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Inner Components (ICs) in Spirals

Inner i:omponem‘s (ICs) are présen’r‘ in
**at least™* one third of spiral galaxies
(Er'wm & Sparke02, Falcén-Barroso+06).

- - "

Accounting for the episodic nature of -
" star formation in inner rings, this

fraction could be even higher

(Sarzi+07). -

Many of . them are not directly
detectable through-imaging, but

_through the isophotal profiles and
kinematical maps (Erwin & Sparke03,
Falcén-Barroso+06, Comeron+08, . h
Sil'Chenkol10). . - g, 3
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Mechanisms to form ICs:
Bar-related scenarios

The origin of ICs has been

traditienally associated to bars

(Simkin+80, Combes92, Boker+08,
_ Athanassoula+Q9, 10)._

" However, recent observations pose
that they do not reside preferably
in barred hosjrs (Emsellem+04, Falcdn-
Barroso+04, Sarzi+06, Comerdn+10). -

‘Many stellar inner digks-exist. in .
unbarred galaxies (Buta & Combes96,.
Mufioz-Tufion+04, Kormendy+06).

. Sanders & Tubbs80

", Mechqnishws different to bars are
required. 5
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Other formation mechanisms...? L“lm70 Q

COﬁSO LIS

For' gaseous inner rings: TItis easy > Disk InSTClblh'l'leS tidal”
m‘rerac’rlons gas infall, mergers (Thakar'+97 98 Naab+06 Aumer+10)

Radla] migration of SF.inner rings towards the galaxy center, dllUIth of
nested bars, gas infall (Combes+92, Regan & Teuben03, Sil'Chenko &

: SmurnovalO) : : -
. 5. o >

BuT sTe_lIar' mner' disks are not **so easy™* to for;m (Thakar+98)

Major mer‘ger's 9 kmema’rleally decoupled ICS W €SS€lT+O7 Di*
Ma’r’reo+08) , .

S’rr'algh’rfor'ward alternative mechanism: sTelIar' minor mergers

. (Ber‘rola+99 EM+06, SllChenko&Mmseev06 Brosch+10)

Although widely mvoked their capabm‘ry to for'm inner dISkS still to be
tested (Aguer'r'|+01 He|m|+11) ;o . _ L

J' ENAM 2011 st Pefer'sbur'g 7/July/2011

[ ]
-



..What about minor mergers?

EM+(5_6 = minor merger simulations to analyse bulgé g'rjovy‘rh.— |

Satellite core material is dep-osi‘r.ed in circular orbits in ’rhe'r'em_nan‘rs.

W-h'a‘r sort of s’rruc’rur’qs'does ’rhe disF'upTed satellite ma‘re‘r‘ial fofm?

We have ex‘rended the set of collisionless N-body simulations of minor
mergers onto dlSk galaxies (EM+11, A&A in press, arXiv: 1105 5826)

Massra'r|051619118 Er . I | .

leferen’r orbl’rs.(lorfger perlcen’rers dlrec‘r and re’rr'ograde orbl‘rs)

lefer'en‘r initial pr'lmar'y galaxues (Sab and Sc).

Key point: a realistic,scaling between satell ite and gmmar‘y galaxy,
'bqsed on Tully- Flsher relation:

| JENAM 2011, si Petersburg, 7/July/2011
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The ICs can be described as nested
and single inner disks and rings

The minor mergers have given place to thin
single or nested inner discs, pseudobulges, thick
discs, ’rhm disks embedded into thick ones.

All disks are flar'ed (See Chilingarian's and di
Matteo's talks).

P D A-~ ; :
(h )/h, (ICS) 0.97, 0!01 040,104 7]
A & el

"All ICs are aligned 10 better than 5° w:Th the
main disc of the remnant.

(g) M9PsDb 1 (i) M18PsDb 1 (k) M18PIDb
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Morphological zoo of ICs
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a) M6PsDb: Nested IDs b) M6PsRb: Nested IDs g) M9PsDb: Nested IDs h) M9PsRb: ID
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c) M6PIDb: Nested IDs d) M6PIRb: IR embeded in ID i) M18PsDb: IR embeded in ID j) M18PsRb: ID
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f) M6PsRs: Bulge + ID k) M18PIDb: Nested IDs 1) M18PIRb: IR embeded in ID
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The ICs are supported by A2
rotation L
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Direct ] Retrograde orbit

= No disgipa’rive
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Formation mechanism of ICs Cir 0
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Disk resonances triggered by the
encounter couple with the
disrupted satellite material

. (Tu‘rukov & Fedorongé)

 No bar is formed in the prlmar'y
dlSk (just ova{ dls’ror"nons)

- The. combination of _
resonances, disruption, and -
orbital cur'cular'lzaflon gives
~ place to hlghly-allgned

dynamically-cold ICs in the
remnant center.
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Comparison to observations: (2

Structure and kinematics (I) et
e {,/

Ellipticity and PA profile trends similar to observa‘nons
(Erwin&Sparke+02,03). |

Kinematic features similar to observations: S-shaped kinematic twist, o
and hy peaks, dumbbell-like o structures, stretching of iso- v con‘rour's
(Falcon Barroso+06, Sqrz|+06 Kra Jnowc+08)

d) M6PIRb: IR + ID
0.3 ; : i

Dumbbell Iike
structure
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MODELLED ICs
b) M6PsRb

NGC 4665
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Comparison to observations:
Morphology (IT)
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Morphologies similar to -
those observed (Erwin &

. Sparke03, Sil'Chenko+11).

Sizes similar to those
observed in‘real galaxies
(R~0.4-2.5 kpc).

Low misalignment of ICs in

spirals (Krajnovic+11). -

Explain the existence of

» dynamieally-cold thin stellar

ICs in unbarred galaxies.
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Summary

el il

Minor mergers are an efficient mechanism to form rotationally-supported
stellar ICs in spiral galaxies, without requiring either strong dissipation
or the development of noticeable bars.

These models indicate that minor mergers can account for the
existence of stellar inner disks and rings in unbarred spirals.

The role of minor mergers in the formation of ICs may have been much
more complex than just bar triggering.
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