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Galaxy Zoo: Finding offset discs and bars in SDSS galaxies
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ABSTRACT

We use multi-wavelength SDSS images and Galaxy Zoo morphologies to identify a
sample of ~270 late-type galaxies with an off-centre bar. We measure offsets in the
range 0.2-2.5 kpc between the photometric centres of the stellar disc and stellar bar.
The measured offsets correlate with global asymmetries of the galaxies, with those with
largest offsets showing higher lopsidedness. These findings are in good agreement with
predictions from simulations of dwarf-dwarf tidal interactions producing off-centre
bars. We find that the majority of galaxies with off-centre bars are of Magellanic
type, with a median mass of 10°°M, and 91% of them having M, < 3 x 10'°M.,
the characteristic mass at which galaxies start having higher central concentrations
attributed to the presence of bulges. We conduct a search for companions to test
the hypothesis of tidal interactions, but find that a similar fraction of galaxies with
offset bars have companions within 100 kpec as galaxies with centred bars. Although
this may be due to the incompleteness of the SDSS spectroscopic survey at the faint
end, alternative scenarios that give rise to offset bars such as interactions with dark
companions or the effect of lopsided halo potentials should be considered. Future
observations are needed to confirm possible low mass companion candidates and to
determine the shape of the dark matter halo, in order to find the explanation for the
off-centre bars in these galaxies.
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A peculiar feature: a bar that appears to be
offset from the photometric centre of the galaxy
discs.

LMC: cmeweHne Ha 0.4-0.8 Knc

Zhao & Evans (2000) suggested that the bar in
the LMC is off-centre as o S - —
consequence of a recent e
tidal interaction with SIVIC RS
and MW.
Pardy+(2016): N-body S
Hydrodynamics LMC+SM .
-0b6vsACHAEeM cumyayuto




OaHako, K npumepy, NGC3906-

M30/IMPOBaAHA
(4TO OTMEeyeHo B 3ToM paboTe)




In this paper, we conduct the first systematic search for
galaxies with offsets between the stellar bar and the discs
in the largest survey in the local Universe (SDSS)

* 2D decomposition SB-ranaktnk no Galaxy Zoo
(3Kcn.guck, banax c n=2, bap)

 Bcero— 5282 ranaktmku c b/a >0.5.

* Ynanocb npodutTnpoBatb 3357 ranakTuk.
* CmelleHune bapa (B npoeKkumnm Ha ANCK)-
MOJEeNbHbIN NapameTp
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Figure 3. Examples of galaxies with offset discs and bars in SDSS; inverted colour gri composite images. The measured deprojected
photometric offset between the bar and the disc is given at the top of each image. The GZ2 debiased likelihood that the galaxy has a bar
is given at the bottom of each image. The centre of the bar component, according to the best fit model, is marked with a yellow star,
while the photometric centre of the disc is marked with a cyan star. The images are 1 arcmin x 1 arcmin.

OFFSET SAMPLE — 271 GALAXY
N3mepanacb Takke lopsidedness of the galaxy disc (m=1)

N

r(w,y) = ro(e,y) (14 D am cos(me + érn) ),

m=1
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Figure 2. The r-band Petrosian absolute magnitudes of the sam-
ples used in the paper: the FITTED-BAR SAMPLE and the OFFSET
SAMPLE, as identified in Section 3.2. The box contains the galax-
ies in the VOLUME-LIMITED SAMPLE (1,583 galaxies) as defined in
Section 4.3. The curved line corresponds to the GZ2 completeness
limit of 17 magnitudes. at a particular redshift.



Lopsidedness vs offset
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Figure 5. The Fourier m = 1 mode amplitude, A;, is correlated
with the offset between the disc and the bar. 41 > 0.05 is an
indicator of lopsidedness, shown by the dotted line in the plot.
The normalized histograms show the distributions of A; for the
OFFSET SAMPLE and COMPARISON SAMPLE (on the vertical) and
the distribution of the deprojected offsets for the two data sets



e Zaritsky et al. (2013) noted that the
lopsidedness is not correlated with the
presence and strength of a bar as many non-
barred galaxies are also lopsided.

* However they did not make a distinction
between galaxies with off-centre bars and
those with centred bars.
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Figure 6. Normalized histograms of the mass distribution of
galaxies with offset bars in the volume-limited sample (131 galax-
ies) and the VOLUME-LIMITED SAMPLE of barred galaxies (1,583
galaxies). The median mass of galaxies with off-centre bars is
10963 Mg, (as shown by the vertical solid line), while the median
mass of barred galaxies is 1010'293\-{@, (as shown by the vertical

dashed line), Onlv 12 galaxjes with 3 X 1010 Mo are seen to have

off-centre bars.
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Figure 7. The location of the offset systems on a SFR-Mass
plot, overlaid on the VOLUME-LIMITED SAMPLE of barred galaxies.
Galaxies with offset bars are located almost entirely on the star
forming main sequence.



4.3.4 Bulges

Only 10% of the offset galaxies (14 out of 131) have ‘obvious
bulges’, while 90% (117 out of 131) have ‘just noticeable’ or
‘no bulges’. This is in striking contrast with the distribution
of bulge types of the vOLUME-LIMITED SAMPLE of which 56%
are ‘obvious bulges’ and 44% are ‘disc dominated’, suggest-
ing that the presence of an off-centre bar is connected to the
absence of a considerable bulge. !

We find that 642 out of the 3,357 galaxies (~19%) in
the FITTED-BAR SAMPLE have close companions, defined as
within a projected separation of r, < 100 kpe. With a similar
percentage, 17%, 46 galaxies in the OFFSET SAMPLE have a

close companion.
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OCHOBHbIe BbIBOAbI

e Our observations show that there is a mass of
3*10'°Mc above which the galactic discs are
stable against disc-bar offsets.

 Many isolated galaxies show evidence of an offset
bar, which cannot be attributed to a dwarf-dwarf

interaction. Ot
offset should a
Interaction wit

ner possible explanations for the
so be considered, such as an
n a dark matter subhalo or an

asymmetry in the dark matter distribution in the

halo.



Does the LMC Possess a Dark Bulge?
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Abstract—A series of numerical dynamical models for the LMC are construcled in order to fit the observed
rotational velocities and stellar velocity dispersions al various galactocentric distances. The models include
a three- d;ﬂifr]w(}ﬂdl nplmnml dl‘~|~. mr] Il{Jm_“.:ﬂ‘.IITfT wphmu] Lompmwnh with v arious FL!.JL[".L masses.

the inner rUf_rlc}n of Lhu galaxy, are ulmp‘md The latter curve roqmrux the pm sence of a massive dcifl\ hul_fra
Models hased on the rotation curve of Solue (2000) cannot account for the observed veloeity dispersion or
the presence of a long-lived bar in the galaxy. A model wilh no dark bulge is in good agreement with the
observations if we assume that the duh dominates over the halo in terms of th mass within the optical

radius (about 7 kpe). @© 2002 MAIK “Nauka/Interperiodica”.

«Bbapbl CO cMeLEeHHbIM LLIeHTPOM He TaK YX peaKu cpeaum
raflakTMK NO34HUX TUNOB. YMCcneHHble moaenu
NMOKa3bIBAlOT, YTO TaKaA CUTYyaLMA BO3HMKAET, Koraa bap
dbopmmpyeTca B NepBOHAYA/IbHO «XO/I0AHOM» 3B€3JHOM
INCKE, B KOTOPOM pPa3BMBaeTCA 0HO-BETBEBAA
HeycTonymBocTb (Moaa m=1). 3To NPONCXOAUT B TOM
cny4yae, ec/iM Macca AMCKa CyLLLeCTBEHHO Bbillie MAcCChl
chepnYecKkMX KOMMNOHEHT Ha 60/1bLLOM NPOTAXKEHUU AUCKA.
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| Time dependence of the integrated amplitudes of Fourier harmonics. At the initial stage of its evolution, the initially
:xhibits a large perturbation amplitude with azimuthal number m = 1. Notation is the same as in Fig. 3. (b) Contours
Fig_ 7. Radial dependenccg ol the mass contained within - density at t = 4.9 (one orbital period of the disk). The kinematic center and center of mass are located at the
the radius + for the disk and spherical subsystems for >0 of the dashed lines.



