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A B S T R A C T 

We present a far -ultra violet (FUV) study of 16 star-forming dwarf galaxies (SFDGs) using the Ultra Violet Imaging Telescope. 
Morphologically, SFDGs are classified as dwarf spirals, dwarf irregulars, and blue compact dwarfs (BCDs). We extracted the 
star-forming comple x es (SFCs) from the sample galaxies, derived their sizes, and estimated the FUV + 24 μm star-formation 

rates (SFRs). We also determined the approximate stellar disc mass associated with the SFCs using Infrared Array Camera 3.6 

micron images. We derived the specific SFRs (sSFRs), as well as the SFR densities [ �( SFR )] for the SFCs. We find that the 
lower �( SFR ) for each type is different, with the dwarf irregulars having the lowest �( SFR ) compared with others. Ho we ver, 
the median size of the SFCs in the dwarf irregulars is the largest compared with the other two types when compared at roughly 

the same distance. We have derived the star-forming main sequence (SFMS) on the scale of SFCs for all three classes of SFDGs. 
We find that although all SFDGs approximately follow the global SFMS relation, i.e. SFR ∝ M ∗α (where globally α ≈ 1 for 
low-surface brightness galaxies and 0.9 for SFDGs), on the scale of SFCs the α value for each type is different. The α values for 
dw arf spirals, dw arf irregulars, and BCDs are found to be 0.74 ± 0.13, 0.87 ± 0.16, and 0.80 ± 0.19, respecti vely. Ho we ver, the 
age of all SFCs approximately corresponds to 1 Gyr. Finally, we find that the outer SFCs in most galaxies except BCDs have a 
high sSFR, supporting the inside-out model of galaxy growth. 

Key w ords: galaxies: dw arf – galaxies: star formation – ultraviolet: galaxies. 
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Figure 1. Classification of dwarf galaxies based on the presence of gas and 
star formation. 
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.  I N T RO D U C T I O N  

warf galaxies are low-mass ( M ∗ < 10 10 M �) galaxies that have
maller sizes and lower dynamical masses compared with normal 
alaxies on the Hubble sequence (Lelli 2022 ). Due to their low
tellar masses, they usually have shallower disc potentials. Hence, 
warfs often lose a significant amount of metal content via ejection 
y stellar winds and supernova bursts (Bergvall 2011 ), making them 

ften metal-poor and gas-poor (Mac Low & Ferrara 1999 ). Most
warfs do not appear to have molecular hydrogen (H 2 ) gas as they
re not detected in CO emission (Leroy et al. 2005 ; Das et al. 2006 ;
chruba et al. 2012 ). The y also hav e thick/flared discs, resulting in a

ow mid-plane pressure in the disc gas. Hence, they are fairly extreme
nvironments for star formation as it is difficult for gas to cool and
ven be retained within the disc (Elmegreen & Hunter 2015 ). 

It is well known that dwarf galaxies dominate the galaxy popula- 
ion in the Universe (Loveday 1997 ). The Lambda cold dark matter
odels and cosmological simulations of the large-scale structure 

how that they are important for the hierarchical growth of galaxies 
hrough star formation and mergers (White & Rees 1978 ; Deason, 

etzel & Garrison-Kimmel 2014 ; Wheeler et al. 2019 ). Due to their
bundance, most mergers at all redshifts are between dwarf galaxies 
De Lucia et al. 2006 ). The nearest example of such a merger is
he infall of the Large and Small Magellanic Cloud into our Galaxy
Nidever et al. 2017 ). The two galaxies are connected by a gaseous
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ridge composed of HI comple x es, and the entire structure is called
he Magellanic Stream (D’Onghia & Fox 2016 ). Such studies of
earby dwarfs in our Local Group, combined with simulations (as in
he TiNy Titans programme), help to understand the redistribution 
f stellar and gaseous material in interacting/merging dwarf galaxies 
Besla et al. 2010 ; Stierwalt et al. 2015 ). 

Surv e ys o v er the past two decades show that dwarf galaxies are
ot only ab undant, b ut they also span a wide variety of galaxy types.
roadly speaking, dwarfs can be classified into gas-poor and gas-rich 
ased on the presence of gas, as shown in Fig. 1 . The gas-poor dwarf
alaxies consist of early-type dw arf spheroidals, dw arf ellipticals, 
nd gas-free ultra-diffuse or ultra-faint galaxies. Most of these dwarf 
alaxies are satellites of giant host galaxies and are very faint. Their
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ow luminosity makes them hard to detect, and it is only recently that
he y hav e been detected in large numbers (Koda et al. 2015 ). There
re many theories explaining why satellite galaxies are gas-poor, but
he most probable explanation is gas stripping due to interaction with

assive galaxies (Putman et al. 2021 ). 
A large fraction of the gas-rich dwarfs are low-surface brightness

alaxies (LSBGs). Such galaxies have low luminosities, diffuse
tellar discs, and high dark matter content (Honey et al. 2018 ). LSB
warfs include both discy and irregular dwarfs. Their HI masses are
ery high, and some of them have HI gas mass fractions that are
lose to 100 per cent of their dynamical mass (Schombert, McGaugh
 Eder 2001 ; Begum et al. 2008 ). They have very low star-formation

ates (SFRs) and consume gas at a very slow pace (Lee et al. 2009a ).
o we ver, studies sho w that a significant fraction of LSB dwarfs
ave some star formation and follow a star-forming main sequence
SFMS, Thilker et al. 2007 ; McGaugh, Schombert & Lelli 2017 ). 

Although dwarfs present extreme environments for star formation,
bout 70 per cent of them are star-forming (Karachentsev et al. 2004 )
nd are called star-forming dwarf galaxies (SFDGs). Their small
izes, slow rotational velocities, and hence low shear, as well as
 v erall low metallicities, result in star formation being very distinct
rom that observed in regular disc galaxies (Bergvall 2011 ). Feedback
nd the environment of SFDGs also contribute to the differences
Meurer et al. 1995 ). 

SFDGs can be classified into dwarf spirals, dwarf irregulars, and
lue compact dwarfs (BCDs). The dwarf spirals often have spiral
rms and small bars or oval bulges (e.g. NGC4136), which are
ommon in normal disc galaxies and are important for triggering star
ormation (Das, Sengupta & Honey 2019 ). Ho we ver, the spiral arms
re not as well-defined as in regular spirals, probably because the
tellar disc is not dense enough. Or, as in some cases, the spiral arms
an be due to tidal interactions or dw arf–dw arf mergers (Stierw alt
t al. 2015 ). On the other hand, dwarf irre gulars hav e a sub-threshold
nvironment for star formation, as they generally do not have bars,
piral arms, or the critical gas density to form stars (Melena et al.
009 ). Star formation is distributed o v er their discs and is due to local
isc instabilities (Hunter, Elmegreen & Ludka 2010 ). The third class
f SFDGs are the BCDs, which have small, compact star-forming
nner discs and diffuse LSB outer discs. The BCDs tend to form
uperclusters (Meurer et al. 1995 ; Adamo et al. 2010 ). Although the
rigin of the starbursts in BCDs is unknown, one of the main possi-
ilities is that they are merger-driven (Stierwalt et al. 2015 ). These
alaxies are very metal-poor, which gives them a blue appearance. 

The main tracers of star formation in galaxies are H α and
ltraviolet (UV) emission. The H α is emitted by hot O-type stars,
nd the emission lasts for 1 to 10 Myr. Far -ultra violet (FUV) and
ear -ultra violet (NUV) emission arise from O- and B-type stars, and
he emission lasts for a longer time-scale ( ≤100–200 Myr) compared
ith H α (Boissier et al. 2007 ; Koda et al. 2012 ). In many galaxies,

he UV emission extends far beyond the H α disc emission (Das et al.
019 ), the extreme examples being the extended ultraviolet (XUV)
alaxies (Thilker et al. 2007 ). Sensitive observations can trace the
 α and UV emission from the star-forming XUV discs of massive
alaxies (Das et al. 2021 ; Yadav et al. 2021 ), as well as from nearby
warf galaxies (Lee et al. 2009b ). 
In this study, we use UV to trace recent massive star formation in

earby SFDGs. We use the Ultra Violet Imaging Telescope (UVIT)
bservations of 16 nearby SFDGs to extract and characterize their
tar-forming regions. The UVIT has a spatial resolution advantage
 v er the previous space UV telescope Galaxy Evolution Explorer
 GALEX ). It has a spatial resolution of ≈1.2 arcsec with a plate
cale of 0.41 arcsec per pixel. Previously, Melena et al. ( 2009 ) have
NRAS 530, 2199–2231 (2024) 
sed GALEX images to characterize the star-forming regions of
earby dwarf irregulars. But as shown by Mondal, Subramaniam
 George ( 2021a ), the UVIT can extract many more regions than
ALEX , giving a better and more accurate idea of the size and
istrib ution of star -forming comple x es (SFCs). Our study uses FUV
lters and NUV filters for only a few galaxies, as NUV has not been

n operation since 2018. 
In the following sections, we present our sample of SFDGs

nd compare their star-forming properties by extracting the SFCs.
n Section 2 , we explain the criteria for choosing our sample,
nd Section 3 provides information about the data. In Section
 , we discuss the data analysis, including image analysis, source
xtraction, UV photometry, finding the total SFR using UV and
4 μm Multiband Imaging Photometer for Spitzer (MIPS) images,
nd modelling the mass of the SFCs using 3.6 μm Infrared Array
amera (IRAC) images. Section 5 describes our results, including

he observed radial trends in 5.3 and the SFMS for SFCs in 5.4 . In
ection 6 , we discuss our results, including how interactions affect
FDGs and how their SFMS compares with massive galaxies. 

.  SAMPLE  SELECTI ON  

ur study aims to understand star formation in dwarf galaxies by
esolving their SFCs. Our definition of dwarf galaxies is derived
rom the study of Leroy et al. ( 2005 ), where dwarfs have a stellar
ass of M ∗ < 10 10 M �, a typical physical diameter of approximately

0 kpc, and flat rotation velocities of V rot ≤ 100 km s −1 . To resolve the
FCs, we need high-resolution UV observations of nearby galaxies.
 or e xample, galaxies at distances < 20 Mpc are suitable because
FCs of sizes ∼100 pc in their discs can be resolved. All our sample
warf galaxies are star-forming and have UVIT data. The sample
ncludes both isolated and interacting galaxies. We proposed some
f the UVIT observations, and some were obtained from archi v al
ata. In the following paragraphs, we describe our sample, which
as mainly derived from the surveys of Leroy et al. ( 2005 ) and
unter et al. ( 2012 ). The distribution of their properties is shown in
ig. 2 , and the values are mentioned in Table 1 . 

.1 Dwarf spirals 

e have seven star-forming dwarf spirals in our sample, and they
re all selected from Leroy et al. ( 2005 ). These are the most massive
warfs with a mass range of 10 9 M � < M ∗ < 10 10 M �, the most
assive being NGC 4618 with a mass of M ∗ = 10 9.56 M �. Most

f these dwarfs are late-type spiral galaxies, and their metallicity is
igher than the other two classes. Some are fairly extended. NGC
395 has the largest diameter ( D 25 = 16.9 kpc) in our sample. Also,
ost of our dwarf spirals are classified as XUV galaxies (Thilker

t al. 2007 ). Some of them are also interacting, such as NGC 4625
nd NGC 4618, which are interacting with each other, and with NGC
625A that lies between them (Gil de Paz et al. 2007 ). The galaxy
GC 5474 is probably interacting with the giant spiral M101 (Mihos

t al. 2013 ; Bellazzini et al. 2020 ). For the other four spirals, we do
ot find any sign of interaction. 

.2 Dwarf irregulars 

e have five star-forming dwarf irregulars in our sample. Most of
hese are from the Local Irregulars That Trace Luminosity Extremes,
he HI Nearby Galaxy Surv e y (LITTLE THINGS, Hunter et al.
012 ). Besides this, we also included UGC 7608 from Smith et al.
 2021 ). Dwarf irre gulars hav e stellar masses ≤10 9 M � and are
enerally smaller than dwarf spirals. The largest in this group is
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Figure 2. Properties of the sample galaxies. The ‘ ∗’ as a pattern represents dwarf spirals, the pattern ‘o’ represents dwarf irregulars, and the pattern dots 
represents BCDs. In these histograms, we see that the dwarf spirals hav e relativ ely higher mass and metallicity compared with other types, but they all have 
similar rotational velocities. All galaxies have sub-solar metallicities. 
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C 2574, which has a diameter of D 25 = 14.61 kpc; this is high
ompared with the typical sizes of dwarf galaxies. The irregulars 
re at closer distances compared with the other two types of dwarfs.
 or e xample, NGC 6822 and WLM are at distances of 0.5 and 0.98
pc, respectively. NGC 6822 is one of the nearest dwarf galaxies 

round the Milky Way, and it may have interacted with the Milky
ay as well as with other dwarf galaxies (Zhang, Mackey & Costa

021 ). The irregular galaxy UGC 4305 is part of the M81 group and
s infalling towards M81 (Bureau & Carignan 2002 ). 

.3 Blue compact dwarfs 

e have four BCDs. NGC 3738, VIIZw403, and Haro 36 are from
ITTLE THINGS. We included UGCA 130 from Leroy et al. ( 2005 ).
CDs have smaller diameters compared with dwarf spirals and 
rregulars. In our sample, their diameters are less than 1.5 arcmin.
ence, they appear to be very compact and very bright in UV. The
CD UGCA 130 is the farthest galaxy in our sample. We do not see
ny sign of interactions in the BCD sample. 

.  O B S E RVAT I O N S  

.1 UV data 

e performed deep UV imaging observations of the galaxies NGC 

608, NGC 4136, NGC 4625, NGC 4618, NGC 2541, and NGC 5832
sing the UVIT onboard the AstroSat telescope (Kumar et al. 2012 ).
or all other galaxies, we used archi v al UVIT data. The details of the
VIT filter and exposure time of galaxies are given in Table 2 . The
VIT is an instrument with twin telescopes and coaligned Ritchey–
MNRAS 530, 2199–2231 (2024) 
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Figure 3. UVIT image of NGC 4625. The ellipses are fitted to sources using 
SEXTRACTOR (Bertin & Arnouts 1996 ). The detection threshold is 8 σ . Circle 
drawn to the galaxy indicates the optical radius ( r 25 ), which is mentioned for 
this galaxy in Table 1 . 
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hr ́etien optics. One of the telescopes is in the FUV (1300–1800 Å)
aveband, and the other is in the NUV (2000–3000 Å) and visible

VIS) bands. The instrument can simultaneously observe in all three
ands with a field of view of 0.5 ◦. The drift correction is done using
he VIS channel or else by using the NUV imager. The FUV and
UV telescopes work in photon-counting mode, whereas the VIS

hannel works in the integrated mode. Hence, the FUV and NUV
elescopes have sub-pixel resolutions of ≈1.2 arcsec, which is three
imes better than the GALEX (Martin et al. 2005 ). The FUV and
UV telescopes also have multiple narrow-band photometric filters

Rahna et al. 2018 ). Since the year 2018, the UVIT NUV filter
topped working due to payload-related issues. Hence, only a few
alaxies have NUV images. 

.2 Infrared data 

he UV radiation emitted by the young stars is absorbed by
nterstellar dust and re-emitted in the infrared (IR) band, mainly
round 24 μm. Hence, we used 24 μm images from the MIPS
nstrument in our study (Rieke et al. 2004 ). The resolution of this
4 μm image is 6 arcsec. The data reduction procedure of the MIPS
mage is mentioned in Gordon et al. ( 2005 ). All the images we used
ere are reduced archi v al images. We used background-subtracted
mages for our analysis. 

Emission from older stellar photospheres is studied using 3.6 μm
avelength images. As the stellar mass of a galaxy is mainly due

o an older population, we used the 3.6 μm luminosity to calculate
he stellar mass density of the galaxies. The 3.6 micron images were
rom one of the four cameras, the IRAC cameras on Spitzer (Fazio
t al. 2004 ). It has an angular resolution of 2 arcsec and has a field of
iew of 5 arcmin. It has a good sensitivity compared with the other
hree cameras in the instrument. 

.  DATA  ANALYSIS  

.1 UV data reduction 

he UVIT level 1 data are raw data and were downloaded from
he Indian Space Science Data Centre website for all the sample
alaxies. We used CCDLAB (Postma & Leahy 2017 ), a graphical
ser interface, to reduce the data and produce science-ready images.
t corrects for field distortions, flat-fielding, and drift. CCDLAB also
ombines and aligns the orbit-wise UVIT images to create a final
eep image. We did the astrometry on these images using a tool in
CDLAB that can match Gaia DR3 sources with UVIT sources and
o the astrometry. Then, these images were background subtracted
sing IRAF (Tody 1993 ) by finding the counts of a few regions
round the galaxy and then subtracting the mean of these counts
rom the scientific image. 

.2 Source extraction 

sing Python, we cut out the image of the galaxies from the
ntire field of view of UVIT. Then we used the SEXTRACTOR

Bertin & Arnouts 1996 ; Barbary 2016 ) to extract the SFCs from
he cutout image. SEXTRACTOR (Source Extractor) is one of the

ost commonly used command-line programs to perform multiple
asks, like background estimation, source detection, deblending, and
ven aperture photometry. Since we already did the background
ubtraction, we estimated the global background noise ( σ ) from the
mage. We set the detection threshold to a few times σ such that
he pixels with values higher than the given threshold are detected as
bjects. Then we gave a deblending threshold and deblending ratio so
NRAS 530, 2199–2231 (2024) 
hat the detected objects are deblended and seen as separate sources.
e had set the detection threshold to 8 σ and minimum area to 10

ixels as recommended by Bertin & Arnouts ( 1996 ) for clean and
onfident detection. SEXTRACTOR fits an ellipse around the source
s shown in Fig. 3 , giving us the position, position angle, and size
arameters of the SFCs. 
While detecting sources, we may even detect some foreground

ources. To eliminate such sources, we found bright sources around
 galaxy centre in Gaia , within a radius comparable with the field
f view of the cutout image. These foreground sources have parallax
nd high proper motion. We matched the RA and Dec of the SFCs
etected with SEXTRACTOR with the RA and Dec of the sources
btained from the Gaia catalogue using TOPCAT (Taylor 2005 ). If
he matched sources had high parallax and high proper motion, we

asked those sources using Python. 
We found the deprojected area of the remaining SFCs, which is

iven by 

rea = 

π × a × b 

cos ( i) 
(1) 

ith a and b as the semimajor and semiminor axes of an ellipse
tted to the SFCs, respectively, and ‘ i ’ is the angle of inclination of

he galaxy. We found the approximate size or radius of the SFCs by
quating this area to the area of a circle. 

.3 UV photometry 

e performed elliptical aperture photometry on the SFCs using the
ython Astropy package PHOTUTILS (Astropy Collaboration 2013 ,
018 ) and obtained the counts per second (CPS) from the SFCs. We
ound the Galactic extinction corrected apparent AB magnitude m AB 

or each SFC using the formula 

 AB = −2 . 5 × log 10( C P S ) + ZP − A FUV (2) 

here ZP is zero-point magnitude, and A FUV is FUV extinction,
hich is calculated using Galactic reddening E ( B − V ) (Schlafly &
inkbeiner 2011 ) from IRSA and using extinction laws (Rodrigo,
olano & Bayo 2012 ). We found the corrected CPS with this
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Table 1. Properties of the sample galaxies. 

Galaxy Type D Method V rot i P.A. r 25 E ( B − V ) log( SFR FUV ) log( M HI ) 
(Mpc) (km s −1 ) ( ◦) ( ◦) (arcmin) (mag) M � yr −1 M �

NGC 4136 SAB(r)c 10.9 Virgo infall 93.3 0 179 1 .17 0 .016 − 0 .80 8.98 
NGC 4618 SB(rs)m 9.43 TRGB 67.6 39 25 1 .74 0 .018 − 0 .51 9.11 
NGC 4625 SAB(rs)m pec 9.43 TRGB 47.4 21 90 0 .79 0 .016 − 1 .19 8.68 
NGC 5474 SA(s)cd pec 6.8 TGRB 22.1 35 90 1 .2 0 .01 − 0 .67 8.96 
NGC 5832 SB(rs)b 11 Virgo infall 74.5 47 45 0 .93 0 .022 − 0 .96 8.88 
NGC 4395 SA(s)m 4.41 TGRB 57.4 35.6 147 6 .7 0 .015 − 0 .49 –
NGC 2541 SA(s)cd 12 Cepheids 93.1 64.4 169 1 .51 0 .043 0 .09 9.39 
UGC 7608 Im 10.64 Virgo infall 46.6 28.9 90 1 .73 0 .015 − 1 .22 –
WLM IB(s)m 0.98 TGRB 26.2 70 1 5 .75 0 .031 − 2 .24 7.85 
UGC 4305 Im 3.37 TGRB 35.1 52.6 15 3 .95 0 .027 − 1 .06 8.85 
NGC 6822 IB(s)m 0.5 TGRB 92.4 68 10 7 .74 0 .203 − 1 .82 8.11 
IC 2574 Irregular 3.9 TRGB 46.9 53.1 50 6 .44 0 .031 − 0 .78 9.12 
NGC 3738 BCD 5.1 TGRB 52.3 31 155 1 .3 0 .009 − 1 .33 8.06 
VIIZw403 BCD 4.35 TGRB 14.8 55.8 14 0 .75 0 .032 − 1 .94 7.69 
Haro 36 BCD 10.53 Virgo infall 51.7 43.7 105 0 .65 0 .013 − 1 .41 8.16 
UGCA 130 BCD 14.9 Virgo infall 35.2 47 8 0 .3 0 .074 − 1 .65 7.86 

Notes. Distance ( D ), method, and r 25 (radius of galaxy at 25 B-mag arcsec −2 ) are from Hyperleda 1 and NED 

2 . Rotational velocities ( V rot ) are from Leroy et al. 
( 2005 ) and Hyperleda. Inclination ( i ) and position angle (P.A.) are from NED and Hyperleda, respectively. Galactic reddening E ( B − V ) is calibrated using 
Schlafly & Finkbeiner ( 2011 ) and taken from IRSA 

3 . log ( SFR FUV ) is FUV SFR as listed in Karachentsev & Kaisina ( 2013 ) for all galaxies, except NGC 5832 
and UGCA130, for which it is taken from Lee et al. ( 2009b ), and L ́opez-S ́anchez ( 2010 ) respectively. M HI is neutral hydrogen mass taken from Thilker et al. 
( 2007 ) for spirals and Hunter et al. ( 2012 ) for the irregulars and BCDs except NGC 6822 and UGCA 130, for which it is taken from de Blok & Walter ( 2000 ) 
and L ́opez-S ́anchez ( 2010 ), respectively. 
1 https:// leda.univ-lyon1.fr/ 2 https:// ned.ipac.caltech.edu/ 3 https:// irsa.ipac.caltech.edu/ applications/ DUST/ 

Table 2. UVIT filter and image information. 

No. Galaxy Other names FUV filter Exp time PSF NUV filter Exp time PSF 
(s) (s) 

1 NGC 4136 UGC7134 CaF2 3640.447 1 – – –
2 NGC 4618 IC3667; UGC7853 CaF2 5893.002 1 Silica15 1576.123 1.2 

ARP23; VV73 
3 NGC 4625 IC3675; UGC7861 CaF2 5893.002 1 Silica15 1576.123 1.2 
4 NGC 5474 UGC 09013; VV 344b BaF2 1500.408 1 NUVB4 763.004 1.1 
5 NGC 5832 UGC 09649 CaF2 1976.753 1.1 NUVB13 1691.195 1.3 
6 NGC 4395 UGC 07524 CaF2 709.967 1.1 NUVB15 6386.25 1.2 
7 NGC 2541 UGC 04284 BaF2 2660.16 1.1 NUVB15 1759.857 1.2 
8 UGC 7608 DDO 129 CaF2 7543.797 1 – – –
9 WLM UGCA 444; DDO 221 CaF2 5078.986 1.2 Silica15 2706.837 1.1 
10 UGC 4305 Holmberg II CaF2 18229.966 1.1 NUVB13 9607.65 1.1 

ARP 268; DDO 050 
11 NGC 6822 IC 4895; DDO 209 CaF2 4085.606 1.1 Silica15 315 0.9 
12 IC 2574 UGC 05666 CaF2 9871.635 1.1 – – –

DDO 081; VII Zw 330 
13 NGC 3738 UGC 06565; ARP 234 BaF2 2659.343 1 – – –
14 VIIZw403 UGC 06456; VV 574 BaF2 2649.006 1 Silica15 2792.765 1 
15 haro 36 UGC 07950 BaF2 1584.729 1 – – –
16 UGCA130 MRK 0005 CaF2 4617.873 1 – – –

Note. Other names are as listed in NED. Only few galaxies have UVIT NUV filter information as it has stopped working since 2018. 
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orrected magnitude. We calculated flux (erg s −1 cm 

−2 Hz −1 ) from
he corrected CPS using the formula 

 ν = 

λ2 

c 
× UC × CP S corr (3) 

here λ is the mean wavelength of the FUV filter, c is the speed of
ight, UC is the unit conversion factor in erg s −1 cm 

−2 A 

−1 for the
lter used as given in Tandon et al. ( 2017 ), and CPS corr is corrected
PS for the source. 
We calculated the extinction-corrected SFR using the FUV lumi- 
osities in erg s −1 Hz −1 and the ratio of 24 μm flux to FUV flux, using
he formula from Leroy et al. ( 2008 ). This is explained in detail in the
e xt section. F or most galaxies, we obtained the FUV fluxes using the
aF2 filter, which is similar to GALEX . The SFR calculations apply

o the CaF2 filter. Ho we v er, for fiv e galaxies, the filter used is BaF2 .
e mentioned filter information in Table 2 . Hence, we calibrated the

ux in the BaF2 filter with the GALEX observations using five stars
n the field of the galaxy. 
MNRAS 530, 2199–2231 (2024) 

https://leda.univ-lyon1.fr/
https://ned.ipac.caltech.edu/
https://irsa.ipac.caltech.edu/applications/DUST/
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Figure 4. Elliptical annuli of equal area are fitted to the convolved UVIT 

image of NGC 4618, with the position angle as listed in Table 1 . 
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.4 The host galaxy extinction and total SFR 

e calculated the extinction corrected total SFR using 24 μm MIPS
bservations. As the UVIT resolution is almost five times greater
han 24 μm MIPS, we convolved the UVIT image to 24 μm MIPS
mage resolution. Then we fitted elliptical annuli to the galaxy’s 24
m MIPS image and convolved UVIT image, such that the annular

egions’ area should be the same as the inner ellipse, as shown
n Fig. 4 . The outermost ellipse has a semimajor axis value equal
o the distance of the farthest SFC, as seen in the UVIT image.
hen, we performed aperture photometry on the 24 μm images using
HOTUTILS and obtained the flux in MJy sr −1 and converted it to Jy.
imilarly, we performed aperture photometry on the convolved UVIT

mages and followed the same procedure as we followed on 24 μm
mages to obtain the CPS. As mentioned in the previous section, we
alculated the UV flux in Jy from the CPS. 

We calculated the IR flux corresponding to one Jy of UV flux for
ach annulus by dividing the integrated 24 μm flux by the integrated
V flux obtained from that annulus. We denote the ratio as α, and
e plotted the variation of α( r ) for each galaxy (see Fig. 5 ). Since
e know the deprojected Galactocentric distance of the SFCs from

he galaxy centre in the UVIT image, we assumed the corresponding
adial distance from the plot to determine α( r ). In this way, we
ssociated α with all the SFCs in the galaxy. 

We found the total SFR for each SFC using the formula mentioned
n Leroy et al. ( 2008 ), where the FUV SFR is taken from Salim et al.
 2007 ) for sub-solar metallicities (0.8 Z 0 ) and considered the Chabrier
nitial mass function (Chabrier 2003 ): 

F R Total = (0 . 68 × 10 −28 + αν24 2 . 14 × 10 −42 ) L FUV . (4) 

e thus obtain the SFR in M � yr −1 , where L FUV is the Galactic
xtinction corrected FUV luminosity in erg s −1 Hz −1 , and ν24 =
.25 × 10 13 Hz. We calculated the SFR density �( SFR ) by dividing
FR Total by the deprojected area. 
In previous studies like Belfiore et al. ( 2023 ) and Leroy et al.

 2023 ), it is mentioned that the mid-infrared (MIR) flux also comes
rom the local conditions in a galaxy disc, like reflection heating due
o sources other than star formation. Ho we ver, Leroy et al. ( 2023 )
howed that 22 μm or 24 μm is more associated with star-forming
egions than any other MIR bands. But the conversion factor ( C 24 ),
NRAS 530, 2199–2231 (2024) 
hich converts UV or H α flux to 24 μm flux, is higher for the whole
alaxy when compared with intense star-forming regions. Hence,
he equation ( 4 ) slightly o v erestimates the total SFR for the SFCs
s it averages the dust from molecular gas, diffuse emissions, and
mission from star-forming regions. 

Fig. 5 shows that the radial variation of α( r ) is significant (red
ashed line). For most of the dwarf spirals, α( r ) is radially decreasing,
ith some showing higher values at the end. F or irre gulars, there is
o particular trend. Surprisingly, BCDs show a radially increasing
rend. The α considered for the whole galaxy (black dashed line)
s in the range of varying α( r ). For most of the galaxies, it falls
lmost at the mean value. But for some, it is either at the high or low
nd of varying α( r ) (see NGC 6822). We used convolved UV and
R images to plot the variation of α( r ), which has a resolution of 6
rcsec. Hence, there is a resolution difference as SFCs have UVIT
esolution ( ≈ 1.2 arcsec), which is another factor that adds to the
ncertainty. Although considering α( r ) for SFCs by this method may
ot be accurate, it shows how α( r ) varies for each type of SFDG and
ives approximate α values. 
To find the global extinction-free SFR of the galaxies, we took

ntegrated FUV flux and integrated the 24 μm flux from the convolved
VIT images and 24 μm MIPS images, respectively, within the
utermost ellipse around the galaxies. Then, we obtained the α value
rom those fluxes. We ha ve tab ulated the fluxes along with α for each
alaxy in Table A2 . 

We compared our global SFRs from Table 3 with the tabulated
lobal SFRs and stellar masses of Leroy et al. ( 2019 ). Although our
ethods o v erlap, there is a significant difference in total SFR values.
e see that our values are much higher than Leroy et al. ( 2019 ).

he main reason is the differences in the aperture sizes to obtain
he integrated luminosities. Leroy et al. ( 2019 ) have considered the
ptical radius r 25 as the semimajor axis for the elliptical aperture
round galaxies, which is much less than ours. Since there are
alaxies with extended discs (and XUV discs), considering r 25 as
he semimajor axis will significantly decrease the total SFR of the
alaxies. Also, it should be noted that for some galaxies, the distances
onsidered are slightly different. 

.5 Mean disc mass of the SFCs 

e found the underlying disc masses in the areas co v ered by the
FCs using 3.6 IRAC images. We masked all foreground sources
sing Gaia data. We used the same method of fitting elliptical annuli
o the galaxy as in the Section 4.4 . 

We determined the 3.6 μm flux from each annulus. We converted
he flux to AB absolute magnitude using distance and then to
uminosity. We calculated disc mass M ∗ using 3.6 luminosity L ∗
n L �, with mass-to-light ratio ϒ 3.6 in M � L 

−1 
� using relation 

 ∗ = ϒ 3 . 6 L ∗. (5) 

Mass-to-light ratio ϒ 3.6 is the relationship between the mass and
uminosity of a disc galaxy. It depends on the FUV–NUV colour
or dwarf galaxies. We took approximate ϒ 3.6 from Schombert,

cGaugh & Lelli ( 2022 ) based on the colour of the galaxy. We
ook ϒ 3 . 6 = 0 . 4 M � L 

−1 
� for galaxies with 0.15 < FUV − NUV <

.4 and ϒ 3 . 6 = 0 . 35 M � L 

−1 
� for galaxies with FUV − NUV < 0.15.

We derived the stellar mass density �( M ∗) by dividing the stellar
isc mass by the area of the bounding ellipse. Then, we plotted the
adial variation of �( M ∗) for each galaxy as shown in Fig. 6 . Then
e associated �( M ∗) with all the SFCs in the galaxy, as explained

n the previous section. To find the mean disc mass, we multiplied
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Figure 5. The radial variation of the sSFR is represented as a solid line. Whereas 24 μm and convolved UV flux ratio ( α as in Section 4.4 ) is represented as 
a dashed line. The dotted horizontal line represents the average α calculated for each galaxy, taking integrated 24 μm and convolved UV flux within the outer 
ellipse. The galaxy UGCA 130 is not included. 
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( M ∗) with its area. We used the total 3.6 micron luminosity within
he outermost ellipse to calculate the total stellar mass of the galaxies.

We compared the total stellar mass of the galaxies from Table 3
ith the corresponding values in Leroy et al. ( 2019 ). Our estimated
ass is higher than theirs. Some of the reasons are mentioned in
ection 4.4 where we compare the global SFRs. Another important 
eason is Leroy et al. ( 2019 ) have considered the value of ϒ 3.6 from
.2 to 0.5 M � L 

−1 
� , and some of our sample galaxies have ϒ 3.6 

alue lesser than 0.35 M � L 

−1 
� and the least value we have taken is

.35 M � L 

−1 
� . Hence, this also affects the estimated mass value. The

atalogue of properties of FUV SFCs are tablulated in Appendix A . 

m  
.  RESULTS  

.1 Morphology of dwarfs in UV emissions 

o understand star formation in dwarfs, it is important to compare
heir UV morphology with the stellar disc at other wavelengths, such
s near-infrared (NIR), which traces the old stellar population and 
ence the main stellar mass distribution, and the optical B band which
races the o v erall stellar light distribution from star formation. The
UV , NUV , NIR, and optical B - or g -band images of our sample
alaxies are shown in Appendix A . As mentioned earlier, young
assive stars emit in the UV band, which can be traced even in
MNRAS 530, 2199–2231 (2024) 
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Table 3. Calculated parameters of sample galaxies. 

Galaxy m B 12 + log(O/H) FUV–NUV log( M ∗) log( SFR ) 
(mag) (mag) M � M � yr −1 

NGC 4136 11.69 ± 0.17 8.38 ± 0.02 0.26 ± 0.01 9.38 − 0.04 
NGC 4618 11.31 ± 0.16 8.39 ± 0.02 0.25 ± 0.01 9.56 0.1 
NGC 4625 12.85 ± 0.18 8.17 ± 0.03 0.3 ± 0.01 9.15 0.01 
NGC 5474 11.49 ± 0.17 8.27 ± 0.02 0.12 ± 0.01 9.12 − 0.46 
NGC 5832 12.9 ± 0.3 8.21 ± 0.04 0.39 ± 0.01 9.2 − 0.6 
NGC 4395 10.3 ± 0.54 8.21 ± 0.08 0.12 ± 0.01 9.14 − 0.38 
NGC 2541 12.02 ± 0.22 8.37 ± 0.03 0.09 ± 0.01 9.49 0.2 
UGC 7608 13.6 ± 0.19 8.1 ± 0.03 0.11 ± 0.01 9 − 0.84 
WLM 11 ± 0.08 7.72 ± 0.01 0.12 ± 0.01 7.34 − 2.2 
UGC 4305 10.9 ± 0.2 8.13 ± 0.03 0 ± 0.01 8.64 − 0.96 
NGC 6822 7 ± 0.3 8.09 ± 0.04 0.4 ± 0.08 8.03 − 1.66 
IC 2574 10.8 ± 0.3 8.19 ± 0.04 0.03 ± 0.01 9 − 0.63 
NGC 3738 11.79 ± 0.19 8.13 ± 0.03 0.37 ± 0.01 8.31 − 0.98 
VIIZw403 14.5 ± 0.19 7.68 ± 0.03 − 0.05 ± 0.01 7.13 − 1.71 
Haro 36 14 ± 0.18 8 ± 0.03 0.27 ± 0.01 8.26 − 1.26 
UGCA 130 15.1 ± 0.04 7.99 ± 0.01 0.21 ± 0.06 8.1 − 1.49 

Note. Apparent B magnitude m B is taken from NED. 

Figure 6. Radial variation of stellar mass density for galaxy NGC 4618. 
From this, we associated the stellar mass density with the SFCs by looking 
at their Galactocentric distance. 
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istant galaxies (Bianchi 2011 ). So, by comparing the FUV and
UV emission with the older stellar population traced in NIR and

he intermediate stellar population traced in the optical band, we can
nderstand how star formation has propagated in these galaxies. 
Dwarf spirals: We see strong UV emission from the spiral arms

f the dwarf spirals, which appear to be very flocculent in nature.
o we ver, disc emission in the 3.6 μm NIR band images is poor

or most of them, and no well-defined spiral arms are detected. We
an see some emission in the optical B - or g -band images, but it is
enerally not as extended or bright as the FUV and NUV emission.
ence, these galaxies are forming stars in regions where the stellar
ensity is low (Thilker et al. 2007 ). Overall, the NIR emission is
trong only in the central disc, bar, and bulge regions for some dwarf
pirals. 

NGC 4136: This galaxy is nearly face-on and has multiple
occulent arms seen in the UV and B -band images. The arms are
ore extended and clear in the UV images, especially the southern

rm. The galaxy also has a compact oval-shaped bulge (Eskridge
t al. 2002 ). There is no UV emission associated with the short,
trong bar, which can be seen in the NIR image. But there is UV
mission at the bar ends, and it is loosely associated with the spiral
rms since not all the arms are exactly coming from the ends of the
NRAS 530, 2199–2231 (2024) 

d  
ar. This galaxy has a strong inner ring visible in UV emission and a
o-rotation ring around a weak bar that is visible in both the B - and
V-band images. The spiral arms appear to be arising from this ring.
here is a bright star-forming nucleus at the centre. 
NGC 4618: This galaxy appears very compact in UV. It shows

trong UV emission from the bar and has a single spiral arm
xtending towards the south. The bar is brighter in the NIR and
 -band images compared with UV, but the spiral arm appears
urprisingly faint. The optical centre is slightly offset from the
inematical centre due to the presence of the strong southern spiral
rm (Epinat et al. 2008 ). Although NGC 4618 is classified as a
ingle-armed galaxy, there is a small arm-like structure that can
e seen as faint FUV emission extended towards the north and
erhaps associated with the bar end. This arm also appears as a
aint emission in NUV. The interaction with NGC 4625 could be
he reason for the high SFR in the bar and the southern arm, and the
rm probably formed due to the tidal interaction. 

NGC 4625: NGC 4625 shows very bright FUV and NUV emission
oncentrated towards its centre. This region is also brighter in the
IR and B bands, indicating that the stellar mass is also concentrated

n the centre. We see a ring structure in the centre due to the tightly
ound spiral arms and also a small bar. The most striking feature

n this galaxy is the very extended spiral arms that are bright in
UV and NUV emission and can be traced well beyond the central
right disc. The multiple faint arms extend out to several kiloparsecs
round the galaxy but are surprisingly not visible in the NIR image
nd barely detected in the g -band image. The r 25 of this galaxy is
.79 arcmin as per literature. But the UV extends out to 3.2 arcmin,
hich is four times more than the r 25 radius of the galaxy. This was
rst noted in the GALEX surv e y by Gil de Paz et al. ( 2007 ), which
lassified it as a Type 1 XUV galaxy. We see some bright regions in
he faint arm of this galaxy, and the extended arms seen in UV could
e due to the interaction with NGC 4618 and NGC 4625A. 
NGC 5474: This galaxy has a peculiar shape due to its highly

symmetric structure. It has a bright central region, which can be seen
n UV and the other bands. There are multiple spiral arms arising
rom the centre, and they all appear distorted in UV emission. To
he west and south-east of the galaxy centre, some arms in UV are
ot connected to the centre and appear to be arising from the other
rms. Such bifurcation in spiral arms has been observed in grand
esign spiral structures (Rahna et al. 2018 ). In the northern region,
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Table 4. Number of FUV and NUV bright SFCs inside and outside optical 
radius r 25 . 

Galaxy FUV in FUV out NUV in NUV out 

NGC 4136 122 24 – –
NGC 4618 500 12 227 7 
NGC 4625 81 11 52 0 
NGC 5474 40 58 39 46 
NGC 5832 24 8 23 9 
NGC 4395 473 3 369 4 
NGC 2541 43 49 14 17 
UGC 7608 56 2 – –
WLM 533 10 541 14 
UGC 4305 1536 306 1613 247 
NGC 6822 507 411 311 348 
IC 2574 780 56 – –
NGC 3738 28 1 – –
VIIZw403 38 0 29 0 
Haro 36 39 0 – –
UGCA 130 1 1 – –

Note. FUV in and FUV out are inner and outer FUV bright SFCs, respectively. 
NUV in and NUV out are inner and outer NUV bright SFCs, respectively. 
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e see an arc-like structure. All these peculiar structures are due to
nteraction with NGC 5457, which may have caused the formation of
occulent spiral arms. We also observe bright star-forming regions 
r SFCs along these arms. Ho we ver, in the NIR image, which traces
he old stellar population, we can see only one southern arm, and in
he B band, only two arms can be detected. This galaxy is classified
s a mixed-type XUV galaxy (Thilker et al. 2007 ). 

NGC 5832: In this galaxy, there is significant bright UV emission
long the bar, but the spiral arms appear flocculent and poorly defined. 
he multiple arms show diffuse FUV, NUV emission, and a few 

right regions with compact UV emission. Some of the spiral arms
re connected to the ends of the bar, and some are clearly not. In this
alaxy, there are more compact, bright star-forming regions in FUV 

han in NUV. Ho we ver, the NUV is more extended and smoother.
n NIR, we can detect a weak bar with a bright bulge in the centre.
he outer disc is barely visible. Hence, this galaxy is classified as a
ixed XUV galaxy. In the B band, the galaxy has an S shape with
 bright bar and bulge. There are two prominent arms arising from
he ends of the bar, but they become fainter at larger radii. There are
lso fainter arms in the south-western part of the galaxy. 

NGC 4395: This is the largest galaxy in our sample, with several
right regions in UV emission. The UV-bright spiral arms are 
xtended but very distorted in shape and do not follow the traditional
piral arm structure. There are multiple arms, at least three major 
nes, all supporting UV bright SFCs. The arm extending south-east 
f the centre is the brightest in UV emission. We can detect its
ounterpart in both the NIR and B -band images. There is an oval
ulge that is prominent in NIR and hosts a type 1 Seyfert active
alactic nucleus (Epinat et al. 2008 ). There is an association of bright
V regions around it, and it also appears bright in the B band. This
alaxy is brighter in the B band than the other galaxies, but some
rms appear fainter than what we observe in UV. 

NGC 2541: This galaxy has a flocculent multi-armed structure that 
s bright in UV emission but does not appear to be connected to the
nner disc. At least three arms are extended into the outer LSB disc
nd support many SFCs. The galaxy has a prominent bulge that is
right in the NIR image, but the outer disc is faint and similar to an
SB disc. This galaxy has been classified as a Type 2 XUV galaxy. 
Dwarf irregulars: They have very faint and diffuse NIR discs, but 

how v ery e xtended UV emission. We find that some irre gulars hav e
piral arm-like features that are relatively bright in FUV and NUV 

mission but are not detected or are faint in NIR and B - or g -band
mages. Hence, star formation is very recent in almost all of these
rregular galaxies, as their old stellar population is so faint. 

UGC 7608: A bar-like elongated structure is visible in the FUV, 
UV, and B bands, but there is no sign of a bar in the NIR image.
here are some distinct spiral arm-like structures in the disc that 
ave FUV- and NUV-bright SFCs distributed along them. The NUV 

mission appears smoother and has comparati vely fe wer bright star-
orming regions compared with FUV. 

UGC 4305: This galaxy is bright in FUV and NUV emission, but
he star-forming regions are irregularly spread over the galaxy disc. 
here are four ill-defined arm-like structures in the north and west 

egions that could be due to clumpy local star formation resulting
rom the effect of some interaction in the M81 group. There is an
xtended distribution of faint FUV and NUV emission o v er the
alaxy in addition to bright, compact UV arising from the SFCs.
urprisingly, there is hardly any emission in the B band and NIR

mages, suggesting that the old stellar population is very low. 
WLM: This is the most inclined galaxy in the sample with an

nclination of 70 ◦. As it is nearby, we can detect many small UV-
right SFCs in this galaxy. The FUV and NUV emission is spread
 v er the disc. The galaxy is classified as barred, but we do not detect
 bar in any band (FUV, NUV, B , and NIR). Ho we ver, we detected
ome disc emission in the NIR, which is also bright in the B band. 

NGC 6822: This is the nearest galaxy in the sample; hence, we can
etect a larger number of small, UV-bright regions. The tidal features
n the south-east region, as well as both north-east and north-west
e gions, are v ery prominent in UV, which clearly shows that there
ave been episodes of interactions associated with this galaxy. This 
alaxy also shows strong IR and B -band emissions from the central
isc. 
IC 2574: The galaxy has a v ery irre gular structure. We detect
ore emission in the UV and B bands. The bright bar in the

orth-eastern region is not visible in the NIR image. A tail-like
tructure in the south-eastern region suggests that the galaxy is tidally
nteracting with another galaxy. Ho we ver, we do not detect any close
ompanions. 

BCDs: All the BCDs are compact and show strong central emission 
n all four bands (FUV, NUV, NIR, and B ). We find a clear UV
mission gradient from the centre to the outside BCD, as they are
V bright in the centre but not in the outer LSB discs. The BCDs
o not have many SFCs, and we detect no comple x es in their outer
iscs. 

.2 FUV and NUV SFCs 

he number of FUV and NUV SFCs detected depends on the param-
ters given in the SEXTRACTOR , such as exposure time, distance of
he galaxy, and the size of the galaxy. We have taken a 8 σ threshold
or all our galaxies. The other parameters in the SEXTRACTOR were
hosen to deblend the sources. The galaxies with higher exposure 
ime are brighter, and we are likely to detect more SFCs from them.
lso, due to the blending effect, we detect more comple x es in nearby
alaxies than farther ones. We have summarized the number and 
arameters of FUV and NUV sources that are detected in Table 4 .
he high resolution of UVIT enables us to detect relatively small
FCs present in the low-gas threshold outer re gions. F or e xample,
GC 6822, WLM, and UGC 4305 were studied by Melena et al.

 2009 ) using GALEX data, and they detected only 713, 165, and
39 comple x es, respectiv ely, which is approximately 78, 30, and
.5 per cent of regions detected using the UVIT. 
MNRAS 530, 2199–2231 (2024) 
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The optical radius ( r 25 ) differentiates most of the stellar disc from
he outer disc. After this radius, the stellar disc surface density, and
sually the gas surface density both fall rapidly in both massive
alaxies and dwarfs (Das et al. 2020 ). Hence, we expect low SFRs
n these regions and the properties of SFCs in the outer and inner
egions to be different (Yadav et al. 2021 ). All the sample galaxies
xcept some BCDs have complexes outside the optical radius. The
uter comple x es are more than the inner ones in the XUV dwarf
piral NGC 5474 and in NGC 2541. Other than these dwarfs, NGC
822 has almost the same number of comple x es in both the inner
nd outer regions. These galaxies must have interacted recently or
ndergone rapid gas accretion to support such high star formation
utside the optical radius. The number of outer comple x es are much
ess than the inner ones for all other galaxies. We even find that
or most of the galaxies with UVIT NUV data, the number of
UV comple x es detected in these galaxies is more than the NUV
omple x es in both inner and outer regions, while we expect the
everse as NUV can detect complexes till 200 Myr, whereas FUV
nly till 100 Myr. This could be due to the narrower UVIT NUV
ands in some cases, or because the SFCs contain stars that are very
oung and emit more FUV flux than NUV flux in these galaxies.
t could also be a combination of both reasons. We have detected
ore NUV comple x es than FUV ones in only the nearby galaxies
LM and UGC 4305. We have detected similar numbers of FUV

nd NUV comple x es in the dwarf irre gular UGC 4305. It has 1842
UV comple x es and 1860 NUV comple x es. We should note that this
alaxy has the highest exposure time (18.23 ks) in our sample. 

When we compared the number of comple x es in NGC 5474
ith the number of comple x es in massive galaxies such as NGC
457 and NGC 0628 from (Yadav et al. 2021 ), which are at
lmost similar distances, both NGC 5457 and NGC 0628 have more
omple x es (1425 and 706 comple x es, respectiv ely) than NGC 5474
98 comple x es). But NGC 5474 has more outer comple x es than inner
omple x es, whereas the other two have more inner comple x es than
uter. 
In contrast to dwarf spirals and irre gulars, BCDs hav e only one or

o comple x es outside their optical radius. Ev en the number of inner
omple x es is much lower than the other two types. UGCA 130 is the
arthest BCD in our sample, which has only two comple x es. 

.3 Obser v ed radial trends of SFCs 

he radial trends of SFC properties are very important for under-
tanding how a galaxy grows via star formation. Hence, we plotted
he quantities like SFC area, �( SFR ), and corresponding disc stellar
isc masses of SFCs with respect to the deprojected Galactocentric
adius scaled with the optical size of the galaxy. The deprojected
alactocentric distance R is 

 = 

R obs √ 

cos 2 ( φ) + sin 2 ( φ) cos 2 ( i) 
(6) 

here R obs is the observed Galactocentric distance, and i is the
nclination of the galaxy. φ is the angle between the radial distance
o the SFC and the semimajor axis in the galaxy’s plane: 

an ( φ′ ) = tan ( φ) cos ( i) (7) 

here φ′ is the angle between the radius vector to the SFC and the
emimajor axis projected on the sky (Arnaboldi et al. 1995 ). 

The area or the size of the comple x es detected depends on the
istance of a galaxy. The minimum resolvable area will be smaller
or the nearby galaxies and increases with the galaxy distance due to
he blending effect. The minimum resolvable radius of SFCs in our
NRAS 530, 2199–2231 (2024) 
ample is for the galaxy NGC 6822, and the value is 2 pc. Whereas
or UGCA 130, which is much farther away, it is 87 pc. Hence, the
umber of comple x es detected will decrease with increasing galaxy
istance. And we cannot compare the area of the comple x es for the
alaxies at different distances. This effect is tested in Melena et al.
 2009 ), and it is observed that the general trend remains. 

Fig. 7 shows the radial variation of the area of the SFCs for the
ample. In general, the SFCs have a smaller area beyond the optical
adius for most galaxies, except for some galaxies that are either
nteracting (e.g. NGC 4618 and NGC 6822) or are highly extended
NGC 2541), whereas, within the optical radius, both small and
elativ ely larger comple x es can be seen. The large SFCs in dwarf
pirals, away from the centre, must be associated with structures
ue to global instabilities such as spiral arms, bars, and bar ends for
piral galaxies. The larger comple x es are irre gularly spread within the
ptical radius or associated with ill-defined arms in dwarf irregulars.
he distribution of BCDs is entirely irregular. 
Unlike the area of the comple x es, e xtinction-corrected �( SFR ) can

e compared between galaxies at different distances. The radial trend
ere is either oscillatory or radially decreasing. Dwarf spirals show
 prominent radially decreasing trend along with some SFCs with
igh �( SFR ) values at some radius, primarily associated with spiral
rms ends of the bars. In some galaxies, SFCs associated with bar
ave higher �( SFR ) (see NGC 4618 in Fig. 8 ). Ev en for irre gulars,
he clumpiness is more only at a certain radii. Hence, they also show
he oscillatory trend. Most SFCs with higher �( SFR ) are associated
ith larger comple x es. The radial trend of �( SFR ) for SFCs in BCDs
ainly drops with increasing galaxy radius. We have shown for each
FDG type an example log( �( SFR )) scatter plot over the galaxy disc

n Fig. 8 . This plot sho ws ho w the �( SFR ) distribution dif fers for the
hree types of SFDGs. 

The stellar disc mass of the SFCs is distance-dependent, and the
lending effect is prominent because of it. The larger the complex,
he more disc stellar mass it will correspond to. Even the mass
adial trend is mainly similar to log( �( SFR )) for some galaxies, but
he radially decreasing trend is clearly evident for all the galaxies.
o we ver, this could also be due to the radial profile of the stellar
ass density, which falls off with radius. Hence, we do not find any
assiv e comple x in the outer re gion. 
We also plotted the �( SFR ) for SFCs of all types in a single plot,

s shown in Fig. 9 , and found that the �( SFR ) of the dwarf spirals
s much higher than the other two types. We have not included data
rom NGC 6822 as it shows unusually high �( SFR ) values compared
ith other dwarf irregulars, and the reason for it is discussed in
ection 6.1 . The lowest �( SFR ) measured for SFC in dwarf spirals

s 0.0078, 0.0008, and 0.0036 M � yr −1 kpc −2 for dwarf irregulars
nd BCDs, respectively. There is minimal overlap exists between the
warf spirals and the dwarf irregulars �( SFR )s. 
Fig. 10 shows the comparison of the sizes of the SFCs in three

ifferent types of SFDGs, which are at roughly the same distance. The
eft and right panels show the comparison at 10 and 4 Mpc distances,
espectively. The solid, dotted, and dashed lines show the median
ize of the SFCs in BCDs, irregulars, and spirals, respectively. The
edian sizes of the SFCs are the largest in BCDS. The irregulars

ost larger SFCs than spirals. One reason for this could be that
rregular galaxies lack spiral density waves, and their kinematics are
ominated by random gas motions. The discussion on the difference
n size and �( SFR ) of SFDGs is discussed in Section 6.1 . 

We even plotted variations of specific SFRs (sSFRs) of SFCs along
he galaxy radius. We plotted the SFCs of all the sample galaxies in
he same plot as shown in Fig. 11 . The trend is radially increasing
ill a little beyond r 25 , and later it becomes nearly constant. 
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Figure 7. First, second, and third column in this figure shows the variation of area, SFR density, and the mass of the SFCs, respectively, with respect to the 
deprojected Galactocentric radius scaled with the optical size of the galaxy. 
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.4 SFMS for SFCs 

he SFMS is a relation between the SRF and mass of the galaxy,
nd has important implications for understanding the age and
volutionary states of star-forming galaxies (McGaugh et al. 2017 ).
NRAS 530, 2199–2231 (2024) 

S

he equation of the SFMS has a form 

og ( SF R) = αlog ( M ∗) + β (8) 

ith α and β likely to be functions of the time (Speagle et al. 2014 ).
lope α is measured between 0 to 1 (Chen et al. 2009 ). 
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Figure 7 − c ontinued 
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In Section 4 , we hav e e xtracted SFCs and derived their properties,
ncluding the corresponding stellar disc mass for each SFC. We used 
hem to construct the SFMS but on the scale of SFCs for SFDGs.
o, we plotted the log of SFR versus the log of corresponding stellar
isc mass for the SFCs. We find that they are very well co-related
s shown in the Fig. 12 . This tells us that galaxies follow the SFMS
lobally and even at the level of SFCs, which is on scales well below
 kpc. The parameters of the SFMS for the SFCs are given in Table 5 .
MNRAS 530, 2199–2231 (2024) 
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o we ver, the slopes of the three types of dwarf galaxies are slightly
ifferent. It is clear that the dwarf spirals have a slightly shallower
lope than the other two types. The slope of SFMS for dwarf spiral
FCs has a wide range from 0.93 to 0.59, and the mean of the slope
NRAS 530, 2199–2231 (2024) 
s around 0.74. NGC 4136 has the lowest slope of 0.59. The mean
lope of the dwarf irregulars is 0.87, and for BCDs, it is 0.8. 

From Fig. 11 , the sSFR (i.e. SFR per mass) of the SFCs is
ncreasing with galactic radius for some galaxies and becomes nearly
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Figure 8. The abo v e figures show the scatter plot of log[ �( SFR )] for dwarf spiral (NGC 4618), dwarf irregular (UGC 4305), and a BCD (NGC 3738). 

Figure 9. Radial variation of the SFR density of SFCs for all the sample galaxies, except NGC 6822. 
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onstant at the outer radius. To understand how it varies for each
alaxy, we divided the SFCs for all the sample galaxies into inner
FCs ( r < r 25 /2), middle SFCs ( r 25 /2 < r < r 25 ), and outer SFCs ( r
 r 25 ), where r 25 is the optical radius. For a given galaxy at any fixed

og( M ∗), the log(SFR) increases from the inner to outer SFCs for
ome galaxies. Hence, the sSFR increases as well. This is very clear
n Fig. 13 and is more prominent in dwarf spirals, although some
rregulars also show this trend. The BCDs do not follow any trend.
t is important to note that most of the outer comple x es correspond
o low stellar mass, and the inner comple x es generally correspond
o higher stellar mass. But the outer discs have lower stellar surface
ensities, so for SFCs at outer radii, the sSFR will naturally appear
igher. The possible reasons for this gradient is discussed further in 
ection 6.4 . 
.5 Other results of SFDGs 

.5.1 The global SFMS for SFDGs 

e took the global SFR and total mass of the SFDGs from Table 3 .
e plotted the SFMS for our sample galaxies and determined the

lope of the linear regression fit to our sample. We found that it is
hallower than the dwarf LSBs and steeper than that for the massive
alaxies, which will be discussed in Section 6.3 . The fit for SFDGs, 

og ( SF R) = (0 . 899 ± 0 . 087) log ( M ∗) + ( −8 . 59 ± 0 . 75) (9) 

ith slope α = 0.8989. We see very little deviation of our sample
rom the fit. The internal scatter of the relation is σ = 0.25. As the
ample has only 16 galaxies, we do not see much deviation between
MNRAS 530, 2199–2231 (2024) 
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Figure 10. Radial variation of the log(size) of SFCs for some galaxies with approximately equal distances. The median size value for dwarf spiral (NGC 4136 
and NGC 4395), irregular (UGC 7608 and IC 2574), and BCDs (Haro 36 and VIIZw403) at a distance D ≈ 10.5 Mpc is 85.11, 96.96, and 104 pc, respectively. 
And at distance D ≈ 4.1 Mpc, it is 27.9, 43.54, and 51.29 pc, respectively. 

Table 5. SFMS parameters for sample galaxies. 

Galaxy α αmean β σ

NGC 4136 0.59 ± 0.05 − 6.55 ± 0.29 0.32 
NGC 4618 0.73 ± 0.03 − 7.53 ± 0.16 0.32 
NGC 4625 0.71 ± 0.03 − 7.24 ± 0.19 0.23 
NGC 5474 0.75 ± 0.04 0.74 ± 0.13 − 7.4 ± 0.24 0.26 
NGC 5832 0.61 ± 0.05 − 6.54 ± 0.29 0.17 
NGC 4395 0.93 ± 0.02 − 8.22 ± 0.08 0.2 
NGC 2541 0.88 ± 0.04 − 7.98 ± 0.25 0.25 
UGC 7608 1.16 ± 0.07 − 10.07 ± 0.39 0.2 
WLM 0.78 ± 0.03 − 8.25 ± 0.1 0.29 
UGC 4305 0.84 ± 0.01 0.87 ± 0.16 − 8.66 ± 0.06 0.32 
NGC 6822 0.73 ± 0.03 − 7.5 ± 0.1 0.38 
IC 2574 0.84 ± 0.02 − 8.35 ± 0.1 0.37 
NGC 3738 0.86 ± 0.1 − 8.34 ± 0.71 0.26 
VIIZw403 0.96 ± 0.07 0.80 ± 0.19 − 8.5 ± 0.38 0.2 
Haro 36 0.59 ± 0.12 − 7.01 ± 0.74 0.31 

Note. α and β represent as mentioned in SFMS equation ( 8 ). αmean is the 
mean of slope for each type of SFDGs, and σ is the standard deviation of the 
data points. 

Figure 11. Radial variation of the sSFR of SFCs for all the sample galaxies. 
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Figure 12. SFMS of SFCs for all the sample galaxies. 
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he dwarf types in Fig. 14 . But most of the irregulars lie below the fit
s the y hav e lower SFRs. Some high-mass dwarf spirals and BCDs
re abo v e the fit. 
NRAS 530, 2199–2231 (2024) 
.5.2 Mass–metallicity relation for SFDGs 

t is found that for dwarf galaxies with known metallicity, the
etallicity strongly correlates with the B -band luminosity (Richer
 McCall 1995 ). Hence, B -band luminosity is considered a better

redictor of metallicity for dwarf galaxies (Skillman, C ̂ ot ́e & Miller
003 ). We found the metallicity for our sample galaxies using a
t derived by Richer & McCall ( 1995 ) from local group dwarf

rregulars: 

2 + log ( O/H ) = (5 . 67 ± 0 . 48) + ( −0 . 147 ± 0 . 029) M B . (10) 

We took apparent B magnitudes from NASA/IPAC Extragalactic
atabase (NED), and using distances as listed in Table 1 , we

alculated the absolute B magnitude M B . The M B and metallicity
f our sample galaxies are listed in Table 3 . 
We plotted the independently calculated metallicity and mass for

FDGs in Fig. 15 . We find that the linear fit for metallicity and mass
s given by 

2 + log ( O/H ) = (5 . 85 ± 0 . 208) + (0 . 26 ± 0 . 024) log ( M ∗) . (11) 

his mass–metallicity relation matches very well with the previous
tudy by Berg et al. ( 2012 ), where they found a similar relation for
ow-luminosity galaxies. Our relation lies within its error bars. The
 magnitude of his sample has a range ( −10.8 ≥ M B ≥ −18.8). We
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Figure 13. SFMS of SFCs for all of our sample galaxies except UGCA 130, as it has only two comple x es. We see that the inner SFCs ( r < r 25 /2), middle SFCs 
( r 25 /2 < r < r 25 ), and outer SFCs ( r > r 25 ) have different SFMS for many galaxies. Outer SFCs have higher sSFRs, indicating the inside-out evolution of the 
galaxies. 
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nd that our galaxies also have a B magnitude in that range. This
ndicates that our galaxies have low luminosity in the B band. The
ntrinsic scatter of the data points from our fit is σ = 0.07, which is
ery small. We see that all our sample SFDGs follow this relation
rrespective of their type. This supports our mass and metallicity 
alculations. 

.5.3 (FUV–NUV) colour–metallicity plot for SFDGs 

he (FUV–NUV) colour traces the age of the star-forming galaxies 
p to a few hundred Myr. As they get older, the colour reddens
Mondal et al. 2021a ). The redder galaxies are expected to be
omparatively metal-rich as they are more evolved than the bluer 
nes (Hogg et al. 2004 ; Pasquali et al. 2010 ). 
We plotted the metallicity against (FUV–NUV) colour, as shown in 

ig. 16 . We calculated the (FUV–NUV) colour for GALEX data from
ED. We neglected the host galaxy extinction as we are calculating

he colour, and the difference in the extinction for FUV and NUV
ands is negligible. We see a proper co-relation only for BCDs,
here we find bluer galaxies are more metal-poor, and as they get

edder, they turn metal-rich. The other two types, i.e. dwarf spirals
nd irregulars, do not show any kind of co-relation. 
MNRAS 530, 2199–2231 (2024) 
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Figure 14. Squares are our sample SFDGs, and stars are dwarf LSBs from 

McGaugh et al. ( 2017 ). The solid line is a linear fit for SFMS of SFDGs with 
the slope of α = 0.8989. The dashed line is the linear fit for dwarf LSBs with 
the slope of α = 1.05. 

Figure 15. Metallicity–mass plot for SFDGs. Values of errors associated 
with metallicity can be found in Table 3 . 
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Figure 16. Metallicity–colour plot for SFDGs. We find a positive correlation 
only for BCDs. 
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In Fig. 16 , the dwarf spirals have [12 + log(O/H)] > 8.1, and
heir colour is spread between 0.1 and 0.4. For the galaxies with the
ame colour, galaxies with higher stellar mass have higher metallicity
han those with lower stellar mass. The irregulars and BCDs have
2 + log(O/H) < 8.2, where all dwarf irre gulars e xcept NGC 6822
ave a colour lesser than 0.2, and BCDS except VIIZw403 have
 colour greater than 0.2. This indicates that although they are
edder than dwarf irregulars, the BCDs are metal-poor compared
ith dwarf spirals and dwarf irregulars (Kunth & Östlin 2000 ). The
CD VIIZw403 has a colour lesser than 0. This indicates that the
alaxy is very young and could be a starburst galaxy. 

.5.4 The radial variation of sSFR measured over annuli 

e calculated the �( SFR ) from each fitted elliptical annulus of the
VIT image as explained in Section 4.4 . Similarly, we estimated
( M ∗) from each fitted elliptical annulus of the 3.6 μm image. We

lotted the radial variation of sSFR for each galaxy by dividing the
stimated �( SFR ) by �( M ∗). We have shown this variation in Fig. 5 .

We find that the variation is different for each galaxy, and except
or BCDs, we do not see any particular trend for types of SFDG. For
CDs, it clearly decreases radially. Ho we ver, for dwarf spirals and
NRAS 530, 2199–2231 (2024) 

v

rregulars, we see a lot of variation in the plots. Galaxies like NGC
618, NGC 2541, and NGC 6822 show a kind of opposite trend to
hat we see in their SFCs, which will be briefly discussed in the
ection 6.4 . 

.  DI SCUSSI ON  

.1 Difference in sizes and SFR densities of SFCs in the 
ifferent SFDG types 

n previous studies, it has been shown that galaxies show hierarchical
tar formation, and in general, the SFCs correspond to the largest
tellar groups with sizes on the scales of 100s of parsec (Efremov
995 ; Elmegreen & Salzer 1999 ; Elmegreen et al. 2014 ). But with
VIT resolution, our study resolves smaller star-forming units like
FCs and OB associations in nearby galaxies on the scales of a
ew tens of parsec (Rahna et al. 2018 ). In Section 5.3 , we find that
lthough the sizes of SFCs are fairly similar o v er the SFDG types,
he SFCs in dwarf irregulars are slightly larger than the SFCs in
warf spirals. The BCDs have the largest SFCs compared with the
warf spirals and irregulars. As previously mentioned, random gas
otions can significantly contribute to the pressure in irregulars, and

n some cases, rotation can be insignificant compared with the gas
elocity dispersion. As a result, for ef fecti ve star formation to occur
ithin irregular galaxies, a higher gas surface density is required to
 v ercome the pressure. This leads to the formation of larger SFCs
ithin irregular galaxies compared with spirals. 
Ho we v er, in general, man y factors play a role in the variation

f SFC size across different morphological galaxy types, such
s the interplay between their inherent kinematic characteristics,
eedback from massive stars, and the presence of spiral arms and
he gas pressure in the disc. A previous study by Elmegreen et al.
 1996 ) mentions that the late-type galaxies (mostly dwarf spirals)
nd dwarf irregulars have almost similar sizes. And since we have
ompared galaxies at only two distances, the result is statistically
nsignificant. 

Fig. 7 shows the distribution of the properties of the SFCs,
ncluding the radial variation of the �( SFR ) for the SFDG sample.
lthough we do not see much difference between the radial trends

n dwarf spirals and dwarf irregulars, there is a marked difference in
heir �( SFR ) lo wer cutof f as sho wn in Fig. 8 . The SFCs of dwarf
pirals show a higher �( SFR ) than dwarf irre gulars. F or BCDs, it
aries o v er a wide range. 
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Figure 17. Distribution of log[ �( SFR )] for SFCs of all sample galaxies 
(except NGC 6822). The mode of log[ �( SFR )] for dw arf spirals, dw arf 
irregulars, and BCDs is −1.84, −2.09, and −1.5 M � yr −1 kpc −2 , respectively. 
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Figure 18. UVIT FUV image of interacting galaxies NGC 4625, NGC 

4625A, and NGC 4618 from left. 
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To understand this further, we plotted the histogram of �( SFR ) for
he SFCs of the three classes of SFDGs separately, as shown in Fig.
7 . The mode of log[ �( SFR )] for dw arf spirals, dw arf irregulars,
nd BCDs is −1.84, −2.09, and −1.50 M � yr −1 kpc −2 , respectively.
ence, most of the SFCs of dwarf irregulars have a lower �( SFR )

ompared with dwarf spirals and BCDs. Ho we ver, the SFCs with
igher �( SFR ) means that they either have a higher SFR than other
FCs in the galaxies or have a smaller area. Hence, the high �( SFR )
or SFCs in the outer disc could be due to the comparable SFR with
he inner comple x es with minimal areas. But in Fig. 7 , we can see
hat the SFCs in the outer disc, which have higher �( SFR ), have
arger areas, implying a higher SFR in the outer disc. 

It must be noted that the �( SFR ) of NGC 6822 is not included
s it has an unusually high �( SFR ) compared with the other dwarf
rregulars (see Fig. 7 ). This could be due to a recent interaction that
t has undergone, which is evident from its tidal features that can
e seen in FUV and NUV images in Appendix A . Another reason
ould be that the NGC 6822 is very nearby. The SFCs detected in it
re very small, which could be smaller unit-like clusters, and bound 
lusters are densest in the star groups (Elmegreen et al. 2014 ). 

The �( SFR ) distribution and lo wer cutof f are clearly connected to
 variation in stellar disc surface densities and mean stellar masses
n the three types of SFDGs (see Table 3 ). The mean stellar disc
urface density is the largest for the BCDs, followed by the dwarf
pirals and the irregulars. Also, the mode of �( SFR ) is the highest
or the BCDs and is the least for dwarf irregulars. This confirms that
he stellar mass is the main factor influencing the SFRs, as shown in
arlier studies of the SFMS (Speagle et al. 2014 ). 

We have also listed log( M HI ) in Table 1 . From those values, we
an see that the dwarf irregulars have log( M HI ) greater than log( M ∗),
hereas, for dwarf spirals and BCDs, the stellar mass is greater. 
ence, dwarf spirals and BCDs must have used gas to form stars

t a higher rate, whereas dwarf irregular do not have stellar disc
otentials strong enough to convert M HI to stellar mass at such a rate
Finlator & Dav ́e 2008 ). 

.2 Effect of interaction on star formation in SFDGs 

s our samples have both interacting dwarf galaxies and isolated 
warf galaxies, we could examine the effect of interactions on their 
FRs. Ho we ver, due to their low masses, the effect of interactions on

heir morphology or SFRs is not very clear (Stierwalt et al. 2015 ).
ome of the signatures of galaxy interaction are starburst activity, 
aseous bridges, Magellanic-type streams, and extended tidal arms 
r tails. In this section, we describe some of these features in our
ample. 

As discussed in Section 5.1 , in the interacting dwarf galaxies NGC
625, NGC 4618, and NGC 4625A (see Fig. 18 ), the galaxy NGC
618 is more massive compared with the others. Hence, the extended
rm in NGC 4625 could be due to the mass pulled out from the lower
ass galaxy NGC 4625. We have even extracted some SFCs from

hose regions, as shown in Fig. 3 . The central disc in NGC 4618 is
ery bright. This could be due to the funnelling of gas into the central
isc, causing it to have enhanced star formation. In NGC 4618, the
nteraction has triggered star formation all o v er the galaxy, including
long the bar. 

In NGC 5474, the interaction is with the very massive galaxy NGC
457, with mass 4.1 ± 1.2 × 10 10 M � (Jang et al. 2020 ). Hence, the
alaxy NGC 5474 is completely distorted and extended. The galaxy 
GC 4305 also has an extended distorted arm-like structure in UV.
GC 6822 is thought to have undergone interaction twice with a

ompanion galaxy and once with the Milky W ay. W e can distinguish
idal tails north-east and south-west of the galaxy centre. The south-
estern tail looks like a stellar stream and is entirely absent in the

R image. Hence, its UV emission is probably due to a very recent
tar formation triggered by a recent interaction. It is suggested by de
lok & Walter ( 2003 ) and Komiyama et al. ( 2003 ) that NGC 6822
ould be merged system, and the large cloud of gas at north-west
ould be the location of the other galaxy. It has also been mentioned
hat the interaction with the Milky Way in the south-western region
as a kinematic age of 100 Myr, and the merger in the north-east
egion is 300 Myr. 

Using New Horizon cosmological hydrodynamical simulation, 
artin et al. ( 2020 ) has shown that interactions in dwarf galaxies

nhance the o v erall SFR in dwarfs at low redshifts. Since we have
ery few galaxies that are interacting, and as we have a wide
ass distribution for these galaxies, it is difficult to compare and

onfirm this result. But we do see clear differences in their radial
rends compared with non-interacting dwarf galaxies as mentioned 
n Section 5.3 . In NGC 4625, there are small SFCs in the tidal arms,
ut for NGC 4618, even outer SFCs are relatively large and have
MNRAS 530, 2199–2231 (2024) 
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M

Figure 19. sSFR and stellar disc mass correlation for SFCs. The dash–dotted 
line is the fit from Leroy et al. 2019 . 
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arger �( SFR ). We also see this trend in NGC 5474 and NGC 6822.
ence, interaction affects the size and �( SFR ) of SFCs of SFDGs. 
In Fig. 7 and as mentioned in Sections 5.3 and 6.1 , SFCs of NGC

822 has very high �( SFR ) compared with other dwarf irregulars.
he �( SFR ) is comparable to dwarf spirals. It could be due to the

ecent interaction of the galaxy. It is believed that mergers can also
rive starbursts in these galaxies (Pustilnik et al. 2001 ; Kole v a et al.
014 ; Stierwalt et al. 2015 ). Even in the SFMS parameters of this
alaxy (Table 5 ), we can see that it has a shallower SFMS slope α
ompared with other dwarf irregular galaxies. Ho we ver, some outer
omple x es are showing a sudden increase in SFR after 10 3 M �.
ence, in some cases, this galaxy’s SFC SFRs are not included when
e have made overall conclusions about dwarf irregulars. 

.3 The global and local SFMS of SFDGs 

tudies show that the SFMS slope α in equation ( 8 ) depends on
ime (Speagle et al. 2014 ). This suggests that the galaxies where star
ormation appears quenched could have been actively forming stars
ack in time (Daddi et al. 2007 ; Elbaz et al. 2007 ; Speagle et al. 2014 ).
ence the massive galaxies (log( M ∗/M �) ≥ 10) at lower redshifts
ave a shallower slope of α ≈ 0.5 as star formation is slowing
n them, which explains the main-sequence turnoff (Speagle et al.
014 ; McGaugh et al. 2017 ). As mentioned in Leroy et al. ( 2019 ),
he time to form the stellar disc in galaxies of mass log( M ∗/M �) =
0 is approximately 13–14 Gyr, which was also seen in Speagle et al.
 2014 ). The galaxies with a slope of unity imply that they are formed
t an early age in the universe and are forming stars at a constant
ate. This has been observed in dwarf LSB galaxies. They also take
round 13 Gyr to build their entire stellar disc (McGaugh et al. 2017 ).

The SFMS of SFDGs has a slope α = 0.899 as seen in equation ( 9 ).
hen we calculated the approximate age for SFDGs using global

FMS equation ( 9 ), as mentioned in McGaugh et al. ( 2017 ), we
ound the age to be 2–4 Gyr. This implies that the SFDGs are recently
ormed (McGaugh et al. 2017 ) or must be forming stars at a very
igh rate in recent times compared with dwarf LSBs. 
The higher sSFRs compared with LSBGs, as seen in Fig. 14 , could

e due to a higher stellar density in SFDGs compared with LSB discs.
he sudden bursts of star formation can also contribute to the stellar
isc formation at a higher rate, leading to a higher gas consumption
ate. Due to this, SFDGs may get quenched earlier than LSBGs but
ot as fast as massive galaxies. Gas can also be lost due to supernova
NRAS 530, 2199–2231 (2024) 
xplosions as the dwarfs do not have enough potential to retain the
as. 

When we consider the local SFMS in Fig. 12 , it is remarkable
hat o v er a range of a factor of 10 5 in stellar disc mass, the SFR
ithin a complex is strongly correlated with the local stellar disc
ass. We know from Toomre’s theory of local disc instability that

tellar mass density provides the self-gravity for cloud collapse and
tar formation. We see that SFCs in dwarf irregular have a mean
og( M ∗/M �) around 4–4.5, whereas dwarf spirals and BCDs have
round mean log( M ∗/M �) around 5.5–6. We used these masses to
alculate star-formation age collectively for SFCs of different SFDG
ypes using the mean equation from Table 5 . We got an approximate
ge of 1 Gyr for all the types, which is a little less than the global
FMS of SFDGs but is still comparable. This can also be seen in Fig.
2 , where 1/( sSFR ) is approximately equal to 1 Gyr for the entire
ample. 

In addition to Fig. 12 , we plotted the sSFR with the SFC stellar disc
ass as shown in Fig. 19 to further understand the importance of the

ocal stellar disc density for star formation in SFDGs. The equation of
FCs for dwarf spirals and dwarf irregulars is very similar to the
quation in Leroy et al. ( 2019 ) where the mass range considered for
he fit is 10 9.5 to 10 11 M �. So, when we substitute the average mass
f the SFCs, we see the difference that the age of local star formation
n SFDGs is much smaller than the global stellar disc-formation time
or massive galaxies. It will be interesting to compare the local SFMS
f massive galaxies with the global SFMS of massive galaxies. 

.4 Difference in SFMS of the different SFDGs and inside-out 
volution of galaxies 

he SFCs following the SFMS give us an idea of how each of our
ample galaxies is evolving differently. We see in Section 5.4 , where
ach SFDG type has a different average value of the SFMS slope,
hich indicates that the star-formation process is slightly different

or each type. For dwarf spirals, the slope value is closer to the slope
f massive spirals, in which star formation quenches and evolves to
ower SFRs as gas is depleted (Oemler et al. 2017 ). But most of the
rre gulars hav e a slope closer to or a little less than unity. Galaxies
ith slope α = 1 are expected to evolve at a constant rate, whereas

ower α signifies that the galaxies are forming stars at a higher
ate in recent times (McGaugh et al. 2017 ). The BCDs have an α
ying somewhere between dwarf spirals and irregulars. Ho we ver, the
pproximate time for stellar disc formation is almost the same for all
hree types, as seen in the previous section. 

These galaxies’ inner, middle, and outer SFCs, as categorized in
ection 5.4 , follow a separate trend. Outer comple x es are mostly
bo v e the fit, and the inner ones are below. Hence, we find that outer
omple x es hav e higher sSFRs than the inner ones, indicating that the
tar-forming mechanism or evolution of the inner and outer regions
f the galaxies are different and depend strongly on the stellar surface
ensity. 
Several studies have been conducted to understand the star-

orming mechanisms in dwarf galaxies. Previous studies have shown
hat the spirals mostly have the inside-out star formation mechanism
White & Frenk 1991 ; Bell & de Jong 2000 ; Brook et al. 2006 ).
he extended UV emission discovered in outer discs by Boissier
t al. ( 2007 ) and Thilker et al. ( 2007 ) clearly indicated inside-out
isc formation in those galaxies. Some studies have e ven sho wn that
he late-type spirals, which are less massive, also follow this trend
Dale et al. 2020 ; Smith et al. 2022 ). A recent study by Mondal et al.
 2021b ) using UVIT on a dwarf spiral also confirmed it. But studies
n dwarf irregulars, like Zhang et al. ( 2012 ) studied 34 nearby dwarf
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rregulars and concluded that the radial profiles of 80 per cent of his
amples at shorter wavelengths have shorter disc scale lengths than 
hose at longer wavelengths, indicating the outside-in disc evolution 
y disc shrinking. Even Dale et al. ( 2020 ) showed that irregulars
how the opposite evolution trend to the spirals. 

In our sample, we have galaxies evolving via ex situ star formation
via gas accretion or interactions, Chamba, Trujillo & Knapen 2022 ). 
hese are expected to grow inside-out, as indicated by previous 
tudies, which is also seen in our results. The galaxies (NGC 5474,
GC 2541, NGC 6822, etc.) have higher sSFR in the outer disc than

he inner, and in Fig. 13 , we can see a clear distinction between the
hree regions. Some SFDGs classified as isolated, like NGC 4136 
nd WLM, have outer complexes with relatively higher sSFR. But in 
GC 4625, NGC 4395, and in most dwarf irregulars like UGC 7608,

C 2574, and even in the galaxy UGC 4305, where the star formation
n the outskirts might have been triggered by external influence, does 
ot show much gradient. Although most dwarf spirals and irregulars 
ho w inside-out e volution, we find stronger e volution in galaxies
here ex situ star formation is observed. The gradient in some 
alaxies might also depend on how strong the interaction or accretion 
s. Dwarf irregulars in the sample generally show a moderate gradient 
r no gradient. Other than accretion and interaction, the local star
ormation in the outer disc of dwarfs can also be supported by dark
atter halo (Das et al. 2023 ). 
Unlike the strong gradient observed in SFCs supporting inside-out 

volution in Fig. 13 (like in NGC 2541, NGC 4618, and NGC 6822),
he radial variation of sSFR o v er annuli shows a radially decreasing
r no specific trend as seen in Fig. 5 . One of the reasons is that some
alaxies are highly extended, and their tidal tails are spread in a
 ery irre gular fashion (NGC 6822). These re gions in the outer radius
re challenging to consider in elliptical annuli, which results in an 
nderestimation of sSFR. The other reason is that the SFCs depend 
n the local stellar mass. This does not clearly come out on a radial
verage. 

.5 The nature of star formation in SFDGs compared with 

assi v e galaxies 

ne of the main differences between massive star-forming galaxies 
nd SFDGs is their gravitational potential and metallicity. These 
re necessary for retaining the cold gas and supporting star for-
ation. Dwarf galaxies have shallower potentials and are metal- 

oor compared with massive galaxies. As a result, many of them 

ack prominent spiral arms and bars, which are the main global 
isc instabilities. These instabilities can make dense molecular 
louds settle in either the spiral arms or bar ends. The lack of
uch instabilities makes star formation spread all o v er the galaxies
Elmegreen et al. 1996 ). Hence, we expect different star-forming 
roperties in low-mass systems than in massive galaxies. The only 
warfs that have prominent spiral arms are the dwarf spirals, but they
re at most Sd and Sm types. They lack grand spirals and instead
ave flocculent spiral arms. 
In this sub-section, we will compare our properties with previous 

tudies of the massive galaxies studied using UVIT so that there 
hould not be any instrumental bias. We are comparing with galaxies 
tudied by Yadav et al. ( 2021 ), where massive XUV galaxies are
nalysed with a UVIT telescope. The SFCs are extracted to compare 
heir properties in the inner and outer regions. Ho we ver, to compare
he sizes of SFCs in the massive and dwarf galaxies, the galaxies
hould be at comparable distances. Hence, we compared the sizes of
FCs of NGC 5474 with NGC 628 and NGC 5457. 
While comparing with NGC 628 and NGC 5457, we find that the
mallest SFC detected in NGC 5474 is of the order of 10 −2.5 kpc 2 .
nd most of the SFCs are between 10 −2.5 and 10 −1 kpc 2 . The larger
FCs that we find in NGC 5474 are of size 10 −0.75 kpc 2 , whereas

n massive galaxies, there are SFCs with sizes larger than 10 0 kpc 2 .
ence, massiv e galaxies hav e SFCs with a larger range than dwarf
alaxies such as NGC 5474. They are generally larger in the centre,
nd they become smaller as we go radially outwards. Some of our
amples are farther than these massive galaxies; still, we see that they
ave SFCs with sizes less than 1 kpc 2 . This result is consistent with
revious studies. Elmegreen et al. ( 1996 ) that had shown that large
alaxies form large SFCs that form OB associations for a longer
ime, whereas dwarf galaxies form small comple x es which, in turn,
orm dense, bright associations for short periods. The reason for the
mall SFC sizes in dwarfs could be low stellar density and shallower
otential, which does not support the formation of larger comple x es,
lthough the shear is more for massive galaxies than dwarfs. The
mallest complex detected in our sample is from the nearest galaxy,
GC 6822, with an area of around 10 −4.5 kpc 2 . 
We can also compare found �( SFR ) in our galaxy with massive

piral galaxies. We see that dwarf spirals have a higher value of
( SFR ) than massive spirals from Yadav et al. ( 2021 ). Hence, the

warf spirals have much more compact SFCs. Another reason is 
hat the SFR is not corrected for host galaxy extinction in massive
alaxies. Hence, the range of �( SFR ) is similar to dwarf irregulars
here the environment for star formation is completely different. 
There are some studies such as Elmegreen & Salzer ( 1999 ) and

lmegreen et al. ( 2014 ), which discusses the hierarchical structure
f these comple x es. According to them, large galaxies and LSB
warfs have a tendency to form uniformly spread-out comple x es.
he hierarchical structure is seen within these comple x es, whereas
right starburst dwarfs hav e v ery few large comple x es with well-
esolved hierarchical star formation inside. 

.  C O N C L U S I O N S  

n this project, we used UVIT to study 16 SFDGs and compare the
tar-formation properties of the three SFDG types. This is done by
xtracting UV-bright SFCs and by analysing their properties. Our 
ain results are summarized below: 

(1) Most of the sample dwarf spirals have flocculent spiral arms 
nd extended UV discs. Dwarf irregulars have clumpy star formation 
nd some ill-defined arms, whereas BCDs have very compact star- 
orming inner discs and outer LSB discs. This result is consistent
ith the previous studies. 
(2) For most of the SFDGs in our sample, we have detected more

UV SFCs than NUV SFCs. This could be due to the recent star
ormation in these galaxies. Some XUV galaxies like NGC 5474 and
GC 2541 show high star formation in sub-threshold environments, 

nd the y hav e more outer disc comple x es (be yond optical radius)
han inner discs where the stellar surface density is comparatively 
igh. 
(3) Dwarf spirals have complexes with a higher area, �( SFR ), and
ass in the inner arms, rings, and at the ends of the bars compared
ith other SFCs. In some galaxies, it is higher even along the bar.
he radial trends of these properties show that the SFR decreases
s we go radially outwards. Irregulars and BCDs have no regular
attern in their radial trends. Ho we ver, in general, outer complexes
ave smaller sizes, lower �( SFR ), and mass. 
(4) We find that interacting galaxies such as NGC 4618, NGC 

474, and NGC 6822 show an o v erall high �( SFR ); they also show
MNRAS 530, 2199–2231 (2024) 
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tar formation in their outer regions that are triggered by interaction.
hese galaxies show radial trends different from non-interacting
alaxies. 

(5) We see that the lower limit for �( SFR ) for SFCs of each
ype is different. Dwarf spirals have a higher threshold or limit
or �( SFR ) (0.0078 M � yr −1 ), and dwarf irregulars have the least
0.0008 M � yr −1 ). But the mode of log( �( SFR )) for SFCs is higher
or BCD with the value −1.50 M � yr −1 . The mode of log[ �( SFR )]
or SFCs of dwarf irregulars is lower than dwarf spirals, which are
2.09 and −1.84 M � yr −1 , respectively. 
(6) SFDGs follow the SFMS with the slope and intercept as α =

.899 ± 0.087 and β = −8.59 ± 0.75. This fit is shallower than LSB
warfs and steeper than massive galaxies, indicating recent high star
ormation in them. The age of stellar disc formation is found to be
round 2–4 Gyr. 

(7) We find that the SFCs of SFDGs also follow the SFMS, but
he slope α is different for the different types. The mean slope of the
FMS for dwarf spirals is 0.74. In comparison, dwarf irregulars and
CD have slopes of 0.87 and 0.8, respecti vely. Ho we ver, the age of
FCs approximately corresponds to 1 Gyr. 
(8) In the SFMS plots of mainly dwarf spirals, we find that the

uter comple x es hav e higher sSFRs compared with the inner ones.
his is prominent in the interacting irregular galaxy NGC 6822.
his implies that the star-formation mechanisms in the inner and
uter regions of galaxies are different, which supports the inside-out
volution of galaxies. It is also different in different types of SFDGs.

(9) Dwarf spirals have compact SFCs compared with massive
alaxies. Ho we ver, the SFCs of massive galaxies have a larger range
f sizes and �( SFR ). 
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 ́opez-S ́anchez Á. R. , 2010, A&A , 521, A63 
o v eday J. , 1997, ApJ , 489, 29 
cGaugh S. S. , Schombert J. M., Lelli F., 2017, ApJ , 851, 22 
ac Low M.-M. , Ferrara A., 1999, ApJ , 513, 142 
artin D. C. et al., 2005, ApJ , 619, L1 
artin G. et al., 2020, MNRAS , 500, 4937 
elena N. W. , Elmegreen B. G., Hunter D. A., Zernow L., 2009, AJ , 138,

1203 
eurer G. R. , Heckman T. M., Leitherer C., Kinney A., Robert C., Garnett

D. R., 1995, AJ , 110, 2665 
ihos J. C. , Harding P., Spengler C. E., Rudick C. S., Feldmeier J. J., 2013,

ApJ , 762, 82 
ondal C. , Subramaniam A., George K., 2021a, JA&A , 42, 50 
ondal C. , Subramaniam A., George K., Postma J. E., Subramanian S.,

Barway S., 2021b, ApJ , 909, 203 
idever D. L. et al., 2017, AJ , 154, 199 
emler A. , Abramson L. E., Gladders M. D., Dressler A., Poggianti B. M.,

Vulcani B., 2017, ApJ , 844, 45 
asquali A. , Gallazzi A., Fontanot F., van den Bosch F. C., De Lucia G., Mo

H. J., Yang X., 2010, MNRAS , 407, 937 
ostma J. E. , Leahy D., 2017, PASP , 129, 115002 
ustilnik S. A. , Kniazev A. Y., Lipo v etsk y V. A., Ugryumov A. V., 2001,

A&A , 373, 24 
utman M. E. , Zheng Y., Price-Whelan A. M., Grcevich J., Johnson A. C.,

Tollerud E., Peek J. E. G., 2021, ApJ , 913, 53 
ahna P. T. , Das M., Murthy J., Gudennavar S. B., Bubbly S. G., 2018,

MNRAS , 481, 1212 
icher M. G. , McCall M. L., 1995, ApJ , 445, 642 
ieke G. H. et al., 2004, ApJS , 154, 25 
odrigo C. , Solano E., Bayo A., 2012, IVOA Working Draft, 15 October

2012, IVOA 

alim S. et al., 2007, ApJS , 173, 267 
chlafly E. F. , Finkbeiner D. P., 2011, ApJ , 737, 103 
chombert J. M. , McGaugh S. S., Eder J. A., 2001, AJ , 121, 2420 
chombert J. , McGaugh S., Lelli F., 2022, AJ , 163, 154 
chruba A. et al., 2012, AJ , 143, 138 
killman E. D. , C ̂ ot ́e S., Miller B. W., 2003, AJ , 125, 610 
mith M. V. , van Zee L., Salim S., Dale D., Staudaher S., Wrock T., Maben

A., 2021, MNRAS , 505, 3998 
mith M. V. , van Zee L., Dale D. A., Hunter L. C., Staudaher S., Wrock T.,

2022, MNRAS , 515, 3270 
peagle J. S. , Steinhardt C. L., Capak P. L., Silverman J. D., 2014, ApJS ,

214, 15 
tierwalt S. , Besla G., Patton D., Johnson K., Kalli v ayalil N., Putman M.,

Privon G., Ross G., 2015, ApJ , 805, 2 
andon S. N. et al., 2017, JA&A , 38, 28 
aylor M. B. , 2005, in Shopbell P., Britton M., Ebert R., eds, ASP Conf.

Ser. Vol. 347, Astronomical Data Analysis Software and Systems XIV. 
Astron. Soc. Pac., San Francisco, p. 29 

hilker D. A. et al., 2007, ApJS , 173, 538 
ody D. , 1993, in Hanisch R. J., Brissenden R. J. V., Barnes J., eds, ASP

Conf. Ser. Vol. 52, Astronomical Data Analysis Software and Systems II.
Astron. Soc. Pac., San Francisco, p. 173 

heeler C. et al., 2019, MNRAS , 490, 4447 
hite S. D. M. , Frenk C. S., 1991, ApJ , 379, 52 
hite S. D. M. , Rees M. J., 1978, MNRAS , 183, 341 

adav J. , Das M., Patra N. N., Dwarakanath K. S., Rahna P. T., McGaugh S.
S., Schombert J., Murthy J., 2021, ApJ , 914, 54 

hang H.-X. , Hunter D. A., Elmegreen B. G., Gao Y., Schruba A., 2012, AJ ,
143, 47 

hang S. , Mackey D., Costa G. S. D., 2021, MNRAS , 508, 2098 

UPPORTING  I N F O R M AT I O N  

upplementary data are available at MNRAS online. 

achine readable table.txt 

lease note: Oxford University Press is not responsible for the content
r functionality of any supporting materials supplied by the authors. 
ny queries (other than missing material) should be directed to the

orresponding author for the article. 

PPENDI X  A :  SOME  E X T R A  MATERI AL  

ere, we present the sample catalogue of properties of FUV SFCs
n NGC 4136 as Table A1 . The entire table for all SFCs of SFDGs is
vailable in machine-readable form. We also present images of our 
ample dwarf galaxies in FUV , NUV , NIR, and optical B / g bands as
ppendix Fig. A1 - A7 . 
MNRAS 530, 2199–2231 (2024) 

ysics user on 19 June 2024

http://dx.doi.org/10.1007/s001590000005
http://dx.doi.org/10.1088/0004-637X/692/2/1305
http://dx.doi.org/10.1088/0004-637X/706/1/599
http://dx.doi.org/10.1038/s41550-021-01562-2
http://dx.doi.org/10.1086/429578
http://dx.doi.org/10.1088/0004-6256/136/6/2782
http://dx.doi.org/10.3847/1538-4365/ab3925
http://dx.doi.org/10.3847/2041-8213/acaf85
http://dx.doi.org/10.1051/0004-6361/201014295
http://dx.doi.org/10.1086/304778
http://dx.doi.org/10.3847/1538-4357/aa9790
http://dx.doi.org/10.1086/306832
http://dx.doi.org/10.1086/426387
http://dx.doi.org/10.1093/mnras/staa3443
http://dx.doi.org/10.1088/0004-6256/138/5/1203
http://dx.doi.org/10.1086/117721
http://dx.doi.org/10.1088/0004-637X/762/2/82
http://dx.doi.org/10.1007/s12036-021-09761-z
http://dx.doi.org/10.3847/1538-4357/abe0b4
http://dx.doi.org/10.3847/1538-3881/aa8d1c
http://dx.doi.org/10.3847/1538-4357/aa789e
http://dx.doi.org/10.1111/j.1365-2966.2010.17074.x
http://dx.doi.org/10.1088/1538-3873/aa8800
http://dx.doi.org/10.1051/0004-6361:20010555
http://dx.doi.org/10.3847/1538-4357/abe391
http://dx.doi.org/10.1093/mnras/sty2250
http://dx.doi.org/10.1086/175727
http://dx.doi.org/10.1086/422717
http://dx.doi.org/10.1086/519218
http://dx.doi.org/10.1088/0004-637X/737/2/103
http://dx.doi.org/10.1086/320398
http://dx.doi.org/10.3847/1538-3881/ac5249
http://dx.doi.org/10.1088/0004-6256/143/6/138
http://dx.doi.org/10.1086/345965
http://dx.doi.org/10.1093/mnras/stab1530
http://dx.doi.org/10.1093/mnras/stac1974
http://dx.doi.org/10.1088/0067-0049/214/2/15
http://dx.doi.org/10.1088/0004-637X/805/1/2
http://dx.doi.org/10.1007/s12036-017-9445-x
http://dx.doi.org/10.1086/523853
http://dx.doi.org/10.1093/mnras/stz2887
http://dx.doi.org/10.1086/170483
http://dx.doi.org/10.1093/mnras/183.3.341
http://dx.doi.org/10.3847/1538-4357/abf8c1
http://dx.doi.org/10.1088/0004-6256/143/2/47
http://dx.doi.org/10.1093/mnras/stab2642
https://academic.oup.com/mnras/article-lookup/doi/10.1093/mnras/stae907#supplementary-data


2222 S. Amrutha, M. Das and J. Yadav 

MNRAS 530, 2199–2231 (2024) 

Figure A1. Top panel- images of NGC 4136; Bottom panel- images of NGC 4618. 
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Figure A2. Top panel- images of NGC 4625; Bottom panel- images of NGC 5474. 
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Figure A3. Top panel- images of NGC 5832; Bottom panel- images of NGC 4395. 
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Figure A4. Top panel- images of NGC 2541; Bottom panel- images of UGC 7608. 
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Figure A5. Top panel- images of UGC 4305; Bottom panel- images of WLM. 
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Figure A6. Top panel- images of NGC 6822; Bottom panel- images of IC 2574. 
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Figure A7. Top panel- images of NGC 3738; Bottom panel- images of VIIZw 403. 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/530/2/2199/7637800 by Indian Institute of Astrophysics user on 19 June 2024



UV study of star-forming dwarf galaxies 2229 

MNRAS 530, 2199–2231 (2024) 

Figure A8. Top panel- images of Haro 36; Bottom panel- images of Mrk 05. 
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Table A2. Calculated parameters for extinction-free SFR. 

Galaxy F FUV F 24 α

(mJy) (mJy) 

NGC 4136 10.76 ± 0.10 215.88 ± 2.44 20.06 ± 0.29 
NGC 4618 24.75 ± 0.23 384.47 ± 1.74 15.53 ± 0.16 
NGC 4625 6.81 ± 0.06 146.46 ± 1.08 21.50 ± 0.26 
NGC 5474 27.55 ± 0.31 166.14 ± 1.15 6.03 ± 0.08 
NGC 5832 6.49 ± 0.06 49.16 ± 0.62 7.57 ± 0.12 
NGC 4395 73.96 ± 0.69 486.02 ± 1.9 6.57 ± 0.07 
NGC 2541 14.36 ± 0.16 0.1419 ± 21.87 ± 0.29 
UGC 7608 4.87 ± 0.04 27.88 ± 0.47 5.72 ± 0.11 
WLM 36.15 ± 0.34 112.59 ± 1.12 3.11 ± 0.04 
UGC 4305 40.18 ± 0.38 198.18 ± 1.25 4.93 ± 0.06 
NGC 6822 201.41 ± 13.48 2223.49 ± 4.2 11.04 ± 0.74 
IC 2574 53.3 ± 0.5 343.89 ± 1.65 6.45 ± 0.08 
NGC 3738 11.31 ± 0.13 96.7 ± 0.88 8.55 ± 0.12 
VIIZw403 3.16 ± 0.04 24.43 ± 0.44 7.73 ± 0.17 
Haro 36 2.52 ± 0.00 7.7 ± 0.24 3.05 ± 0.05 
Mrk 5 1.12 ± 0.01 4.592 ± 0.5 4.1 ± 0.07 

Note. F FUV and F 24 are the FUV and 24 microns integrated flux in mJy 
estimated within the outer ellipse of the elliptical fitting (see Fig. 4 ) to the 
SFDGs. α is ratio of F FUV and F 24 . 

This paper has been typeset from a T E 

X/L 

A T E 

X file prepared by the author. 

© 2024 The Author(s). 
Published by Oxford University Press on behalf of Royal Astronomical Society. This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
( https://cr eativecommons.or g/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited. 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/530/2/2199/7637800 by Indian Institute of Astrophysics user on 19 June 2024

https://creativecommons.org/licenses/by/4.0/

	1 INTRODUCTION
	2 SAMPLE SELECTION
	3 OBSERVATIONS
	4 DATA ANALYSIS
	5 RESULTS
	6 DISCUSSION
	7 CONCLUSIONS
	ACKNOWLEDGEMENTS
	DATA AVAILABILITY
	REFERENCES
	SUPPORTING INFORMATION
	APPENDIX A: SOME EXTRA MATERIAL

