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Turning it the other way around:
estimate galaxy properties from observed SEDs
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Turning it the other way around:
estimate galaxy properties from observed SEDs

What do we have: W

[J spectra W
(or spectral features / indices)
O color (broad/medium/ W

narrow-band SEDs .
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Turning it the other way around:
estimate galaxy properties from observed SEDs

What do we have:

C

O

| spectra
(or spectral features / indices)

| color (broad/medium/
narrow-band SEDSs)

What do we want:

.

.

| stellar mass

.

| stellar age / SFH / SFR

.

| metallicity (stellar / gas)

| dust mass / temperature

C

| AGN ?

'galaxy redshift }




Photometric redshift

many approaches, but main principle is:
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Photometric redshift
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F, (Arbitrary)

with one color...

ESSP model
'z, = 10.0

Photometric redshift
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Muzzin et al. 2013



F, (Arbitrary)

with one color...

ESSP model
'z, = 10.0

Photometric redshift
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F, (Arbitrary)

with one color...

ESSP model
'z, = 10.0

Photometric redshift
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F, (Arbitrary)

with one color...

éSSF’ model
EZ, = 10.0

Photometric redshift
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Photometric redshift

.. or maybe two z>0.9

ESSP model
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... or maybe two

Photometric redshift
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Photometric redshift

... or maybe two
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Photometric redshift

. or maybe two

z>2

51 o . SF galaxies z>2|_

4 . quiescent galaxies z>2
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relative flux

transmission

Photometric redshift

... or maybe two
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Photometric redshift

... or maybe two
z>6

lower-z contaminants

_ i stellar contaminants

(galactic browp dwarfs)
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Transmission (Normalized to One)

Transmission (Normalized to One)

Photometric redshift

but in the best studied extragalactic deep fields, much more than two colors...

1.2

1.0

0.8

0.6

0.4

0.2F

0.0L

1.2

1.0

0.8

0.6

0.4

0.2

0.0L

Wavelength (nm)

T T T T T T T i C T T T T T T T T T T T ]
i us g* i B g+t Narrow Bands z+ :
[ N /) ]
‘ F80BW : \ i
'_ = i+ _
1 J.J " \ 1 1 1 L L 1 1 }J 1 L/l\ " 1 1
400 800 400 800 800 1000
1 I | 1 i | 1 | i
[ Y F125W H Ks Ch3 Ch4 | | Subaru Intermediate Bands J1 H2 K
: M (ﬂw R : :ﬂ Wﬁ f (\M /A ‘\‘ :
. J ] | _
.‘J m UL | l At - URESIV I UL U
1000 2500 5000 7500 10000 400 850 1000 1500 2500

Wavelength (nm)

Nayyeri et al. 2017



Photometric redshift

going full spectral coverage
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Photometric redshift

low redshift (z~0.3-0.7) high redshift (z~2-3)
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Photometric redshift

going full spectral coverage

16< igg <21, 0=0.007, n =0.5
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Stellar population properties

a couple things to keep in mind...
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Stellar population properties

a couple things to keep in mind...

stajormation history (SFH) 2 SSP(time evolution) ‘ dust
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Furthermore ... Mass- and light-weighted ages
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Contribution of stars of different mass to total stellar mass and flux

SSP att = 13.5 Gyr

contribution to number of stars
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Stellar
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Belilstedt et al. 2019
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Stellar population properties

parametric star formation histories
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10

Stellar population properties

parametric star formation histories
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Broad-band SED fitting for stellar population properties
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Broad-band SED fitting for stellar population properties
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Broad-band SED fitting for stellar population properties

... but quite different retrived parameters

stellar mass SFR gas metallicity dust attenuation
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SFR

Mass to light ratio (M/L) correlates with galaxy color — can get a stellar

Stellar mass

mass estimate even from one (well chosen) color (and one magnitude) only
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SFR

Mass to light ratio (M/L) correlates with galaxy color — can get a stellar

Stellar mass

mass estimate even from one (well chosen) color (and one magnitude) only
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Stellar mass

Mass to light ratio (M/L) correlates with galaxy color — can get a stellar

mass estimate even from one (well chosen) color (and one magnitude) only
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F, (Arbitrary) F\ (Arbitrary) F\ (Arbitrary) F, (Arbitrary)

F, (Arbitrary)

Stellar mass

going full spectral coverage
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Muzzin et al. 2013



F, (Arbitrary) F\ (Arbitrary) F. (Arbitrary) F, (Arbitrary)

F, (Arbitrary)

Stellar mass

going full spectral coverage
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Stellar mass

BUT...
_l' 'I""""'I""""'- -'l'""'"'I""""'I""""'_ _I T 'I""""'_
04 Different fitting codes - [ Different SPS models -{ Different SPS priors -
i 11 (different SSPs) | [ '
o2l 1L 1L -
: 1 e LRI : - ~
0.0 4 F 4 =TT [
i ] e ——— e el T T
l : o~ l _
02} = K-correct (phot) - 4 F ==« == No dust -
i = = = MPA/JHU-DR4 (SP€Y) [ BCO3 I Calzetti
. — = MPA/JHU-DR7 (PhQy) | —_ = Ma05 { } = = No bursts
-04 - = Salim et al. (2007) (Dhofd) —==— PEGASE ] [ Solar metallicity ]
IllllllllllllIlllllllllllllllll IIIIllIIIlIIlIlllllllllllllllll IIIIllIlIllllllllllllllllllllll
9 10 11 12 9 10 11 12 9 10 11 12
log (M/M,,) log (M/M,,) log (M/M,,)
B | I 1 1 T 1T 1 | T rr I | I I A I D D I | ¥ Conroy 2013
[ different IMF L
{ 0= ~
=, B _
~—" N -
Q0 _ _
o-1r —
;// N I N N N Y N | N A I N N N N | N A N N N N B I | 1 |
7 8 9 10

log (age/yr) Bruzual & Charlot 2003



Broad stellar population age / specific star formation rate

intrinsic colors of a stellar population correlate with age / sSFR
— constrain stellar population properties with one color... ?
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Broad stellar population age / specific star formation rate

intrinsic colors of a stellar population correlate with age / sSFR
— constrain stellar population properties with one color... ?
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Broad stellar population age / specific star formation rate

intrinsic colors of a stellar population correlate with age / sSFR
— constrain stellar population properties with one color... ?
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Broad stellar population age / specific star formation rate

intrinsic colors of a stellar population correlate with age / sSFR
— constrain stellar population properties with one color... ?
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Broad stellar population age / specific star formation rate

intrinsic colors of a stellar population correlate with age / sSFR
— constrain stellar population properties with one color... ?
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Broad stellar population age / specific star formation rate

intrinsic colors of a stellar population correlate with age / sSFR
— constrain stellar population properties with one color... ?
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Broad stellar population age / specific star formation rate

intrinsic colors of a stellar population correlate with age / sSFR
— constrain stellar population properties with one color... ?

BUT beware of dust!

How it works:
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Star formation rates

The estimate of the rate at which stars are being formed (on timescales of order
10-100x Myr) in a (unresolved) galaxy relies on measurements of luminosities
(continuum or emission line) sensitive to the emission of short-lived (massive) stars.
One then converts the luminosity of massive stars to “the galaxy SFR” with some
assumptions (e.g. that SFR has been constant over the timescale of the SFR estimator, that
the IMF is “known” (and sampled at all masses) so that the number of massive stars probed
can be extrapolated to the total number of stars being formed ).
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... ho spectral index is a pure age or metallicity indicator
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rough constraints on (recent) SFH
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no star formation
in past 1-1.5 Gyr
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no [OIll], strong Ho: SF terminated

between 50 Myr and 1.5 Gyr
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Stellar ages, star formation histories and metallicities

moderate [Oll], weak Hb: continuous
SF with no sudden variation
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Stellar ages, star formation histories and metallicities

(at low z) dusty ongoing starbursts?

(or post-starbursts with residual SF)
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Stellar ages, star formation histories and metallicities

strong emission-line starbursts (current

SF > past average) and/or low extinction
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Stellar ages, star formation histories and metallicities
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Stellar ages, star formation histories and metallicities

with sufficient spectral coverage and spectral resolution
can attempt reconstruction of the SFH

performance on synthetic galaxies
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Gas metallicity

via strong emission line flux ratios

Different calibrations involving
different lines
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Gas metallicity

via strong emission line flux ratios
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Gas metallicity

via strong emission line flux ratios
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Gas metallicity

via strong emission line flux ratios
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Gas metallicity

via strong emission line flux ratios
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Gas metallicity

via strong emission line flux ratios
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Gas metallicity

via strong emission line flux ratios
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Gas metallicity

via strong emission line flux ratios
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Gas metallicity

via strong emission line flux ratios
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BUT...

- double valued

- secondary/strong
dependence on
ionization parameter
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dust extinction from Lir/Luv
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AGN

SED modeling can be used to estimate AGN flux contribution

(at the same time constraining the AGN contamination to the SFR estimate)
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AGN

2-color selection at NIR/mid-IR wavelengths has also been used for AGN selection
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AGN

2-color selection at NIR/mid-IR wavelengths has also been used for AGN selection

combination of SF + AGN SED
with variable AGN contribution
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AGN

2-color selection at NIR/mid-IR wavelengths has also been used for AGN selection
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AGN

2-color selection at NIR/mid-IR wavelengths has also been used for AGN selection
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2-color selection at NIR/mid-IR wavelengths has also been used for AGN selection
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2-color selection at NIR/mid-IR wavelengths has also been used for AGN selection
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AGN identification by line intensity ratios:

BPT (Baldwin, Philips & Terlevich, 1981) diagram(s)

specific line combinations sensitive to
ionization level of the gas, hardness (~mean
photon energy) of radiation field, ...
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X-ray and mm-radio wavelengths critical
for probing SF, AGN and gas!

300um 300A  4keV  400ke
cm/mm MIR-NIR Soft X-ray  Gamma

Sum

Radio Sub-mm/FIR Optical-UV Hard X-ray
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Hickox & Alexander 2018 logv (Hz)



