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Our cosmology predicts a hierarchical scheme where the larger structures are built up by smaller units that merge. In this hierarchy, dwarf galaxies play a key role given their participation in the assembly of
massive galaxies at earlier epochs and at present. Observational evidence of small scale hierarchical clustering of galaxies at the mass regime has remain elusive. We have published the largest publicly available
catalog of interacting dwarf galaxies. It includes 177 nearby merging dwarf galaxies and it is overwhelmingly dominated by star-forming galaxies, and they are generally found significantly below the red
sequence in the color–magnitude relation.The number of early-type galaxies is only 3 out of 177.

METHODOLOGY
Galaxies are selected by visual inspection of publicly available
archival imaging from two wide-field optical surveys (SDSS-III
and the Legacy Survey), and they possess low-surface-
brightness features that are likely the result of an interaction
between dwarf galaxies
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2.2. Sample Classification

The final sample consists of 177 systems with a limit in the
combined stellar mass of the system of <1010Me. We further
classify these objects according to the morphologies of their
tidal features, mainly grouping them into three categories:
interacting, shell, and tidal tail features. In addition to this, in
some cases, we further sub-classify them according to the
details of their observed low-surface-brightness features; see
below.

1. Interacting (I): in this class, we identify ongoing
interactions between two dwarf galaxies. If the two
interacting dwarf galaxies are visibly distinct, we simply
designate them with an “I” (e.g., Id0217-0742), and if
they are overlapping, or the progenitor galaxies are not
distinct, we also give them an “M” (Merged, e.g.,
Id01250759). Additionally, if we see a bridge connecting
the interacting galaxies we add “B” (for bridge, e.g.,
Id01482838). A dwarf analog of the famous Antennae
system (NGC 4038/NGC 4039) is represented by “A”
(for Antennae e.g., Id0202-0922).

2. Shell (Sh): the presence of shell features can be seen e.g.,
Id0155-0011.

3. Tidal tail (T): simply defined as the presence of
amorphous tidal features, mostly tidal streams or plumes,
which cannot be placed into the above classifications,
e.g., Id08092137. We note that the majority of tidal tails
are relatively redder than their galaxies’ main bodies
(likely a distinct stellar population). Thus, they might
better be described as stellar streams, in which case we
add an “S,” e.g., Id0222-0830. Also, if we see a loop of a
stellar stream around the galaxies, we identify this with
an “L,” e.g., Id09530702.

We show various examples of these classifications in
Figure 2. It is worth noting that the above classification
scheme is not mutually exclusive, and in a number of cases

there are overlaps. For example, some interacting galaxies also
posses multiple tidal features, like shells or stellar streams, even
when the two parent dwarf galaxies are not yet fully merged.
Id11253803 is the best example of this scenario. We show an
example of these different morphological classes of merging
dwarf galaxies in Figure 2.

3. Data Analysis

To perform the photometric analysis and measure the total
luminosity, we exclusively use the SDSS image data, unless
explicitly mentioned otherwise. This is because the SDSS
provides the best homogeneous imaging data. We retrieved
archival images from the SDSS-III database (Abazajian
et al. 2009). Since the SDSS data archive provides well
calibrated and sky-background subtracted images, no further
effort has been made in this regard. We derive the g and r-band
magnitudes. To do this, we measure the total flux using a large
aperture that covers both interacting galaxies and the stellar
streams around them. While doing so, unrelated background
and foreground objects were masked manually. This procedure
is quite straightforward if the interacting galaxies are not well
separated or already merged. In the case of interacting systems,
when the galaxies involved are well separated (class I), the
apertures are chosen in two different ways. First, a large
aperture covering both the interacting galaxies is used to
measure the total flux of the system, as done for the other
classes. Additionally, we also use smaller apertures to measure
the flux of the individual galaxies. However, we emphasize that
we only use the aperture photometry of the individual
interacting galaxies to calculate their mass ratios. For the rest
of the physical parameters that we present in this work, values
are given for the total system (e.g., magnitudes, g− r colors,
stellar masses, and star formation rates (SFRs)).
There are only six candidate galaxies that are located outside

of the region of sky covered by SDSS. In these cases, we use
images from the Legacy survey. For the aperture photometry,

Figure 2. Representative examples of the different morphological classes by which we categorize our merging dwarf galaxies. The field of view and color stretching
are arbitrarily chosen to make the best view of both interacting galaxies and low-surface brightness features. An image scale of 30″ is shown by the black horizontal
bar. See Section 2.2 for further details. The complete list of images is shown in Figure 12.
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median neighbor number of merging dwarf systems in this
sample is 4.

6. Conclusions and Remarks

We have collected a catalog of 177 merging dwarf systems,
spanning the stellar mass range from 107 to 1010Me in a
redshift range z<0.02. The sample is overwhelmingly
dominated by star-forming galaxies and they are located

significantly below the red sequence in the observed color–
magnitude relation. The fraction of early-type dwarf galaxies is
only 3 out of 177. Star-forming objects may be preferentially
selected because of the criterion to have a redshift, and it is
easy to measure the redshifts from the emission lines of star-
forming galaxies than from the absorption lines of non star-
forming galaxies.
We classify the morphologies of the low-surface-brightness

features into various categories: shells, stellar streams, loops,
Antennae-like systems, or interacting. These different types of
low-surface-brightness features may hint at the different stages
objects undergo during their interactions. For example, the shell
feature might be the product of a complete coalescence, while
two well separated interacting dwarfs are probably in the earlier
stages of their interaction. There are three dwarf galaxies
(Id0202-0922, Id1448-0342, Id14503534) that can be considered
dwarf analogs to the Antennae system (NGC 4038/4039).
A potential problem with these types of catalogs is that they

are inherently inhomogeneous and incomplete. Because they
are selected from visual inspection of low-surface-brightness
features, this depends on the depth of the imaging survey, and
on how well defined the tidal features are. As a result, this is in
many ways very subjective. We encourage the completeness of
the catalog to be viewed cautiously, as there may be many
possible biases in our selection procedure. For example, dwarf
galaxies with tidal features whose origins are unclear and are
located near a giant (M*>1010) host galaxy have been
selectively removed. That may lead to an artificial reduction in
the number of merging dwarf systems near giant galaxies.
However, more isolated dwarf interacting pairs do not suffer

from this issue, as there is no uncertainty as to whether a giant
galaxy is responsible for the observed fine structure (e.g., tidal
streams, tails, shells, etc.). Therefore, we believe our sample
will be more complete for these kinds of objects, as long as the
interacting pairs show similar low-surface-brightness features

Figure 10. Comparison of the star formation rates of satellite (star) and isolated
(dot) merging dwarfs systems. We also show the local-volume (<11 Mpc),
star-forming galaxy sample of Lee et al. (2009) in gray.

Figure 11. Total number of galaxies, including both giants and dwarfs, within
a coverage area of of 700 kpc radius and±700 km s−1 line-of-sight radial
velocity around merging dwarf systems. The last gray bar represents the
number of merging dwarf systems that have more than 10 neighbor galaxies.

Figure 9. Phase-space diagram of merging satellites. The Y-axis is the relative
line-of-sight velocity between dwarf merging systems and nearby giant
galaxies and the X-axis is the sky-projected physical distance between them.
The dashed line represents the escape velocity as a function of radius for a
MW-like galaxy, derived from the best matched model in Klypin et al. (2002).
We show dwarf interacting pairs with circles. We show the position of the
LMC–SMC pair and UGC 4703 with gray squares.

12

The Astrophysical Journal Supplement Series, 237:36 (20pp), 2018 August Paudel et al.

median neighbor number of merging dwarf systems in this
sample is 4.

6. Conclusions and Remarks

We have collected a catalog of 177 merging dwarf systems,
spanning the stellar mass range from 107 to 1010Me in a
redshift range z<0.02. The sample is overwhelmingly
dominated by star-forming galaxies and they are located

significantly below the red sequence in the observed color–
magnitude relation. The fraction of early-type dwarf galaxies is
only 3 out of 177. Star-forming objects may be preferentially
selected because of the criterion to have a redshift, and it is
easy to measure the redshifts from the emission lines of star-
forming galaxies than from the absorption lines of non star-
forming galaxies.
We classify the morphologies of the low-surface-brightness

features into various categories: shells, stellar streams, loops,
Antennae-like systems, or interacting. These different types of
low-surface-brightness features may hint at the different stages
objects undergo during their interactions. For example, the shell
feature might be the product of a complete coalescence, while
two well separated interacting dwarfs are probably in the earlier
stages of their interaction. There are three dwarf galaxies
(Id0202-0922, Id1448-0342, Id14503534) that can be considered
dwarf analogs to the Antennae system (NGC 4038/4039).
A potential problem with these types of catalogs is that they

are inherently inhomogeneous and incomplete. Because they
are selected from visual inspection of low-surface-brightness
features, this depends on the depth of the imaging survey, and
on how well defined the tidal features are. As a result, this is in
many ways very subjective. We encourage the completeness of
the catalog to be viewed cautiously, as there may be many
possible biases in our selection procedure. For example, dwarf
galaxies with tidal features whose origins are unclear and are
located near a giant (M*>1010) host galaxy have been
selectively removed. That may lead to an artificial reduction in
the number of merging dwarf systems near giant galaxies.
However, more isolated dwarf interacting pairs do not suffer

from this issue, as there is no uncertainty as to whether a giant
galaxy is responsible for the observed fine structure (e.g., tidal
streams, tails, shells, etc.). Therefore, we believe our sample
will be more complete for these kinds of objects, as long as the
interacting pairs show similar low-surface-brightness features

Figure 10. Comparison of the star formation rates of satellite (star) and isolated
(dot) merging dwarfs systems. We also show the local-volume (<11 Mpc),
star-forming galaxy sample of Lee et al. (2009) in gray.

Figure 11. Total number of galaxies, including both giants and dwarfs, within
a coverage area of of 700 kpc radius and±700 km s−1 line-of-sight radial
velocity around merging dwarf systems. The last gray bar represents the
number of merging dwarf systems that have more than 10 neighbor galaxies.

Figure 9. Phase-space diagram of merging satellites. The Y-axis is the relative
line-of-sight velocity between dwarf merging systems and nearby giant
galaxies and the X-axis is the sky-projected physical distance between them.
The dashed line represents the escape velocity as a function of radius for a
MW-like galaxy, derived from the best matched model in Klypin et al. (2002).
We show dwarf interacting pairs with circles. We show the position of the
LMC–SMC pair and UGC 4703 with gray squares.

12

The Astrophysical Journal Supplement Series, 237:36 (20pp), 2018 August Paudel et al.

Optical color–magnitude relation. The blue dots represent interacting 
dwarfs. The comparison samples are early-type galaxies (gray square) 
and BCDs (green dots).

Total number of galaxies, including
both giants and dwarfs, within a
coverage area of of 700 kpc radius
and ±700 km s−1 line-of-sight radial
velocity around merging dwarf
systems.

Phase-space diagram of merging 
satellites. 

Two LMC-SMC-MW analog 

NGC 2718-UGC5703 NGC 2998- MCG+07-20-052

Reference:  Paudel, S., & Sengupta, C. 2017, ApJL, 849, L28,
Paudel, S., Smith, R., Yoon, S. J., Caldero	́n-Castillo, P., & Duc, P.-A. 2018b, ApJS, 237, 36,

and we expect that a typical beam size of 3′, like the Arecibo
telescope, would be sufficient to entirely cover the interacting
dwarf galaxies; these observations therefore must be considered
measurements for the total, combined system. We found H I
masses for 109 merging dwarf galaxies, as listed in Table 2.

Figure 8 reveals the relation between the H I mass fraction
and stellar mass of the star-forming galaxies. It is clear from
this figure that our interacting dwarf sample clearly follows
the H I mass fraction and stellar mass relation of other star-
forming galaxies in the local universe (Leroy et al. 2008). We
show the distribution of H I mass fraction in the right panel.

The median value of the gas mass fraction of our sample is
MH I/M*=1.09.

5. Discussion

In this paper, we present a sample of interacting dwarf
galaxy systems. Given the large heterogeneity in the data
collection procedure, only part of the scientific discussion can
be considered qualitative. However, merging/interacting dwarf
galaxies are not thought to be a common phenomenon in the
local universe. According to hierarchical cosmology, theory
predicts that they are common in the early universe. To date, no
systematic effort has been made to present a sample of
interacting dwarf galaxies that is statistical enough to study the
properties of interacting dwarf galaxies and their roles in the

Figure 3. Redshift distribution of the sample.

Figure 4. Distribution of the logarithm of the stellar mass of merging dwarf
systems.

Figure 5. Optical color–magnitude relation. The blue dots represent interacting
dwarfs. The comparison samples are early-type galaxies (gray square) and
BCDs (green dots) taken from Janz & Lisker (2009) and Meyer et al. (2014),
respectively.

Figure 6. Star formation rate vs. blue-band absolute magnitude. The black
plots represent merging dwarf systems and the gray plots are the Lee et al.
(2009) galaxies. Interacting pairs that are found in both our sample and those of
the Tiny titan sample are shown with green circles.
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