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A B S T R A C T 

Integral field unit (IFU) spectroscopic observations of resolved galaxies provide an optimal experimental setting for determination 

of stellar population properties, in particular – age, metallicity, and α-enhancement, which are key to understanding evolution 

of galaxies across diverse physical environments. We determine these properties for the edge-on disc galaxy IC 1553, through 

stellar population models fitted to MUSE IFU observations. From our determined spatial distributions of metallicity and [ α/Fe], 
we serendipitously identify the unique chemical signature of a dwarf galaxy that is co-spatial with the luminous disc of IC 1553. 
The dwarf galaxy is characterized by the presence of higher [ α/Fe] and metal-poor stellar populations relative to the disc of IC 

1553. The identified dwarf is dynamically cold from its determined kinematics, consistent with being a satellite of IC 1553. 
From modelling the Spitzer IRAC 3.6 μm image of IC 1553, we confirmed the presence of the dwarf galaxy and calculated its 
stellar mass to be ∼ 1 . 28 × 10 

9 M �. This is the first such identification of a dwarf galaxy from its unique chemical signature in 

such integrated light IFU observations, even though its hidden by the luminous body of its massive host. 

Key words: galaxies: abundances – galaxies: evolution – galaxies: formation – galaxies: individual: IC 1553 – galaxies: spiral –
galaxies: stellar content. 
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 I N T RO D U C T I O N  

umerous dwarf galaxies, typically with baryonic masses of ap- 
roximately 10 9 M � or less, hav e be gun to be identified routinely in
hotometric sk y surv e ys (e.g. P alomar Sk y Surv e y: Schombert, Pildis
 Eder 1997 ; Sloan Digital Sky Survey: Brinchmann et al. 2004 ;
yper Suprime-Cam Subaru Strategic Program: Aihara et al. 2022 ) 

s well as in dedicated photometric searches for satellite dwarfs, 
ncluding faint ones, near massive galaxies (e.g. Venhola et al. 
018 ; see re vie w by Karachentsev & Kaisina 2019 for additional
eferences). Given the high luminosity of such massive galaxies 
elative to their dwarf satellites, detecting dwarf satellites that are co- 
patial with their massive companion presents considerable difficulty, 
specially when both the massive galaxy and the dwarf are star
orming. For nearby galaxy groups like M81 and Cen A, such 
warf galaxies may be identified from deep imaging surv e ys of
esolved stars, if their stellar populations distribute differently from 

hat of their massive host galaxies in colour–magnitude diagrams 
e.g. Chiboucas et al. 2013 ; Crnojevi ́c et al. 2016 ). But such deep
hotometric surv e ys resolving indi vidual stars are more dif ficult
or more distant galaxies. If the spatial distribution of line-of-sight 
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elocities (LOSV) and LOSV dispersions (LOSVD) are available for 
he massive galaxy, then kinematically discordant co-spatial dwarfs 
ay be identified even if their stellar populations are not resolved

e.g. Hartke et al. 2018 ). Ho we ver, identifying a co-spatial dwarf is
ven more of a challenge when the dwarf galaxy does not stand out
learly in the LOSV and LOSVD maps. 

Dwarf galaxies, including those that are co-spatial with their 
assive star-forming companions, are howev er e xpected to hav e

tellar population properties distinct from massive star-forming spiral 
alaxies. Indeed, they are composed of stellar populations that, 
n a verage, ha ve lo wer metallicity, follo wing the mass metallicity
elation (Kirby et al. 2011 ; Curti et al. 2020 ). The elemental
bundance ratios are also different; [ α/Fe] of low-mass galaxies are
ower than those of massive galaxies (Spolaor et al. 2010 ; Thomas
t al. 2010 ). At a given metallicity [ α/Fe] of such stars in low-mass
alaxies are also lower than the Milky Way (MW) halo, but higher
han MW disc (Tolstoy, Hill & Tosi 2009 ). These are the results
f the interplay of different chemical yields from Core-collapse 
CCSNe) and Type Ia Supernovae (SNe Ia) given the difference 
n star-formation histories between dwarfs and spirals (Kobayashi, 
eung & Nomoto 2020a ; Kobayashi, Karakas & Lugaro 2020b ). 
Stellar population model fits to integrated galaxy spectra can 

onstrain galaxy stellar population properties (e.g. McDermid et al. 
015 ). Deep integral field unit (IFU) spectroscopy observations of 
is is an Open Access article distributed under the terms of the Creative 
h permits unrestricted reuse, distribution, and reproduction in any medium, 
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Figure 1. Colour image of IC 1553 constructed from g, r, z -band images 
from the Dark Energy Camera Le gac y Surv e y (DECaLS DR9; De y et al. 
2019 ). The MUSE field of view is marked in white. The two interloping 
objects that were remo v ed from the analysed MUSE data cube are marked in 
red. 
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alaxies, such as with MUSE at the Very Large Telescope (Bacon
t al. 2010 ), in conjunction with such stellar population model fitting
ave enabled the mapping of stellar population properties like age,
etallicity, and [ α/Fe] (e.g. Comer ́on et al. 2016 ; Kasparova et al.

016 ; Pinna et al. 2019a , b ; Scott et al. 2021 ). Of particular interest are
dge-on star-forming disc galaxies, where distinct stellar populations
roperties (mainly [ α/Fe]) have been determined for their thin and
hick discs (e.g. Scott et al. 2021 ; Somawanshi et al. 2024 , hereafter
aper I ). 
In this work, we report the serendipitous identification of a dwarf

atellite galaxy, co-spatial with an edge-on disc galaxy IC 1553.
ased on stellar population model fitting to MUSE IFU measure-
ents, we find that the dwarf galaxy shows a distinct chemical

ignature compared to its massive companion. Its identification is
upported with Spitzer space telescope imaging. We describe the
asic characteristics of IC 1553 along with a discussion of the MUSE
nd Spitzer data in Section 2 . The methodologies employed for stellar
opulation analysis resulting in the identification of the dwarf galaxy,
s well as its kinematics, are presented in Section 3 . The IC 1553
pitzer image modelling and mass estimation of the dwarf galaxy are
utlined in Section 4 . Finally, Section 5 encompasses a discussion
nd conclusions regarding the nature of the dwarf galaxy associated
ith IC 1553. 

 OBSERVATIONS  O F  IC  1 5 5 3  

C 1553 (see Fig. 1 ) is an S-type galaxy located approximately 36.5
pc away (Tully, Courtois & Sorce 2016 ). With a stellar mass

f ∼ 1 . 34 × 10 10 M � (Comer ́on et al. 2018 ), it is comparable to
hat of the MW (M ∗ ∼ 5 . 4 × 10 10 M �; McMillan 2017 ). Lauberts
 1982 ) classified IC 1553 as a galaxy e xhibiting e xtended stellar
nd gaseous material. It has also been classified as an emission-line
alaxy exhibiting significant star-formation activity (Rautio et al.
022 ). It also exhibits notable dust extinction in its central region,
NRASL 541, L37–L42 (2025) 
ith a prominent dust lane visible along its mid-plane (Comer ́on
t al. 2019 ). IC 1553 was part of an initial subsample of 70 edge-on
isc galaxies drawn from a larger sample of galaxies that constituted
he S 

4 G surv e y ( Spitzer Surv e y of Stellar Structure in Galaxies; Sheth
t al. 2010 ; Comer ́on et al. 2012 ). These galaxies were mapped with
pitzer IRAC channels 1 and 2 (3.6 and 4.5 μm). From amongst these
dge-on discs, IC 1553 was included in the subsample of star-forming
alaxies selected for IFU spectroscopic follow-up with MUSE by
omer ́on et al. ( 2019 ). They identified its kinematically distinct thin
nd thick discs. Utilizing the same MUSE IFU data, Rautio et al.
 2022 ) found an increasing radial velocity lag in the outskirts of the
alaxy disc with H α kinematics, potentially due to the accretion of
as from a diffuse source. 

IC 1553 forms part of our sample of edge-on disc galaxies
ith archi v al MUSE IFU observ ations by Comer ́on et al. ( 2019 ),
hose stellar population properties (particularly age, metallicity,

nd [ α/Fe]) we are studying to understand the formation and
volution of disc galaxies (Somawanshi et al., in preparation). The
tellar population analysis for a pilot galaxy, ESO 544-27, has been
resented in Paper I . 
Spatial sampling of MUSE is 0.2 arcsec with a 1 arcmin × 1

rcmin field of view and a wavelength range from 4750–9351 Å
Bacon et al. 2010 ) and with a median spectral resolution of 2.5 Å.
C 1553 was observed in four dithered exposures, each lasting 2624 s,
ventually combined to a single reduced data cube. The details of
he observations and their reduction can be found in Comer ́on et al.
 2019 ). The MUSE field of view of IC 1553 includes one known
eighbouring galaxy LEDA 776 941 (marked in red in Fig. 1 ) as
ell as a foreground star. We utilized MUSE white light images
f IC 1533 to create a mask and eliminate these known interloping
bjects. 

 MUSE  DATA  ANALYSI S  

.1 Stellar population analysis 

e applied the methods outlined in Paper I to extract the stellar
inematics and populations for IC 1553, with brief specific details
ro vided here. F or a full description, refer to section 3 of Paper
 . Voronoi-binning (Cappellari & Copin 2003 ) was used to obtain
patially binned spectra for IC 1553. We adopted the same minimum
ignal-to-noise (S/N) values per bin and per spaxel of 60 and 3,
espectively, within the 4800–5500 Å range, as used for ESO 544-
7. This resulted in a total of 1312 bins for IC 1553. This process was
arried out using the Galaxy IFU Spectroscopy Tool ( GIST ) Pipeline
Bittner et al. 2019 ). 

We fitted the spectra using the Penalized Pixel-Fitting ( PPXF ) code
s outlined in Cappellari & Emsellem ( 2004 ) and Cappellari ( 2017 ),
mploying the semi-empirical (sMILES; Knowles et al. 2023 )
ingle-stellar-population (SSP) models, which match the sampling,
esolution (full width at half-maximum – FWHM), and wavelength
ange of MILES (Vazdekis et al. 2015 ). The sMILES models were
hosen for their higher resolution in [ α/Fe] abundances (ranging
rom −0.2 to + 0.6 in steps of 0.2). Ho we ver, we used the Kroupa
nitial mass function (IMF; Kroupa 2001 ) for IC 1553 instead of the
nimodal Salpeter IMF (Salpeter 1955 ) that was used in Paper I .
hile the choice of IMF has minimal impact on the mass fraction, as

iscussed in Paper I , we find marginally lower fraction of unphysical
tted stellar populations (see Paper I for details; also discussed briefly

n next section) when using the Kroupa IMF. 
For each spatial bin, nebular dust extinction was derived from

he binned spectra through the Balmer decrement, measured using
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Figure 2. Spatial distribution of properties for each spatial bin in IC 1553 
showing (a) line-of-sight extinction ( A v ), (b) mass-weighted mean age, (c) 
mass-weighted mean metallicity < [M/H] > , (d) mass-weighted mean alpha 
abundance < [ α/Fe] > , (e) mean stellar velocity (V), and (f) mean stellar 
velocity dispersion ( σ ). The analysed dwarf spatial bins are marked in solid 
lines. An additional related region of interest is marked with a dotted ellipse. 
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he H α and H β emission line fluxes. This approach ef fecti vely
dentifies the presence and spatial distribution of dust within the 
alaxy. The nebular extinction values were then utilized to estimate 
he stellar extinction in the same spatial bin, following the relation 
utlined by Calzetti, Kinney & Storchi-Bergmann ( 1994 ). The spatial 
istribution of A v values is presented in Fig. 2 (a). This is different
rom the approach of determining A v from the stellar continuum that 
as used in Paper I , as the extinction from the dust lane in IC 1553
as not adequately accounted for using the A v determined by PPXF 

rom the stellar continuum. 
As in Paper I , emission lines were masked to a v oid any potential

mpact on the stellar population model fitting. Stellar kinematics and 
opulations were fitted separately using an additive and multiplica- 
ive polynomial of eighth order. This was done with a regularization 
arameter of 0.07. As mentioned in Paper I , this value was chosen
o balance smoothing the solutions to reduce noise while preserving 
he star-formation history information and is similar to the approach 
ollowed by Pinna et al. ( 2019a ) and Scott et al. ( 2021 ). We obtained
he mass weights for each SSP model using PPXF across all 1312
patial bins of IC 1553. 

.2 Mass-weighted mean stellar population properties 

rom the mass weights, we excluded contributions from metal- 
oor ( −1 . 79 ≤[M/H] ≤ −0 . 96) and low-alpha ( −0 . 2 ≤ [ α/ Fe ] ≤
 . 0) stellar populations, which were marked as non-physical in
aper I due to the limited capability of PPXF to accurately fit
tellar population models, especially in regions affected by dust 
ttenuation. Such a metal-poor and lower [ α/ Fe ] stellar population
s not predicted for any galaxy, neither in massive galaxies (e.g.
incenzo, Kobayashi & Taylor 2018 ) nor for Local Group dwarf
alaxies (e.g. Kobayashi et al. 2020a ). For a more detailed discussion
f this unphysical stellar population, see Paper I . Subsequently, the
emaining mass weights were utilized to determine the mean age, 
M/H], and [ α/Fe] for each spectral bin in IC 1553. Their spatial
istribution is illustrated in Fig. 2 . We note that the mean age map is
ot very reliable due to tendencies of PPXF to fa v our majority older
 > 9 Gyr old) stellar population model fitting solutions balanced with
mall fractions of younger ( ∼1–2 Gyr old) stellar populations (Wang
t al. 2024 ; Woo et al. 2024 ). 

The < [M/H] > distribution (Fig. 2 c), in particular, reveals that the
ulk of the stellar population is metal-rich ( < [M/H] > ≥ 0 . 06) but a
egion on the disc plane (outlined in black in Fig. 2 c) stands out as
eing metal-poor ( < [M/H] > ≤ −0 . 66). We note that this is despite
he tendies of PPXF to fa v our relatively metal-rich ([M/H] ∼0) stellar
opulation model fits (Woo et al. 2024 ). 
This region is also found to hav e relativ ely higher [ α/Fe] compared

o the mid-plane of IC 1553 (see Fig. 2 d), though it does not stand-
ut in < age > (see Fig. 2 b). There are additional bins adjacent to
his region (within the dashed black ellipse marked in Fig. 2 ) that are
lso similarly metal-poor (see Fig. 2 c), having higher [ α/Fe] than the
id-plane (see Fig. 2 d) with a seemingly younger < age > (see Fig.
 b). 
Particularly the < [M/H] > and < [ α/Fe] > spatial distributions of

C 1553 thus reveal a region consisting of a few spatial bins that
tand out in their stellar population chemistry compared to the rest
f the galaxy. We select the 34 spatial bins with < [M/H] > ≤ −0 . 45
nd < [ α/Fe] > ≥ 0 . 25 in this region as marked by a black outline in
ig. 2 . 
Fig. 2 (a) shows that the spatial bins within this region as well as the

llipse also exhibit significantly lower extinction values compared to 
he bins in the rest of the mid-plane. This potentially indicates a
oreground dwarf galaxy, with stellar population properties that are 
istinct from IC 1553, whose light dominates the observed spectral 
ins within the outlined region in Fig. 2 while also contributing to
ome of the spectral bins within the ellipse region in Fig. 2 . 

Differences between the stellar populations inhabiting the mid- 
lane of IC 1553 and those at greater scale heights are also evident
rom Fig. 2 , indicating differences between the thin and thick discs
f IC 1553. This will be addressed along with our full sample of
tar-forming edge-on discs studied with MUSE IFU observations in 
 future publication (Somawanshi et al., in preparation). 

.3 [ α/Fe] versus [M/H] in the dwarf region of the galaxy 

ig. 3 [top] illustrates the average mass fraction across all spatial
ins of the potential dwarf region in the [ α/Fe] versus [M/H] plane
MNRASL 541, L37–L42 (2025) 
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Figure 3. The [ α/Fe] versus [M/H] plane for stellar populations of all ages 
in the potential dwarf region (top) as well as in the remaining bins in IC 1553 
(bottom). The plane is binned as per the [ α/Fe] and [M/H] grid described 
in Section 3 with each grid region coloured by the determined average mass 
fraction. The non-physical stellar population is outlined with thick lines. 
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or stellar populations of all ages. The region contains a significant
etal-rich stellar population with [M/H] ≥ 0 . 15 and [ α/Fe] = 0 . 6,

longside a stellar population characterized by [M/H] = 0.26 and
 α/Fe] = −0 . 2. These stellar populations are similar to those of
SO 544-27 discussed Paper I where the higher and lower [ α/Fe]
tellar populations were considered being associated with its thin
nd thick disc. This is likely also the case here and will be discussed
urther considering also the re gion be yond the dwarf region in
omawanshi et al. (in preparation). A metal-poor and lower [ α/Fe]
tellar population ( −1.79 ≤ [M/H] ≤−0.96 and −0.2 ≤ [ α/Fe] ≤
.0) is also present (as outlined) in Fig. 3 but should be ignored as
lready discussed in Section 3.2 . 

Of particular interest in Fig. 3 (top) is that we observe a metal-poor
igher [ α/Fe] stellar population with [ α/Fe] = 0 . 6 and −1.7 ≤ [M/H]
−0.96 in this region. With a mass fraction of ∼ 0 . 217 ± 0 . 006, this
etal-poor higher [ α/Fe] population thus forms about a fifth of the

otal stellar mass in the marked area in Fig. 2 . In comparison with Fig.
 (bottom), which shows the average mass fraction in spatial bins
eyond the dwarf region, it is evident that this metal-poor higher
 α/Fe] population belongs e xclusiv ely to the potential foreground
warf galaxy and is not present in other parts of the galaxy. Ho we ver,
NRASL 541, L37–L42 (2025) 
he metal-rich lower and higher [ α/Fe] stellar populations likely have
ontributions from both IC 1553 and the potential foreground dwarf.

The dwarf galaxy is thus identified with higher [ α/Fe] and more
etal-poor stellar populations relative to the disc of IC 1553. We note

hat for this population, PPXF gives the highest value of the population
rid ([ α/Fe] = 0.6), while lowering metallicity ([M/H] = −1.79 to
0.96) and maximizing age ( ∼12 Gyr). Similar tendency is found for

ge and metallicity (e.g. Sattler et al. 2024 ), tested e xtensiv ely with
ock galaxy spectra by Woo et al. ( 2024 ) and Wang et al. ( 2024 ).
herefore, to determine the exact value of [ α/Fe], more detailed
nalysis would be required. 

The presence of the metal-poor higher [ α/Fe] population spread
 v er multiple adjoining spectral bins in a specific spatial location,
ay imply the possibility of a foreground dwarf galaxy, but we need

o corroborate its identification in the stellar population parameter
pace with potential kinematic and photometric signatures. 

.4 Dwarf kinematics 

t is important to assess whether a distinct dwarf galaxy can be
iscerned in this region in the kinematic spatial distribution of IC
553. Figs 2 (e) and 2 (f), respectively present the mean stellar velocity
V) and stellar velocity dispersion ( σ ), as derived from the GIST

ipeline, as described in Section 3.1 . Fig. 2 (e) shows that the dwarf
e gion is mo ving in the direction of rotation of the disc galaxy.
dditionally, Fig. 2 (f) shows that the spatial bins within the dwarf

e gion hav e a lower mean stellar velocity dispersion ( σdwarf = 21 . 6 ±
 . 7) compared to the spectral bins of IC 1553 diametrically opposite
o the dwarf region with σ ∼ 51. Likewise, the bins within the ellipse
e gion also e xhibit similarly low stellar v elocity dispersion values.
f the dwarf was actively disrupting the disc of IC 1553, we would
 xpect to observ e a higher v elocity dispersion in the dwarf region.
onversely, if it were physically too distant from IC 1553 albeit
ithin the line of sight, the stellar velocity would differ significantly

rom the galaxy’s velocity field resulting in a higher measured mean
elocity dispersion in the dwarf region. 

The relatively lower velocity dispersion suggests that the dwarf
s likely a dynamically colder satellite near the disc of IC 1553 that
ies in the foreground in the line of sight. The dwarf itself may still
e disrupting with an extended star-forming tail in the ellipse region
arked in Fig. 2 but it does not seem to be affecting the disc of IC

553. 

 SPITZER I MAG I NG  DATA  ANALYSI S  

.1 Presence of the dwarf galaxy in photometry 

tilizing the S 

4 G surv e y Spitzer IRAC 3.6 μm image of IC 1553 (Fig.
 a) and considering also that it is classified as an edge-on disc with
 bright nuclear point source (Salo et al. 2015 ), we make a suitable
ALFIT (Peng et al. 2010 ) model (Fig. 4 b) with a point spread function
nd a s ́ersic profile (magnitude: 13.13, s ́ersic index: 0.64, half-light
adius: 16.55 pixels). The residual image (Fig. 4 e), from subtracting
he modelled disc galaxy from the observed image, clearly shows
n extended feature. The dwarf region and the extended region of
nterest identified from the stellar population analysis with MUSE
see Fig. 2 ) is consistent in position with this extended feature. When
he dwarf galaxy is modelled separately (Fig. 4 c; centred roughly
t the location of the dwarf region from Fig. 2 ) using a single s ́ersic
rofile in GALFIT (magnitude: 15.49, s ́ersic index: 0.17, half-light
adius: 7.19 pixels) and included to model the entire image (Fig.
 d), the extended feature within the elliptical outline is significantly
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Figure 4. (a) The S 4 G surv e y Spitzer IRAC 3.6 μm image of IC 1553 is shown along with GALFIT modelled, (b) disc galaxy, (c) dwarf galaxy, and (d) entire 
model (disc + dwarf). Also shown are residuals produced when subtracting from the image (e) just the modelled disc galaxy and (f) the entire galaxy model. 
All panels show also the analysed dwarf region (orange outline) and region of interest (yellow dashed ellipse) from MUSE as in Fig. 2 . The elliptical aperture 
used to compute the dwarf galaxy mass is also marked in red in panels (c)–(f). 
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educed in the resulting residual when this entire model in subtracted 
rom the image (Fig. 4 f), though some residual flux towards the
entre of the edge-on disc remains in the dwarf region. 

We note that the dwarf galaxy appears more extended in the model
han in the MUSE region (Fig. 4 c) as the stellar populations of
he dwarf galaxy only dominate that of the background bright disc 
alaxy within that smaller region. The outer fainter regions of the 
warf galaxy are not bright enough relative to the background disc 
alaxy to impact the mean stellar population properties in these outer 
egions. 

.2 Mass of the dwarf galaxy 

o measure the mass of the dwarf galaxy, and its relative mass fraction
ompared to the modelled disc galaxy, we consider an elliptical 
perture (marked by red in Fig. 4 ) centred on the dwarf galaxy with
he same position angle and ellipticity, but twice the ef fecti ve radius,
hus encompassing the entire dwarf galaxy region. In this aperture, 
e measured the flux from the dwarf model as ∼ 172 . 328 MJy sr −1 .
o quantify the goodness of our model, we compute the ratio of the

otal fluxes, within the elliptical aperture, of the residual image (Fig.
 f) and the original image (Fig. 4 a) as 7.9 per cent, demonstrating
hat our model successfully captures the majority of the galaxy’s 
ight. We then utilized equation (6) from Querejeta et al. ( 2015 ) to
stimate the mass of the dwarf galaxy which converts 3.6 μm old
tellar flux into stellar mass with an accuracy of ∼0.1 dex (Meidt
t al. 2014 ). As per their suggested mass-to-light ratio, M/L = 0 . 6,
nd assuming a Chabrier IMF (Chabrier 2003 ), we obtain the mass
f the dwarf galaxy to be ∼ 1 . 27 ± 0 . 31 × 10 9 M �. We then applied
he same elliptical aperture to the entire model to measure the total
ux contribution of IC 1553 and the dwarf in the region of interest.
his comes out to be ∼ 447 . 82 MJy sr −1 , resulting in the computed
ass of this entire region to be ∼ 3 . 33 ± 0 . 71 × 10 9 M �. Thus, the
odelled dwarf galaxy has a mass fraction of 0 . 39 ± 0 . 18 within the

lliptical aperture in Fig. 4 . 
This value is higher, though within error, than the mass fraction 

f ∼ 0 . 22 ± 0 . 01 for the metal-poor, higher-[ α/Fe] population in the
warf from MUSE (see Fig. 3 and Section 3.3 ). While the former is
he ratio of the mass of all stellar populations in the dwarf galaxy to
hat of all stellar populations in the edge-on disc, the latter is the ratio
f the mass of the higher-[ α/Fe] metal-poor population, that is only
resent in the dwarf galaxy, to that of all other stellar populations
oth in the dwarf and the background IC 1553. It thus follows that
he mass fraction of the metal-poor, higher-[ α/Fe] stellar population 
n the dwarf galaxy (computed from MUSE IFU stellar population 
odel fitting) should be lower than the mass fraction of the dwarf

alaxy (computed from Spitzer image modelling). The two mass 
ractions are thus not inconsistent. 

We note here that the mass fraction computed from the Spitzer
mage modelling is an approximate estimate that enabled comparison 
ith the MUSE IFU stellar population mass fraction. A more accurate
ass estimate would require modelling of the disrupting dwarf 

alaxy, which is beyond the scope of this work. 

 SUMMARY  A N D  C O N C L U S I O N  

e thus report the identification of a star-forming dwarf galaxy, 
aving mass ∼ 1 . 27 ± 0 . 31 × 10 9 M �, that is co-spatial with the
uminous edge-on disc galaxy IC 1553. The dwarf galaxy is initially
dentified from stellar population model fitting of MUSE IFU inte- 
rated light observations (Fig. 2 c, d) due to its higher [ α/Fe], metal-
oor stellar population ([ α/Fe] = 0.6 and −1.79 ≤ [M/H] ≤−0.96;
ee Section 3.3 ), in contrast to the metal-rich stellar populations with
ower mean [ α/Fe] that inhabit the disc of IC 1553. In this work,
e have thus mainly utilized the stellar population model fitting with

PXF to chemically distinguish the dwarf galaxy from the background 
dge-on disc, though additional analysis may be required to more 
ccurately obtain the [ α/Fe] and [M/H] of the dwarf galaxy. 

This identification is consistent with how the higher [ α/Fe] and
etal-poor stellar populations identified in dwarf spheroidal satellites 

f MW and M31 (e.g. Kirby et al. 2011 , 2020 ) contrast the lower
 α/Fe] and metal-rich stellar populations of the MW and M31 thin
iscs (e.g. Hayden et al. 2015 ; Arnaboldi et al. 2022 ; Kobayashi et al.
023 ). 
This dwarf galaxy is consistent with being a satellite of IC 1553

s its velocity is not too dissimilar from that of the rotating disc of
C 1553 (which would have been the case if it were a foreground
alaxy), but its dynamically colder than the background edge-on disc 
Fig. 2 e, f). The dwarf galaxy is further identified from the GALFIT

odelling of the Spitzer IRAC 3.6 μm image of IC 1553 (Section 4 ).
The presence of some residuals upon consideration of the dwarf 

alaxy in the GALFIT modelling (Fig. 4 f), as well as extended features
ear the position of the dwarf galaxy in the stellar population maps
btained from MUSE IFU images (dotted ellipse in Fig. 2 ), indicates
MNRASL 541, L37–L42 (2025) 
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hat the dwarf is disrupting with an extended star-forming tail. The
tars in the tail likely have a higher < [M/H] > (Fig. 2 c) but similar
 [ α/Fe] > (Fig. 2 d) as the main body of the dwarf galaxy. 
Earlier studies (Sattler et al. 2024 ) where stellar population models

or MUSE IFU observations of IC 1553 were fitted only in the
ge and [M/H] parameter space, did not enable the co-spatial dwarf
alaxy to be identified. Our methodology ( Paper I ) with the expanded
arameter space including [ α/Fe] in the sMILES stellar population
odels allowed the reliable identification of the dwarf satellite galaxy

n < [ α/Fe] > and < [M/H] > maps (Fig. 2 c,d). This is the first such
warf galaxy to be identified from its chemical signature in integrated
ight IFU observations. 
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