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ABSTRACT

The low-mass low-surface brightness (LSB) disc galaxy Arakelian 18 (Ark 18) resides in the
Eridanus void and because of its isolation represents an ideal case to study the formation and
evolution mechanisms of such a galaxy type. Its complex structure consists of an extended
blue LSB disc and a bright central elliptically-shaped part hosting a massive off-centered
star-forming clump. We present the in-depth study of Ark 18 based on observations with the
SCORPIO-2 long-slit spectrograph and a scanning Fabry-Perot interferometer at the Russian
6-m telescope complemented by archival multi-wavelength images and SDSS spectra. Ark 18
appears to be a dark matter dominated gas-rich galaxy without a radial metallicity gradient.
The observed velocity field of the ionised gas is well described by two circularly rotating
components moderately inclined with respect to each other and a possible warp in the outer
disc. We estimated the age of young stellar population in the galaxy centre to be ~140 Myr,
while the brightest star-forming clump appears to be much younger. We conclude that the LSB
disc is likely the result of a dwarf—dwarf merger with a stellar mass ratio of the components at
least ~5:1 that occurred earlier than 300 Myr ago. The brightest star forming clump was likely
formed later by accretion of a gas cloud.
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Table 1. Main properties and derived parameters of Ark 18. All values were

obtained in this study unless otherwise noted

Parameter Value
RA (J2000)4 00h51m59.62s
Dec (J2000)¢ -00d29m12.2s
D“, Mpc 24.1
mpg 14.85
Mpg -17.2
SFR, Mg yr~! 0.1
log M Il; 1 9.3
My;/Lp 2.3
i,deg 67 + 1 (inner€) 58 + 3 (outer?)
PA, deg 358 + 3 (inner®) 344 + 5 (outer?)
Viys, kms™! 16279
12 +log (O/H) 8.20 +0.04
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Figure 1. The position of Ark 18 in the size versus luminosity relation
(big circles). On the y-axis we plot the logarithm of circularized effective
radius estimated following Greco et al. (2018) r¢ire = (1 - E)]/zreff s
where € is ellipticity and rof ¢ is the radius containing the half of the
luminosity. On the x-axis we give absolute V-band magnitude. Red, pink
and blue circles are related to the central component, the overall galaxy
and LSB disc. Black squares correspond to the position of LSB galaxies
from Greco et al. (2018) for which the redshifts were available in Simbad
database. Small red triangles demonstrate the position of early-type galaxies
from Brodie et al. (2011). Small blue circles correspond to the late-type
galaxies (with #>2, where ¢ is the morphological type) from the Hyperleda
database. Grey crosses show the position of ultra diffuse galaxies from van
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Figure 11. Results of the analysis of the emission-line spectrum obtained at
PA=171. The position of the slit is overlaid on (a) SDSS gri colour image
and (b) Ha flux map by horizontal dotted lines. Panels (c) and (d) represent
the distribution along the slit of the flux ratios and oxygen abundance,
respectively. The oxygen abundance derived with three methods (7¢, S and
R described in Section 3.5.2) are shown by different colours. The vertical
lines on panel (d) show the limits of each region where the spectrum was
integrated to estimate the oxygen abundance.
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Hence, from the decomposition of the He line profiles we can
draw a conclusion that the velocity dispersion of the ionised gas in
the central regions of Ark 18 does not substantially differ from that
in the rest of the galaxy, and the broadening of the Ha line seen
in Fig. 4 is caused by a broad underlying component. The latter
could be explained by supernovae feedback from the brightest star-
forming regions, while additional sources of shock waves may also
cause supersonic motions at the outskirts of the central component.
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Figure 13. Decomposition of the Ha data cube into narrow (top row) and broad (middle row) components for the central part of the galaxy. All pixels
with S/N<15 were masked. From left to right: the distribution of the Her flux, line-of-sight velocity (for the broad component its deviation AV (Ha) from
that of narrow component) and velocity dispersion for corresponding component. The overlaid contours correspond to the distribution of Her flux for the
narrow component. The bottom row demonstrates the examples of observed line profiles (black line) integrated over the regions shown in top-left panel, their
decomposition onto individual components (blue line), resulting model (red line) and residuals (green line).



Figure 7. The SDSS spectrum for the “centre” region of Ark18 in F; units (left panel, black) and its SED in AB magnitudes (right panel, black), the best-fitting
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Figure 8. The SDSS spectrum for the “SSC” region of Ark18 in F; units and its best-fitting models. The symbols are the same as in Fig. 7
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Figure 9. A broad-band SED (black circles) for the LSB disc of Ark 18
composed of broadband fluxes from far-UV (GALEX) to near-IR (Spitzer).
The best-fitting model (red) is a SSP with the age of 127 Myr and metallicity
fixed to —0.5 dex. The residuals are shown by black asterisks in the bottom
panel.

e The central component demonstrates the continuous SF his-
tory during the large time with a probably constant SFR, and the
young population that was formed recently (light-weighted age of
the young stars in the “centre” is ~ 140 Myr, while the SSC appears
to be much younger). We couldn’t obtain reliable estimate of the age
of stellar population in LSB disc because of its faintness in UV and
IR bands, however the observed SED is consistent with a presence
of young stellar population with the age between 60 and 500 Myr.

e From the results of caLFiT modelling and spectral and SED
fitting we have estimated the ratio of stellar masses of the central
component and LSB disc to be at least ~ 5 : 1.
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e Ark 18 is dark matter dominated gas-rich galaxy with dark halo
having the radial scale and central density close to those observed in
the “normal” high surface brightness discy galaxies with the same
disc radii.
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Figure 10. Top panel: the best-fitting models of the rotation curve of Ark 18 left — for the pISO profile of the DM halo, centre — for the NFW profile, right

— to the Burkert profile. Bottom panel: y* map for the parameters of dark halo, colour in the maps denotes the y2 value, the darker the color, the lower the y2

and the better is the fitting quality. The contours refer to 10, 20~ and 3 o~ confidence limits. The position of the parameters corresponding to the y* minimum
is shown by the cross in each map.

Table 3. The derived parameters of the dark halo with 10~ confidence limit
errors. The columns contain the following data: (1) — dark halo profile; (2)
and (3) — radial scale and central density of the DM halo; (3) — mass of DM
halo inside of radius four disc radial scales 10.9 kpc

dark halo Rs £o Mhao
kpc 1073 My /pc? 1019 M,
2.97 +40.44 +0.66
Burkert 462 291 2286 *4044 140 *056
NFW 22.28 1.51 1.47
2.02 +43.32 +0.63
pISO 284 202 2000 332 146 05
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ABSTRACT

Context. A small fraction of early-type galaxies (ETGs) show prolate rotation, i.e. they rotate around their long photometric axis. In
simulations, certain configurations of galaxy mergers are known to produce this type of rotation.

Aims. We investigate the association of prolate rotation and signs of galaxy interactions among the observed galaxies.

Methods. We collected a sample of 19 nearby ETGs with distinct prolate rotation from the literature and inspected their ground-based
deep optical images for interaction signs — 18 in archival images and one in a new image obtained with the Milankovi¢ telescope.
Results. Tidal tails, shells, asymmetric/disturbed stellar halos, or on-going interactions are present in all the 19 prolate rotators.
Comparing this with the frequency of tidal disturbance among the general sample of ETGs of a roughly similar mass range and
surface-brightness limit, we estimate that the chance probability of such an observation is only 0.00087. We also found a significant
overabundance of prolate rotators that are hosting multiple stellar shells. The visible tidal features imply a relatively recent galaxy
interaction. That agrees with the Illustris large-scale cosmological hydrodynamical simulation, where prolate rotators are predomi-
nantly formed in major mergers during the last 6 Gyr. In the appendix, we present the properties of an additional galaxy, NGC 7052, a
prolate rotator for which no deep images are available, but for which an HST image revealed the presence of a prominent shell, which
had not been reported before.
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Legacy Surveys residual image. All panels have the same field of view. North is up, east is o the left.
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We compared this with the tidal disturbance frequency among

the galaxies with a similar mass range drawn from the MATLAS

sample — a volume-limited general sample of nearby ETGs. We

verified that the MATLAS survey has a similar or better surface-

- _ _ ' _ . o brightness limit than the images of the prolate rotators. We found

e o i e o o i e e b A s o e that the chance probability of observing 19 out of 19 ETGs with
column: image from MATLAS showing more inner parts of the galaxy. North is up, east is to the left. interaction signs is Ol]ly 0.00087.




