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Abstract

This study provides a comprehensive photometric and structural analysis of the
galaxy UGC 10168, which is classified as (RiR2")SAB,(r')a in the Comprehensive
de Vaucouleurs Revised Hubble-Sandage (CVRHS) system. UGC 10168 is an
intermediate barred spiral galaxy with intricate inner and outer ring structures, which
presents an intriguing scenario for studying resonant feature dynamics. Surface
photometry was used to analyze the luminosity distribution, ellipticity, and position
angle profiles along the semi-major axis of the galaxy, utilizing multi-wavelength
imaging from the Sloan Digital Sky Survey (SDSS). The classification (RiR2")
emphasizes the existence of two distinct outer pseudorings that are formed by the
winding spiral arms; whereas (r'l) implies an interior, less regular ring that encircles
the bar. The galaxy's barred morphology (SAB) and early-type spiral features (Sa)
contribute to a complex structural profile, which was analyzed in detail using
photometric decomposition techniques. The R: and R>' pseudorings are conceivably
associated with the galaxy's bar dynamics and the influence of Lindblad resonances,
as our findings disclose notable resonant structures. The colour profiles, calculated
from the differences in light intensity between the SDSS filters (g-r, r-i and i-z) were
analyzed to understand the gradients in stellar populations and the level of star
formation within the rings, bar, and disk. Distinct colour variations between the inner
and outer rings indicate differing stellar ages and star-forming areas affected by
resonances. This study enhances understanding of ring creation and resonance events
in barred spiral galaxies, offering insights into their evolutionary trajectories within
galactic dynamics and shape.
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Rings are a fascinating component of galactic structure [1]. Barred galaxies are

renowned for their ubiquity and the unique ring morphologies they frequently exhibit [2].
Buta and Combes have described the characteristic rings, which consist of nuclear (or
circumnuclear), inner, and exterior rings in that order of increasing linear and relative
dimensions. The rings are frequently composed of spiral arms that are closely wound
(known as "pseudo-rings"), and each form has its own distinctive set of morphological
characteristics [3]. Rings remain significant in galactic studies due to their pronounced
sensitivity to internal galaxy dynamics and their probable close association with secular
evolutionary processes in galactic discs [4].

The outer rings of barred galaxies are about twice as large as the bar. They are
believed to be associated with specific orbital resonances in the galactic disk. One of the
most common resonances is the outer Lindblad resonance (OLR), which occurs when the
pattern speed of the bar matches the difference between the angular rotation speed of the
stars and their epicyclic frequency. At the OLR, the stars and gas can be trapped in stable
orbits, often forming ring-like structures. In some galaxies, the outer rings may also be
linked to a higher-order resonance called the Outer 4:1 Resonance (O4R), where the stars
complete four epicyclic oscillations for every full rotation in the frame of the bar. These
resonances shape the dynamics and morphology of the outer disk and are key to
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article distributed under the terms of the Creative Commons Attribution 4.0 International License
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understanding ring formation in barred galaxies. [5]. According to de Vaucouleurs's
study(1959), outer features have been separated into closed rings (R) and pseudorings
(R") depending on whether the feature is closed or complete [6]. Arms that begin at one
end of the bar and terminate at the other end after a 180° bend make up R’ closed rings
and R’ pseudorings [7]. These rings are usually eight-shaped because of a dimpling
toward the end of the bar. The two spiral arms that make up R2 closed rings and R»’
pseudorings begin at one end of the bar and, after a 270° bend, connect approximately
perpendicular to the bar's main axis. While R>" pseudorings are relatively rare, R rings
are not identified in the Atlas of Resonance Rings as Known in the S*G Survey
(ARRAKIS). However, the absence of R rings in the atlas may reflect classification
uncertainties, since the intrinsic shape of features located at large radii is highly sensitive
to the galaxy’s orientation and projection effects [8]. Additionally, the Spitzer Survey of
Stellar Structure in Galaxies S*G database has several systematic variety classifications
[9]. Inner variants include inner rings (r), inner pseudorings (rs), inner lenses (1), and the
pure (s) form. OLR subclass characteristics Ry, Ri’, R2’, and RiR>" are examples of outer
variations, along with no feature for an unclosed spiral, outer pseudorings (R’), outer rings
(R), outer ring-lenses (RL), and outer lenses (L) [10].

The morphological categories Ri, Ri’, R2’, and RiR>" are distinguished from the
overall ring population by their unique similarity to model OLR rings [11]. The subclasses
are associated with two groups of periodic orbits around the OLR of a bar or oval [12].
Type Ri’ (Fig. 1, left) is an external pseudo-ring characterized by an approximately 180°
winding of the primary spiral arms from one end of the bar to the other, creating a
distinctive figure-eight configuration with 'dimples' that constrict toward the bar axis [13].
This variant may also manifest in a more restricted form, referred to as Ry [14]. Unlike
Ri" outer pseudo-rings, R>' pseudo-rings are characterized by an approximately 270°
winding of the spiral arms in relation to the bar (Fig. 1, right). The salient feature in this
case is the duplication of the spiral arms in two opposing quadrants. Although closed R2
rings are not ruled out, they are harder to identify than R rings due to the lack of clear
arm-doubling. Interesting, some galaxies show a hybrid form that combines elements of
both types, classified as RiR>', Ri'R2', or RiR». In such hybrid systems, the morphology
reveals the presence of both families of OLR periodic orbits (Fig. 1, middle) [15].

Buta (1995) determined via a comprehensive investigation of the Catalogue of
Southern Ringed Galaxies (CSRG) that Ri and R:' rings are more prevalent than R>' rings,
with a relative percentage of 0.64:0.36. In the GZ2 repertoire, Ri" and R>" were nearly
equally represented, whereas Ri and R>' were less prevalent than either [16]. Table 1 gives
explanations of CVRHS symbols.

Ry

Figure 1: Diagrams showing the pseudo-ring and outer resonant ring morphologies [15].
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Table 1: CVRHS Symbols Explanation [17].

feature of galaxy morphology that identifies a big ring or pattern resembling a

Outer variety ring in a galaxy's outer regions

An outer pseudoring made from arms that wind about 180° with respect to the bar

R/ ends; an OLR subclass
, An outer pseudoring made from arms that wind about 270° with respect to the bar
R: ends; an OLR subclass

, A combined outer ring-pseudoring pattern where the arms forming the R,' ring break
RiR: from an R1 ring; an OLR subclass

R/ An unusual version of (R;R>") where only half of each feature is seen

A closed outer ring showing a shape resembling a broad figure 8; a subtly dimpled
Ri oval ring, recognized as an OLR subclass

Barred galaxies like UGC 10168, characterized by distinct ring structures, are
crucial for investigating resonance dynamics, since these rings delineate gas distribution,
star formation areas, and resonance phenomena [18]. The colour distribution across the
galaxy, particularly in rings and bars, offers significant insights about stellar age gradients
and star formation, therefore clarifying the evolutionary processes that have shaped the
galaxy's appearance [19]. Photometric study of UGC 10168, namely in the g-r and r-i
color indices, enables the examination of stellar age gradients and star formation activity
across its unique physical characteristics. This research employs multi-wavelength
imaging data from the Sloan Digital Sky Survey (SDSS) to conduct an extensive
photometric and structural examination of UGC 10168 [20]. The galaxy's light
distribution, color gradients, and structural characteristics were analyzed along the semi-
major axis by surface photometry and photodecomposition. The aim of this study is to
enhance our comprehension of the mechanisms that govern ring development and
resonance in barred spiral galaxies by analyzing the inner and outer rings, as well as the
intermediate bar. The findings have significant implications for examining galactic
morphology and the influence of resonance on the formation of galaxy structures. The
basic details of UGC 10168 are shown in Table 2.

Table2: The UGC 10168 Galaxy's Fundamental Information.

UGC 10168
Morphology (R)SABO/a"
CVRHS Classification (RiR2"SAB,(r')a ™"
RA (deg) 240.881765"
DEC (deg) 49338157
Redshift 0.02007"
Semi major axis (kpc) 49.2°
Inclination (deg) 40.2
Position Angle (deg) 172.4™
Apparent magnitude in B-band (mag) 14.02 ™
SDSS Name SDSS J160331.62+492017.3™
Observation Date (M/D/Y) 04/05/2000 ™
File Name fpC-001345-x2-0580 **

" NED, * HyperLEDA, *SDSS, *** (CVRHS) Classification, X is the filter name.
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2. Data and Observational Sources

The SDSS provides the optical data and images for UGC 10168 [21]. The images
are available in FITs (Flexible Image Transport System) format, which is a standard
digital file format in astronomy used to store, transmit, and process scientific images and
data. More specifically, structural and color analyses were performed using imaging data
in several optical bands: g (green), r (red), i (near infrared), and z (infrared). As a large-
scale astronomical survey, SDSS provides high-quality imaging and spectroscopic data
across wide areas of the sky, making it a valuable resource for studying galaxy
morphology and stellar populations. Standard photometric analysis and surface brightness
decomposition methods were then applied to examine the structural properties of the
galaxy and its ring [22, 23]. The galaxy's CVRHS classification is (RiR2") SABa(1')a, as
shown in Fig. 2.

The central bar in UGC 10168 exhibits prominent ansae structures, which appear
as symmetric brightness enhancements at both ends of the bar, often aligned with its major
axis. These features are commonly observed in early-type barred galaxies and have been
discussed in several recent studies. According to Martinez-Valpuesta et al. (2007),
approximately 40% of early-type barred galaxies show evidence of ansae, suggesting a
link with advanced dynamical evolution of the bar [24]. Furthermore, Athanassoula
(2002) demonstrated that ansae formation is connected to long-term dynamical
interactions between the bar and the dark matter hallo, where angular momentum transfer
from the bar to the halo leads to bar growth and the development of terminal enhancement
[25].

In this study, the presence of ansae was identified through surface brightness profile
and isophotal contour maps, which clearly revealed elongated and bright ends separating
the bar from the inner ring structure. This supports the CVRHS classification of the galaxy
as (Rle')SABa(r'l)a.

22 33
1.7 26
1.2 19
0.74 1.1
0.25 0.42
36 2.1
28 1.7
2 1.2
1.2 0.71
0.44 0.23

Figure 2: From left to right, fuzzy color photos of UGC 10168 using griz-filters. East is left,
and north is up.
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3. Data Reduction

The observation data of the galaxy image frames was reduced using the following
methods:
Function: imcopy: the imcopy function from IRAF (Image Redaction and Analysis
Facility) was used to extract the area surrounding the target galaxy from the original
image frames. IRAF is a widely used software system in astronomy for the processing
and analysis of astronomical data. By using this function, the galaxy was isolated within
a smaller and more manageable rectangular region of the image.
Function: imexam and imarith: imexam was used to measure the intensity of the sky
backdrop, and then imarith was used to remove it from each galaxy frame.
Pixel Value Conversion to Arcsec?: The pixel scale was converted to arcsec’ units
depending on the picture resolution. For pixel scale, the SDSS picture information
(usually 0.396 arcsec/pixel for SDSS) was used.
Function: imarith: each galaxy frame was divided by the exposure duration to
standardize the intensity to a one-second exposure.
Convert Flux to Magnitude Units: Eq. (1) was used to convert each frame's intensity
flux value (I) into magnitudes [26].

m = 2.5log (I x 10(p +ka+airmass)) "

where the airmass represents the optical path length that light from a celestial object
travels through Earth’s atmosphere, expressed relative to the path length at the zenith
(where air mass equals 1) [27, 28]. Atmospheric extinction is denoted by (K.) and the
zero-point magnitude by (zp), as shown in Table 3.

Table 3: The zero point magnitude (z,), an atmospheric extinction (k,), and an airmass for

UGC 10168 galaxy [29].
Galaxy filters air mass Zerz)zgoint Ei:;l::i?)?lefli(ca)
% g 1.1022 24.485 0.1723
§ r 1.1082 24.088 0.10559
8 i 1.10667 23.52 0.06431
= z 1.1367 21.989 0.0624

4. Results and Discussion
4.1. UGC 10168 Morphologies and Contour Maps

The isophotal contour maps of the UGC 10168 galaxy reveal its surface brightness
distribution in different filters, providing insights into its structure and morphology. Key
features include a well-defined bulge in the central region, a bar structure, an inner
pseudoring-lens (1'l), and outer rings (R: and R>"). The bar's presence redistributes gas and
stars, fueling the formation of the inner and outer rings. The inner pseudoring-lens
structure may be located near resonant, such as the O4R or ILR, where gas and stars are
trapped in elliptical orbits. The outer rings are products of OLRs, where spiral arms
intersect and form pseudorings [30]. The well-defined rings and dominant bulge suggest
UGC 10168 is in an advanced stage of secular evolution, with the bar and rings
contributing to its current morphology. Fig. 3 illustrates Isophotal Contour Maps of the
UGC 10168 galaxy in the gri and z- filter. Levels of surface luminance are specified in
Table 4.
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Figure 3: Isophotal Contour Maps of UGC 10168 galaxy in gri and z- filter, North is up and

East is left.
Table 4: The surface brightness levels of the griz outer isophotes of the UGC 10168 galaxy.
. Surface brightness of Outer | Apparent magnitude of
Galaxy | Filter isophot (mag/arc sec ?) Outer isophot ( mag ) Step
% g 21.530 23.542 0.247
S r 20.764 22.77 0.36
8 i 20.33 22.34 0.337
= z 18.87 20.88 0.288

4.2. Structural Parameters

The distributions of magnitude, Fourier coefficient (B4), position angle (PA), and
ellipticity are presented in Fig. 4, arranged in a clockwise direction starting from the top
left. The overall distribution pattern of each parameter is nearly the same across all filters.

In Fig. 4 (top left), the radial surface brightness profiles of UGC 10168 are shown
for the g, r, 1, and z filters. The profiles followed a general exponential decline, indicating
a disk-dominated structure. Between radii of approximately 4 to 6 arcsec, a noticeable
plateau or excess brightness was observed, especially in g and r bands. This plateau is
likely associated with the inner pseudoring-lens structure (r'l), reflecting a stellar
accumulation in resonant orbits. The inner slope of the profile was relatively shallow,
influenced by the central bulge and bar component. At radii ~ 10 arcsec, the profile
steepened significantly, marking the transition to the outer disk and component
pseudoring regions (Ri and R."). These features are consistent with a multicomponent
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galaxy undergoing bar-driven secular evolution, as described in recent photometric
studies [31].

In Fig. 4 (top right), the observed variations in the B4 Fourier coefficient across
the semi-major axis provided insight into the morphological evolution of the UGC 10168.
Positive Ba values in the inner regions indicate disky isophotes, likely shaped by the bar's
gravitational potential and the resulting orbital families near the inner Lindblad
resonance. In contrast, near-zero or negative Ba values at intermediate radii may
correspond to the ring structures, where stellar orbits were more circular or boxy due to
resonance trapping.

In Fig. 4 (bottom left), the Position Angle (PA), which indicates the orientation of
the galaxy’s structures, started steady but then showed a brief variation. This might
suggest that the inner bar or ring is slightly misaligned with the surrounding structures. A
sudden jump to 179.6° marks the transition from the inner bar region to the outer disk or
ring components. At larger semi-major axis values, the PA changes gradually but stays
within a range of 170° to 175°, likely influenced by the spiral arms or inner pseudorings.
Between 4 and 8 arcsec, the PA shifted more noticeably, dropping to values between 110°
and 150°. This could reflect twisting or warping in the outer parts of the bar or the start
of the spiral arms. Beyond this, the PA stabilized somewhat, settling between 109° and
128°, though small oscillations persisted. This apparent misalignment between inner and
outer regions may be attributed to the intrinsic elongation of R; rings, which are typically
aligned perpendicular to the bar, as was shown in previous studies by Schwarz (1984)
[32], Kormendy (1979) [33], and Buta (1995) [16].

In Fig. 4 (bottom right), the ellipticity of the galaxy started high, which suggests an
elongated core structure. It then gradually decreased, possibly because the inner bar or
ring changed into a more circular shape. After that, the ellipticity increased slightly,
indicating a shift from the central bar to a more rounded inner region or a ring-like
structure. Between 3 and 6 arcsec, the ellipticity rose steadily, likely due to the presence
of outer pseudorings or the influence of spiral arms. From 6 to 10 arcsec, it showed a
noticeable increase, reaching values between 0.28 and 0.35 around 8 arcsec. This marks
the transition to the outer spiral arms or outer pseudoring. The highest ellipticity
corresponds to the area of greatest elongation, which may occur as the pseudoring
structure becomes more diffuse at larger distances. Beyond this point, the ellipticity
stabilized at around 0.25, indicating the dominance of the galaxy’s main disk, with no
significant additional changes observed at larger semi-major axis values.

4.3. Surface Brightness Profiles Decomposition
De Vaucouleur's law r'/4, which simulates the circular decrease in surface

brightness with increasing radial distance from the galaxy center, is often used to
characterize the bulge of galaxy. Eq. (2) expresses this law [34, 35]

1/4-
Hpuige(r) = He + 83268 [(ri) - 1] 2)
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Figure 4: The magnitude (top left), Fourier coefficient (B4) (top right), position angle (PA)
(lower left), and ellipticity (lower right) as function of semi major axis of the UGC 10168
galaxy.

Eq. (3) shows that the disk's brightness profile is exponential [36, 37]
r

aise(r) = o +1.09 (=) 3)
0

At effective radius re, when half of the light is radiated inside 7e, the surface
brightness is denoted by pe. The symbols pe and ro represent the center surface brightness
and disk scale length, respectively. It should be mentioned that po is not directly measured
because it only represents the brightness of the disk component and not the galaxy's center
surface.

The relationship between the galaxy radius (r) in the griz filters and the surface
brightness fit of the bulge and disk structure of the UGC 10168 is seen in Fig. 5. Table 5
presents the UGC 10168's decomposition parameters. 10168's The UGC surface
brightness profiles indicate that these galaxies' outer disks were type I Freeman [38].
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Figure 5: Decomposition of griz-band surface brightness profiles between the observed data
for the UGC 10168 galaxy and the (Bulge+Disk) model. From top left to right, griz-filters.

Table 5: UGC 10168's Decomposition Parameters.
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o
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-
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A quantitative uncertainty analysis was conducted for the photometric
decomposition parameters listed in Table 5. The standard errors associated with the
effective surface brightness (ue), effective radius (r.), central surface brightness (uo), and
scale length (r9) were derived from the fitting procedure using a least-squares
minimization method. These errors reflect the confidence intervals of the fitted
parameters. They indicate the model's sensitivity to the observed surface brightness
distribution.

Statistical error propagation was applied to validate the reliability of the
decomposition, particularly for the derived Bulge-to-Disk ratio (B/D), using the
uncertainties of individual parameters. In addition, the stability of the fitted values was
confirmed by repeating the decomposition across different radial ranges and with
perturbed profiles to simulate observational noise. The consistent results supported the
robustness of the fitting procedure and indicated that the reported values fall within
acceptable statistical limits.

4.4. Color Index
The colour profiles, (g-r, r-i, and i-z) which represent differences in brightness
between SDSS filter, are shown along the semi-major axis in Fig. 6.
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Figure 6: g-r, r-i, and i-7 color profiles of UGC 10168.

The (g—r) values in the galaxy fluctuated from 0.76 to 0.83, possibly due to inner
pseudoring or bar-driven star formation. From 3 to 6 arcsec, the values stabilized, possibly
in outer pseudoring regions. From 6 to ~15 arcsec, the values became more variable,
possibly indicating spiral arms. The values decreased significantly in the outer regions,
the values decreased significantly, indicating a shift to bluer colors.
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The (r - 1) values in a galaxy's core ranged from 0.58 to 0.49, indicating a redder
core with older, more metal-rich stars. From 1 to 3 arcsec, values decreased to 0.40-3.38,
suggesting a well-established population of intermediate-age stars and minimal dust.
From 3 to 6 arcsec, values fluctuated between 0.38 and 0.41, suggesting spiral arm
structures or outer pseudoring with a mix of younger and intermediate-age stars. From 6
to 15 arcsec, values varied significantly, ranging from 0.35 to 0.49, with some outliers.
In the outer regions, values rose sharply, reaching 0.87 at the farthest semi-major axis,
possibly due to dust or extended old stellar populations in the outer disk or halo.

The (i—z) values in a star's core ranged from 0.35 to 0.33, suggesting a red core with
an older, possibly metal-rich stellar population. From 1 to 3 arcsec, the values remained
stable, indicating a homogeneous stellar population. From 3 to 6 arcsec, the values
decreased, suggesting younger stellar populations or lower metallicity stars dominate.
Beyond 6 arcsec, i—z values showed significant fluctuations, suggesting active star
formation in spiral arms. In regions over 15 arcsec, i—z values dropped dramatically,
reaching very low or negative values, possibly indicating significant young star
populations.

In summary, the galaxy exhibited a redder center region dominated by older stars,
gradually transitioning to bluer outer populated by younger stars, reflecting its complex
structure of rings, spiral arms, and active star-forming regions.

4.5. Comparative Analysis with Similar Galaxy

To place the UGC 10168 galaxy in a broader morphological and photometric
context, its structural and color properties were compared with a sample of similar barred
spiral galaxies classified as (RiR2') or SABa(r'l)a. Table 6 summarizes the main
similarities and differences in terms of ring morphology, bar dynamics, and color
gradients. UGC 10168 exhibits a well-defined inner ring and an outer pseudoring
consistent with the R>’" type. The bar is moderately developed, and the g—r color gradient
shows a smooth outward reddening. This behavior is comparable to the NGC 3081
galaxy, which also shows clear resonance ring structures.

Such comparison highlights the diversity within the (R:R2") and SABa(r'l)a classes
and emphasizes the role of bar strength and secular evolution in shaping the morphology
and stellar population gradients in ringed galaxies.

This broader context strengthens the interpretation of UGC 10168 as a transitional
case with intermediate bar dynamics and color structure, potentially influenced by
internal resonance-driven processes rather than external interactions.

Table 6: Comparing Galaxy UGC 10168 with a Similar Galaxy.

Morphological Ring Bar Color
Galaxy Type Structures | Characteristics | Gradients Reference
UGC Outer Ri and Smooth,
10168 | (RiR2)SAB.(r'l)a | R>'; inner r'l . Weak bgr, outward This study
intermediate .
structure reddening
R.J. Buta
NGC . g T
, Prominent . (1990) [39], G.
3081 | (RRISABOR | g gy | Weakbar | inereases | g gy
(2006) [40]

5. Emission Line Analysis of UGC 10168

Based on the spectrum of UGC 10168, the [OIl] (A=3727) emission line was
notably absent, while other prominent lines were clearly detected, as shown in Fig. 7.
The spectrum is dominated by Ha, [NII], and [OIII] emission lines, which indicate the
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presence of active star-forming regions and metal-rich interstellar medium. Hf3 and [SII]
lines were also present, though less prominent, offering additional insight into the
physical conditions of the ionized gas. The absence of the [OII] line may suggest either
low ionization star formation activity or significant dust attenuation at shorter
wavelengths.
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Figure 7: The UGC 10168 galaxy’s spectra.

The spectroscopic observation was conducted at an airmass of 1.0923, as reported in
the SDSS DR16 database (Plate 622, MJD 52054, and Fiber 356). This moderately low
airmass suggests limited atmospheric extinction, supporting the reliability of the
measured emission line fluxes and their use in evaluating star formation and metallicity.

6. Conclusions

UGC 10168, a galaxy with mixed morphological features, is classified as
((RiR2")SAB.(1r'l)a) within the CVRHS system. Its complex structure includes inner and
outer resonance rings, a weak bar, and a transitional morphology between elliptical and
late-type spiral galaxies. Photometric profiles revealed a brightness profile that decreased
outward from the core, suggesting a highly structured galactic environment. The color
profile analysis may indicate variations in the stellar population, with a redder core
indicating older stars and bluer outer regions indicating ongoing star formation. The
complex ring structures and bar dynamics align with the hypothesis that ringed and barred
galaxies form through resonances induced by interactions or internal dynamical
processes. The dual-ring structure suggests that UGC 10168 may have undergone past
gravitational interactions or instabilities, contributing to its present morphology. Based
on the analysis and processing findings, it was discovered that the brightness profile of
UGC 10168's outer disks is type I Freeman,
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