrated dark matter haloes to habdes
Cox et al. 2008). The remnants of galaxies with initial smadlisks. This fact, instead of being a limitation of the models
bulges (S0c) still exhibit significant spiral patterns amhttal should be considered as a strong supportto the idea thabmrost
oval distortions at the end of the simulation because thayado nor mergers induce significant internal secular evolugwen in
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Fig. 8. Time evolution of the luminous surface density of the priyndisk material in a direct model with a large pericentreatise and mass ratio 18:1 (model M18PIDb, left panels) and in a
retrograde model with a short pericentre and lower mass atodel M9PsRDb, right panels), both assuming an initial §llaxy. Face-on views centered on the initial primary gakwe plotted.
Snapshots corresponding to times from 20 to 260 and from 20Q@are shown from top-to-bottom and left-to-right of eagiufe, using a time step equal to 12 and to 4 in each case (iregiomu
units). Scaling the primary SOb galaxy in both models to th' Ksee Sect4), the total time period represented in eachefigarresponds te 4.5 Gyr and~ 1.6 Gyr, respectively. A rainbow
colour palette is used to represenfelient surface density levels in a logarithmic scale, witldez colours indicating higher values. Spatial scales th bges are provided in simulation units.
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the absence of bars. Indeed, our bulges increase their snagseable that this is also true for the scaling relations pomtio a
~ 20-50% of their original masses, according to the photametstrong bulge-disk coupling in SOs, which disproves the camm
decompositions (see Talble 2). view that mergers unavoidably decouple the structure afehe
Nevertheless, we must note that we used gas-free sinwe galactic components.
lations. SOs do contain less gas than spirals, but they still Mergers &ect the photometric relations in two ways. They
contain some cold (HI aridr H,) gas (Crocker et al. 2011; move the remnants along the observed photometric relation i
Saintonge et al. 2011). This small gas amount cotffidcathe some cases (e.g., the photometric plane of the bulges pp e
outcome of the minor mergers simulated in this paper to somg relation), while they just induce a slight dispersion cotapa
degree. If the fects of dissipation and star formation are takeible with data in others (e.g., the relations involving thekd
into account, the central parts of the remnants should fgbamagnitude). In the photometric planes where the morphelogi
become bluer and denser, with the bulges growing even larged types tend to segregate (as occurs in most relationk/ingo
In any case, the small amount of gas in SOs probably prevetiis parameters of the bulge), the mergers always induce-evol
these &ects from becoming larger than the bulge mass growtibn towards the region populated by SOs in a way compatible
induced by the merger itself, which can be as high &% of with observations.
its original mass, as noted above. We would require gas atsoun We find no clear trends with the mass ratio, the satellite cen-
too high for the mass ratios studied here to induce star fiioma tral density, and the spin-orbit coupling of the encountertiie
rates capable of increasing the bulge mass by a similaidractrange of values studied here. However, we report clear $rend
(Cox et al/ 2008; Tutukov et al. 2011). Moreover, the eveluti with the orbital pericentre orbit: long-pericentre orbifsner-
simulated here must become relevant in groups, as notedtin S#e more concentrated disks and more expanded bulges than in
tion[d, and many groups are located in dense environments (ckially, whereas orbits with short pericentre distancesl tenex-
ters), where gas is stripped (Quilis elial. 2000). In palkéicihe pand disks and compress bulges. We confirm that the evolution
NIRSOS sample we used as a comparison throughout the pap#iggered in the models with a primary SOc galaxy is more no-
magnitude-limited (Laurikainen etlal. 2011) and includelg- ticeable than in those with an SOb, as already noted in paper |
ies in all kinds of environments. However, because the gedax  The structural bulge-disk coupling is preserved or reicéor
are nearby systems, the only cluster in the sample is Vigo,ih these models by two facts: first, because the merger ddes no
which 28 galaxies of the sample belong (E. Laurikainen gtev completely destroy the original galaxy structure, and sdbg
communication). Accounting for the fact that 60% of SOs because the interaction triggers some internal secul@epses
reside in groups (see references in Sedfion 1), the aveedae-g in the primary disk that entail bulge growth (transient evahd
ies of the comparison sample might basically belong to gspupirals). It is remarkable that no significant bar is formedmny
an environment where mergers can be significant evolutyon&xperiments.
mechanisms. Therefore, gas-poor mergers of low-mass ratios can be con-
All these arguments indicate that internal and external-sesidered as plausible mechanisms for the evolution of SOsiden
lar evolutionary processes may be strongly related, inémse ering their photometric scaling relations because theseetso
that the latter usually trigger the former ones. Our modedtiow that they tend to conserve (and even give rise to) theese r
show that minor mergers can induce significant internallseculations. The mergers can induce significant internal se@via-
evolution even without bars and dissipation#eets (see also lution that contributes to preserve or even reinforce thigesu
Scannapieco & Tissera 2003). Therefore, it must cdit disk coupling in the remnant, even without bars or dissqeti
to isolate the contribution to the bulge growth of pure intdr effects. Satellite accretions thus seem to unavoidably dntail
secular evolution from the contribution of merger-drivater- ternal secular evolution, meaning that it may be quite cempl
nal secular processes in present-day galaxies. Recentvabseo isolate the fects of the internal secular evolution driven by
tions and simulations seem to confirm this_(Peirani &t alS200mergers from the one due to purely intrinsic disk instabiiin
Zavala et al. 2012; Casteels etlal. 2013). Moreover, our fBodmdividual early-type disks at the present.
also ref_l"te the p_opular view th_at mergers Cann_Ot consewe Haknomdedgenents The authors are very grateful to the referee, Frederic
bulge-disk coupling observed in the photometric scaling-re Bournaud, for the input that helped fo improve this pubirat signifi-
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7. Conclusions
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Table 2. Bulge and disk photometric parameters of the original pringalaxies and of the final remnants in the merger experisi#ht

Model et [ n Hop hp B/D M (bulge) Mk (disk) M (total)
[magarcseé] [Kpc] [mag/arcseéd] [Kpc] [mag] [mag] [mag]
) @ 3 Q) ®) (6) 0 (C)) ©) (10)

(e 19 [eIO-3YdI[T

Original SOb 8/D = 0.5) 14.93:0.08 0.960.04 0.920.11 17.1@¢0.07 4.730.10 0.5%0.03 -23.1%0.24 -23.860.11 -24.3@0.12

Original SOc 8/D =0.08)  15.940.07  0.4280.007 0.520.02  16.7%0.07 2.68&0.03 0.076@0.0024 -20.920.12 -23.720.09 -23.8@0.10 rén
(a) M6 Ps Db 14.520.09 0.82:0.06 1.20.4 17.250.07  5.0@0.23 0.82:0.10 -23.60.4  -23.830.17 -24.4%0.18 s
(a2) M6 Ps Db TF3 14.680.09 0.86:0.06 1.60.3 17.3%0.07 5.220.18 0.7%0.08 -23.30.4  -23.820.14 -24.450.16 S
(a3) M6 Ps Db TF4 14.620.10 0.86:0.10 1.80.6 17.320.07  5.020.27 0.90.3 -23.6:0.6  -23.720.19 -24.460.22 D
(b) M6 Ps Rb 14.680.09 0.84:0.06 1.20.4 17.020.07  4.640.14 0.7@:0.11 -23.50.4  -23.820.13 -24.4%0.15 S
(c) M6 PI Db 14.980.08 0.9850.010 1.1%0.04 16.960.07 4.1%:0.04 0.6760.024  -23.320.12 -23.750.09 -24.3%0.09 <
(d) M6 PIRb 14.960.08 0.940.014 1.020.06 16.4@0.07 3.53.0.03 0.55-0.03 -23.260.14 -23.920.09 -24.390.10 3
(e) M6 Ps Ds 15.780.08 0.440.03 2.220.16 16.780.07 2.740.07  0.1720.012 -21.90.3  -23.740.13 -23.920.14 g
() M6 Ps Rs 15.5%0.08 0.3%0.03 2.440.22 16.5%0.07 2.480.06 0.14@0.012 -21.60.4  -23.720.12 -23.9%0.14 2
(9) M9 Ps Db 14.520.09 0.82:0.05 1.50.3 17.3@0.07  5.120.18 0.7%0.08 -23.320.4  -23.830.14 -24.440.16 %
(92) M9 Ps Db TF3 14.660.09 0.830.07 1.30.3 17.220.07  5.0&0.14 0.65:0.06 -23.40.4  -23.850.13 -24.4a0.14 @
(93) M9 Ps Db TF4 14.750.08 0.9@-0.05 1.20.3 17.3%0.07 5.180.18 0.750.08 -23.404  -23.82:0.14 -24.320.16 =X
(h) M9 Ps Rb 14.520.11 0.780.11 1.20.8 17.040.07 4.730.23 0.720.18 -23.20.7  -23.880.17 -24.4%0.21 a
(i) M18 Ps Db 14.520.11 0.8%0.10 1.50.3 17.320.07  5.130.23 0.6@-0.08 -23.320.5 -23.8%0.16 -24.4%0.18 z
() M18 Ps Rb 14.5%0.09 0.720.07 1.60.3 17.2@0.07 4.950.14 0.680.07 -23.404  -23.860.13 -24.4%0.14 1%
(k) M18 PI Db 14.960.08 0.9450.015 1.050.05 16.950.07 4.280.07 0.6@-0.03 -23.220.14 -23.720.10 -24.3@0.10 o
() M18 PIRb 14.920.08 0.8960.014 1.080.05 16.980.07 4.540.06 0.5%0.03 -23.150.14 -23.880.10 -24.330.10 =
3

&

Notes. Columns: (1) Model code from Tablg1; (2)fﬁective surface brightness of the bulge in iemgseé; (3) bulge dfective radius in Kpc; (4) bulge Sersic index; (5) centrafate brightness g

of the disk in magarcseé; (6) disk scale-length in Kpc; (7) bulge-to-disk lumingsititio in theK band; (8)K-band absolute magnitude of the bulge; KBpand absolute magnitude of the disk;3
(10) K-band total absolute magnitud@. The photometric parameters are prowded forkhkeand. A mass-to-light ratio in thi€ band equal toVi/Lg = 1is assumed to transform surface densn
profiles in the models to surface brightness profiles (see @p& The values listed in this table assume the scaling discluias®ect[#, i.e., the original primary galaxy wiByD = 0.5 is scaled
to the mass and size of the Milky Way, and the one Vvifid = 0.08 is scaled to NGC 253. We have kept these scalings thromgfm@aper to facilitate the comparison with observatiaiza,
but they can be modified by assumingfeient mass and size unit8.Magnitudes are in the Vega system.
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