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Abstract How low surface brightness galaxies (LSBGs) form stars aseémable stellar mass is one of
the most important questions related to understanding 83 population. We select a sample of 381 Hl
bright LSBGs with both far ultraviolet (FUV) and near infear (NIR) observations to investigate the star
formation rate (SFR) and stellar mass scales, and the gnowtte. We measure the FUV and NIR radii
of our sample, which represent the star-forming and stellass distribution scales respectively. We also
compare the FUV andl band radius-stellar mass relation with archival data, éniifly the SFR and stellar
mass structure difference between the LSBG population tirett galaxies. Since galaxy HI mass has a tight
correlation with the HI radius, we can also compare the HIBQY radii to understand the distribution of
HI gas and star formation activities. Our results show thastof the HI selected LSBGs have extended star
formation structure. The stellar mass distribution of LSR®ay have a similar structure to disk galaxies
at the same stellar mass bins, but the star-forming actfitySBGs happens at a larger radius than the
high surface density galaxies, which may help to identify H8BG sample from the wide-field deep
band image survey. The Hl is also distributed at larger rédjplying a steeper (or not) Kennicutt-Schmidt
relation for LSBGs.
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1 INTRODUCTION at a similar redshift Qu et al. 2020, indicating an early
forming stage of the galaxies.

Low surface brightness galaxies (LSBGs) are attracting Hfowever, due to their low surface brightness nature,
more and more attention in studies of galaxy formationt iS difficult to obtain an optical spectrum with enough
and evolution. This is not only because they are mainly$ignal to noise ratio even to identify the redshifts
young galaxies with a faint and diffuse nature, which might(van Dokkum et al. 2015Greco etal. 20188). Thus a
provide clues to galaxy formation, but also because ofarge sample of LSBGs with reliable redshifts is still quite

their interesting connection with their dark matter halosScant, limiting the statistical study of LSBGs. Luckily,
(Impey & Bothun 1997Bothun et al. 199y most LSBGs are low mass galaxies, which tend to be

rich in HI (Huangetal. 201.2Maddox et al. 201f so
Traditionally, LSBGs are selected by the centrewide field HI survey projects such as Arecibo Legacy Fast
surface brightness of a galaxy iB band McGaugh ALFA (ALFALFA) ( Haynes et al. 2012018, combined
1996. Since B band is more sensitive to star formation, with Sloan Digital Sky Survey (SDSS) optical images,
such selection of the LSBG sample may cause a biasould provide us optimal means to obtain a large
in the galaxy population with a diffuse star formation sample of LSBGs with reliable HI redshift. Our previous
structure. Moreover, an average LSBG has a relativelgeries of studies based on the LSBGs selected from
young stellar population and low metallicitypg etal. the ALFALFA sample with optical surface brightness
2017. The typical stellar mass is much lower than*  measured from SDSS imageByetal. 2015 He et al.
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2019 Du et al. 2019 has shown that LSBGs have much to reveal the SFR distribution and to estimate the star

lower metallicity Qu et al. 2017, follow the Tully-Fisher  formation radius.

relation Quetal. 2019 and have similar mass-light By comparing the UV and NIR band Hubble Space

ratios as high surface brightness galaxies ét al. 202).  Telescope (HST) images in the GOODS-North field,

The Hx images of our HI selected LSBG sample alsowe have found that low mass star-forming galaxies can

confirm that the star formation surface density has @ave an “outside-in” growth mode, which means that

very weak correlation with the gas surface density, andgtar formation is active in the galaxy centre, but the

the star formation surface density is much lower tharstars already formed at a larger radiuShéng et al.

the prediction from the Kennicutt-Schmidt lakennicutt  2020. Nevertheless, our previous results based on HST

1998 Kennicutt & Evans 201R leading to significantly images only covered UV bright galaxies with optical

longer gas depletion time scales, and low star formatiospectroscopy redshift, which usually have a high central

efficiency Lei et al. 20182019. surface brightness. LSBGs, as influential members of the

low mass galaxy population, are absentGheng et al.

Although a typical LSBG is rich in neutral hydrogen (2020. So in this work, we select a sample of HI bright

gas, the star formation rate (SFR) is not high. For ong spgs with GALEX and UKIRT detection, aiming to

thing, LSBGs are located in the lower stellar mass e”%tudy the growth mode of LSBGs.

of the star forming galaxy main sequence, where the SFR Throughout this paper, we assume a standeGdM

is lower. The other cold kgas, which is the direct fuel cosmology WithHy = 70km s~! Mpc—!, Oy = 0.3 and

of star formation, is rarely detected in LSBGs. Moreover,y, — (7. All the magnitudes are in the AB magnitude

the transition from HI to H may also have very low system Oke & Gunn 1983

efficiency in a low metallicity environmen@mukai et al.

2005 Glover & Clark 2012. H; gas forms on the surface 2 SAMPLE SELECTION

of dust grains Klollenbach & McKee 197Pand requires ) )
high gas density Leroy et al. 2008 but LSBGs have Our previous work Du et al. 201% compiled a sample of

short star formation history, and thus may not be able td-129 LSBGs with HI detected by the Arecibo telescope,
accumulate enough dust. The extended morphology aldghich is the parent sample of this work. The HI selection

implies the HI gas is not concentrated in the galaxy centr€nables us to have the spec-z of galaxies fainter than
(Cao et al. 201y what is available from the SDSS spec-z, and reach

a low stellar mass galaxy population. We select the

Study of star formation in LSBGs is crucially LSBGs based on the classical criterion that band
important to understanding the formation process in theentral surface brightnesgy > 22.5magarcsec™ 2.
young galaxy population with extreme properties suchThe galaxy’s central brightness is derived from the SDSS
as low mass, low dust and low metallicity. One simpleg, » band images by GALFITReng et al. 200220103
and yet fundamental parameter that can be utilized tand calibrated to the3 band Smith etal. 200 The
investigate galaxy formation and the related evolutiorfollow up multi-wavelength study shows that 544 LSBGs
path is the galaxy size in different bandSheng etal. in our sample have both GALEX and UKIRT observations
2020. Previous studies indicate that massive star-formingDu et al. 202). We further remove the galaxies that have
galaxies have a larger star formation radius than that of tha bright neighbour within & Roptica;, @nd remove the
stellar distribution radius, implying an “inside-out” gvth  galaxies at the edge of the GALEX or UKIRT images.
mode because most of the stars are concentrated in thée also remove galaxies with no GALEX FUV detections
galaxy’s central region, but star formation is more extehde because this work aims to focus on the properties of star-
(Kelvin et al. 2012. Since near infrared (NIR) bands trace forming LSBGs. Our final sample contains 381 galaxies.
the flux from the old stellar population, which possesse§he stellar mass measured from the multi-wavelength
the majority of stellar mass, it can be used to trace theatalogue has been presente®inet al.(2020. We adopt
stellar mass distribution, especially for low mass galsxie the galaxy distance given by the ALFALFA catalogue.
(Suessetal. 20193. On the other hand, SFR radius LSBGs are mainly a population of low mass galaxies.
can be derived from several spatially resolved indicator§o understand the LSBG properties in a wider picture,
originating from the young stellar population emission,we compare the LSBG sample with the low mass galaxy
or re-radiation, such as ultraviolet (UV) and far infraredsample inCheng et al(2020, which includes galaxies at
(FIR) broadband images, theaHmap from narrowband 0.05 < zgpee < 0.3, F606W < 24 AB mag in the Cosmic
images or integral field unit (IFU) observations. Each SFRAssembly Near-infrared Deep Extragalactic Legacy
indicator has its own advantage, but most of them suffeSurvey (CANDELS, Grogin et al. 2011Koekemoer et al.
from the issue of dust extinction. Since LSBGs have low201]) GOODS-North field Barroetal. 201p with
dust abundance (e.g., the— r colour inDu etal. 2015,  a stellar-mass range0” < M,/M, < 104 The
far ultraviolet (FUV) images might be the simplest methodCANDELS GOOD-North field has been covered by the
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Hubble Deep UV Legacy Survey (HDUV,Oesch etal. mislead the source extraction and radius measurements.
2018 in F275W, F336W band. The high spatial resolutionWe convolve this kind of image by a kernel larger
of this low-z low mass sample should include morethan the GALEX point spread function (PSF), which
high surface brightness galaxies, for which the spec-zoncentrates the UV emission and smooths the UV flux.
is easier to measure (for more details, $&fgeng etal. However, the convolution would involve noise from a
2020. We also compare our sample with the low redshiftnearby source. Moreover, for large galaxies with clumpy
spatially resolved galaxy sample irrujillo et al. (2020.  FUV morphology, it is also hard to identify whether the
This sample includes 1005 galaxies with a stellar-masslumps at large radii are also part of the central galaxy or
range of10” < M,/My < 10'2 atz < 0.09, including  objects in the line of sight. In this work, the LSBG FUV
various galaxy morphologies. The multi-wavelengthimages are extended and clumpy. To minimize the effect
spatial resolution and large stellar mass range enable w the radius measurement, we select our sample with no
to compare the LSBGH band radius and analyse the nearby galaxies within 2 times the optical radius. On the
possible origin of the offsets (if any) between the samplesother hand, an LSBG with very clumpy and extended FUV
To understand the stellar mass — radius relation of LSBGmorphology should have a larger half-light radius, and thus
and other stellar systems, we also compare our results withlarge star formation size, which does not change the main
Misgeld & Hilker (2011, including stellar systems that conclusion of this work.

span 10 orders of magnitude in mass. Recent results of the Besides the above non-parametric method, we also fit
Ultra Deep Survey (UDS) sample are also included in thithe GALEX FUV images with a single Sersic function to

work (van Dokkum et al. 2013Barbosa et al. 2030 measure the half-light radius. We adopt thieand galaxy
image centre RA, Dec as the centre of the FUV image,
3 DATA REDUCTION which will help us to remove the uncertainty of FUV

. . . i hat i he FUV cl . We fi
Resolution of the GALEX FUV image is about 5 arcsec.Image ce_ntre that is caused by the FUV clumps. We fit
The star formation regions in th laxv disk are clum the FUV images by GALFIT RPeng et al. 200220103,

€ star formation regions € galaxy disk are ClumMbBYy, pich phag proved to be one of the standard tools to analyse

so the FUV images are not as smooth as the Optlcalalaxy morphology. We depict the FUV half-light radius

images with cu_rrenfc resolution. Since we only n_eed a rO_nggerived from GALFIT and the direct measurement results
FUV scale estimation, we convolve the FUV image with.

. . in Figure2. The two radii display good consistency, with a

a Gaussian kernel that decreases the FUV image spati nlpic%l scatter of about 0.5 prcy 9 y
resolution to 7 arcsec, 10 arcsec and 15 arcsec full width a We utilize SExtractor. to esfimate the half-light radius
half maximum (FWHM?' T.h.en we measure the half_"ghtWe de-convolve the half-light radius by the relation:
radius with SExtractor individually. We add & noise to 2 _ R2 2 Wi dth
the FUV image and measure the half-light radius again ba!f-light = ~tmeasured—size = ©/PSF—size: © regarc the

) ) . . alaxies WithR heasured —size < Rpsr_size @S UNresolved,
to estimate the uncertainty. Since the convolution woul hen we setR e as the upper limits of the targets
smqoth the noise and give a smaller uncertainty for th%igurel showzsggzzgxample of the measurement procéss.
radius, we compare the radius measured from a differe he left panel is the FUV image while the right panel
kernel cgnvplved image and conclude the scatter of th‘?eatures the FUV image that is convolved tbrésolution.
FUV radius is about 0.05 kpc.

. . The UKIRT H band image has a resolution of about 1
As a consistency check, we also derive the growth

: | arcsec, which is much lower than the FUV image. We
curve of the Gaussian kernel convolved FUV image, .
S ) . ~2~'convolve theH band image to 3 to 7 arcsec FWHM,
which is the aperture flux from a series of radii with . . .
. . and measure thé/ band half-light radius following the
the centre given by SExtractor. These two methods give .
: ) Same method as the FUV radius measurement. We get
consistent results. BUI since Iarge. aperture photo.metrglz LSBGs that are resolved in the FUV images and 284
(at least 5 for FUV images) would include MOTe NOISE, | SBGs that are resolved iH band images. There are 253
and the background for aperture photometry within th SBGs that have been resolved in both FUV dfithands
large aperture is not uniform, aperture photometry woul )

: ) Figure3 plots the histogram for the radii of our targets
underestimate the uncertainty caused by large aperturﬁ -
L in FUV and H bands. The FUV radii of our sample are a
background estimation. Photometry by SExtractor can it larger than thef band radii. The upper limits on the
estimate the large scale background based on the Wholi)e

i nd thus would orovide mor rate photom trradii of the targets that are unresolved in the images are
age, a us wou'd provide more accurate pnotometiy, .o 4 by dotted lines. The upper limit on the size of the
results and better half-light radius results.

Star f tion i | h di telv. Th LSBGs has a wide range in the unit of kpc.
oy marr ﬁ"lna 'O\r,‘v '”I j‘ ga ?/)Q: alp[:r):ns v:/i?rﬁ ‘fNy' | de We fit the SED by fastph(Kriek et al. 2009 with the
orphology wou € very clumpy, ¢ ould distance given by ALFALFA, and the SED produced in

1 GALEXimages of our LSBG sample are very clumpy, so SExtracto Du et al.(2020. We employ théBruzual & Charlot(2003
would treat the clumps as several targets. We decrease thgeim
resolution so that SExtractor can treat the galaxy as ogettar 2 https://github. conf cschreib/fastpp
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Fig.1 Example of the radius measurements in FUV images on the s€&l@)” x 200”. Theleft panel displays one
example of an LSBG, which exhibits a clumpy morphology. Wevaidve theleft panel image to a resolution of 7 arcsec in
theright panel. The morphology of this galaxy is then more conceadirtit the centre. Subsequently, We apply SExtractor
to measure the half-light radius in the convolved image, dadtonvolve the radius by, . <. = 72 casure — TPsE-
Galaxies with a measured radius larger thage are treated as unresolved targets and will only give uppetdi
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Fig.2 Distribution of the FUV half light radius difference betwe&isgxiractor from the non-parametric method
(SExtractor) andRgarrir from the parametric method (GALFIT). The two methods showststent results, with a
typical scatter of about 0.5 kpc.

stellar population synthesis models (BC03), and choos€EANDELS GOODS-North F275W band half-light radius
the Chabrier initial mass function (IMFChabrier 2008  from Cheng et al.(2020. The LSBGs exhibit a higher
We also adopt theCalzetti et al.(2000 dust extinction FUV radius, indicating a more extended star formation
law with attenuation in the range 6f < Av < 3. The region than most of the local UV bright galaxies with the
uncertainty in the stellar mass fitting results is about 0.5ame stellar mass range. We also colour the NGS sample

dex. with the morphology type T to highlight the morphology
trend and discuss the FUV size in Sect®A.
4 RESULTS The H band size vs. stellar-mass relation is plotted in

Figure5. Since the half mass radius and half-light radius
We compare the FUV band radius of our LSBG sampleatio for the galaxies with about0® M, stellar mass is
with the galaxy FUV size from GALEX Nearby Galaxies about0.8 — 1 (e.g., the fig. 1 inSuess et al. 2019pbwe
Survey (NGS, at z~0 Gilde Pazetal. 2007 with  can compare our half-light radius of the LSBGs/nband
the latest stellar mass measurements from the z with the previous half mass radius resultsTiuijillo et al.
0 Multi-wavelength Galaxy Synthesis (zOMGS) project(2020, which include a sample of 1005 galaxies that spans
(Leroy etal. 2019 in Figure 4. We also show the five ordersof magnitude in stellar mag®{ < M. /M. <
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Fig.3 Left panel:Histogram of the radius measurement results. We show the fadMs in blue and thél band radius
in red. The dotted lines trace the histogram of the radiusupmits for the targets not resolved in FUV &f band
imagesRight panelHistogram of the de-convolved radius in the unit of arcseasiwf our targets have size larger than
the image resolution.
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Fig.4 The FUV radius vs. the stellar mass of this LSBG samplarfge open circlesor FUV resolved sample and
green triangledor the size upper limits of the unresolved FUV sample) amd@ALEX Nearby Galaxies Survey (NGS,
atz ~0 Gil de Paz et al. 20Q7results filled circles colour coded by the morphology type). We also include thd HS
F275W band half-light radius galaxies@b5 < Z < 0.3 from the CANDELS GOODS-N field@heng et al. 202Q(grey
open circle$. Our LSBG sample FUV radii are 0.5 dex larger than those efGANDELS sample, and have a similar
FUV radius as the local galaxies, but lower stellar mass.

10'2) at a similar redshift range as our LSBG sample  We also display the CANDELS W160W band radius
(z < 0.09). Although the mass size relation has differentfrom Cheng et al(2020 in Figure5 by blue open circles.
branches for elliptical and disk galaxies6 der Wel etal. CANDELS results have one order of magnitude higher
20149, the LSBG sample mainly has stellar mass of abouspatial resolution than the ground-based telescope images
10™® — 1095 My, which is the stellar mass range of the and much deeper image limiting magnitude. Therefore, the
local dwarf and disk galaxies ifrujillo et al. (2020. Our ~ CANDELS survey can enable us to measure the radii of
LSBG H band radii as a low mass disk galaxy samplelow mass galaxies that are not resolved in the SDSS image.
(Du et al. 2019 show a consistent mass size distributionThe H band size-mass relation of the CANDELS results
with the results offrujillo et al. (2020. indeed shows a larger scatter with lowrband radius,
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show the size ratio as upper and lower limits in Figére
Thirty-three galaxies with neither an FUV néf band
resolved image are not displayed in Figété/Nle can see
that the majority of LSBGs have a relatively larger UV
size, yielding the ongoing star formation that occurs at
larger galaxy radii. We will discuss the effect of the upper
limits on our conclusion in Sectidh.2
1 Our LSBG sample mainly has a larger FUV size than

. | CANDELS GOODS-N F160W radius | the H band with a large scatter at a stellar-mass range of
7 8 9 10 1 12 about10%-5 M. Even in the stellar mass range of about

Log(M./Mo) 107 M, where our previous work purports that the galaxy

Fig.5 The H band mass size relation of our LSBG sample.rnay have an “outside-in” growth mode, the LSBGs stil

We also show the stellar mass vs. half-mass radius of 100%*V€ & more extended star formation size. The FUVind
low redshift ¢ < 0.09) galaxies selected from SDSS as band size of LSBGs indicate that the LSBGs have a similar

a comparisonTruijillo et al. 2020. Moreover, we display Stellar mass distribution as the other low mass galaxis, ye
the CANDELS results fronCheng et al(2020 in blue the ongoing star formation is more extended.
open circles. CANDELS images enable us to measure the  For an exponential disk, the central surface brightness
ggggfiﬁ\g rggss galaxies that are not spatially resolved 'rtﬂo) and efficient brightnesgi(g = mag +2.5 log(77e))
ges. have a relation thaty = peg — 1.83 (Greco et al. 2018b
So, the LSBGs selected should have a lafgband radius,
yielding a larger radius in the blue band.
V sige upper limits ] The tight correlation between HI gas mass and size
[ |7 713¢ upper “mits% can help us to estimate the HI radiud/gng et al. 2016

: Trujillo+ 2020, half mass radius of local galaxiés :
LSBGs size u%%er limit '
E HI selected LSBGs
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b w % H} % ﬁ i ) %“’l: ] qu(D|ameter) Hlog(Mmur) — 6.54)/1.95 (Graham 2018
. : % | ‘t, _ Flgur.e8 features the result of !—|I gnBI pand size as a
05k J ¢ J ] function of FUV radius. The HI size is typically three times
- % L CANDELS GOODS— N oot 1PEE larger than the FUV radius, while thd band radius is

E, . - - ] about half the FUV radius.
10

-
N
SN
-

UV NIR radius Ratio

7 8 9
Log(M./Mo)

Fig.6 The FUV-NIR radius ratio as a function of stellar 5 DISCUSSION

mass for the LSBG sampldl(e open circles We mark , . . .
the upper and lower limits of the size ratio for the FUV OrWe discuss the bias of our sample selection, radius of the

H band unresolved LSBGs. As a comparison, we display-SBC Population and the possible origin of the LSBG size
the FUV-NIR radius ratio of the CANDELS sample with In this section.

open circles, taken fronCheng et al.(2020. The red

dotted line delineates the results ratio from GAMA results;5 1 Bjas of Our Sample Selection

where the FUV radius is extrapolated from the radius

fromu,g,r,i,2,J, H, K band average radius. The ratios There are a total of 544 targets with both GALEX and
of LSBGs are consistent with the expectation from théyr gpservation coverage. To have a better measurement,
SDSS galaxies results. . :

we remove the 154 galaxies with close counterparts or

galaxies located at the edge of either GALEX or NIR
implying that theTrujillo et al. (2020 and our LSBGS{  images, which would not bias our main results. We also
band size mass relation may bias the spatially resolved lovemove the nine galaxies with both GALEX and NIR
mass galaxies. observations, but which have non-detectida)(in either

We showcase the radius of thé and FUV band band. The non-detection may be caused by dust extinction

LSBGs in Figures. The red dotted line is the FUV anld  in UV bands, or shallow survey depth. Since the whole
band radius ratio based on the average radius in differeisample we used in this work contains 381 galaxies, much
bands Kelvin et al. 2012. We depict our LSBG size ratio larger than the amount of the non-detection galaxies, we
as blue circles. For the LSBGs only resolved in FUV bandconclude that the removal of non-detections would not
image (58 galaxies) off band images (27 galaxies), we affect our results.
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Fig.7 The stellar mass and mass density distribution of the diffestellar systems. This figure includes the sample
introduced inMisgeld & Hilker (2011). We label the sample with references. We add the sample afaCdDGs
(van Dokkum et al. 201,5ink dimonds), low redshift galaxie3iujillo et al. 202Q small blue dots) and the sample in
this work (ed filled circleg. We also show the results of giant LSBGs such as MarliGaldz et al. 2015 Marlin 2
(Kasparova et al. 2004UGC 1922 Saburova et al. 20)&nd UGC 1378%aburova et al. 20)39n open blue starsWe
demarcate the division line of compact stellar systetimisK linelabeled by 100 pc), and the position of the stellar system
with 1 kpc and 10 kpc size. Our sample mainly has similar raslihe massive galaxies and UDG sample.

5.2 Effect of the Size Limits illustrating that LSBGs are typically 0.5 dex larger thaa th
nearby galaxy sample. The magnitude and diameter limits
Our results affirm that most of the Hi-selected LSBGsof the GALEX NGS results yield an absence of the low
have a more extended FUV size than tHeband. This  surface brightness galaxy population ($giede Paz et al.
conclusion still holds for théf band unresolved galaxies. 2007 for more details). Therefore, our LSBG sample
LSBGs in our sample with an FUV unresolved image (acomplements the GALEX NGS results, and manifests
total of 60 galaxies) would be candidates for the LSBGlarger radii than local high surface brightness galaxies.

compact star formation core€lffeng et al. 2020 but still The large scatter and the FUV size and the stellar mass
need more data to constrain the star formation region (e.gdistribution may be caused by complex dust extinction in
Ha narrow band observation). massive galaxies, and the clumpy or irregular star forma-
tion morphology in low mass galaxies. Nevertheless, the
5.3 Size of the L SBG Population LSBGs almost possess the largest FUV size at a fixed stel-

lar mass range. Previous studies affirmed that the galaxy
Figures4 and 5 demonstrate the size of the LSBGs in mass-size relation may correlate with galaxy properties
FUV and H band. The consistent distribution of tHé  such as morphology, Sérsic index, specific SFR, galaxy
band mass size relation in Figufe roughly indicates population and other factorsF¢rnandez Lorenzo et al.
that the LSBGs are not exceptional in terms of stellar2013 Lange et al. 2015Whitaker et al. 201 We also
mass distribution. However, the differences between thsignify the galaxy morphology by the colour bar in
LSBGs and other galaxies are clearly apparent in Figure Figure4. Although the scatter in the FUV size-stellar mass
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Eigenthaler et al. 2038in Figure 7°. The 100 pc line
delineates the division between compact and extended
: stellar systems Higenthaleretal. 2038 The LSBG
systems are located in between ultra-diffuse galaxies
9 (UDGs) in the Coma galaxy cluster and massive galaxies,
with about a similar magnitude of the radius. Definition
of the UDGs in recent studies i®. > 1.5 kpc and
{(u(r, R.)) > 24 mag arcsec?, which mainly have a lower
surface brightness than our LSBG sample (see panel (d)
of fig. 3 in Du et al. 2019 and lower stellar mass. Both
UDGs and LSBGs are a diffuse galaxy population and
have low star formation efficiency. The adjacent location
: . 6 of the UDGs and LSBGs may imply that, if the UDS can
UV radius (kpc) have a sustained baryon inflow from IGM, and continuous
star formation, then the UDGs may evolve to LSBGs,
Fig.8 The Hl gas radii and! band radii vs. FUV radii for Otherwise the UDGs may fade into a very diffuse, faint
our LSBG sample. The HI radius is estimated from the Higalaxy that is below the detection limit. For UGDs in
size-mass relationfang et al. 2016 which is a very tight the Coma cluster, the massive dark matter halo may
correlation along 5 orders of magnitude. We colour thesweep out the baryons nearby more efficiently, cut out
sample by the stellar mass. Tieband radius is 0.5 dex the YGDs’ baryon supply, and quench or swallow the
smallerthan the FUV rad|u_s,whllethe Hlgasis dlstrlbutedUDGs by ram pressure or mergePeng et al. 2010b
at about 3 times larger radius. .
Therefore, the dense environment may cut down the
connection between UDGs and LSBGs. One recent field
UDG sample Barbosa et al. 209Gelected from the wide-
relation is large, galaxies with a similar morphology still fis|d Southern Photometric Local Universe Survey (S-
exhibit the trend. that galaxie; with the same morpholog)pLUS) project Mendes de Oliveira et al. 20} #hanifests
tend to have a tlght correlatmrlFé_rnan.dez Lqrenz_o etal. 3 typical stellar-mass of aboig® M, and radius of about
2013. The location of LSBGs in Figuret implies a o5 kpc, corresponding ttog( M., /27 R?) of about 0.4,
possible method to select LSBGs from the low mass, UVagreeing with the UDG properties from the Coma galaxy
or U band disk galaxies. Current and future large field deepster, implying that the origin of the diffuse nature in
u band survey projects such as the Canada-France-Hawgjpg may not only be caused by the environment.
Telescope (CFHT) Large Area U-band Deep Survey  por 5 siellar mass of about? Mo, the HI selected
(CLAUDS, Sawicki et al. 201Por theu band datareleased | sggs and low-z sample frorirujillo et al. (2020 in
by Rubin ObservatoryLSST Science Collaboration et al. rigyre7 have lower mass density than elliptical galaxies,
2009 Brough et al. 202Dm§1y be very helpfulin selecting " ihe galaxy bulge, implying that the low mass sample
alarge LSBG sample efficiently. in Truijillo et al. (2020 is mainly disk galaxies with no or
weak central bulge structure. So, the consistency in the
5.4 Stellar MassBuild Up of LSBGs stellar mass vsi{ band size relation also indicates that the
stellar mass structure of LSBGs is similar to the low mass
A low mass galaxy sample ifrujillo etal. (2020 is  disk galaxies.
selected from BOSS resultMéraston et al. 202)3which The current star formation in LSBGs would build stars
should not mainly consist of LSBGs. The consistencyat a larger radius (Figd), thus the LSBGs would evolve
of the distribution in Figures indicates that the stars in into an extended disk galaxy with higher stellar mass, such
LSBGs have already been assembled in other galaxieas giant LSBGs like Marlin 1Galaz et al. 2015 Marlin
However, Figuret affirms that the star-forming size of the 2 (Kasparovaetal. 2034 UGC 1922 Saburova et al.
LSBGs is about 0.5 dex larger than that of normal HSBGs2018 and UGC 1378 $aburova et al. 20}9n Figure7.
which is reasonable since the low surface brightnesSimulations of low-z diffuse galaxy formation also reveal
implies a larger radius. So, we can expect that the stellahe stellar disk flattening caused by supernova feedback
mass would increase faster in the extended region of th@®i Cintio et al. 2017 2019 Jiang et al. 2019 Then the
LSBGs. evolution trace of LSBGs would go toward the right lower
direction in Figure7, where there may be some Giant

Radius (kpc)
Log (M./Mo)

We show the stellar mass and mass density;( =
M. /2nR%) of our LSBG sample in a big picture of the 3 — - o )
different stellar svstems over 10 orders of maanitude i The R. in Figure7 is measured from optical images. The difference
ifrere _ y_ g "h galaxy sizes measured froff band andr band is less than 0.2 dex
mass Misgeld & Hilker 2011 van Dokkum et al. 2015 (e.g., Kelvin et al. 2012,
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LSBGs. The upper panel of Figuiealso demonstrates 6 CONCLUSIONS

that galaxies with stellar mass of abdot® Mg, (~ 1 dex . _
higher than our sample) do not show a larger size. Thu¥/e study the size of an Hi-selected LSBG sample. Taking
we conclude that compaction might be necessary for tha@dvantage of the low dust extinction in LSBGs, we utilize

LSBGs (Tacchella et al. 200 evolve into massive high the UV image to represe_nt the star formation distribution.
surface brightness galaxies. We also use théd band image to trace the stellar mass
distribution. We find the star-forming size of the LSBG
is about 0.5 dex larger than thg band radius, so the
5.5 Sizeof theH| Gasand the Star Formation Activity ~ Star-forming activity in the LSBGs is still extended, rathe
than compact star-forming coreGl{eng et al. 2020 The
The scale relation between the galaxy luminosity surfaCH band radius is cons!st(_ent with low-z disk galaxies, so
’ SBGs may have a similar stellar structure, but much

brightness and Sersic index shows that LSBGs ten arger ongoing star formation region. The star-formingsiz
to have flat morphology Graham 20132019, which and stellar mass of the LSBGs imply that the deep and

can be represented as an exponential disk. If the 98%ide-field blue band images may help us to select a large
in LSBG follows the distribution:Yg.s = Yoe /™,

. L LSB mple efficiently. The HI size of LSBGs i
where the half light radius is abouk, = 1.678r, S. G sample efficiently € ni size o SBGs is about
. . ) 3 times larger than the FUV, implying a steeper slope (or
(Peng etal. 2010aif we simply adopt the Kennicutt- . . . 4 .
. . . not) in the Kennicutt-Schmidt relation. We also discuss the
Schmidt law, the star formation disk would haigrr = ossible link of UDGs and our LSBGs and formation path
AXge—l4xr/re — A e~/(r:/14) Then the half light P P

radius of star formation would be 1.4 times smaller thanOf the LSBGs.

the gas radius. Figur8 plots the sizes of FUV and HI,  Acknowledgements We thank the referee for carefully
which are approximately the SFR and gas radius, anfbading and providing constructive comments. C.C. is
about 3 times the difference. So, the Kennlcutt—Schm|dgupported by the National Key R&D Program of China
law might have an index of about 3 for LSBGs. Given that(Grant 2017YFA0402704) and by the National Natural
the range of the gas surface density in our LSBGs sampl§jence Foundation of China (NSFC, Nos. 11803044,
is small Ou etal. 201}, the steep slope indicates that 411933003, 11673028). This work is sponsored (in part)
small change in the gas surface density would alter th%y the Chinese Academy of Sciences (CAS), through a
star formation surface brightness a lot, so a steep S|°p§'rant to the CAS South America Center for Astronomy
for LSBG would lead to a large scatter (or not) in the caAssSACA). D.W. is also supported by the NSFC (Nos.
Kennicutt-Schmidt relation in LSBGs. U1931109 and 11733006), the Young Researcher Grant
funded by National Astronomical Observatories, Chinese
Academy of Sciences (CAS) and the Youth Innovation
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