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Galaxy physical properties from stellar
population models

Degeneracies and iceberg effect

Derivation vs Prior

Applications:
- properties of real galaxies
- galaxy simulations

- linking the two
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Stellar population model:
Theoretical SED of stellar generations as a function
of the key population parameters t, [Z/H],[el/Fe],SFH,IMF,M*
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Model input physics

® ENERGY per star mass
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Stellar Spectra - empirical libraries

SDSS-1V MASTAR

MaNGAID 7-20639201

M aStar: the MaNGAID 7-22404121
M a N GA B dwarf
stellar library

late O dwarf

early A dwarf

aNGAID 3-135916236

Yan et al. 2019

MaNGAID 7-16558502
G dwarf

K dwarf
MaNGAID 4-13708
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MaNGAID 3-133381030,
early M dwarf

MaNGAID 3-133381151 mid M dwarf
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Figure 3. Example per-visit spectra for some main sequence stars in the MaStar Library,




www.icg.port.ac.uk/MaStar

MaStar
Stellar Population Models

12/06/2020: UPDATE to version v0.2
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The MaStar Stellar Population Models (Maraston et al 2020) use the new SDSS-based stellar library MaStar (Yan et
al 2019) to predict the spectral energy distributions of stellar population models with various chemical composition

and age. Maraston et al. 2020, 24 MNRAS



The age/metallicity degeneracy

Classically (Worthey94): a metal-rich young SSP looks like
a less metal-rich older one

SSP, 2 Gyr, 2 Z,
SSP, 8 Gyr, Z,
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The age/metallicity degeneracy

Classically (Worthey94): a metal-rich young SSP looks like
a less metal-rich older one

Revised (Maraston05): adding the near-IR helps breaking
the degeneracy because of the AGB stars



The light average problem: Outshine from
the youngest stellar generations

tolal 1 Gyr after SFR=const starts
from stars born in the lasl 0.5 Gyr

-8 from stars born n the first 0.5 Gyr
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The light average problem: Outshine from
the youngest stellar generations
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onini 2012

Table 2. Derived ages and stellar masses for a 10'! M, galaxy
composed of a 5 Gyr old population and a low percentage — 1 or 10
per cent — of a younger population. Burst characteristics are listed in
the first column, while the second and third columns list the derived

ages and masses.

Burst characteristics Derived age Derived M*
(logM¢p)

Burst no reddening

1 per cent 1 Gyr 3.75 Gyr 10.85

1 per cent 100 Myr 4.5 Gyr 10.86

1 per cent 10 Myr 4.5 Gyr 10.74

1 per cent 1 Myr 15 Myr 9.23

10 per cent 1 Gyr 2.75 Gyr 10.83

10 per cent 100 Myr 404 Myr 10.42

10 per cent 10 Myr 8.7 Myr 9.91

10 per cent 1 Myr 6.6 Myr 9.93

Burst + reddening

1 per cent 1 Gyr 3.5Gyr 10.90

1 per cent 100 Myr 4.5 Gyr 10.86

1 per cent 10 Myr 7.9 Myr 9.28

1 per cent 1 Myr 13.8 Myr 9.30

10 per cent 1 Gyr 2.75 Gyr 10.83

10 per cent 100 Myr 6.3 Myr 9.69

10 per cent 10 Myr 8.7 Myr 9.91

10 per cent 1 Myr 6.6 Myr 9.93




Applications

Properties of real galaxies
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Theoretical spectra for model galaxies
from galaxy formation simulations
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What is the star formation history of a galaxy?
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Neumann et al. 2022, MNRAS
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Neumann et al. 2022, MNRAS
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IMaNGA: High-resolution spectra of galaxy models
from cosmological, hydro-simulations lllustris- TNGSO
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vs real MaNGA - aka mock-simulated vs real galaxies
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vs real MaNGA - aka mock-simulated vs real galaxies

10.50 < log M, /M, < 1150
iIMaNGA: V[Z/H]s 35 =0.2420.0

| 5410

8.50 < log M, /M. < 9.50 9.50 < log M, /M., < 10.00 10.00 < log M. /M. < 10.50

0.6F iIMaNGA: V([Z/H]2 5, =-0.320.01 FiMaNGA: V(Z/H]z 5, =0.18£0.01 FiMaNGA: V([Z/H]» 55,=-0.26+0,01
0.2
0.0
—0.2F
0.4F
—0.6F
—0.8F . =
0.6F E iMaNGA: V[Z/H]asp =-0.2420.0
0.4F VNG - L AANGA: V2 :

TTTTTTTT

E
[—

iMaNGA |
MaNGA E

[Z/H]

H
i i
)
/5

| L L L L L | i | L . L L | L L |
E iMaNGA: V[Z/H]s 55 =-0.2+0.01 iMaNGA: V[Z/H]a5p =0.260.0

1l [aNCA: § f 0

TTTTTTTT

0.2F 3 e R ebaiis

I e e T i — - 5 - o - - =
—0.4F w-w..__ - = - ~
~0.6F - - 2
_()_8'_. . - - e

| L L F L L | L |
F iMaNGA: V[Z/H|s 51,=-0.19£0.0

0.6F IMaNGA: V|Z/H|s 55 =-0.0840.0

. L
F iMaNGA: V[Z/H] 55 =0.19£0.0
0.4 2

L L | L L
iIMaNGA: V[Z/H]s 55 =0.2420.0

TP




Summary

Stellar population models determine galaxy
properties and scaling relations

Age/dust degeneracy and iceberg effect insidious
especially for AGN/QSO leads to underestimate
M*

Non parametric model fitting allows to derive a
galaxy star formation history avoiding a template-
bias approach

Insights on galaxy evolution from cosmological
simulations placed in the ‘observer frame’



