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ABSTRACT

We investigated the central structure of the S0 galaxy NGC 1553, to understand its origin and the underlying dynamical processes
that shape it. The high-resolution integral field spectroscopic data from the Multi Unit Spectroscopic Explorer (MUSE) reveal a
well-ordered rotation pattern, consisting of a (i) rapidly rotating nuclear disc that is somewhat decoupled from the main disc, and
(ii) an inner lens; we collectively refer to these structures as the ‘disc-lens’. The central peak in the velocity dispersion indicates the
presence of a classical bulge. The nuclear disc is dynamically colder than the surrounding disc, while the lens is dynamically hotter.
The higher-order Gauss–Hermite moments, h3 and h4, further characterise the stellar kinematics. An anti-correlation between the
line-of-sight velocity and skewness (h3) is consistent with regular rotation. In contrast, the ring-like increase in kurtosis (h4) confirms
the presence of the nuclear disc component. Unsharp masking of HST images has previously revealed a nuclear bar and faint spiral
structures within the central ∼10 arcsec, supporting the role of secular evolution. The mass-weighted stellar age map reveals an old
stellar population in the central regions, with a high metallicity that suggests the in situ formation of the disc–lens from disc material.
We discuss possible formation scenarios for the disc–lens, including both minor mergers and secular processes, and examine the
influence of the Dorado group environment on NGC 1553. Our findings suggest that the disc–lens in NGC 1553 formed during the
early stages of the galaxy’s evolution. However, its subsequent development has been shaped by internal and external processes. These
results provide new insights into the origin and evolution of kinematically distinct substructures in S0 galaxies.
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1. Introduction

Lenticular (S0) galaxies occupy a crucial transitional position in
the Hubble sequence between elliptical and spiral galaxies; they
exhibit a range of structural components, such as bulges, nuclear
discs and/or rings, bars, and lenses (Kormendy & Kennicutt
2004; Laurikainen et al. 2013). These features offer insights into
the evolutionary processes that shape galaxies, including both
external interactions and internal secular evolution. The nuclear
discs are generally built through bar-driven processes that shape
the main galactic discs (Falcón-Barroso et al. 2004, 2006). They
typically host inner bars, nuclear spiral arms, and a nuclear
ring that forms at the outer rim of the nuclear disc (Cole et al.
2014). Numerical simulations have also shown that nuclear discs
can occur in unbarred galaxies, where their formation originates
from the accretion of external gas or mergers, in processes unre-
lated to bars (Mayer et al. 2010; Chapon et al. 2013). However,
nuclear discs in unbarred galaxies are typically less extended
than those formed through bar-driven processes. Another key
structure observed in many S0 galaxies is the presence of a lens,
a component with a nearly uniform surface brightness and a
sharp outer edge, whose formation mechanisms are yet to be
understood. The interplay of dynamical processes, such as bar
evolution, minor mergers, and environmental influences, con-
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tributes to the development of lenses and nuclear substructures
in these galaxies (Buta et al. 2010; Eliche-Moral et al. 2018).

One widely accepted scenario suggests that lenses are the
remnants of dissolved or weakened bars (Kormendy 1979;
Laurikainen et al. 2011). Over time, bars can evolve due to
dynamical friction, gas inflow, and resonant interactions, leading
to a redistribution of stellar orbits that results in a smooth, lens-
like structure (Buta et al. 2010). In the remnant of a dissolved
bar, the outer boundary of a lens corresponds to the corotation
radius, often exhibiting a structural enhancement similar to that
of a ring (Combes 1996). Alternatively, numerical simulations
have shown that lenses can also arise from minor mergers, where
the accretion of small satellite galaxies leads to the redistribution
of stars and the formation of a lens-like component (Buta et al.
2010; Eliche-Moral et al. 2018).

In barred galaxies, the presence of a lens is often linked to
the evolution of the bar itself. Bars can undergo secular trans-
formations through angular momentum exchange with the sur-
rounding disc and dark matter halo, forming an oval lens struc-
ture that retains the original bar’s orientation (Combes 1996;
Athanassoula et al. 2016). This process is more pronounced in
lenticular galaxies, where the lack of a significant gas reservoir
prevents continuous star formation, allowing structural evolution
to proceed more efficiently. Additionally, some lenses can form
due to resonances associated with bar dynamics, where stellar
orbits are trapped in specific configurations that create a nearly
uniform surface brightness distribution (Kruk et al. 2018).
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NGC 1553 NGC 1553

NGC 1549 NGC 1549

Fig. 1. DECaLS colour composite image (left) and residual image (right) of NGC 1553 and the nearby galaxy NGC 1549. The white arrow in both
images represents the faint shell feature in NGC 1553. North is up, and east is to the left. The size of the bow is 22 arcmin in each panel.

S0 galaxies provide a unique environment for studying
lens formation due to their intermediate nature between spi-
rals and ellipticals. Observational studies have revealed that
lenses are significantly more common in S0 galaxies than in spi-
rals. This supports the hypothesis that their formation is closely
linked to the transformation processes that shape these galax-
ies (Laurikainen et al. 2013; Gao et al. 2018). In many cases, the
presence of a lens is accompanied by a faded bar, indicating a
secular evolution pathway in which the original bar gradually
dissolves into a dynamically hot component (Shen & Sellwood
2004).

Another important aspect of lens formation in S0 galax-
ies is the role of environmental interactions. Since S0 galax-
ies are frequently found in galaxy groups and clusters, they are
more susceptible to mechanisms such as galaxy harassment, tidal
stripping, and minor mergers, which can contribute to the for-
mation and evolution of lens structures (Bekki & Couch 2011;
Wilman et al. 2009). Shells, rings, and tidal features observed in
many S0s, including the subject of this study, NGC 1553, sug-
gest a history of interactions that likely played a role in shaping
their central structures (Malin & Carter 1983; Giri et al. 2023).

We used high-resolution integral field unit (IFU) spectro-
scopic data from Multi Unit Spectroscopic Explorer (MUSE)
to conduct a comprehensive analysis of the central structure of
NGC 1553. In Sect. 2 we describe the photometric properties
of NGC 1553. Section 3 provides a brief overview of the data.
The analysis is presented in Sect. 4. We present our results in
sect. 5, followed by a detailed discussion and conclusions in
Sect. 6. Throughout this work, we adopt a flat Λ cold dark mat-
ter cosmology with ΩM = 0.3, Ωλ = 0.7, and Hubble constant
(H0) = 70 km s−1 Mpc−1.

2. Photometric properties of NGC 1553

NGC 1553 is classified as an unbarred lenticular (S0)
galaxy, exhibiting a prominent lens or inner ring structure
(Sandage & Brucato 1979; Kormendy 1984). In the Third Refer-
ence Catalog of Bright Galaxies (RC3), this feature is designated
as an inner ring (de Vaucouleurs et al. 1991). Laurikainen et al.

(2006) identified a nuclear disc with spiral arms in the central
region of the galaxy. They determined a bulge-to-total luminos-
ity ratio (B/T ) = 0.21 and a Sérsic index = 1.9, indicating that
the bulge exhibits characteristics consistent with a pseudo-bulge.
The pseudo-bulge character is reinforced by its high V/σ value
(Kormendy & Kennicutt 2004). Using data from the S4G survey,
Buta et al. (2015) classified the galaxy as an unbarred S0 system,
exhibiting a ring–lens, a nuclear ring or lens, and a nuclear bar.
The inner morphology is particularly complex, and a detailed
kinematic analysis of the central region with high-resolution data
is required to better constrain and characterise these compo-
nents. The galaxy also hosts a prominent hot lens (Kormendy
1984), which appears as a shelf in the surface-brightness pro-
file between 20 and 36 arcsec. However, the inner part of the
lens begins to dominate the surface-brightness profile at ∼12–
15 arcsec (Kormendy 1984).

Further evidence of a disc-like bulge was provided by
Erwin et al. (2015), who identified a pseudo-bulge within the
central region (r < 16 arcsec) of NGC 1553. High-resolution
Hubble Space Telescope (HST) imaging further revealed the
presence of a nuclear stellar bar surrounded by spiral arms,
reinforcing the classification of a disc-like bulge. Additionally,
Erwin et al. (2015) reported that the isophotes within the nuclear
bar region appear rounder, accompanied by an excess in the cen-
tral surface brightness profile. A 2D decomposition of the inner
r < 30 arcsec region, employing a Sérsic + exponential pro-
file, demonstrated that the inner Sérsic component dominates at
r = 1.48 arcsec, with a Sérsic index of 1.66, which corresponds
to the round central isophotes. Combining these photometric
properties with kinematic studies (Kormendy 1984; Longo et al.
1994), Erwin et al. (2015) classified the inner photometric bulge
as a classical bulge. Consequently, NGC 1553 is an example of
a galaxy hosting a composite bulge structure comprising both
classical and pseudo-bulge components.

NGC 1533 is also classified as a shell galaxy. The shell was
revealed by applying a photographic amplification technique
(Malin 1978), which enhances the faint features (Malin & Carter
1983). The past merger event had produced faint but distinct
shells and a curious central spiral structure. The galaxy also
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appears to be at an early stage in an encounter with neigh-
bouring elliptical NGC 1549. The projected separation between
the two galaxies is 11.8 arcmin (∼63.5 kpc) (Bridges & Hanes
1990). NGC 1553 is part of the Dorado group, which contains
five galaxies as suggested by Garcia (1993). Later HST images
reveal an inner torus-like dust lane in the central ∼3 arcsec,
which was detected in the infrared in all four bands of Infrared
Astronomical Satellite (IRAS). It is also a weak radio source
with a flux density of 10 mJy at 843 MHz. The Hα narrow band
image of NGC 1553 shows a strong nuclear peak and spiral-like
structure at 8 arcsec from the nucleus (Trinchieri et al. 1997). A
recent study by Ricci et al. (2023) on the nuclei of early-type
galaxies detected the presence of Hα, Hβ and a broad-line region
in the nucleus of NGC 1553, indicating type 1 active galac-
tic nucleus (AGN) and/or low-ionization nuclear emission-line
region (LINER) emission.

The X-ray Chandra observation by Blanton et al. (2001)
reveals that 70% of the emission in the 0.3–10 keV band is dif-
fuse, while the remaining arises from discrete sources (low-mass
X-ray binaries). The diffused emission is predominantly soft,
mainly from the thermal emission from hot gas. A very bright
source coincides with the optical nucleus; its spectrum and lumi-
nosity are consistent with it being an obscured active galactic
nucleus. Chandra observations detect spiral features in the dif-
fuse emission passing through the centre of the galaxy, probably
due to an adiabatic or shock compression of the ambient gas, but
not due to cooling.

3. Data

We used archival optical IFS data obtained with MUSE
(Bacon et al. 2006) mounted on ESO’s Very Large Telescope
(VLT). For this study, we analysed the MUSE wide field adaptive
optics mode (WFM-AO-N) data cube of the galaxy NGC 1553
to investigate its stellar kinematics and population. Observations
were conducted over the nights of 2019 December 22–23 under
programme ID 0104.B-0404. The science-ready data cube was
retrieved from the ESO Science Archive Portal1. The observa-
tions span the spectral range 470–935 nm, with a median spec-
tral resolution (R) of 3027, enabling the de-blended identification
of many important optical emission lines. The field of view of
the data cube covers an area of 1.09 arcmin× 1.07 arcmin, with a
total integration time of 1760 seconds. The effective seeing dur-
ing the observations was approximately 1.059 arcsec. To analyse
the MUSE data cube, we followed a methodology similar to that
described in Keshri et al. (2025).

In Fig. 1, we show the colour composite image of NGC 1553
(left panel) and the corresponding residual image (right panel);
both images are taken from the Dark Energy Camera Legacy
Survey (DECaLS; Dey et al. 2019). NGC 1553 is interacting
with NGC 1549, located 11.8 arcminutes (∼63.5 kpc) away. A
faint shell in NGC 1553, marked by a white arrow, is visi-
ble in both images. The residual image also reveals an inner
ring. At the adopted distance of NGC 1553 (18.5 Mpc, based
on Blakeslee et al. 2001), an angular scale of 1 arcsecond corre-
sponds to a physical scale of 89.7 parsecs.

4. MUSE data cube analysis

We employed version 3.1.0 of the Galaxy IFU Spec-
troscopy Tool (GIST; Bittner et al. 2019), a comprehen-
sive analysis framework designed for fully reduced IFU

1 https://archive.eso.org/scienceportal/home

Table 1. Properties of NGC 1553.

Parameter Value

Morphology SA(rl,nrl,nb)0+

Distance (D) [Mpc] 18.5
Right Ascension (J2000) [Deg] 64.043484
Declination (J2000) [Deg] −55.780005
Inclination angle [Deg] 48
Position angle of disc photometric axis [Deg] 152

Notes. The morphology is taken from Buta et al. (2015) and the distance
is adopted from Blakeslee et al. (2001). Right Ascension and Declina-
tion of the galaxy are taken from NASA/IPAC Extragalactic Database2.
Galaxy inclination and disc position angle are adopted from Erwin et al.
(2015).

data, to process the MUSE data cube. Stellar kinematics
were extracted using the penalised pixel-fitting (pPXF) algo-
rithm (Cappellari & Emsellem 2004; Cappellari 2017), which
fits the stellar line-of-sight velocity distribution (LOSVD).
Emission line fluxes and gaseous kinematics were derived
using the Python implementation of Gas and Absorption
Line Fitting (GandALF; Sarzi et al. 2006; Falcón-Barroso et al.
2006; Bittner et al. 2019). Spatial binning was performed via
the Voronoi tessellation technique (Cappellari & Copin 2003)
within the wavelength range 480–580 nm, ensuring a target
signal-to-noise ratio (S/N) of 40 per bin. Spaxels with S/N ≥ 40
remained unbinned, whereas those with S/N ≤ 3 were excluded
to eliminate noise contamination before binning. Furthermore,
all spectra were corrected for galactic extinction along the line
of sight (LOS) to the target.

For the analysis of stellar kinematics, pPXF models the
integrated observed spectrum of each binned unit as a non-
negative linear combination of MILES spectral template libraries
(Vazdekis et al. 2010). The templates are convolved with the
LOSVD in pixel space within the wavelength range 480–580 nm,
as suggested in Bittner et al. (2019, 2021), to prevent contami-
nation from the redder wavelength. The best-fit LOSVD param-
eters are determined through a least-squares minimisation pro-
cedure. Prominent spectral lines within the selected wavelength
range are masked during the fitting process to minimise con-
tamination. Based on the resulting best-fit parameters, spatially
resolved maps of the stellar velocity (V) in the galaxy’s rest
frame, velocity dispersion (σ), and higher-order Gauss-Hermite
moments (h3 and h4) are generated.

5. Results

5.1. 2D stellar kinematic maps

In this section we present the kinematic maps obtained from
MUSE observations to investigate the signatures indicative of
distinct structural components within the system. The higher-
order moments, specifically the h3 and h4 coefficients, quantify
the skewness and kurtosis of the LOSVD and serve as diagnos-
tic tools for characterising the underlying stellar orbital struc-
ture. The LOSVD is extracted over the wavelength range 480–
580 nm. Fig. 2 presents the resulting stellar velocity (V), velocity
dispersion (σ), as well as the h3 and h4 moment maps. The over-
laid contours, derived from MUSE intensity maps, are spaced at
uniform intervals of 0.2 mag.

The velocity (V) map (top-left panel of Fig. 2) reveals a well-
ordered rotation pattern characterised by redshifted velocities in
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Fig. 2. Stellar kinematic maps of NGC 1553 derived from the MUSE data cube using the GIST pipeline. Top: LOS stellar velocity (V) distribution
(left) and corresponding stellar velocity dispersion (σ) map (right). The nuclear disc is outlined by the solid black ellipse, while the dashed ellipse
indicates the hot inner lens. Bottom: third (h3, left) and fourth (h4, right) Gauss-Hermite velocity moments. The overlaid contours, extracted from
the MUSE intensity maps, are spaced at uniform intervals of 0.2 mag. The orientation is such that the north is up, and the east is to the left.

the north-western region of the galaxy and blueshifted veloci-
ties in the south-eastern region. A distinct kinematic feature with
an enhanced rotational component is evident within the central
∼8 arcsec. This component appears decoupled from the rest of
the rotating disc, and suggests the existence of a nuclear ring, or
disc. The radius of the ring corresponds to the radius of ∼8 arcsec
(∼0.62 kpc), where the dispersion is minimum, and the V/σ is
maximum.

The velocity dispersion (σ) map (top-right panel of Fig. 2)
exhibits a notable structure. A distinct, elongated structure with
an increase in velocity dispersion is observed in the innermost
region of the galaxy, aligned with the major axis of NGC 1553.
Within the central 1.5 arcsec, σ reaches σ = 187 ± 5 km s−1.
This central peak in σ is likely associated with a classical
bulge and/or nuclear bar, as discussed by Erwin et al. (2015).
Additionally, a decrease in velocity dispersion is detected at a
radial distance of ∼8 arcsec, followed by a subsequent increase,
reaching a maximum value of σ = 183 ± 7.7 km s−1 at a dis-
tance of 13 arcsec. Beyond this region, the velocity dispersion
declines in the outer disc. We identified a faint ring-like struc-
ture with low σ located approximately 30′′ from the centre. This
feature aligns with the outer ring detected by Rampazzo et al.
(2020) in their Hα imaging, as shown in Figure C5 of their
study.

The bottom-left panel of Fig. 2 presents the high-order
Gauss-Hermite moment h3, which characterises the skewness
of the LOSVD. In the colour map, red indicates positive skew-
ness, corresponding to an excess of receding velocities relative
to a purely Gaussian distribution. At the same time, blue denotes
negative skewness, indicating an excess of approaching veloc-
ities. Correlations between h3 and V provide insights into the
eccentricity of the underlying stellar orbits. An anti-correlation
between V and h3 suggests the presence of near-circular orbits,
which are characteristic of regularly rotating systems like stel-
lar discs (Bender et al. 1994; Bureau & Athanassoula 2005;
Gadotti et al. 2015; Bittner et al. 2019; Gadotti et al. 2020).
Such an anti-correlation is evident in the region of the inner disc,
in particular at the central 8 arcsec region where the V is high and
σ is low. In addition, this anti-correlation is observed across the
galaxy, corresponding to the main disc of the galaxy. In contrast,
a correlation between V and h3 indicates the presence of highly
eccentric stellar orbits, like bars.

In the bottom-right panel of Fig. 2, we present the LOS
kurtosis (h4) map. The map exhibits spatially coherent structures,
notably a region of elevated h4 value. This enhancement in h4
coincides with the observed anti-correlation between V and h3 in
the central region. The presence of a high positive h4 ring within
the central 8-arcsecond region suggests the superposition of
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Fig. 3. 1D radial profiles from the corresponding 2D maps. Left: intensity map of NGC 1553 constructed using a MUSE datacube over the
wavelength range 480–580 nm. To extract the 1D profiles, we employed a rectangular pseudo-slit of width 8 arcsec and a step size of 1 arcsec
along its length. Right: 1D radial profile of V (a), σ (b), h3 (c), and h4 (d) along the white rectangular pseudo-slit as shown on the left panel.
The vertical dashed line in each profile signifies the position of the central slit. Typical median errors are Verr ∼ 6.1 km s−1, σerr ∼ 8.1 km s−1,
h3,err ∼ 0.028, and h4,err ∼ 0.033.

Fig. 4. Deprojected radial profiles of V/σ at each Voronoi bin, with
velocity (V) corrected for inclination. The peak value Vdp/σ and the
radius at which this peak is located (rk) are shown with the horizontal
and vertical dashed lines, respectively, and the corresponding values are
given.

multiple kinematic components with distinct LOSVDs
(Bender et al. 1994). In our analysis, this corresponds to
regions of lower σ. We also observe another enhancement in
h4, appearing in a ring-like structure around 30". This feature
corresponds spatially to the low σ region detected at the same
distance.

5.2. 1D radial profile

We derived 1D radial profiles from the corresponding
2D maps to facilitate a direct comparison with previous
studies (Kormendy 1984; Longo et al. 1994; Fisher 1997;
Chung & Bureau 2004; Guérou et al. 2016; Johnston et al.
2018). To extract these profiles, we employed a rectangular
pseudo-slit, as illustrated in the intensity map (Fig. 3). The
slit has a width of 8 arcsec, approximately twice the minor-
axis dimension of the nuclear disc, and extends sufficiently to
encompass a significant portion of the galaxy’s disc. This con-
figuration enables the extraction of LOS velocity (V), velocity
dispersion (σ), and h3 and h4 moments along the slit length.
The slit was divided into multiple rectangular apertures of size
1 × 8 arcsec2, with a step size of 1 arcsec along its length, as
shown in Fig. 3). The vertical black dashed line marks the loca-

tion of the galaxy’s minor axis. All the features observed in 2D
maps are perhaps better shown in the 1D line profiles. A clear
anti-correlation is observed between V (top left) and h3 (bottom
left) profiles throughout the galaxy. A small region of high posi-
tive and negative h3 at the central 8 arcsec region corresponds to
an anti-correlation with the V profile. It appears to be decoupled
from the rest of the galaxy, forming a dense and (quasi) axisym-
metric central stellar disc (Chung & Bureau 2004), this is also
observed in most of the Time Inference with MUSE in Extra-
galactic Rings (TIMER) galaxies (Gadotti et al. 2020). The 1D
profile of σ (top left) encodes detailed structural components of
the central region. The peak in the central 1.5 arcsec is associated
with the central classical bulge (Erwin et al. 2015), followed by
a drop in σ around 8 arcsec associated with the nuclear disc co-
located with the anti-correlation between v and h3. At a distance
of ∼13 arcsec, the σ increases again, reaching 183 ± 7.7 km s−1,
which corresponds to the hot inner lens. At the same radius,
the LOS velocity decreases from its maximum value within the
central ∼8 arcsec. Thus, the inner lens is dynamically hotter, as
previously reported by Kormendy (1984). Hereafter, we refer to
the nuclear disc and the lens collectively as the nuclear disc–
lens. The peak in the h4 profile (bottom right) is co-located with
regions of low sigma and V and h3 anti-correlation.

To further analyse the kinematics, we computed the depro-
jected radial profiles of Vdp/σ in each Voronoi bin (Fig. 2). The
maximum Vdp/σ and the kinematic radius of the nuclear discs (rk)
are indicated in Fig. 4. The rk value is similar to the semi-major
axis of the disc as determined using unsharp masking technique
from Erwin et al. (2015). The pronounced maximum of V/σ indi-
cates the presence of a nuclear disc, driven by the bar. Nuclear
discs are kinematic components colder than the rest of their galaxy
disc, as shown by Gadotti et al. (2020). The maximum value of
V/σ expected by simulations is around 2 (Cole et al. 2014).

5.3. Stellar population properties

5.3.1. Non-parametric star formation history

We derived the mass-weighted stellar populations and star for-
mation history (SFH) of NGC 1553 using SFH module of the
GIST pipeline, which employs the pPXF algorithm to apply
a regularised fit to the spectrum. It determines the underlying
stellar population properties and recovers the associated
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Fig. 5. Mass-weighted stellar age map (left) and stellar metallicity map (middle) of NGC 1553 derived from the Voronoi-binned MUSE data cube.
Overlaid black contours represent isophotes from the MUSE white-light image, spaced at intervals of 0.2 mag. The dashed black ellipse marks
the central 13 arcsec region corresponding to the nuclear disc–lens. North is up and east is to the left. The SFH is shown on the right, where each
profile represents the SFH of an individual bin.

non-parametric SFH through full spectral fitting (Bittner et al.
2019). The analysis was performed on emission-line-subtracted
spectra to ensure a robust continuum fit using template spec-
tra. The fitting was conducted over the wavelength range 480–
580 nm, incorporating an eighth-order multiplicative Legendre
polynomial to account for discrepancies in the continuum shape
between the observed and template spectra. The fit used a linear
combination of MILES template library (Vazdekis et al. 2010),
which covers the age and metallicity ranges 0.03–14 Gyr and
[M/H] =−2.27 to +0.4. The models are based on the BaSTI
isochrones (Pietrinferni et al. 2004, 2006, 2009, 2013) and a
revised Kroupa initial mass function (Kroupa 2001). The SFH
and stellar population properties are estimated using the linear
weights given to the template spectra. The resulting age (left)
and metallicity (middle) are plotted in Fig. 5 along with the SFH
(right). The age distribution indicates that the galaxy hosts an
old stellar population within the central region. The mean stellar
age within the central ∼13 arcsec (within black dashed ellipse)
is found to be 10.34 Gyr, suggesting that these structures formed
in the early evolutionary stages of the galaxy. Additionally, in
Fig. 5 we observe an age gradient from the central to the outer
regions of the galaxy. This suggests an inside-out formation of
the disc. Johnston et al. (2021) found in a sample of S0 galax-
ies that the bulge and disc were comparable in age, and formed
early from dissipational processes, while the lens was different,
and formed later, in several episodes.

The metallicity map in Fig. 5 shows evidence of higher
metallicity in the central region (within the region associated
with the nuclear disc-lens) of the galaxy than in the out-
skirts. Similar metallicity trends are also observed in many ear-
lier studies of S0s (Ogando et al. 2005; Bedregal et al. 2011;
Johnston et al. 2021). Johnston et al. (2021) have also reported
that lenses are generally metal-rich or have similar metallicity
to discs, reflecting their in situ formation from the disc material.
The old stellar population and higher metallicity in the lens of
NGC 1553 suggest that most of the mass has been formed in the
early stage of galaxy evolution, indicating that they may have
formed in situ from the disc material.

5.3.2. Single stellar population properties

The stellar population properties derived using the line strength
module of the GIST Pipeline include luminosity-weighted age,
metallicity ([M/H]), and α-enhancement ([α/Fe]). We employed

the LIS-8.4 system (Vazdekis et al. 2010) to measure absorption-
line strength indices and convolved all spectra to a uniform spec-
tral resolution of 8.4 Å, accounting for both instrumental and
the local stellar velocity dispersion. We measured Lick indices
for the hydrogen (Hβ), magnesium (Mgb), and iron (Fe5270
and Fe5335) (Worthey et al. 1994) to estimate single stellar
population (SSP) properties. The luminosity-weighted stellar
population is used to determine how long ago the recent star
formation activity occurred. Thus, by analysing the luminosity-
weighted stellar populations, we can identify the regions of the
galaxy where star formation was most recently truncated, offer-
ing insights into the processes that caused the gas to be stripped
out and/or used up. The luminosity-weighted age and metallic-
ities results are plotted as maps in Fig. 6. The age maps (left
panel of Fig. 6) show a younger stellar population throughout the
galaxy, which may indicate that the final episode of star forma-
tion occurred in the entire galaxy, resulting in a stellar population
of age ∼4.5 Gyr. This suggests that the last stage of star forma-
tion in the galaxy is a result of some recent flyby interaction or
minor merger with satellite galaxies. S0s are generally observed
to contain older stellar populations, though luminosity-weighted
stellar population revealed a younger population of stars in sev-
eral studies (Kuntschner & Davies 1998; Poggianti et al. 2001).
The metallicity map (right panel of Fig. 6) reveals a high
metallicity within the central ∼13 arcseconds, beyond which the
metallicity profile becomes largely flat with a small negative gra-
dient, suggesting an accretion of low-metallicity ex situ stars,
likely through minor mergers (Zibetti et al. 2020).

6. Discussion and conclusion

We have presented a detailed analysis of the kinematic and stel-
lar population properties of NGC 1553. The unsharp-masked
HST image of NGC 1553 confirms the presence of a nuclear bar
and a faint spiral structure, as identified by Erwin et al. (2015),
see their Fig. A.1 for further details. These features lie within
a nuclear disc that is embedded in a prominent inner lens; we
refer to this structure as the nuclear ‘disc-lens’, which is itself
surrounded by the main, large-scale disc.

Our detailed kinematic analysis of MUSE data reveals sig-
nificant kinematic diversity. The V/σ map exhibits a central,
rapidly rotating structure, potentially a nuclear disc, encircling
the nuclear bar. The σ map displays prominent central peaks
indicating a hot central region, and the σ reaches its maxima
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Fig. 6. Maps of the SSP-equivalent age (left) and [M/H] (right) of NGC 1553 derived from absorption line strength measurements. Overlaid black
contours represent isophotes from the MUSE white-light image, spaced at intervals of 0.2 mag. North is up, and east is to the left.

at the inner lens position. The h3 is strongly anti-correlated with
the V , as expected, and h4 notably peaks at a radial distance of
∼8 arcsec, at the position of the nuclear disc.

We analysed the stellar population using both the regu-
larised full spectral fitting and the line strength measurement
to obtain mass- and luminosity-weighted properties, respec-
tively. The mass-weighted age reveals that the galaxy’s cen-
tral region (specifically the lens) is old and metal-rich, whereas
the disc comprises a mixed stellar population and is gener-
ally metal-poor. Additionally, we observe a small age gradi-
ent from the centre to the outskirts of the galaxy. Many stud-
ies (Fraser-McKelvie et al. 2018; Méndez-Abreu et al. 2019;
Johnston et al. 2021) have found that the bulges in S0s are
generally older and more metal-rich than their discs, suggest-
ing that star formation occurs throughout the discs but not in
the bulges. The studies of spatially resolved stellar population
properties based on the CALIFA survey have revealed that S0
galaxies are older than spirals, with ages ranging from 10.1
to 11.5 Gyr with a negative age gradient: the centre is old,
and the outer disc is younger (González Delgado et al. 2015;
García-Benito et al. 2017). Such a negative age gradient reflects
the inside-out growth of galaxies. Mass-weighted ages confirm
that the galaxy’s disc mass built up over a longer timescale
than the central region, and this is reminiscent of spiral galax-
ies, which typically host an older bulge and a star-forming disc.
However, the star formation timescales of certain regions of the
disc are similar to those of the central region of the galaxy, sug-
gesting that star formation was truncated relatively early in the
galaxy, soon after the progenitor spiral was formed. The older
and more metal-rich stellar population in the central region (the
nuclear disc-lens) relative to the disc implies that the majority of
the mass was created long ago via secular evolution.

Luminosity-weighted ages and metallicities derived from our
SSP analysis point to a secondary, more recent episode of star
formation that occurred after most of the galaxy’s stellar mass
was built up. This rejuvenation may be an effect of a recent
flyby interaction or minor merger within the group environment,
which could have funnelled fresh gas into the system and trig-
gered star formation. The ionised gas distribution in NGC 1553
is notably diffuse and largely confined to the central regions of
the galaxy. Within the inner ∼8 arcseconds, it follows the spiral-
like structure identified by Erwin et al. (2015). The LOS velocity
of the ionised gas displays a rotation pattern broadly consistent
with the stellar kinematics. Several studies have detected far-
UV emission in the central region of NGC 1553, along with

clumpy Hα emission extending over approximately 30 arcsec
(Rampazzo et al. 2020, 2022), indicating a low level of star for-
mation in the galaxy and, hence, the presence of an underlying
younger stellar population.

Observations indicate that lenses are more frequently
found in the central regions of S0 galaxies (Kormendy 1979;
Laurikainen et al. 2005, 2007, 2013; Gao et al. 2018; Kruk et al.
2018). Various formation mechanisms have been proposed to
explain the origin of lenses. Athanassoula (1983) suggested that
lenses can emerge from a dynamically heated stellar population
through gravitational instabilities, analogous to the formation of
bars in disc galaxies.

Alternatively, Bournaud & Combes (2002) and Bournaud
et al. (2005) proposed that lenses form due to bar weaken-
ing induced by the inflow of cold gas. However, several stud-
ies have suggested that once a bar is established, it is inher-
ently stable and difficult to dissolve (Shen & Sellwood 2004).
Notably, S0 galaxies exhibit a lower bar fraction than spiral
galaxies (Laurikainen et al. 2009; Barway et al. 2011; Gao et al.
2018), suggesting a possible correlation between the presence of
lenses and the absence of strong bars (Kormendy 1979). Numer-
ical simulations have further demonstrated that lenses can also
emerge through dissipation-less mergers (Eliche-Moral et al.
2018). These mergers triggered bar formation or strength-
ened them, and accelerated their secular evolution. Approxi-
mately 58% of merger remnant S0 galaxies exhibit identifi-
able inner structures, including embedded rings, pseudo-rings,
inner spirals, discs, and nuclear bars, with nearly all con-
taining a lens or an oval component–consistent with obser-
vations (Laurikainen et al. 2011, 2013). These features can
arise due to bar dilution and subsequent dynamical evolution
(Buta et al. 2010; Laurikainen & Salo 2017). Eliche-Moral et al.
(2018) argue that lenses and ovals in merger remnants are not
solely a product of internal secular processes, and that mergers
may have fostered bars, highlighting the diversity in formation
mechanisms.

To put NGC 1553 into context, we analysed the environment
of galaxies from the Nair & Abraham (2010) sample, and found
that approximately 50% of S0 galaxies with lenses are found in
intermediate-density environments. This fraction is the same for
barred spirals and barred S0 galaxies. The environment, there-
fore, does not play a key role in lens formation, nor in S0 for-
mation. Additionally, lenses are observed to be more prevalent
in S0 galaxies than in spirals. S0 galaxies typically lack gas, so
once a bar has weakened or dissipated in a lens, it remains in
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that state. In contrast, spiral galaxies, particularly late-type spi-
rals, can experience gas inflow, which can destabilize the disc
and lead to the formation of a new bar, restarting the bar evolu-
tion cycle.

In a sample of eight S0 galaxies, Johnston et al. (2021) found
from stellar population and metallicity studies that bulges and
discs formed at an early epoch from dissipation processes, while
lenses formed later, at random times over the galaxy lifetime,
possibly from evolved bars. They also find that field S0s have
been more affected by minor mergers than galaxies in richer
environments.

This study presents a comprehensive kinematic and stellar
population analysis of the S0 galaxy NGC 1553, which hosts a
lens and shell structures in a group environment. The galaxy has
a central rotating and dynamically hot nuclear disc–lens. Most of
its stellar mass formed during the early stages of evolution. The
nuclear disc–lens has a higher metallicity than the disc, indicat-
ing it likely formed in situ from disc material. Evidence of recent
star formation suggests a recent interaction or minor merger
event. Overall, the nuclear disc–lens in NGC 1553 appears to
have formed early in the galaxy’s history, with its mass assem-
bled over a shorter timescale than that of the disc. A detailed
statistical and numerical study of lens-host S0 galaxies, particu-
larly those in group environments, will provide further insights
into the formation mechanisms of these kinematically distinct
substructures in the central regions of S0 galaxies.
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