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Abstract. We have studied the star formation properties of a massive void galaxy - I Zw 81. We
performed 2D structural decomposition on Canada France Hawaii Telescope (CFHT) g- and
r-band observation of I Zw 81 using GALFIT. The galaxy consists of an unresolved small bulge,
a bar, an inner ring, and a truncated disk. We have used far-ultraviolet (FUV) and near-UV
(NUV) observation of Ultraviolet Imaging Telescope (UVIT) onboard AstroSat for our analysis.
The NUV—r color map of the lenticular galaxy illustrates a shallow positive color gradient in
the profile, implying that the bar and inner ring are more star-forming than the outer disk. The
FUV emission is mainly concentrated in the central region of the galaxy. A tidal tail-like feature
is detected in the CFHT observations. We infer that bar and minor mergers-like interactions
enhance the gas inflow and drive star formation in the center of I Zw 81.
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1. Introduction

Local galaxies disparate themselves into distinct classes, i.e., star-forming and qui-
escent (Kauffmann et al. 2003; Baldry et al. 2004). This separation is an outcome of
various physical transformation processes that act on galaxies over their cosmic lifetime.
It is well established that the environment and stellar mass play crucial role in deter-
mining the properties of galaxies (Peng et al. 2010). The low-mass galaxies are affected
mainly by their surrounding environment, while at the high stellar mass range, several
mass quenching mechanisms get activated that cause star formation cessation in galaxies
(Alpaslan et al. 2015; Peng et al. 2010).

We are interested in studying the properties of a massive (M, ~ 1002 M) early-type
galaxy, I Zw 81 present in the Bootes void (Kirshner et al. 1987). Our previous analysis
using Ultraviolet Imaging Telescope (UVIT) data reveals that the I Zw 81 is star-forming,
shows blue color and strong ultraviolet (UV) emission (Pandey et al. 2021). The relatively
rare class of massive blue early-type galaxies similar to I Zw 81 are thought to be an
outcome of major merger events (Kannappan et al. 2009). However, such interactions are
improbable in voids (Penny et al. 2015). In this work, we have attempted to understand
the physical mechanisms responsible for the present state of massive void galaxy, I Zw 81.

2. Central star formation and FUV emission in bar

We have primarily used Canada France Huwaii Telescope (CFHT) g- and r-band and
UVIT near-UV (NUV) and far-UV (FUV) imaging data to study the star formation and
perform the structural analysis of I Zw 81. We performed the structural decomposition
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Figure 1. Left panel: NUV—r color map of I Zw 81; Right panel: FUV observation of I Zw 81.
The CFHT-g band contours shown by black solid lines are overlayed. The contour comprises of
5 surface brightness levels = [17.37, 19.24, 21.11, 22.94, 24.58] mag/arcsec®. The star-forming
clumps are shown in black circles on the second contour. The black dashed circles (r = 5")
shown in both panels enclose the bar and ring.

of I Zw 81 using GALFIT (Peng et al. 2002) on CFHT observation, and found that the
galaxy consists of an unresolved small bulge, a bar, an inner ring, and a truncated disk.

We studied the mass assembly of the galaxy using the NUV—r color map shown in the
left panel of Figure 1. The central region comprising the bar and inner ring is represented
by a dashed black circle of radius = 5 . Note that the point source function (PSF)
matching on CFHT r-band data was performed prior to the color map construction.
The color map shows that the central region of the galaxy is bluer than its outskirts.
The shallow positive gradient displayed by I Zw 81 is generally observed in low-mass
galaxies and is thought to be the product of environmental disturbances (Pan et al.
2015). The right panel of Figure 1 shows FUV observation of the galaxy with CFHT
g-band contours overlayed on the image. The FUV emission traces recent star formation
in a galaxy averaged to a timescale of 100 Myr (Kennicutt et al. 1998). We found that
the FUV emission is localized in the central region of the galaxy enclosing the bar. The
FUV emission in the bar region of I Zw 81 is similar to that reported by Saha et al. 2021
in the Malin 1 galaxy whose central region resembles lenticular morphology.

The bar generally transfers the gas from galactic outskirts to the inner region. As a
result, shock waves and gravitation torque rise inside the bar which lead to decrease
the ongoing star formation activity (Khoperskov et al. 2018). Massive lenticular galaxies
similar to I Zw 81 show FUV emission only in the nuclear region of bars (Diaz-Garcia et al.
2020). On the other hand, the FUV emission in I Zw 81 is spread across the entire bar
and the inner ring implying that galaxy is sufficiently gas-rich. We investigate the source
of the gas supply and observed star formation in the next section.

3. Role of mergers and interactions

Mergers and interactions between galaxies strongly influence their star formation prop-
erties (Alonso et al. 2012; Kaviraj 2014). Since the galaxies present in voids are unlikely
to go through major merger interaction in their lifetime (Penny et al. 2015), we only dis-
cuss the effect of minor mergers and tidal interactions on I Zw 81. We used deep CFHT
g-band observation to look for any signatures of interactions. We found a tidal tail-like
feature in the galactic outskirt shown in Figure 2. We detect a companion galaxy WISEA
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Figure 2. The black dashed rectangular box highlights the tidal tail-like feature observed in
CFHT-g band image of the galaxy.

J140811.384-485344.2 at a distance of 120 kpc from I Zw 81. The galaxy is not massive
enough to enhance the ongoing star formation in I Zw 81 via tidal interaction or flyby.
Minor merger interactions in the past seem to be the most favorable scenario to explain
the rapid star formation. Such interactions can ignite star formation activity in the
galaxies by supplying fresh gas to the systems (Bournaud et al. 2007). Galaxies in voids
can sustain their gas supplies for longer time due to secular evolution. Hence, the low-
density environment of I Zw 81 may play a part in enhancing the star formation induced
by the interactions. The bar transfers the available gas to the galactic center which lead
to the observed star formation. The results are explained in detail in (Pandey et al. 2022).
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