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ABSTRACT

Aims. Large future sky surveys, such as the Legacy Survey of Space and 0888 ,(will provide optical photometry for billions of

objects. Reliable estimation of the physical properties of galaxies requires information about dust attenuation, which is usually derived
from ultraviolet (UV) and infrared (IR) data. This paper aims to construct a proxy for the far-UV (FUV) attenudgigp)(from

the optical data alone, enabling the rapid estimation of the star formation rate (SFR) for galaxies that lack UV or IR data. This will
accelerate and improve the estimation of key physical properties of billiohS8¥like observed galaxies (observed in the optical

bands only).

Methods. To mimic LSSTobservations, we used the deep panchromatic optical coverage of the Sloan Digital Sky S8/ (
Photometric Catalogue, Data Release 12, complemented by the estimated physical properties for the SDSS galaxies from the GALEX-
SDSS-WISE Legacy Catalo@SWD@nd inclination information obtained from the SDSS Data Release 7. We restricted our sample

to the 0.025-0.1 spectroscopic redshift range and investigated relations among surface brightness, colours, and dust attenuation in the
FUV range for star-forming galaxies obtained from the spectral energy distribution (SED).

Results. Dust attenuation is best correlated with colour measured betwesdr bands ¢ r) and the surface brightness in the

u band (). We provide a dust attenuation proxy for galaxies on the star-forming main sequence. This relation can be used for the
LSSTor any other type of broadband optical survey. The mean ratio between the catalogue values of SFRs and those estimated using
optical-onlySDS$lata with theAgyy,, prior calculated as SFR=10g(SFRuis world SFRsswi)ds found to be less than 0.1 dex, while runs

without priors result in an SFR overestimation larger than 0.3 dex. The presence or absendggjfthas a negligible in uence on

the stellar massMstar) estimation (with Mg, in the range from 0 to 0:15 dex).

Conclusions. We note thatAryy,, is reliable for low-redshift main sequence galaxies. Forthcoming deep optical observations of the
LSSTDeep Drilling Fields, which also have multi-wavelength data, will enable one to calibrate the obtained relation for higher redshift
galaxies and, possibly, extend the study towards other types of galaxies, such as early-type gatari@sein sequence.

Key words. galaxies: evolution — galaxies: fundamental parameters — galaxies: star formation — galaxies: statistics
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1. Introduction SED. This method has also been used on larger samples of galax-
ies both at low and high redshiftéfld et al. 2011 Battisti et al.
The modelling of galaxies' spectral energy distribution (SEX016. In the literature, two prominent attenuation curves, with
is a well-established method for measuring key physical prageme additional modi cations, are those@élzetti et al (2000
erties of galaxies, such as their stellar mabk{) and star and Charlot & Fall (2000. The Calzetti et al.(2000 attenua-
formation rate (SFR). Both are used as the primary buildinign law is described by a single curve for the continuum and
blocks to classify galaxies as quiescent, star-forming, or stardi erential reddening with respect to emission lines while
bursting and to reconstruct the evolutionary pathways of galaxigékarlot & Fall(2000 assumed a dierent attenuation to the ISM
(Brinchmann et al. 2004Noeske et al. 20Q7Elbaz et al. 2007 and to the birth cloud regions. Moreover, tharlot & Fall
Speagle et al. 2014Pearson etal. 2018023 Graham et al. (2000 attenuation law is not a universal curve since it depends
2024). The complex nature of the baryonic components of galaan the metallicity of the ISM, as it was shown 8hivaei et al.
ies, including stars, gas, dust, and active galactic nuclei, a2920 and also on the relative distribution of dust between star-
how they interact add considerable complexity to modellifigrming regions and the ISM (e.8oquien et al. 2022and oth-
the SED. ers), and thus, on the SFH. In addition to these tveoi-aro et al.

To link, via the SED tting processMsir and SFR in a (2017 introduced yet another attenuation recipeor 2 ultra
galaxy, the star formation history (SFH) must be considerddminous IR galaxies, although this recipe is similar in con-
Moreover, galaxy merger events also have an in uence on SFetpt to the two-component attenuation curveCofarlot & Fall
as it boost the SFR and increabfy,. A complex interplay (2000.
between evolved and newborn stars and dust inevitably accom-It has been shown, however, that attenuation laws are not
panying star formation makes both measurements surprisinghjiversal, and a single attenuation law cannot reproduce the
challenging (for exampl&Valcher et al. 201;1Conroy 2013, as physical properties of a large, varied sample of galaxies (e.g.
dust strongly aects the shape of the SED. Astrophysical duuat et al. 20122014 Maek etal. 2018 Salim etal. 2018
originates from stellar evolution and is one of the key compétamed et al. 2023aEven galaxies with optical — far-IR (FIR)
nents of the interstellar medium (ISM) of galaxies. The presengbservations are best modelled with dient attenuation laws,
of dust particles is wide-ranging: dust plays a fundamental ratesulting in slightly di erent estimated SFR8(at et al. 2019
in star and planet formations, molecule production, and galabdamed et al. 2021 There are dierent ways to check which
evolution (for exampleGalliano et al. 2018 Small dust parti- attenuation curve is the closest to the physical one. Among these
cles, called grains, typically ranging in size from 5 to 250 nmethods we can list the comparison of the reducéaf the
(Weingartner & Draine 2001are highly in uential. Dust grains SED modelled assuming dérent attenuation law$/a ek et al.
impact the observations of stars and gas by absorbing and st Buat etal. 2019 Hamed etal. 2021 calculation of
tering short-wavelength photons and then re-emitting energyBayesian information criterion (BIC) between drent mod-
much longer wavelengths. Moreover, the star-to-dust geoneds (used for example in works @fiesla et al. 201.8Buat et al.
try can change the ect of dust in a non-negligible way (e.g.2019 2021), or the comparison with radiative transfer on a
Buat et al. 2019Hamed et al. 2023a library of hydrodynamic simulations for isolated disk and merg-

Since star-forming regions are dust-enshrouded in the deesg(i.e Chevallard et al. 2013Roebuck et al. 201%nd checked
cores of molecular clouds, the earliest stages of star formatigith SED models inBuat et al. 2018 Yet another method is
can be observed at millimetre wavelengths. When the clouassed on the IRX-diagram Meurer et al. 1999Takeuchi et al.
collapse and the proto-stars form, the dust near them starts e@t2 Salim & Boquien 2019 Hamed etal. 2023b which
ting in the near- and mid-infrared (IR) range. In the next staplates the slope of the UV continuum) @nd the ratio between
in the formation of stars, the warmest regions of the cloutle IR and FIR luminosities (the IR excess, IRX).
around the newly formed stars are heated by stars' ultraviolet In the case of limited IR measurements, this topic becomes
(UV) emission, and this energy is re-radiated in the IR domaieven more complex, as galaxies with drent dust properties
This process makes dust emission a powerful indicator of stan appear similar in the optical wavelength range (e.g. both
formation if IR-sub-millimetre detections are accessible. Witypoung dusty galaxies and old dust-free galaxies look red in
the advent of IR and sub-millimetre facilities such $gitzer the optical part of the spectrum, more detailed description of
Hershe] WISE ALMASCUBAZ2SPT and NOEMAhe galaxy's classi cation problems related to the limited wavelength spec-
dust content (dust mass and dust emission) is measured routitrelgn; a more detailed description can be found, for example
at low and high redshift (e.ounne et al. 201;1Cortese et al. in Siudek et al. 2018 Galaxies with full SED coverage, from
2012 Santini etal. 2014 Shirley et al. 2019 Harikane etal. UV to FIR, are rarely available, creating obstacles to studying
202Q Hamed et al. 2023Zavala et al. 20283 them at a signi cant statistical level. This problem will become

Modi ed by dust grains, photons hold information abougven more urgent and important in the upcoming era of the
young and evolved stellar populations, active galactic nucleegacy Survey of Space and TimeSST lvezic et al. 2019
or even interactions with other galaxies, for example, mergeom the Vera C. RubinObservatory, where types of galaxies
events. Unfortunately, the primary information from the UVstill poorly understood and dicult to observe, such as faint low-
optical spectra is distorted by dust grains andudied along dif- surface brightness (LSB) galaxies, or even ultraudie galax-
ferent wavelengths. This process can be described by the destle.gSandage & Binggeli 1984an Dokkum et al. 20))5are
attenuation curve, which refers to the totaket of dust absorp- expected to be routinely discovered. While LSB galaxies were
tion and scattering on a galaxy SED. Though the issue is vergually assumed to be dust-frekeinais et al(2023 found that
complex, detailed studies of the attenuation curves in galaxeéeson-negligible fraction of them (4% of their sample, namely
are numerous, and various strategies are used. 23 LSB galaxies from their sample) can actually contain enough

Calzettiet al. (1994 2000 used observational spectra oflust to a ect the shapes of their SEDs, with attenuation in\the
local UV-bright star-forming galaxies to derive an empirical laand, Ay, 0:8 mag.
for the dust attenuation. Another method is to estimate the atten-The 10 yearLSSTobservations will provide high-quality
uation in a galaxy and to calculate the SFR in the modelling of ibptical data in theugrizy bands for 20 billion galaxies
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(Ivezit et al. 2019 Robertson et al. 20)9 However, most of More precisely, in this paper, we study the possibility of
these galaxies will have no counterparts in existing (or fortiising LSSTFlike observables to estimate the prior of the dust
coming) IR catalogues. Another issue is that with a largdtenuation in the far UV regime. We do not aim to estimate the
number of galaxies observed ST the traditional SED t- actualAgyy but only the prior value for each optically detected
ting method will be very computationally expensive. Plannaghlaxy that can be further used in SED modelling. Additionally,
joint observations ofLSSTand near-IR satellites, includingwe check to what extent we can reduce the number of param-
Euclid (Laureijs et al. 201)Lfor Deep Drilling Fields and the eters in the t without a signi cant decrease in the estimate of
Nancy Grace Roma8pace Telescope (formerly the Wide Fieldhe main physical properties of th&STlike sources in order to
Infrared Survey Telescope, WFIRSSpergel et al. 20)5for reduce the computing time.

follow-up observations, will shed light on the near-IR proper- This paper is structured as follows: in Settve describe the
ties of the observetl SSTgalaxies but will not be sucient to data used for our study. Secti@mpresents the sample selection
analyse the entireSSTsample. Moreover, planned FIR missionand all additional calculations of parameters needed for the next
like The Far-IR Spectroscopy Space Telescope (FIRSST), T8teps of the analysis. The main analysisL&STlike observ-
SPace Interferometric Cosmology Explorer (SPICE), The Siables and the resultant attenuation proxy is presented in&ect.
gle Aperture Large Telescope for Universe Studies (SALTUShe reliability of the obtained dust attenuation prior is checked
or The PRobe far-Infrared Mission for Astrophysics (PRIMA)n Sect.5. The results are discussed in Sé&gtand the summary
can help to obtain dust measurementsliBiSTgalaxies in the and future perspectives conclude this paper in Sedthrough-
future, although non of these future projects will match thaut this paper, we adopt the stellar IMF Ghabrier(2003 and
area-depth combination of the LSST. Furthermore, with suchCDM cosmology parameters (WMAPKpmatsu et al. 2011
deep data, the existing IR maps may sufrom source blend- Hg = 70.4 km s* Mpc !, \ = 0.272, and = 0.728, the

ing (e.g.Hurley et al. 2017 Pearson et al. 20)7resulting in default from theCIGALESED tting tool.

ux inaccuracy, further complicating the SED tting processes

(Pearson et al. 20)8As a result, an extremely valuable data s%t Data

from theLSSTobservations will suer from a poor understand---
ing of the dust attenuation and, consequently, mis-estimatgsl construct a prior for the dust attenuation in the FUV
SFR. As shown byRiccio et al.(2021), the estimation of the from the observational data, we used three catalogues: (1)
LSST SFR for normal star-forming galaxies up2o 1 can TheGALEXSDSSVISH egacy Catalog@SWI-&2, Salim et al.

be greatly overestimated, with a strong redshift-dependent biag16 2018, (2) the Sloan Digital Sky Survey Photometric Cat-
The issue can be even more problematic for hitherto poodjbgue, Data Release 18)SSAlam et al. 2015, and theSDSS
known populations of faint galaxies, including LSB galaxiepata Release 7 spectroscopic main galaxy sample with morpho-
Graham & de Blok2001) andGraham(2001) reported on dust |ogical parameterd\eert et al. 2015

and opacity in LSB galaxies and provided simple dust correc-

tions for the surface brightness. Those faint LSB galaxies are ) )

not that di erent from known and well-studied brighter galaxé-1- Key physical properties: Msiar, SFR, and Aryy

ies — they are also a mixture of stars, gas, and dust (even thogghy| g a catalog of local galaxies based on the SES®ata
only recently we have found IR counterparts for those unfamilipgaease&hn et al. 2013, which covers 8000 ded. Three dif-
objects; sedunais et al. 2023or the rst statistical analysis of fgrent catalogues were produced depending oIfGREEXxpo-
the dust properties in LSB galaxies). sure time GSWL-8, -M and -D for all-sky shallow, medium and
LSB galaxies undergo similar processes, such as dyglep surveys, respectively), providing a total of 659 229 objects
attenuation and emission, essential to explain their phy3|%abo% of SDS®R10 objects) at @1 < z < 0:3, with additional
propertie_s. Considering .the depth of the forthcomin@_ST selection on the brightness GDSSobjects:Ipero < 18[mag],
observations (27.5 mag in the in the 10-years observations,yhich is the magnitude limit foSDSSyalaxies in ther band.
and 28.5 mag band for Deep Drilling Fields, equivalentfo  aj| three primary catalogues listed abov@SWL-&, M, and D,
30 33 magarcseé, Robertson et al. 2018rough et al. 202))  yjeld reliable SFRs for main-sequence galaxies, as the SFR were
it is expected to d_etectas_lgnl cant number of.LSB galaxies a'@ﬂbtained through a simple conversion factor between IR and
other types of faint galaxies that have remained undetectedsipr and then calibrated using mid-IR luminosity and khe.
current surveys. However, this vast dataset presents a sigitajaxies on which the calibration was performed were selected
cant challenge: how to account for attenuation when calculating, gpT diagram Baldwin et al. 198). For quiescent or nearly
for instance, SFR. The LSST catalogue will require Qdd't'ongll;gscent galaxies, the simple conversions of IR luminosity do
IR and spectroscopic _obse.rvatlons to address .thIS issue. produce overestimation of SFR (speci ¢ SFR reaches the
study of the Deep Drilling Fields holds the promise of providsyerestimation up to 2 degalim et al. 2015 GSWI-® and D
ing valuable knowledge_ that can be harnessed by_, for examg_;pe recommended for galaxies the main sequence. FGSWLC
machine learning techmqges to calcula_te th_e_ physical propertigs photometry was taken from (i) t@ALEXGRE7 nal release
(e.9. Mgtar, SFR, bolometric and IR luminosities) of these fa'”(tBianchi etal. 201} (i) the 2MASExtended Source Catalog
sources. On the other handSSTwill deliver unprecedented (XSC, Jarrett et al. 2000 (i) the SDSDR10; (iv) andWISE
high-quality uxland morphplogy_data_for observed galaxies. lpom the AlWISESource Catalog andMISELang et al. 2015
this study, we aim to investigate if optical LSST data cans@ The SDSSand G ALE>Xhotometry were corrected for galactic
— at least to some extent — to construct a prior for dust attenuati8finction based oReek & Schiminovicl{2013 andYuan et al.
of young stellar populations. Such a prior can then be used 89613 coe cients. Moreover, additional corrections are used for
preliminary input for SED modellingRogdanoska & Burgarella Gal Exjata, when the most signi cant one is correction due to
202Q Riccio et al. 202). After obtaining a rst estimate of plending. This correction is a function of the @irence irSDS$

the main physical parameters, it can be replaced with mgggnitude and the range of separations between sources in the
re ned priors derived from otheL. SSTpipelines and ancillary

data. 1 https://salims.pages.iu.edu/gswic/
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SDS&atalogue. This correction is the same®4&LEXUV and (Meert et al. 201k This catalogue provides a robust set of mor-
NUV bands. The other two corrections deal with (1) edge-gbhological parameters obtained for t8®SS band, using the
detector correction required for NUV band when the distan@ALFIT (Peng et al. 2002and PYMORRMikram et al. 2010
from the centre of the tile to the location of the galaxy is largeoftware. TheMeert et al.(2015 catalogue includes measure-
than 0.47 degrees; (2) and the centroid shift between optioa¢nts for 607 722 galaxies. We cross-matcle8WLCata-
and UV positions due to lower accuracy of tBALEXastrom- logue with axis ratio measurements foband detections from
etry, applied when the shift betwe&DSSnd GALEXosition Meert et al.(2015.

is larger than 0.7 arcsec. All those corrections are described in

detail inSalim et al.(2016. In our analysis, we used the second

version of the catalogue, nameBSWIX2, which is the master 3. Sample selection

catalogue taking the deepest of GSWLC-A, M and D (659 2 :

galaxies). All the details concerning the construction of the cé?—l' Cleaning of the GSWLatalogue
alogue can be found i8alim et al.(2016 2018. As recommended bysalim et al. (2018, for statistical stud-

We selectedsSWL{D order to have a homogeneous ass@es of the main sequence galaxies, we used galaxies from the
ciated catalogue of physical parameters, which was obtair@@dS3Main Galaxy Surveyflag_mgs = 1) catalogue, known
with the Code Investigating GALaxy EmissionCIGALE asGSWILE2. We focus on the main sequence galaxies, as the
Burgarella et al. 2009Noll et al. 2009 Boquien et al. 2019 To SFR estimated fo6SWL&re shown to be reliableésalim et al.
model the stellar population of galaxi&alim et al (2016 used 2016 2018. For galaxies in this catalogue, the accuracy of
Bruzual & Charlot(2003 models with four di erent metallici- estimated SFRs is similar in three versionsGBWL(A: shal-
ties from 0.2 to 2.2 (according toGallazzi et al. 2005these low all-sky catalogue containing 640659 galaxies, correspond-
values are in the proper range for a majority 8DSSgalax- ing to 88% of DR10 targets; M: medium-deep catalogue with
ies). A two-component exponential model of the star form&61 328 galaxies, 49% of the SDSS DR10; D: deep catalogue,
tion history was used, and the modi ed, using a variable slopehich contains 48 401 galaxies, 7% of the SDSS DR10). Selec-

, Calzetti et al.(2000 dust attenuation curve with an addition based on thdlag_mgs = 1 results in 610518 galaxies.
tional burst was used to model physical parametersGBWLC Additionally, we only keep galaxies with a good t to their SED
The total dust luminosity.r, (8—1000 m, Sanders & Mirabel (FLAG_SED, also recommended kyalim et al. 20162018.
1996 was estimated by interpolating tihary & Elbaz(2001) This selection gives us an initial catalogue of 603615 main
IR templates. The nalGSWLEatalogue contains a list of esti-sequence galaxies in the redshift rang@100:30. In the next
mated parameterd/siar, SFR,Aryy) and ags which we used in step, we perform further cleaning.
our analysis as described in Se2tL The analysis presented in the following sections aims to con-
struct and test a possible prior for attenuation of the young stel-
lar population Agyy). As the accuracy of thégyy and the SFR
depends on the depth of ti@ALEXbservation, we remove all
We cross-matched3SWL@ith the SDSSDR 12 catalogue shallow UV detections (all-skyGSWIA]. Therefore, we per-
(Alam et al. 201%, which contains not only spectroscopic redform the analysis based on the medium-deep and G&pEX
shifts but also Petrosian magnitudes and Petrosian radij inobservations (we udgV_SURVEags 2 and 3). After this selec-

g, r, andi band$. Petrosian magnitudes and radii are a godibn, we are left with a sample of 404830 galaxies. We also

rst-order proxy for more precise magnitude and radii from theemove all objects that belong to the shallow, all-<kpLEXat-

LSSTpipeline. This makes the SDSS DR 12 catalogue a pé&ogue. Thus cutting down the selection by a 152 385 galaxies.

fect sample to study possible changes in the magnitudes andThe GSWLE2 catalogue contains galaxies whose total

sizes calculated based on the Petrosian measurements as a fBhgsminosity (Ltr) was calculated based on the 1&n or

tion of dust attenuation. TREDSPR 12 contains 469 053 87422 m detection and corrected for mid-IR AGN emission. To

primary sources plus 324 960 094 secondary sources. More thamogenise the data used for the analysis, we decided to use

3500000 objects have spectroscopic data. It is the nal relegg@laxies withLtir estimated based on the 22n WISEdetec-

of the SDSSIII, and, at the same time, a perfec8STlike tion. This cut removes all AGN-corrected galaxies, which means

sample to study. The main dérence between DR 10 used byhat the sample should not contain any AGNs. As the IR coun-

Salim et al (2016 and DR 12 used in our analysis are additiondgrpart is necessary in a standard SED tting process to estimate

dedicated surveys included in the catalogue (BOSS, APOGE®€ljable attenuation and SFR, we have to limit our analysis to

and MARVELS) as well as the publication of Petrosian data f@alaxies bright enough to be visible in thd SEbands. It creates

all four bands. a bias by removing a large fraction of LSB galaxies but not all

of them. Moreover, in the future, we are planning the next cali-

_ bration based on more sensitive Euclid measurements. After that

2.3. Inclination selection, the catalogue contains 82 116 galaxies. We also reject

The SDSSDR 12 catalogue does not include informatioRll objects withREDCHIS@g, which stands for the reduced

about the angular sizes of galaxies. The minor-to-majgpodness-of-tvalue (%) for the SED tting, larger than ve

axis ratio is crucial for our analysis, as it indicates thdollowing Salimetal. 20162018. After all these steps, the

galaxy's inclination, which can strongly in uence attenuational subsample of the5SWLE?2 catalogue used in this analy-

due to non-spherically symmetric dust distribution. To obta#iS contains 78 725 galaxies.

morphological information for our sample of galaxies, we

use the catalogue of two—dimensiona_l pho?ometric decompp, Cleaning of the SDSSatalogue

sition from the SDSPR7 spectroscopic main galaxy sample

Based on the ags used for the photometric measurements of the

2 There are no Petrosian radii and magnitudes forzband in this Alam et al.(2015 catalogue, we remove all objects witlass

catalogue. ag equal to six (stars from th&DSSatalogue), and objects

2.2. Photometric measurements and radii
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Table 1. Sample selection discussed in Séct.

Selection criteria Number of selected sources % of the initial sample
Catalogue of physical propertieSdlim et al. 20162018
GSWI-K2 659229 100.0%
Objects withAryy estimation 650597 98.69%
Main Galaxy Surveylag_msg=1 610518 92.61%
SED tting ag =0 (all SDS$hotometry, no broad-line spectrum) 603615 91.56%
At least oneGALEXetection (FUV or NUV) 404830 61.41%
Medium and deep UV exposure tim@ $WL-& and D) 252 445 38.29%
Ltir estimated based on tN€ISE22 m 82116 12.45%
REDCHIS@® (goodness of the t, followingsalim et al. 20162018 78725 11.94%
Photometric catalogué\fam et al. 201%
Cross-matching witlsDSS\lam et al.(2015 catalogue 78725 11.94%
Cleaning based on t@DSSags (Sect.3.2) 44047 6.68%
2D photometric decompositions catalogivegrt et al. 201p
Cross-matching witiMeert et al.(2015 catalogue 29593 4.49%
The axis ratio if/a) of the total t > 0 29487 4.47%
Selection based on Se&t4
Cut for theAryvserr< 0.25 [mag] 15004 2.28%
Redshift range 0.025-0.1 9837 1.49%
Cut between 1st and the 99th percentile of gy 9641 1.46%
Main sequence galaxies 7986 1.21%

that do not have magnitude and Petriosian radii measureme Cross match with the SDS®R7 2D decomposition
in all four bands, g, r, andi). This criterion allows us to check catalogue
all possible relations betweek:yy and futureLSSTdata. This

initial cleaning resulted in 78 723 galaxies (i.e. only two galaxi SPR7 catalogue to obtain information about angular sizes

from the above sample were removed). and the inclination of galaxies. This cross-matching reduces the

of tx\éerZE? \lﬁee rgg%\?eesaﬁr'bg;gxfgse V%ﬁglr'éy noof f/gﬁ delitér::‘ggiog mple signi cantly to 29487 galaxies, that is, removing one
: 9 ird of the sample. From this sample, we remove all galaxies

radius was foundNONPETR@ with multiple Petrosian radii . . . o A ;
(MANYPETR®Ve also remove measurements with Petrosi%\rﬁ'th an axis ratio (semi-mindsemi-major) lower than zero. This

radius larger than the radial pro INOPETRO_Bl&@ with more utremoves an additional 106 galaxies.

than one radius including 50% or 90% of the lightANYR%hd .

MANYR3®0We do not use radii that were measured at the edﬁé" Final sample

of the frame (NCOMPLETE_PROFILtEpse rejected becauseThe selection described above yields our nal sample of 29 487

of low surface brightness levePETROFAINDr objects larger normal star-forming galaxies in the redshift rangé10< z <

than 4 arcmin TOO_LARERdditionally, we remove all mea- 0:3. In Tablel, we list all steps performed to obtain the nal

surements with possible saturation deception as the centre ofghmple. This nal sample provides by reliable measurements of

radii is close to the saturated pixebATUR_CENTER inter- magnitudes and radii in all fol8DS®ands, sets of morpholog-

polated pixel NTERP_CENTERN top of those ags, we also ical parameters for th8DSSugri bands, and proper estimation

remove galaxies detected with a very low sky level, which resuli§ the main physical parametersi{,, SFR, attenuation in the

in the centre pixel of the galaxy being negatiBADSKYor at  FUV band, etc) from th&SWI-K2 catalogue.

the edge of the frameEQGE Yet another ag which indicates  Black histograms presented in Fifyshow distributions of

a possible problem with the image@ANONICAL_CENTH®s the main physical parameters for the whole sample of 29 487

ag is set for objects for which it is impossible to measure thgalaxies (@001 < z < 0:3). Six panels of this gure show the

centre in the band. We also remove all possibly moving objectsistribution of the spectroscopic redshift, as well as the main

(MOVBDr galaxies detected at a level larger than 2@@ther physical properties: stellar mass (Idd.=M )), attenuation in

band BRIGHF. the FUV band Aryy), SFR, and speci ¢ SFR (sSFR), both in
We use the same quality condition for tiag,r, andi bands. |ogarithmic scale. The bottom right panel shows the axis ratio

In total, we remove 34 676 galaxies from the initial sample crégsemi-minofsemi-major) fronMeert et al(2015.

ated based on th8alim et al.(2018. This selection allows us From the sample, we remove all galaxies Wihyy oy larger

to create a catalogue of 44047 galaxies with good photomettian 0.25 [mag], as in the next step of our analysis, we want to

measurements in all fo@DS®ands, with UV and mid-infrared bin galaxies regarding th&ryy value, and too large errorbars

detections, and reliably estimated key physical parameters frgan in uence our binning. The nal sample, after this cut, con-

Salim et al(2018, namely SFRMstar, Aruv, andAy. tains 15004 galaxies. We stress here that this cut has negligible

in uence on the main physical properties of the nal sample, as

shown in Fig.1.

3 The detailed description of aBDSSags can be found ahttps: The number of objects in the sample drops above redshift

/Iwww.sdss.org/dr12/algorithms/flags_detail/ z  0:1, which can be seen in the upper left panel in Hig.

ext, we cross-match the catalogue with Meert et al.(2015
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Fig. 1. Main physical properties used in our analysis. Panels above show spectroscopic redshift, stellar mags{lbgj, attenuation in the

FUV band @ruv), SFR and speci c SFR (sSFR), both in logarithmic scale. The last bottom right panel shows the axis ratio (sefaeminor
major) fromMeert et al.(2015. Black histograms represent distributions obtained from the whole sample of 29 487 galaXles ¢0< 0:30),

while maroon hatched histograms show distributions for the nal sample used for the analysis (7986 galaxies). Legends show median values
all parameters calculated for the initial (black histograms) and nal (maroon hatched histograms) samples.

= — oo reoy cos e ies), and with @7 < Agryy < 3:71 mag, further reducing the
5] ° « e Q99 AFUV = 3.71 mag] sample to 9641 galaxies.
= o Fo 20100 As the last step of the sample selection, we remove all galax-
@ 4| | = nn 20025 = iesin the tail of the SSFR distribution. From tB®SS3Yistribu-
.§.37 s ; 105 tion, we remove the tail of the main sequence distribution by
2 5 .i‘.;" &  selecting only galaxies located within 4f the sSFR distribu-
<|l.:|.2— = o, ° tion (i.e. 10:34 < log(sSFRyr 1) < 9:49, as illustrated in
| &= =k - ° Fig. 3). This cut removes 1655 objects.
%i o IR Distributions of the main parameters used in the analysis are
000 Ob5 010 045 000 obe 10 shown in Fig.1. The full sample of 29 487 galaxies, without our
: ‘ ) red'shift : : internal cuts, is shown in black histograms, while the nal sam-

ple of 7986 galaxies is presented as maroon-hatched histograms.
Fig. 2. Attenuation in the FUV bandA¢yy) as a function of redshift. 1heAguy distribution, together with th#ls, distribution, show
Two horizontal lines, dashed and dotted, represent the 1st and the 0@t cuts based on th&yy er, redshift, Aryv and sSFR, do not
percentile of theAryy distribution, respectively. The solid vertical linechange the main properties of the key physical properties, but
indicates redshift equal to 0.1, while the dashed double-dotted line regdy remove the most massive and in the same time the most

resents a redshift cut at 0.025. Above that redshift line, the sample cagtive in the star formation processes, and the most attenuated
not probe the most extrenfgyy values. galaxies.

3.5. Surface brightness calculation

A similar drop (but much steeper) can be seen below redshiff; (he nal sample of 7986 galaxies, we calculate the surface

0.025. In Fig.2, we check theAryy distribution as a function prinniness in each of the SDSS bands using the equation:
of redshift. This gure shows that below redshift 0.025 ang g ¢ g '

above redshift 0.1, the values Afyy are not spread across the , = mag + 2:5 log, (2 r2); (1)

full range of this parameter. To obtain a representative sample

of galaxies across the attenuation and redshift space rangewherex stands fow, g, r andi band,magfor Petrosian magni-
remove all galaxies wittAcyy below the 1st (0.67 mag) andtude andr for circular Petrosian radius. We note that we use
above the 99th (3.71 mag) percentile of the distribution. Morthe Petrosian radius for the surface brightness measurements,
over, we introduce additional cuts in redshift, removing galaxieslike the half-light radius, which is generally used in the lit-
outside the 0.025 and 0.1 redshift bin. Those two cuts allow esature (e.gPaudel et al. 201, Pérez-Montafio et al. 2022As

to keep a statistically signi cant galaxy sample characterised ke do not have a half-light radius measurement for all the photo-
an almost complete distribution @f-yy. Therefore, we decide metric bands used in this work, we chose to adopt the Petrosian
to use in the following analysis only galaxies within the redshifadius in all the bands for consistendyiéert et al. 20152016
range 0025< z< 0:1 (which reduces the sample to 9837 galaxprovides half-light radius measurements only for the andi
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face brightness with thagyy values, and an extensive parameter
locus (more than 0.6 mag in colour; for example, theif colour
gives only 0.3 mag width, which makes thfg-y analysis more
complicated taking into account the uncertainties of photometric
measurements, and so forth). We also nd a very similar relation
using(u i) instead of(u r). The two main changes between
both relations (the chosen o r)- ,—Aryv and the second
bestondu i)- ,—Aruyv) are the larger global slope uncertainty
{ —_ { for (u i)shownin FigC.1, and larger uncertainties for the nal
12 10 Aruvp equation based on larger errors for the intercept equation
log(sSF R=yr 1) (Eq. @). The(u r)or (u i) colouris a natural indicator of
dust attenuation since dustects the slope of the galaxy SED.
Fig. 3. Distribution of log(sSFRr 1) for the selected 7 986 galaxies inBOth colours also cover the Balmer break, so they are very good
the redshift range:025< z < 0:1. A vertical solid line and two vertical indicators of the age of the stellar population. We are aware that
dotted lines represent the mean value of sSFR of the sample, andwgehave a degeneracy between age and dust attenuation; since
mean value of the sSFR decredascteased by 4 of the distribution, we have no information on the ages of t&&WL&nd a very
respectively. narrow redshift range, we subsequently analyse this degeneracy
in the forthcoming analysis using much smaller but more infor-
. mative, reference catalogues. The surface brightness in the band
bands, without the-band).Graham et al(2009 shows that the | ,qeqt 1o UVSDSSs an indicator of the SFR as it traces light
Petrosian radius for a galaxy with Sérsic index 1 (which .50 the young stellar populations. The combination of these
IS a'reas.onable assumption for the main-sequence 'gaIaX|e.s St'i}dg'parameters can be thus expected to be sensitive to dust atten-
ied in this work) is about twice larger than its Sérsic half-light i for young stellar populations. However, this is the rst
radius. This will result in our surface brightness measureme Fﬁe, to our knowledge, that these barameteré have been com-

1.5 mag arcse€ fainter than those .estimated using the hal vined to derive the proxy fohsyy. In Sects4 and5, we present
light radii. However, such a systematicget does not aect any and analyse this relation in detail '

of the trends studied in this work. Therefore, from here upon, we

adopt the surface brightness measurements obtained using the

Pet\r/c\)/smn qulanntfs. _ tor inclinat (follow 4. Aryy prior: (u ) colour versus surface
e apply the correction for inclination (following prightnessinthe u band

Zhong et al. 2008Pahwa & Saha 2038 g

f

= (Gaussian t
= mean: -9.91: 0.11 ‘
----- mean 4* : (-10.34, -9.49)

Probability
C o (
?

i

Q
o
(@)

To study the relation between the colour and the surface bright-
xcorrected= x +2:5 1003 (b=2) 10 log,(1+ 2); (2) ness, we divide our sample into Adyy bins to check if di erent

whereb/a represents the ratio of a galaxy's minor and major axi Fé%ngﬁt'ﬁt?] Zg!susesgggzvr‘]’ ddi?[ﬁgt rce;ﬁtg)en;n;?;gg'?.‘;]resslgbinS are
From now on, we always use only “corrected' surface brighf’} 9 b y P :

. . . ted in Tabl@ and graphically shown in Figl. Each bin
ness in the analysis, and thus we drop the subscoipected b coo!! graphically
from the de nitioyn of o FigureA.lpshows the d‘irstribution contains at least one percent of the nal sample (at least 70 galax-

of the magnitudes and calculated surface brightness based orﬁﬁl: Due to small numbers of gaIaX|¢s n @_sw_uzz having
Egs. () and @) for the nal sample used in the analysis. Aruv lower than 1 mag, we use a variable bin width to probe as

densely as possible the lowest attenuation range, which is under-
represented in the catalogue. Thus, the rst bin has a width of
3.6. Aryyv— LSST-like observables relations 0.05 mag, the second is 0.10 mag wide, and the third is 0.15 mag
. . .wide. Starting from the fourth, the width is greater at 0.20 mag.
We look for possible relations between observed LSST-likgyjitionally, to increase the number of galaxies in each bin, as
data (uxes, magnitudes, colours, surface brightness iRNt 0| a5 to include possible uncertainties arising from the redshift

bands, as well as the ratio betweenetient surface brightness)actimation or ; ; ;
. X C physical properties, we add overlaps between bins.
in four SDSS bandsi(g, r, andi) and the attenuation in the FUVtpege gverlaps increase with increasikgyy according to the

band estimated via tting the UV to IR SED. Th&yy relation a|ation:hin , 0.005, wherebin , refers to the bin number. This

with colours ar]d surface brightness Qalculated iredént bands helps us to gather enough galaxies in the less populated bins of
are presented in AppendX We also tried to use colours, butthqﬂgh Aruv (larger than 2 mag), but also to take into account the

relations are too narrow to separate elient attenuation levels. o ainties of thé\e ; ;

‘ ; uv estimated bysalim et al.(2018, as for
GSWLR2 Aryy values were obtained usitgALEXSDSSand  |arger Ay, we also have largefeuy e (it can be seen later in
WISEphotometry calibrated on theershelATLAS (Salim etal.

h . S right bottom panel of FigZ, blue circles).
2018, ensuring proper dust attenuation estimation. The methog g P g )

! ) . - We perform a linear t in eachAryy bin in the (u r)-
used bySalim etal.(201§ combined SED constrained with ' 3rameter space, as this relation shows the most prominent

CIGALE (Burgarella et al. 20053Noll et al. 2009 Boquien et al. slope of the general relation (0.07960.0024%. AppendixC.
2019 tting code with infrared luminosity (SEBLyir tting; Mo?eover, thge(u r) colour s(pace is wide 7e,noFL)JFg);h to sepa-
more details can be found iBalim et al. 2018 Our main goal o4e g erent attenuation levels, taking into account measure-
is to_nd a simple proxy forAeyy based on the ObserV""t'on‘"‘l;nent errors for futurd.SSTobservations. Since the, range
LSStlike data. much wider than the range ¢l r), and more often is

. . iS
We checked all possible relations between colours, magpsniaminated by outliers caused by uncertainties in calculating
tudes, surface brightnesses, and their ratios. As aresult, we nd a

promising relation betweefu r) colour, the surface brightnesst The second most prominent relatiorfis i)— , with slope 0.0799

calculated in theu band, and theéAryy, Which is characterised 0.0047, however, the slope uncertainty is almost twice larger than for the
by a monotonic rise of the ratio ¢fi r) colour and theu sur- slope uncertainty of th@u r)— , plane.
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Table 2. Aryy bins discussed in Seet.and used in our analysis. 21

Aruy bin Binwidth Aryy #gal. % sample 207

0.72-0.77 0.06 0.74 91 1.14 1:9-

0.76 —0.87 0.11 0.81 199 2.49 _

0.86 -1.02 0.16 0.95 481 6.02 18

1.00-1.22 0.22 1.12 1098 13.75 £

1.20-1.42 0.23 1.31 1303 16.32 T 17

1.39-1.62 0.23 1.51 1290 16.15 S

1.59-1.82 0.24 1.70 1267 15.87 16

1.78-2.02 0.24 1.89 1077 13.49

1.98-2.22 0.25 209 812 10.17 15

2.17-2.42 0.25 2.28 654 8.19

2.37-2.62 0.25 247 472 5.91 L4

2.56-2.82 0.26 2.67 267 3.34 245 250 pyars 260 265 270

2.76 —3.02 0.27 2.86 161 2.02 « [mag=arcseg]

2.95-3.22 0.27 3.06 117 1.47
Notes.The rst column represents the minimal and the maximal valu=—— Aruv =0:74 nag] ~ ---- Aruv = 1:51 fnag] Aruv = 2:47 nag]
of Acyy in each bin, the second — the bin width, and the third is the mecs+-- Aruy =0:81 nag] ~ ----- Aruv =170 nagl - Aryy = 2:67 nag]
value of Aryy in each bin. The fourth column presents the number ¢+ Arpv =0:95magl -+ -+ Aryv = 1:89 fmag] Aryv = 2:86 fnag]
galaxies in each bin, while the fth column is the percentage of the ful:- Appy =1:12nag] - - Apyy = 2:09 nag] Aruy = 3:06 nag]
sample of 7934 galaxies. - Aruv = 1:31 nag] Aruv = 2:28 nag]

Fig. 5. Relations tted between observegd r) colours and  for
14 Aryy bins. The sequence of colours represents the one uséd jer
bin in Fig.4. Filled areas display thel uncertainty around estimated
lines.

galaxies used in our analysis colourcoded according to the
value of Aryy, and with the interpolated linear t with in
a range of 25 27:5[magarcsec]. For the simplicity in the
main manuscript, we show only ts with thel uncertainty
around estimated lines.

4.1. Global (u r)— - Agryy relation

10 L5 A 20 25 3.0 Figures5 andA.2 indicate that there is a possibility to create a
LAFUV r[mag] global relation between observéd r) colour, surface bright-
Srer ot o) ness in thai band and the attenuation in the FUV band. To nd a
i {"’”g] relation, we examine the slopes and the intercepts of the relation
[
[

B A = 0.74 [mag)
Ay = 0.81 [mag]
B Arpy = 0.95 mag)
izaasasi] ]

mag|

Ty =2.09 fmag] between(u r) and , for eachAgyy bin. We show in Fig6,

Trov = 2.98 [mag] a relation between both slopes and intercepts as a function of
Aruv, together with two linear ts: one for the slopes and one

Fig. 4. Distribution of Ary for the nal sample of 7814 main sequencefor the intercepts, both as a function&fyy:

galaxies in the redshift range025 0:1. The palette of colours repre-

sents theAryy bins used in our analysis. The meag,y value for each slope=( 0:02 0:00) Aryy+0:12 001 3)

bin (Acuy) is denoted in the legend. intercept= (0:65 0:08) Aryy 1:68 0:16:

Zp”» = 1.12 [mag

Appy = 1.31 [mag

The increase in scatter for slope ad intercept with decreasing

Petrosian radii and Pertosian magnitudes, we perform the”Atuv can be explained by smaller bin sizes and less represen-
only between the 10th and the 90th percentile of thalistri- tative samples in the global distribution 8¢yy.

bution in each bin. Figur®.1 shows ts of the relatio(u r) We derived a solution for this set of two equations based on
versus  ts for all Agyy bins, while Fig.5 presents com- the tted relations (slopes and intercepts with respechtgy
bined linear ts for all 14 bins. In Fig5, it is evident that Shown in Eq. 8)), resulting in a linear expression that charac-
for all Aryy bins, the(u r)— , relation maintains a consis-terisesAryy through the combination ofu r) and .. This

We have interpreted the attening observed in the lowest af@servational( r) and ) and one physical property\tuy)
highestAryy values as being related to the much less densé@gtained from the SED tting fronGSWLC
populated part of our sample. This can be seen in Taldad (u r) (012 ,)+168

Fig. 4, whereAsyy values lower than 0.8 mag and greater thanAruvp = (002 .)+065 : 4)

2.7 mag constitute only about 8% of the total sample analysed ) u )

in our manuscript. Figurd.2 shows the same relation betweefMhis equation provides a proxy for th&-yy when only opti-

u v and Aryy, but with an additional background ofcal measurements (uxes and radii) are available, as will be the
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This relation will be used to prepare a software pipeline to esti-
mate physical properties from futuk&SSTdata by members of
the LSSTGalaxy Science CollaboratioRfbertson et al. 20}7

4.2. Final Agyy prior

The nal distribution of the obtainedryy,, as well as the com-
parison withAgyy from the original work ofSalim et al.(2018),

is shown in Fig.7. Panel a in this gure shows th&syy and
Aruvp distributions. It is clearly seen that the distributions are
di erent and that the prior obtained frofa r) and , can

5 T ] 1 reach both much lower (to th&-y\y, = 0 mag) and larger (up to
Aruv [mag] Aruvp > 4 mag) values than the originAkyy _from Salim et al.
(2018. The Kolmogorov—Smirnov test, which is a commonly
slope=( 0:02 G:00Aryy +0:12 €01 used non-parametric test based on the distance between two
=== int=(0:65 008Aryy 168 016 cumulative distributions, con rms thadryy and Aryyp do not

come from the same distributiops = 1:11 10 %8). For
Fig. 6.Slopes and intercept fro@  r)— , ts. Interpolated slopes (left this plot, we have removed 426 galaxies for which the value
axis) and intercepts (right axis) obtained from linear ts for all 14 bin&f Aruvp from Eq. @) is less than 0. All galaxies from the
of Aryy (Fig. D.1), as a function ofryy. The left axis represents slopesremoved sample occufy r)—  loci not included in our anal-
(purple full diamonds), and the right axis represents intercepts (red fydlis (just below the bin with the lowest value of me&nyy
circles). Linear ts and associated tted parameters are presented us(muv = 0:74 [mag])). FigureB.1 shows the position of all 426
dashed-dotted lines for slopes and dashed lines for intercepts. galaxies in thdu r)— , plane.
We notice here the sharp cut in the low-end of gy
distribution (visible also in Figl, right upper panel). It can
case for the majority of theSSTsurvey This proxy can signif- be related to the speci ¢ sets of parameters useStim et al.
icantly shorten the time needed to estimate all physical paran@2018 or the data set for which the SED tting was performed.
ters through the SED tting, as the grid for the dust attenuatioks shown inOsborne et al(2023, the GALEXlata, which give
properties can be much narrower and more speci c. direct insight into the young stellar population and were used
We have also checked that using half-light instead @ createGSWLGre partially aected by blending. The new
Petrosian radii will not change our relation signi cantly. Usingatalogue built with a new software pipeli&Mphot which
approximately 1.5magarcseé brighter values of surface uses forced photometry from tf&DSSatalogue, presented by
brightness (see Se@.5) results in changes of two values fromOsborne et al(2023, revealed that magnitudes usedGSWLC
Eq. @): from 1.68 to 2.50 and from 0.65 to 0.74. This changeere systematically fainter (up to 0.5 mag) due to insient
results in the mean derence betweerryy, obtained with background subtraction for faint sources. The new, deblended,
Petrosian end eective values equal to 0.05 [mag], with = GALEXatalogue ofOshorne et al(2023 shows that 15% of
0:45 [mag]. galaxies in theGSWLE€atalogue were moderately ected by
Future LSSTobservations will provide more precise magblending (contaminatior 0.2 mag), and 2.4% of galaxies were
nitude and morphology measurements than the data emplogedtaminated at the level of more than 1 mag. To summarise,
in this manuscript, where we adopt Petrosian radii and magttie NUV and FUVGALEXnagnitudes originally used to esti-
tudes fromSDSPR12. We plan to perform a similar test formateAryy by Salim et al.(2018 were fainter than the corrected
the data acquired frolhSSTDeep Drilling Fields to better cali- deblended magnitudes, but only a small percentage of galaxies
brate Eq. 4) as soon as the observations, both optical ft@8T in our sample can be &cted by this eect. It means thaBALEX
and from other ground-based and satellite observatories are daka used byalim et al.(2016 has negligible in uence on the
lected. For those elds, near-IR data will also be available, féack of low Aryy values in the originaGSWI:-&2 catalogue for
example, VISTA-NIR, which will further help us to constrainthe main sequence galaxies
reliable dust properties, including attenuation in the FUV band The mean dierence betweemryy and Agyyp equals
in the broadeAgyy range LSSTwill enable the investigation of 0:01 mag, with a = 0:74 mag (see middle panel of Fig).
the lowerAgyy range, since a substantial percentage of galaxiEésm hereupon, we use this which is the scatter in the der-
observed by SSTwill be LSB galaxies. While low in compari- ence between ducial values @ryyv and Aryyp, as a constant
son to many other types of galaxy, FUV attenuation levels amoogcertainty for our estimatefeyy, (hereafter:Aryvpen). We
LSB galaxies are still non-negligible (i.&-yy<0.4 mag), as want to stress that, in the future, with th8STFlike observations,
shown recently bylunais et al(2023. While waiting for obser- it will also be possible to calculate t#g-yvp e directly for indi-
vations and estimates of the main physical properties of galaxiésual sources based on the uncertainties in the observed colour,
from the Deep Drilling Field, we can use Ed})(to calculate surface brightness, and the t coeients shownin Eq4). How-
a proxy representing dust attenuation for star-forming galaxieser, we are currently restricted to a limited number of galaxies,
which a ects the uncertainties of our ts from E®)( Addition-

® Asdiscussed above, we obtained a very similar result fofithel)—  ally, we have signi cant photometric errors (for both radii and
u plane:

_(u i) (013 )+168, & Based on private communication with S. Salim, we have found that
Acuvp = (002 ,)+065 ®) the Aryy distributions based on the previo@ALEXlata used for the
GSWL€atalogue and th&ryy obtained with the new, deblend&RLEX
The main di erence between equations are the larger uncertainties fieeasurements fro@sborne et a2023 have a statistically negligible
slopes and intercepts in EQ)( change.
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magnitudes). Furthermore, the ducid}yy is not free of uncer- reduced number of parameters describing dust attenuation and
tainties (limited toAsyverr < 0:25 mag, based on our selection irthe age of the late burst for the star formation history module
Table 3). Therefore, for the simplicity of this work and to avoid(details are listed in Tablg). Runs based oRULL run parame-
signi cant overestimations of errors, we decided to use a coters produce 332 640 templates per redshift bin. In contrast, util-
stant uncertainty ofryyper= 0.74 mag. isingLIGHT run parameters reduces the number of templates to
We do not observe any redshift dependence (panel c7kig.only 5540 per redshift bin. Thus, the number of generated tem-
however, the redshift range used in this analysis is very natates decreases by 98%. We performed our runs for 7934 galax-
row (0.025-0.100). We can reasonably expect that the mueh using Intel Core i9—9900K CPU @ 3.60 GHz processor with
deeperLSST data will require adding a redshift-dependerti4 GB memory and 8 cores (16 threadSYLL run required
calibration. 188 seconds to compute models while tH&HT run did the
The obtained priors do not follow a 1:1 relation with thesame in 11 s. The Bayesian estimates of the physical properties

Aryv Values calculated directly from ts to the UV-IR rangefor these templates for tHeULL run CIGALEook 203 s, while
SED. This is due to many reasons, where the most impéor the LIGHT run, only one second. Thus, both runs used the
tant ones are (1) uncertainties of the origidal,y, (U r) and same time to estimate best- t properties for all galaxies (85 s).

u» Which were not taken into account when constructing thehus, theLIGHT run required only 3% of the time spent on the
(u v Apyy relation; (2) the quality of the SED ts FULL run. This reduction in the number of templates is of par-
obtained bySalim et al.(2018 our only selection is based onticular signi cance for "big data' galaxy samples like th8ST
REDCHISQ5); (3) the quality of the data used for full t- For LSSTlike surveys, with billions of observed galaxies, run-
ting — there is no information about the signal-to-noise ratiting full, detailed SED tting will be impossible due to CPU
for speci c bands or the goodness of the measurement; (4) lamd memory limitations.
even more importantly, thes r) , relation is not tight as the =~ We used the.SSTlike data set, and we performed the SED
(u r) colour depends both on the age of the stellar populatidting using FULL run and LIGHT run parameter sets. For
and on the dust. Nevertheless, the mediaredgnce between FULL run and LIGHT run parameters we further divide runs
Aryv Obtained based on the careful tting of broadband phanto three groups: (1) without any priors (tagged as NO prior),
tometry from UV to IR andAryy, determined from{u r) and without any indication of a preferabléryy value, (2) with

u observed quantities is only 0.10 mag larger than the medidae Aryvserr and Aryvserr Used as priors for the CIGALE run,

Aruvper (0.12 mag). and (3) with Aryvp and Aryvper. TO add priors, we used the
properties  option from the originalCIGALRool’, while for
5. Reliability of Aryyp derived from LSST-like runs without priors, we left thproperties option empty. Runs

with and without priors still need to be supported by the input
parameters for the dust attenuation module. In all six cases, we
Even if, as mentioned above, the agreement betweased input parameters as listed in Table
Aruvp Aryvper and Agyy estimated via SED tting by In Fig. 8, we present the dierence between estimat®tl,,
Salim et al. (2016 2018 is not perfect, the correlation isand SFRs obtained via our six runs and the original ( ducial)
evident, and the advantages of such an approach are numerealges from thesSWLEtalogue. We stress that for all six runs,
An Agyy prior obtained from an optical-only dataset (withouonly u, g, r, i, andz SDSS broadband photometry was used. The
any information about dust emission or proxy from UV obseresultant loci of the obtained six main sequences are shown in
vations) can help to reduce the number of parameters neeéel 9.
to estimate the main physical properties of studied galaxies. It It is important to note that processihgGHT run data with
can also reduce the risk of over tting by decreasing the numb@tGALEwithout Agyy prior leads to large overestimates of the
of free parameters used for SED tting based on ve opticdhFR (see alsdriccio et al. 202} Priors, even if based only
broadbands only. on optical measurements, can reproduce the physical parame-
To check whether the obtainégyy, values can lead to reli- ters of the ducials well enough. Moreover, priors can also help
able estimates of the main physical properties of galaxies, teereduce the number of parameters, and hence the CPU time,
perform a set of tests using only optical broadband data with aredjuired to analyse large numbers of galaxies.
without two priors: the originaAryy from GSWLGbtained by
Salim et al.(2018, which we call nowAryys (and Aryvsery) to
distinguish between bothAgyy values used in the test, and th . .
Aruvp (@ndAryypen) from Eq. @). . Discusslon
To test usingAryyp Obtained via Eg.4) as a prior, we Figures8 and 9 show the dierences between the original
perform six CIGALE runs to t the SED of our sample. We( ducial) physical parameters from th&SWLE€atalogue and
use SDSPR 12 ugriz measurements fromlam et al. (2015 the physical parameters obtained with two sets of parameters:
(in case ofSalimetal. 20162018 they usedSDSSDR10). FULL run, and highly reduced.IGHT run. Additionally, dif-
Salim et al. (2016 2018 made use of additional data fromferent Acyy priors (and also no prior for even more detailed
GALBEXndWISEwhich are not taken into account in our analyeomparison) were applied in these runs. Taldhows the mean
sis. A simple run based on ve optical bands only is intended 8FR and the mealg;, accompanied by their uncertainties for
reproduce the futureSSTFlike observations (without theSSTy  ducial parameters from th&SWL&hd those obtained from six
band). We employ the same SED tting code as used for tlaelditional runs described in Sebt.
GSWLA@ata set. Parameters and modules used are described in
Tables. .AS our SED coverage consists of or_lly ve optical SDS$ To run CIGALEwith the properties  option, one has to add to the
data points, we do not include any dust emission module. ipjtial input le additional columns lled with prior values and corre-
We categorise the SED tting parameters into tw@ponding errors. Inthe case of this work, we added two columns: attenu-
main groups:FULL run (based on the description given byation.AFUV and attenuation.AFUV_err, and we lled them wityy,
Salim et al. 20162018 and LIGHT run, with a signi cantly from Eq. @) andAryvper equal to 0.74 mag, respectively.

observations
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Fig. 7. Main properties of obtainedgyy priors. Panel a shows the distributions of origihal,, from theSalim et al. (2018 work obtained from
careful SED tting based on measurements from UV to mid-MRy,, blue left hatched histogram), addyy, calculated based on Edf)((orange

right hatched histogram). Panel b presents the distribution of trerelice betweeAgyy andAeryy, and denotes its median value. In panel c, the

di erence betweeAgyy andAryyp is shown as a function of redshift. We removed for clarity from panel a 426 galaxies, for which calculated
Aryyp Was lower than 0.

Table 3.Input parameters for the code CIGALE.

Parameters Values

Star formation history
Double exponential (delayed with additional burst)

e-folding time of the main stellar population model (Myr) 500, 1000, 3000, 5000, 8000, 10000, 15000, 20 000
e-folding time of the late starburst population model (Myr) 20000

Mass fraction of the late burst population 0, 0.05,0.1, 0.15, 0.2, 0.25, 0.3, 0.35,0.4, 0.45, 0.5
Age of the main stellar population (Myr) 6500

Age of the late burst (Myr) 10, 30, 100¢), 300, 1000, 3000, 5000

Single stellar populatioBruzual & Charlot(2003

Initial mass function Chabrier(2003

Metallicities (solar metallicity) M2

Age of the separation between the young and the old st

population (Myr)

Nebular

lonisation parameter 3.0

FULL run: Dust attenuation lavZalzetti et al (2000

E(B V): the colour excess of the stellar continuum light fo®, 0.01, 0.02, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.5,

the young population 0.6,0.7,0.8
Amplitude of the UV bump at 217.5 nm 0,2.0,4.0,6.0
Slope of the power law modifying the attenuation curve 0.4,0.202, 0.4, 0.6, 0.8, 1., 1.2

LIGHT run: Dust attenuation lawZalzetti et al (2000

E(B V): the colour excess of the stellar continuum light fo®, 0.05, 0.15, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8
the young population

Amplitude of the UV bump at 217.5 nm 0

Slope of the power law modifying the attenuation curve 0

Notes.()Values 30 and 100 was removed from tH&HT run.

6.1. In uence of the A ryyp or lack of it on the Mg, estimation However, it is worth mentioning that only for runs with-
for the LSSTlike observations out prior Mg, de ned as logMstar this wordMstar), iS lower than

Results presented in Figga,c, show a negligible, 0:1 dex, dif- 0:07, and monotonically decreases with redshift. It implies
ference in the estimatelds:,, between all six runs and the origi-that for optical data only, without any proxy for dust emission
nal Mgiar from the GSWLEatalogue. The consistency in the estPr Aruv, the Bayesian method of estimating physical parame-
mations is actually expected given the complete set oBIB8S ters prefers to choose templates corresponding to somewhat less
DR 12 optical broadband data used Bglim et al.(2018 and massive galaxies. Itis clearly visible when comparing runs with-
in our work. Detailed coverage of the optical spectrum, framout priors: for the run with a larger number of templates (marked
to z bands, allows reconstruction of the old stellar population @sFULL run) Mg, is systematically shifted towards lower val-

the galaxy (especially at low redshift), which is the main ingretes ofMsiz;when compared to tHdGHT run. We want to stress
dient of the total stellar mass of both quiescent and normal sthere that this eect can be caused by over tting (it can be seen
forming galaxies. also Fig. 7 inRiccio et al. 2021where theMg,, is very slightly,
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Fig. 8. Di erence between SFR aMl,, from the originalGSWLEatalogue $alim et al. 2018 and those obtained in this work. The drence

Mstar Was calculated as loM{starthiswordMstar); @nd  SFR was obtained in an analogous way. Panels a and b show thesi¢e in the stellar
masses and SFRs, correspondingly, as a function of redshift, with shaded areas represent standard deviation of the scatter; panels c and d pr
the relation between the ducial values and the estimates obtained in this work, with contours showing the distribution of the data. Runs based
GSWLset of parameter&ULL run, are shown in blue-coloured lines, while those obtained fté&HT run — in an orange-coloured set of lines.
Black solid lines visible in panels c and d represent 1:1 relations.

FULL{run / NO prior FULL{run / Agyvs prior FULL{run / Agyvpprior
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Fig. 9. Comparison of physical properties obtainedrldLL run, andLIGHT run runs. Upper panels present results obtained bas&tUah run
parameter sets (332 640 templates per redshift bin), while the results shown in bottom panels were estimated baké@Hbh rine sets of
parameters (5544 templates per redshift bin). Black contours shown in each panel correspond to ducial values @SWVIHg2 catalogue
(SFR,Mqy), While orange contours illustrate physical parameters estimated in this work. The left column presents results obtained without prior:
the middle column — wittAgyys from theGSWLEatalogue, and the right column — wityy, calculated from Eq.4).
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Table 4. Mean values of log(SFR) and lad.,) for the ducial cata- and LIGHT run runs without priors equal to 0.34 and 0.48,
logue of 7986 galaxies and those estimated from all six runs describ@gpective|y_ Based on Eg. (1) froRiccio et al.(2021), that

in Sect.6, and presented in Fig8.and9. is, SFR = SFRsst=SFRyv-rr, the expected SFR at red-
shift 0.062 (which is the mean redshift of our galaxy sample)
Data set log(SFAM yr 1) log(Mse=M ) IS €qual to 0.5. As seen from panels b and d of F&j.our
- - results, although limited to a much narrower redshift range, are
Fiducial values 0.19 0.07 10.09 0.05 5 agreement with predictions &iccio et al.(2021).
FULL run/ NO prior 0.54 041 9.96 0.1/ We stress that enlarging the parameter space in the SED t-
FULL run/ Aryys prior 020 0.14  10.06 0.09 ting process, with only a stellar population as a proxy, cannot
FULL run/ Agyyp prior 030 021  10.04 0.11  gpjye the problem of the overestimation of SFR. This conclu-
LIGHT run/ NO prior 068 0.36  10.01 0.11  4jon js jllustrated in Fig9. In this gure, the black contours

LIGHT run / Apyys prior  0.23 0.07  10.06 0.08  gre pased on the original catalogueSafim et al.(2018), while
LIGHT run/ Aryyp prior  0.28 0.10  10.05 0.08  the orange contours show the estimates used in this work. It is
clearly seen that runs based on the optical data only without
any priors result in a signi cant systematic overestimation of
but still overestimated due to the number of used templates). T$ER (panels a and b). The overestimation occurs both for the
number of parameters used $alim et al.(201§ was allowed FULL run and theLIGHT run parameter grid. The overestima-
thanks to a larger number of measurements available, whichiés of the SFR results in a shift of the main sequence locus
not the case in th& SSTlike dataset. We stress that possibland can aect not only directly the physical analysis but also the
over tting should be avoided for theSSHike data analysis, as classi cation of normal star-forming and starbursting galaxies.
it may cause the choice of templates of systematically less mgsich classi cation can propagate through the statistical analysis
sive galaxies, which is another reason why introducing a prior & evolutionary paths and many other science cases.
reduce the size of the parameter grid is needed.

6.2.2. Overcoming SFR overestimation with Agyy and Agyvp
6.2. In uence of the A ryy, and lack of the prior on the SFR

estimation for the LSST-like observations In Riccio et al. (2027), it was also found that thga—Aruv

prior can solve the SFR overestimation for objects without UV

In this section, we check how the use of priors in uences thsr IR observation. As seen in the panel b of F8y.SFR esti-
estimations of the SFR. Again, we calculate the ratio between tated withAryy priors (bothFULL run and LIGHT run) are
ducial physical value fromGSWL€atalogue and those obtainednuch closer to the ducial values than the SFR obtained without
in our runs. We de ne this ratio, SFR, as l0g(SFRswor/SFR). any priors. The SFR for runs with priors are lower than 0.1.
The results are shown in Figdb,d. The quality of SFR reconstruction can be seen in the cen-
tral and the right columns in Fi@. Adding Aryy prior (origi-
nal Aryvs from GSWLECatalogue oA-yy, from Eq. @)) clearly
reduces the overestimation. The calculated SFR ratio between
The rst conclusion from this test, presented in the right pamean ducial values fronBalim et al(2018 and those obtained
els of Fig.8, is that using optical data only without any prioin this work with Aryys prior is less than 0.05, and with-yy, —
(that is, without giving any values for th@roperties option, lessthan 0.1.
see note7) for the dust attenuation results in a signi cant
overestimation of the SFR, which decreases with redshift. The Original Aryy prior. Results presented as blue and orange
same overestimation and its redshift dependence were foutadhed linesKULL run andLIGHT run, respectively) in Fig8
by Riccio et al.(2021) for a sample of 50000 main sequenceare based on thégyys prior. Although the dierence with
galaxies. They used a sample of observed galaxies to estimatpect to the ducial SFR values is almost negligiblSFR =
the expectedl SSTuxes in theugrizybands and then performed0:1), the relation is not 1:1 (which would correspond t8FR=
SED tting. They found that theMg,, remains well estimated 0). In both case;ULL run andLIGHT run sets of parameters,
(similarly to our result shown in Sed.1) by theLSSFlike data the di erence with respect to the ducial value of SFRSFR,
set. However, at the same time, the SFR and the dust lumindeereases with redshift.
ity are overestimated when th&SSTFlike sample alone is used.  This small di erence results from a narrower wavelength
The SFR overestimation found WRiccio et al. (202]) is red- coverage than used byalim et al.(2018. At the same time,
shift dependent and clearly decreases with redshift, disappeéhese two runs demonstrate thAgyys prior works almost
ing at about redshift 1. This e ect can be explained by theequally well for the densé<ULL run) and signi cantly reduced
wavelength range of theSSTobservations. At redshiftO LSST (LIGHT run) grids of parameters.
probes mainly old stellar population, without any band probing The central panels in Fig€c,d show the main sequence
young stellar population or dust properties. As redshift increasbsilt using the originaAryys prior for FULL run (panel c) and
the LSSTugriz Iters start to cover the UV rest frame, and theLIGHT run (panel d) runs. The original main sequence from the
estimates of the SFR signi cantly improve. GSWL€atalogue is below the orange contours. These two panels

The lack of information about the UV and MIR rest-frameahow that the use of the origin&kyys prior reproduces the du-
wavelengths for thd. SSTlow redshift sample causes a largeial values of the SFR equally well with fewer parameters (we
overestimation of the attenuation during the ttingi¢cio et al. remind that the number of templates in th&HT run case is
2021, which then translates into an overestimation of the dud8% lower than in th&ULL run case).
luminosity and, nally, the SFR. As shown in Fid, both Of course, without ancillary data from other facilities, the
FULL run andLIGHT run sets of parameters, applied withoutaictual value ofAryy will be unknown for most olLSSTgalax-
any Aryy prior (blue and orange solid lines, respectively), resukts. The purpose of this test was to demonstrate that (1) provid-
in signi cant SFR overestimation: meanSFR for FULL run ing an Aryy prior is instrumental in the recovery of SFR and

6.2.1. No Agyy prior involved
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(2) that anAryy prior can be used along with a small numbewe selected only galaxies with IR auxiliary observations, with

of free parameters in the tting process, which will reduce theomogeneous data analysis and estimated main physical param-

risks of over tting in the case of a low number of data pointseters, such adlgs, SFR andAryy. We selected a sample of

However, galaxies at redshifts higher tha? will bene t from 7934 local (0025 < z < 0:1) main-sequence star-formif8PSS

the restframe FUV observations with théand of LSST. This galaxies with properties previously measured based on multi-

will give unprecedented power for probing the attenuation in thigavelength IR-to-UV photometric data. We used G8WLEat-

band speci cally. Therefore, attenuation in FUV can be used akgue of physical properties citepSalim2018 together with their

a prior for high redshift galaxies, correcting their SFR &hg,, SDSDR 12 ugriz measurementsAfam et al. 201% and incli-

estimations when IR data are missing. nation from citeMeert2015MNRAS.446.3943M. We calculated

i their surface brightness in thigri bands and corrected for incli-

Results based on the Aryyp from (U 1)—  relation. Totest 4400 and cosmological surface brightness dimming.

the e ect of the prior obtained from Eqd), we runFULL run We tested dierent setups of th€eIGALESED tting code in

andLIGHT run setup of parameters witheyvp. SFRs obtained o qer to nd an optimal method to estimate the main physical

from this test are shown with blue and orange dotted lings,nerties of galaxies when only tigriz photometric data are

(FULL run, andLIGHT run, respectively) in panels b and dyyqjjaple. Our results can be summarised as follows:

of Fig. 8. Both resylts are very close to the duqal valugsl_ We nd that the proxy for dust attenuatioAeuyp, can be

( SFR< 0:1, very similar to the results obtained with an orig- = -qnstructed based on the combination of the r) colour

inal prior estimated from full UV-IR SED tting,Salim et al. and the galaxy surface brightness in théand (). The

2018. The FULL run parameter setup with aReyyp provides formula is given by Eq.4). The formula remains almost the
values of SFR which have a small bias almost uniform along ¢;me if the colougu i) is used instead dt1 r), Eq. 6) in

all the probed ranges of the SFR, with both mean and median ¢ footnote.

SFR equal to 0.11. In the run with a smaller grid of parame; - grface brightness measured in bands other thda not
ters LIGHT run+Agyyp), a similar small bias is observed (the provide an equally good estimate &gy, as it can be seen
median and the meanSFR= 0:09). This small overestimation Fig.C.1

rises somewhat with redshift. , 3. The Mgt can be well recovered by the SED tting in the
The right column of Figs9e,f shows the comparison of the — htica| range only, with no necessity to use additional priors.

main sequences of 7934 galaxies based on physical propertiesrpe SER cannot be well measured based on the SED tting
obtained from the origindbSWL€atalogue and those calculated  athod in the optical range only due to missing information

using Aryvp from Eq. @). It can be seen that for the case of @ 5h4yt dust attenuation. In the case@GALE it results in

large number of parameterELL run, panel €) and a ”.‘“Ch systematic and redshift-dependent overestimation of SFR at
smaller number of templatesIGHT run, panel f), the obtained 56 jevel of SFR> 0:3 dex, which is in agreement with the
main sequence is narrower than the original one, and the over- ndings of Riccio et al.(202J).

estimation can be seen for more massive galaxies. The obtair;\;adThe SER can be recovered almost unbiased. WBER <
main sequence is, however, much closer to the ducial one than 0:05 dex, if the tting is performed with amF’UV proxy

in the case of tting with no priors. We emphasize that this may . ever’ such a proxy will not be available for all future
be related to a lower fraction of massive galaxies in our sample LSSTdaté without ausxiliary data

(see Fig.1) but also to the representative originatyys esti- ;
mates, which have not been taken into account in our t of the -trt?: gAFgl\l’OpV\?Slvfor; %5 %o((l))c,i L:Zﬁgv2?yao? rgé){? f\c/)vrit:]hgn?yEg
slopes-intercepts. small bias SFR 0:1 dex.

The linear relations found betweeg and the(u  r) colours This bias is botiMsiarand redshift dependent, which implies
for all theA-yy bins show that the morphological aspect 01‘7' that the Aruvp prosrt)a(;sed in Eq.4) inpthe futdre will haE)/e

galaxies might be an indicator of attenuation. Surface brightness 'y e ned'and generalised based on the calibration with
encodes in itself the spatial extent of galaxies, and indications of deeper data and larger galaxy samples

a correlation between the amount of attenuation on the one hay itionally, we have found that when a prior for dust attenua-
gnd the compactness of galaxies on the other hand were fo Bf is used’, the parameter grid used by the tting code can be
in Buat et al(2019, Hamed et al(2023ab). The ,canalsobe ;qh' oy reduced in order to avoid over tting, which, in par-
correlated with the age of stellar populaﬂons, and so it helps’ft?ular, tends to lead to overestimation of SFR. Also, thanks to
break the degeneragy of the ) colour (Wh'Ch. depends bOththe reduction of the number of generated templates §%,

on the dust attenuation and the stellar population age). we decrease the computing time needed for tting by a compa-

th We CI(I)nCIU?eftg?:tlz\t)hEIGHTt.run:.'AFUVP rgln resqltls i]p only rable factor, which will be of great importance for the "big data'
e small eecto overestimation, visible mainly for masz i< of tha SSTdata.

sive galaxies. For the case of the opti&bSSdata only, the
reduced number of templates afye,vp created based di )
colour and , are thus optimal, although not perfect, solutions
reproduce the main physical properties of galaxies even with

Thus, this work proposes a strategy based only on optical
tBhotometric measurements to reliably andcéently measure
&j}laxy physical properties through SED tting in future large
surveys. The next steps will include the analyses based on galaxy

IR or UV data. samples deeper than tI8DSScomplemented by the state-of-
the-art simulations, which will allow for extensions of the pro-
7. Summary posed strategy towards higher redshift and lower brightness data

sets, as well as cover dérent types of galaxies, which will likely

In this work, we aimed at constructing the proxy of dust attentequire a diversi ed approach.

ation in the FUV wavelength range from the optical photomet-
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Appendix A: Distribution of used  SDS3nagnitudes
and their corresponding surface brightness
Figure A.1 shows distributions ofSDSSugri magnitudes and

calculated based on Eqgs.and 2 their corresponding surface
brightness.

Fig. A.2. Relations tted between observéd r) colours and , for
14 Aryv bins with additional background showing all galaxies used in
our analysis. The grey scale colour bar axis shows the value é&the

Appendix B: Galaxies with  Apyyp<0

We present here the location in the r)- , plane galaxies for
which the calculated based on EfAryyp is lower than zero.

Fig. A.1. Distributions ofSDS$nagnitudes and their corresponding surEig. B.1 shows the location of all 426 galaxies wityyp< 0.

face brightness. The left panel (grey histograms) show the distribution

of ugri magnitudes 06DSS934 galaxies from the nal sample usedin .,
our analysis, while the right panel (dark red hatched histograms) their
corresponding surface brightness corrected for the inclination. Median

values of all distributions are added in each panel. 22
2:0

Figure A.2 shows the same plot as Fi§. (tted (u r)
—  relation for all 14 bins ofAryy) but with an additional

—35

—30

T 1:8 25D
background of the whole sample, and also interpolated relation§ E
between 22.5 and 27.5,. =16 N
S <
1:4+
15
1:2+
—10
1.0

24 25 26
« [mag=arcsed|

Fig. B.1.Fiducial Aryy values from th&sSWLEatalogue in théu r)-

u plane. Similarly, as in FigA.2, grey scale colour bar axis shows the
value of theAryy. Additionally, galaxies with calculatedgyyp< O are
marked as open orange squares.
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Appendix C: Other colour  surface brightness in Fig. C.1 The sequence of colours represents the one used
relatons for Aryy bin in Fig. 4. Filled areas mimic the 1 uncertainty
around estimated lines. The black line on each panel represents
Relations tted between observed colours and surface brigkte linear tto all bins. The slope of this mean relation is shown
ness in di erent con gurations for 14A-yy bins are presented On each panel.

ag
ag
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Fig. C.1.Exemplary colour — surface brightness- ts for all 24y bins. Colors are the same as in Fsgand Fig.A.2. The black lines shown in
each panel represent the linear slope between colour and surface brightness calculated for the whole sample.
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Appendix D:  Apyy bins tting the Aryv range and the number of galaxies from our sample.

The tted linear relation, as well as the deviation of the r)
Here, we present separate ts performed for all A4y bins. colour from the linear t ( ) and the variability ofA=yy within
Each panel represent one bin. At the top of each panel, we dikie range of 1 , are given in each panel.
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Fig. D.1.Relation between observéd r) and , for the sample of 7 934 galaxies divided into A4,y bins. Each panel represents consecutive
Aryv bins (Fig.4 and Table2). The resulting slope and intercept of the t are provided within each corresponding panel. The deviation of the
(u ) colour from the linear t ( ;) and the variability of Ayy within the range of 1 from the linear t ( aruv) are both indicated in each
panel.
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