
                 Kasia Małek “Hidden message: looking for attenuation proxy in optical observations”

Hidden message: looking for attenuation 
proxy in optical observations

Kasia Małek*
Junais, Agnieszka Pollo, Misha Hamed, Gabriele Riccio, Krzysiek Lisiecki, Patryk Matera and others



                 Kasia Małek “Hidden message: looking for attenuation proxy in optical observations”

MOTIVATION

Determination of a galaxy’s star formation rate (SFR) and stellar mass, 
also for low surface brightness galaxies (LSBs), is critical for the studies of 

galaxy evolution.

SFR indicators proposed and utilised over the years are based on the:

● nebular line emission (i.e. Hα, Hβ, OII), and
Lamareille+2006
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MOTIVATION

Determination of a galaxy’s star formation rate (SFR) and stellar mass, 
also for LSBs, is critical for the studies of galaxy evolution.

SFR indicators proposed and utilised over the years are based on the:

● nebular line emission (i.e. Hα, Hβ, OII), and

● the stellar continuum emission 

(spectral energy distribution - SED - modelling)

Hamed, KM+2023
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MOTIVATION

Determination of a galaxy’s star formation rate (SFR) and stellar mass, 
also for LSBs, is critical for the studies of galaxy evolution.

SFR indicators proposed and utilised over the years are based on the:

● nebular line emission (i.e. Hα, Hβ, OII), and

● the stellar continuum emission 

(i.e. SED - modelling)

● SFR calibrators for star forming galaxies 

Figueira, Pollo, KM+2023
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MOTIVATION

Determination of a galaxy’s star formation rate (SFR) and stellar mass, 
also for LSBs, is critical for the studies of galaxy evolution.

SFR indicators proposed and utilised over the years are based on the:

● nebular line emission (i.e. Hα, Hβ, OII), and

● the stellar continuum emission 

(i.e. SED - modelling)

● SFR calibrators for star forming galaxies 

● and others …
All methods are critically limited by our 

ability to correct for the effects of DUST.

This usually required IR and/or UV data. 
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● DUST is a key component in a galaxy’s evolution,
● it affects the observations, especially at shorter wavelengths - known as attenuation - a crucial 

quantity to consider while estimating galaxy properties, 

Role of dust in galaxies:
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DUST ATTENUATION:MOTIVATION

IC3077 (z=0.005) : SFR (M
☉

/yr): 0.0004±0.0002, 
Mstar (M☉

): 5.06x108±1.01x108 , Mdust (M☉
): 9.44x103±2.16104, 

Att. FUV: 0.07±0.08  mag, Tdust (Κ): 28.6±0.3

DUSTPEDIA
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DUST ATTENUATION:MOTIVATION

LSST

DUSTPEDIA

IC3077 (z=0.005) : SFR (M
☉

/yr): 0.0004±0.0002, 
Mstar (M☉

): 5.06x108±1.01x108 , Mdust (M☉
): 9.44x103±2.16x104, 

Att. FUV: 0.07±0.08  mag, Tdust (Κ): 28.6±0.3
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DUST ATTENUATION:MOTIVATION

NGC4194 (z=0.008) SFR(M
☉

/yr): 16±0.8, 
Mstar(M☉

): 1.3x1010±3.2x109 , Mdust (M☉
): 7.25x106±3.62x105

Att. FUV: 3.8±0.2 mag; Tdust(Κ): 37.0±0.1

DUSTPEDIA
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IC3077 (z=0.005) : SFR (M
☉

/yr): 0.0004±0.0002, 
Mstar (M☉

): 5.06x108±1.01x108 , 
Mdust (M☉

): 9.44x103±2.16x104, 
Att. FUV: 0.07±0.08 mag, Tdust (Κ): 28.6±0.3

NGC4194 (z=0.008) SFR(M
☉

/yr): 16±0.8, 
Mstar(M☉

): 1.3x1010±3.2x109 , 
Mdust(M☉

): 7.25x106±3.62x105, 
Att. FUV: 3.8±0.2 mag; Tdust(Κ): 37.0±0.1

LSST LSST
DUSTPEDIA
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MOTIVATION

13

● Attenuation affects the stellar mass estimate: Calzetti+2000 law (single power law) gives lower 
stellar masses than Charlot & Fall 2000 (two components: birth cloud + ISM): KM+2018, 
Buat+2019, Hamed, KM+2023

Role of attenuation in stellar mass estimation:

Małek+2018

ELAIS N1 ~50k 
observed galaxies 

similar results: 
Buat+2019, 

Hamed+2023 
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● Attenuation affects the stellar mass estimate: Calzetti+2000 law (single power law) gives lower 
stellar masses than Charlot & Fall 2000 (two components: birth cloud + ISM): KM+2018, 
Buat+2019, Hamed, KM+2023

● the relative geometrical extent of the emission coming from 
the stellar and the dust regions, is crucial in determining the 
dust right attenuation curve.

Role of attenuation in stellar mass estimation:
MOTIVATION

Hamed, KM+2023

Buat+2019



                 Kasia Małek “Hidden message: looking for attenuation proxy in optical observations”

PREVIOUS WORKS

15

Riccio, KM et al. 2021

Mstar=6.05x1010 +/- 5.62x109 Msun, 
SFR=11.90+/-2.16 Msun/yr

Real data from the ELAIS N1 same. Full UV-to-IR 
observations fitted using CIGALE software. The 
blue square represents the observed fluxes, and red 
dots represent the fluxes predicted by the model. 

z=0.92
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PREVIOUS WORKS
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Riccio, KM et al. 2021

Mstar=6.05x1010 +/- 5.62x109 Msun, 
SFR=11.90+/-2.16 Msun/yr

Mstar=5.59x1010 +/- 1.80x1010 Msun, 
SFR=67.40+/-45.90 Msun/yr

Real data from the ELAIS N1 same. Full UV-to-IR 
observations fitted using CIGALE software. The 
blue square represents the observed fluxes, and red 
dots represent the fluxes predicted by the model. 

Simulated LSST observation in the six LSST bands
(ugrizy; the filter response curve is provided by the 
Ivezić et al. 2019) based on the best model from the 
real galaxy

z=0.92
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PREVIOUS WORKS

18

At redshift ∼0 LSST 
probes mainly old stellar 
population, without any 
band probing young 
stellar population or dust 
properties. As redshift 
increases, the LSST ugriz 
filters start to cover the 
UV rest frame, and the 
estimates of the SFR 
significantly improve.

Riccio, KM et al. 2021

Mstar=6.05x1010 +/- 5.62x109 Msun, 
SFR=11.90+/-2.16 Msun/yr

Mstar=5.59x1010 +/- 1.80x1010 Msun, 
SFR=67.40+/-45.90 Msun/yr

z=0.92
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PREVIOUS WORKS
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Mstar=6.05x1010 +/- 5.62x109 Msun, 
SFR=11.90+/-2.16 Msun/yr

Mstar=5.59x1010 +/- 1.80x1010 Msun, 
SFR=67.40+/-45.90 Msun/yr

z=0.92

Riccio, KM et al. 2021

everything-is-fine 
line
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In Riccio+21 we calculated AFUV proxy 
thanks to the multi-λ data of ELAIS N1 & 
COSMOS field. 

20

PREVIOUS WORKS
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In Riccio+21 we calculated AFUV proxy 
thanks to the multi-λ data of ELAIS N1 & 
COSMOS field. 

Can we use LSST-like data (fluxes, colours, 
morphological parameters) to proxy AFUV 
without having to rely on other surveys?

21
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We did our best to try it.

22
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Małek, Junais, Pollo  et al., 2024

Physical 
properties

Photometric 
data

morphological 
data

Redshift & 
main sequence 

selection
Why redshift 

and AFUV cuts?
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Surface brightness corrected for inclination and 
redshift

Małek, Junais, Pollo +2024
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Małek, Junais, Pollo +2024
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Małek, Junais, Pollo +2024
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DUSTPEDIA
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As Salim et al.,2016,2018 
332 640 templates per redshift 

bin (203 s.)

Much smaller parameter space 5 
540  templates per redshift bin 

(85 s.)

Computation with CIGALE SED fitting 
tool, Intel Core i9, 62,7 GB, 16 cores

 Purely optical 
AFUV priorNo prior

Małek, Junais, Pollo +2024
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How we can statistically check this relation for lower 
surface brightness regime and/or higher redshift?

 

29

FURTHER INVESTIGATIONS

McGaugh 2021
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One (maybe the only?) possibility is to involve 
simulations.

30
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Pushing the limits with SIMBA cosmological simulation

31

FURTHER INVESTIGATIONS

SIMBA is the cutting edge 
hydrodynamical cosmological 

simulation with 100 Mpc/h box 
size. Due to its careful dust 

treatment with a rich chemical 
evolution of the ISM, it is 

perfectly suited for this project.   
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FURTHER INVESTIGATIONS Surface brightness from Małek et al.

Surface brightness from SIMBA galaxies

SIMBA sample selection
We calculated AFUV, surface 
brightness, colors, etc. using 

SIMBA catalogs. 

We tried to define the 
SIMBA sample as close to 

SDSS as possible.
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Early results

33

FURTHER INVESTIGATIONS
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Early results

34

FURTHER INVESTIGATIONS
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Next stages:

35

FURTHER INVESTIGATIONS

1) fine - tuning of obtained relations - to check if SIMBA can mimic 
observational data 
a) checking all possible observational cuts we had in the data 

used in KM et al., 2024,
b) adding observational effects (flux blurring, observational errors, 

etc)
2) generalisation of the relation to galaxies of different types, not only 

the main sequence, and extending the analysis to lower surface 
brightness galaxies

We will soon contact our previous co-authors willing to expand our results. 
New collaborators are also welcome!
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CONCLUSIONS

36

We have found that:

● LSST-like data needs a prior to calculate SFR,  

● the best proxy for AFUV can be constructed based on u-r and 𝜇u , 

● our AFUV prior used as a proxy for the SED fitting, allows for very good recovery of SFR 

with only a small bias ΔSFR~0.1,

● thanks to the reduction of the number of generated templates by ~98%, we decrease 

the computing time needed for fitting by a comparable factor, which will be of great 

importance for the 'big data' analysis of the LSST data.

Thank to simulations like SIMBA we can move forward to check this relation for different 

types of galaxies, redshift, surface brightness etc. 
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Thank you for your attention
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Thank you for your attention
Soon (~one/two months) we will open a call for a postdoc in the field of BigData in the 
LSST era: applications to the universe of low surface brightness galaxies. You can 
ask questions about the position even today! 

@ slack: Katarzyna (Kasia) Agnieszka Pollo 
malek.kasia@gmail.com agnieszka.pollo@gmail.com
katarzyna.malek@ncbj.gov.pl

mailto:malek.kasia@gmail.com
mailto:katarzyna.malek@ncbj.gov.pl
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SIMBA

SDSS Data Release 7
Schawinski+2014
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Małek, Junais, Pollo +2024
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