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Abstract

The morphological and photometric characteristics of dwarf galaxies in the local
group are key to understanding galaxy structure and evolution, providing insight
into the properties of low-luminosity systems. However, their faint nature makes
them challenging to observe, especially at greater distances. In this study, we
examined the morphological classification, spatial distribution, and photometric
properties of a sample of 33 nearby dwarf galaxies at approximately 2 kpc, using
data from the Sloan Digital Sky Survey (SDSS-IV) data release 18 (DR18), to
investigate how these galaxies are varying in terms of their colors, surface
brightness, and structural features.
Our results reveal notable trends in the relationship between morphology and
distance for dwarf irregular (dIrr) and dwarf spheroidal (dSph) galaxies. We
observe that dIrr galaxies are more dispersed and commonly found at greater
distances, additionally, they are gas-rich galaxies with recent star formation, while
dSph galaxies contain older stellar populations and tend to cluster closer to their
host galaxies like the Miley Way. In general, we noticed that the dSph galaxies
appear redder and fainter due to the intermediate and old age stars, and the
containment of metal-rich stars, whereas the dIrr galaxies tend to be bluer and
brighter, indicating the presence of younger stars which contain fewer heavy
elements.
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1. Introduction

Satellite galaxies (SGs) are compact stellar systems, usually containing millions of stars,
that are frequently found within the gravitational pull of bigger host galaxies, like the Milky
Way (MW). Often labeled as dwarf galaxies due to their significantly smaller size compared
to their primary counterparts, these systems are vital for piecing together the puzzle of
galactic behavior and development. Exploring them sheds light on the mechanisms driving
galaxy formation, as well as the hierarchical assembly of cosmic structures [1]
Dwarf galaxies exist in a variety of shapes and sizes, each providing important insights into
the forces that influence galaxy evolution. Generally, group them into three main categories:
dwarf spheroidal (dSph), dwarf irregular (dIrr), and dwarf elliptical (dE) galaxies [2,3]. The
dlrr type stands out with its rich gas reserves, active star birth, and appears blue resulting
from a dynamic group of young, hot stars. In contrast, dSph and dE galaxies generally lack
gas, predominantly containing older stars and exhibiting smooth, elliptical forms. This results
in a reddish appearance and lower luminosity when compared to their irregular counterparts
[4,5].
Dwarf galaxies display distinct photometric characteristics—such as brightness, color, and
surface brightness—that significantly contribute to understanding their composition and
historical evolution [6]. Among these, dIrr galaxies are known to exhibit greater luminosity
and show bluer colors, indicating that star formation is still occurring. In contrast, dSph
galaxies tend to be dimmer and exhibit redder colors, suggesting the presence of an older
stellar population [7]. To analyze their stellar content and chemical evolution, astronomers
often rely on the color-magnitude diagram (CMD), which helps in identifying patterns in
their formation and evolutionary processes [8].
Research has been conducted about the observational properties of dwarf galaxies in the local
group (LG), e.g. [6, 7]. Kormendy [3] demonstrated that two relations appear to arise, one for
"giant" galaxies and the other for "dwarf" galaxies when elliptical galaxies' surface brightness
is plotted against luminosity. This has typically been read as proof that both systems belong
to two different groups. The discrepancy in the origin of dE and E galaxies has been one of
the interesting topics for years. A popular argument is that E galaxies were released quickly
during a prominent starburst at the very beginning of the universe and were formed via a
scenario known as monolithic collapse [8]. Ultra-compact dwarf galaxies and dSphs have a
striking difference in the mass-radius relation and an imbalance of the galaxy’s evolution.
This can be translated into the conditions through which these galaxies were formed [9, 10,
11].
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The majority of the galaxies in the universe are dwarf galaxies [1]. These systems are
almost too faint to be detected for high redshifts. Nevertheless, in the local group, we get a
clear picture of the early star formation and chemical enrichment of these galaxies. The LG of
galaxies concentrates on the massive spiral galaxies, MW and M31, each hosting an amount
of smaller satellite dwarf galaxies with mass smaller than 10> M sun [12] and luminous
less than —17 mag, in the V-band [7]. Sawala et al. [13] demonstrated that all satellites of
MW reside within a thin plane by studying the spatial distribution of eleven MW satellites.
Metz et al. [14] show that the disk of satellites of the Milky Way is inclined with respect to
the supergalactic plane. More studies confirmed the existence of planar distribution for MW
satellite spatial distribution [14, 15]. The spatial distribution of the SG is correlated with the
larger-scale filamentary pattern [16, 17,18]. Tully et al. [18] claimed the existence of two
nearly parallel satellite planes. They suggested that the plane around the MW is not aligned
with the cosmic web while it is mainly aligned around M31 [20, 21]. The spatial distribution
of the M31 satellite galaxies has been investigated. Santos S. al. [22] found a vast thin plane
of satellites around M31.

The environment of the galaxies has a severe impact on their evolution and hence
influences their physical characteristics. This is relevant due to dwarf galaxies being more
vulnerable to the effects of nearby galaxies that are more massive due to their low total
masses.

The goal of this project is to explore the morphological and photometric properties of
dwarf galaxies within the local group. Our aim is to investigate the relationship between the
morphological classification of the galaxies and distance to examine their spatial distribution
in the local group. On the other hand, this study aims to review the fundamental photometric
properties of the dwarf galaxies in the local group and to understand the galaxies' formation
and valuation.

2. Data Collection

In this study, we collected data samples of 33 dwarf galaxies in the local group: dwarf
irregular galaxies (dIrr), and dwarf spherical galaxies (dSph), using data from the Sloan
Digital Sky Survey (SDSS-1V) Data releases 18 (DR18) at https://www.sdss.org/dr18/,
and NASA/IPAC Extragalactic Database (NED) at http://ned.ipac.caltech.edu.

We selected data about the redshift measurements, galactic coordinates such as the
galactic latitude and the galactic longitude, morphological type of each galaxy, as well as the
photometric data, typically the absolute magnitude in V-band, (B-V) color index, surface
brightness, and the half-light radius. The obtained data were in FITs format which is
commonly used in astronomy. We then used R (programming language), along with the
“fitso” package, to process the data and extract the important properties that were needed in
the analysis and visualizations. The fundamental properties of the studied samples of 33
galaxies are shown in Table 1. Table 1 displays: galaxy’s name, heliocentric redshift (zhelio),
angular diameter in arcsec (Ad), half-light radius in arcmin, and location of the galaxies
according to the galactic latitude/ galactic longitude, and the absolute magnitude Mv.
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Table 1: Fundamental properties of the studied dwarf galaxies

Name z Helio | Type v_Helio Ad Rh G _lat. G _long. Myv D1:Zan
@ ) 3) ) 5) (6) @) ®8) 9 (10)
ICI0 | -0.00116 | dIrr | -348.0590 | 809.40 | 2.65 | -3.327392 | 119.0 | -193 | 825
1320.0 '
IC1613 | -0.00078 | dIrr | -234.1379 5 6.81 | 6057731 | 1298 | -15.1 | 700
8
dIrr/ -
LGS3 | -0.00096 -286.6016 - 2.10 | 40.89388 | 1268 | -10.08 | 810
dSph 0
Phoenix | 0.00013 | dIrr 39'827 240 1 4s700 | 376 | 6572199 | 2722 | 2399 | 445
9
Leol | 0.00095 | dSph | 285.1026 | 720.0 | 3.40 49'121241 240.16 | -11.84 | 250
Se’ians 0.00108 | dIrr | 324.0756 | 3533 | 247 39'837 58 1 9330 | 146 | 1440
Sexltans 0.00075 | dSph 224;)447 - - 42'26723 81 a1 9.23 86
Se’gans 0.00100 | dmr | 3 00&%916 360.0 | 1.06 43'723 82 253 2149 | 1345
Leoll | 0.00026 | dSph | 79.1452 | 900.0 | 2.60 67'23 126 34.0 9.7 205

SagDIG | -0.00026 dlrr -78.5456 210.0 0.91 16.28794 3229 -11.5 1060

0
NGC 1 500018 | dirr | -s4.8620 | "1173 | 265 | 1839915 | 119 | -152 | 490
6822 0 ;

DDO )
00 | 0.00047 | dir | -140.0030 | 157.80 | 147 | 3134309 | 759 | -124 | 800
8
Tucana | 0.00065 | dIrr | 193.9657 | 173.00 | 1.10 47'33930 1969 | -9.53 | 880
Ug;gz 0.00021 | dir | 62.0570 | 201.84 | 090 | 70.85891 | 11.867 | -1324 | 1320
6
WLM | -0.00041 | dirr | -1223153 | 70490 | 778 | 1042 56 | -145 | 925
NGC 1 00064 | 998 | 1930663 | 900.00 | 3.17 | 1425261 | 119817 | 151 | 72
147 ph p 4
I‘{gsc -0.00067 difs 2020601 | 92930 | 225 | 1448245 | 120791 | -158 | 620
6
NGC 1 00080 | 948 | 5410331 | 3127 | 246 | 2113875 | 1207 | -165 | 815
205 ph 0 ;
Carina | 0.00070 | dSph 223;2)456 18%0'0 820 | 2222342 | 3439 | 908 | 101
3
LeoA | 0.00007 | drr 20'088609 33000 | 2.15 52'472252 3107 | -12.8 | 101
Ursa | 00082 | dsph | -247.0200 | 24000 | g0 | 44800391 uhs | 67 66
Minor 0 7
Draco | -0.00098 | dSph | 294.9958 | 30000 | 10 34'772182 2260 | 893 | 82
20
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M32 -0.00071 Ce -212.8526 | 660.00 0.47 21.97615 121.1 -16.5 805

8

Fomax | .00018 | dsph | 00| RO 166 56.6;9002 24349 | -132 | 138
Peglal‘sus -0.00114 | dSph | -340.8640 - 2.10 36.3;2454 22017 | -11.42 | 955

Antlia | 000121 | dir | 362.1493 | 12540 | 12 22'361240 260.1 | -11.5 | 1235
S"‘fﬁgaﬁ 0.00047 | dirr | 140.0030 - 0.91 16.2(%%794 105.0 | -13.61 | 24

NGC 55 | 0.00044 | dSph | 131.0093 22970'8 5.16 . 8637 | -18.0 | 1480

IC 5152 | 0.00041 dlrr 122.0155 | 431.52 0.97 50.19181 240.16 -18.2 1590

0
GRS | 000071 | dir | 2140518 | 66.00 | 032 76'91942 048 | -119 | 1590
AndTl | -0.00065 | dSph | -193.6659 | - 620 | 2916114 | 3327 | -1236 | 525
2
AndTIT | -0.00115 | dSph | -344.1617 | - 220 | 2626427 | 1289 | 9.96 | 760
)
AndT | -0.00126 | dSph | -3762395 | - 310 | 2481653 | 11937 | -11.75 | 805
5
EGB | 00033 | dir | 9893152 | 20330 | - ] 1447 | 126 | 1300
0427+63 | O : : : :

5

3. Data processing

To ensure our dataset was accurate and complete, we first checked for any missing or
corrupted R-studio Data Recover Software was used to rover and clean the dataset, making
sure all values were correct and ready for analysis. Each galaxy’s position was initially
recorded in the equatorial coordinate system (right ascension, declination). Since our study
focuses on the Milky Way, we converted these coordinates into the galactic coordinate
system (longitude, latitude) using standard transformation equations. This conversation
helped us analyze the spatial distribution of these galaxies relative to the Milky Way. The
transformation is outlined in Binney & Merrifield (1998) [23].

sinb = sin § cos bygp — €0s § sin bygp cos(a — aygp) (D)
cos b sin(l — lygp) = cos é sin(a — aygp) )
sinb cos(l — lygp) = sin § sin bygp + cos & cos bygp cos(a — aAyep) 3)

Where (a, §) are the equatorial coordinates (Right Ascension, Declination), and (I, b) are
the Galactic coordinates (longitude and latitude). The reference parameters for the
transformation are (aygp = 192.85948°, byep = 27.12825°) for the North Galactic Pole
(NGP) and lyzp = 122.932° for the Galactic longitude of the North Celestial Pole.

Once the coordinates were transformed, we used R-studio software to analyze the spatial
distribution of the galaxies using the Cumulative Distribution Function CDF for both dwarf
irregular (dIrr) and dwarf spheroidal (dSph) galaxies, allowing us to compare their spatial
distributions and identify trends. Finally, R-studio was also used for data visualization. We
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created spatial distribution maps, velocity distance plots, and color-magnitude diagrams,
which helped us interpret the physical and photometric properties of the galaxies in our
sample.

4. Results and Discussion
4.1 Distribution of the dIrr and dSph in galactic coordinates

A comparison of the spatial distribution of dwarf galaxies and their morphological trends
is shown in Figure 1. As illustrated in the figure, the dIrr galaxies are widely spread, and
located farther from massive galaxies such the Andromeda (M31) and Milky Way, which
indicates that they are less gravitationally, and are influenced by external interactions. dSph
galaxies are more located around massive galaxies, which suggests that these galaxies are
affected by a stronger gravitational influence.
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Figure 1: Distribution of local group dwarf galaxies in Galactic coordinates for the
heliocentric redshift range of —1 X 1073 < z < 1 x 103 .

The difference in the distribution in galactic coordinates of the dIrr and dSph galaxies is
shown in Figures 2 and 3. Figure 2 shows the distribution of the dIrr galaxies in the galactic
longitude/ latitude against the heliocentric redshift (z,.;,). As we can see, the tendency
follows a more scattered and diagonal distribution which emphasizes that they are more
affected by external forces such as the tidal interaction in the local group [24, 25]. This
confirms the dispersed structure of dIrr galaxies, reinforcing their lower gravitational binding
and irregular motion [26]. Unlike dIrr galaxies, the distribution of the dSph galaxies appears
more evenly spread without a diagonal trending, as illustrated in Figure 3. Instead, their
distribution is clustering in specific regions showing a broad spatial spread below and above
the galactic plane. Instead, it reveals clustering in specific regions, likely due to past
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interactions with the Milky Way, which has significantly shaped their orbits and structural
properties [26].
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Figure 2: Distribution of the dIrr galaxies in galactic coordinates as a function to z,;;, . Left
panel: in galactic longitude (I). Right panel: in galactic longitude (b)
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Figure 3: Distribution of the dSph galaxies in galactic coordinates as a function to zy;;, -
Left panel: in galactic longitude (I). Right panel: in galactic longitude (b)

4.2  Cumulative distribution of dIrr and dSph
We depend on the cumulative distribution function (CDF) for each type of galaxy to create
cumulative distribution plots of dwarf irregular galaxies (dlrr) and dwarf spheroidal galaxies

(dSph).

The distributions for the Satellite galaxies (dIrr and dSph) are shown in Figure (4a). The

distribution is clearly non-uniform and shows a strong preference for |cos (0)| around 40. The
colored region (box) shows where they are most concentrated, i.e. within any range relative
to latitude. The dlrr type is more frequent than the dSph (see Figure 4b).
In Figure 5, the apparent magnitude values for dwarf irregular galaxies are notably higher
than those for dwarf spheroidal galaxies. The figure includes an overlaid orange curve, which
represents a smoothed kernel density estimate. The mean absolute magnitudes, indicated by
vertical blue lines, are measured at 11.71 mag for dlrr galaxies and 10.4 mag for dSph
galaxies. This difference can be explained by the fact that dIrr galaxies are gas-rich and
continue to undergo active star formation [28, 29, 30].
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Figure 4: a) The cumulative distribution of the galaxies as a function of |cos (8)| where 6 is
Galactic latitude. b) the frequency of each galaxy type, indicating a higher count of dlrr

galaxies in the sample.
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Figure 5: Distribution of apparent magnitudes for irregular dwarf galaxies (dIrr) and dwarf
spheroidal galaxies (dSph).

4.3 Velocity distribution and circular velocity curves of simulated dwarf galaxies
analyzed using the R programming language

This section explores the motion of dwarf galaxies in the local group and their interactions
with larger galaxies like the Milky Way and Andromeda.
Figure 6 shows the velocity-distance diagram for galaxies across three distance regions. In
this first region (0.024-0.5 Mpc), velocity ranges widely from -295 km /s to + 28, reflecting
complex Dynamics like gravitational interactions and orbital motion. Some galaxies move
toward the Milky Way, while others move away. In the second region (0.5-1 Mpc), most
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galaxies have negative velocities, suggesting motion toward the Milky Way or local group’s
center. However, Tucana stands out with a positive velocity, possibly due to a unique orbit or
peculiar motion. The third region (1-1.59 Mpc) shows velocities from -98.93 km/s to +105.7
km/s, indicating weaker Milky Way influence and more independent motion within the local
group [25].

Figure 7 illustrates the link between heliocentric velocity and cos(0), where 6 is galactic
latitude. The dashed line shows the best-fit model for v = v(cos(0)). A strong correlation
would suggest that galaxy motion is due to the Milky Way’s gravity or local group dynamics.
Deviations from the fit indicate that these galaxies have deviant velocities, likely from past
interactions, tidal effects, or their gradual infall into the local group [27].
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Figure 6: Velocity-distance diagram for the galaxies at distances larger than 1.5 Mpc.
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Figure 7: Heliocentric velocities of the galaxies as a function of cos(0). The dashed line
indicated the best fit to the v = v(cos (0)) relation.
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4.4 Color index and Surface brightness
4.4.1 Colors

Color-magnitude diagram of the galaxy sample is presented in Figure 8 which shows the
(B-V) color index versus the absolute magnitude in the V-band. The absolute magnitude Mv
for dwarf spherical galaxies (dSph) on the left panel in Figure 8 ranges between -8.67 to -18.0
mag, while the Mv range of the dwarf irregular galaxies (dIrr) on the right panel varies from -
9.53 to -23.99 mag. The color index distribution of the dlrr galaxies is more scattered in
comparison with the dSph galaxies. Some of the dlrr galaxies exhibit noticeable deviations
from the dashed trend line in the figure and are trending slightly downward. In contrast, the
dSph galaxies are trending upwards.
Figure 8 also shows that the dSph galaxies seem to be brighter and tend to be redder B-V
values close to 1, indicating older galaxies, more evolved stellar populations, and contain
metal-rich stars. Meanwhile, the dlrr galaxies have bluer B-V values close to 0.4-0.6, which
indicate the presence of younger stars that contain fewer heavy elements and ongoing star
formation.

dSph dirr
o 0 o] ,rq' 2 - *
o | i .-"-r '
= o - s |*
i == i"'*— |
i - =
T a7 %o = - o o
= = o = ' T
T
= T = .
o *
oo el
= [} id
T | T | T | T T 1 T 1
02 04 08 08 10 12 0.2 04 08 08 10 12 1.4

Figure 8; The color-magnitude diagram of the sample is based on the (B-V) colors of the
galaxies and the absolute magnitudes in the V-band.

Figure 9, illustrates histograms of B-V colors for the dSph galaxies (left panel) and dlrr
galaxies (right panel), the vertical blue line provides the mean B-V values. The figure shows
that dIrr galaxies reveal a wider variety of colors, with a peak in the blue region of a mean
value of 0.68 mag, reflecting younger stellar populations and active star formation. On the
other hand, the dSph galaxies have a narrower color distribution toward the redder region,
with a mean value of 0.58 mag showing they are redder than dIrr and older.
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Figure 9: The histogram of B-V colors of dlrr and dSph galaxies on the left and right
respectively. The vertical blue line shows the mean value.

4.4.2 Surface brightness

Figure 10 presents the surface brightness of the galaxies in the sample against the absolute
magnitude. The diagonal solid line in the figure explores the tendency of constant surface
brightness, calculated by the averaging values within the half-light radius. The dIrr and dSph
galaxies that spread along the diagonal line have various brightness levels indicating
variations in the star formation history and stellar populations. Notably, brighter galaxies tend
to gather closer to this line, illustrating a correlation between the surface brightness and the
absolute magnitude Mv. Generally, the dIrr galaxies seem to be fainter than dSph galaxies.
Figure 11 provides the relationship between the absolute magnitude in V-band ranging from -
23 to -5 versus the half-light radius for the sample. The half-light radii of the dIrr galaxies on
the left panel range between (0.32-7.78) arcmin whereas the dSph on the right panel spans
with a larger range (3-17) arcmin. Figure 11 highlights the dlrr galaxies exhibit lower half-
light radii at higher magnitudes, reflecting their irregular morphology and active star
formation. While the dSph have larger half-light radii at fainter magnitudes indicating
extended and diffuse structures.

dirr dsph

a(mag/arcsec™2)
a(magiarcsect?)

I v
Figure 10: The surface brightness versus absolute magnitude. The diagonal solid line

represents the direction determined by (averaged within the half-light radius) points of
constant surface brightness.
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Figure 11: The absolute magnitude versus half-light radius for the galaxy sample around
—23 < M, £ =5 for dIrr and dSph galaxies on the left and right respectively

5. Conclusions

Dwarf galaxies, regarded as the foundational components of massive galaxies, rank among
the faintest entities in the universe. This research has investigated the known satellite systems
of the Milky Way (MW) and Andromeda (M31) galaxies, as well as semi-isolated systems
within the local group. Our primary focus was on the morphological and photometric
attributes of nearby dwarf galaxies, particularly the irregular (dIrr) and dwarf spheroidal

(dSph) types.

We have examined various physical properties, including the positions, structures, and
dynamical traits of these satellite dwarf galaxies. Our results reveal notable differences
between dlrr and dSph galaxies when compared. dlrr galaxies tend to be widely distributed
and are typically found at higher galactic longitudes. In contrast, the dSph galaxies cluster
closer to massive galaxies like the Milky Way. In addition, the dlrr galaxies have higher
values of absolute magnitude due to their gas-rich nature and active star formation, while
dSph galaxies appear fainter and redder and contain older stars.

The cumulative distribution function (CDF) analysis reveals that the distribution of the
dIrr and dSph galaxies are non-uniform, hence, the dlrr are more concentrated in specific
latitude regions and are more frequent than dSph galaxies. Moreover, analysis of the
distribution of the dlrr and dSph on the velocity-distance diagram identifies three distinct
regions based on galaxy motion. Within the 0.024 to 0.5 Mpc range, dIrr galaxies exhibit
both positive and negative velocities, whereas dSph galaxies predominantly show negative
velocities in the 0.5 - 1 Mpc range. This distinction suggests different dynamical influences
and evolutionary pathways.
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