Galaxy spectral energy distributions (UV to IR)



What is a galaxy SED

The SED measures the galaxy flux (luminosity/cm?2/s) in wavelength range d4
(F, ., units of erg/s/cm2/A) or in frequency range dv (F, units of erg/s/cm2/Hz)
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What is a galaxy SED

The SED measures the galaxy flux (luminosity/cm?2/s) in wavelength range d4
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Where does a galaxy SED come from

Galaxy spectral energy distributions are the result of the combination of light
emission and absorption from the (baryonic) galaxy consituents:
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Where does a galaxy SED come from

Galaxy spectral energy distributions are the result of the combination of light
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Where does a galaxy SED come from

Galaxy spectral energy distributions are the result of the combination of light
emission and absorption from the (baryonic) galaxy consituents:
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Where does a galaxy SED come from

Galaxy spectral energy distributions are the result of the combination of light
emission and absorption from the (baryonic) galaxy consituents:
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Where does a galaxy SED come from

Galaxy spectral energy distributions are the result of the combination of light
emission and absorption from the (baryonic) galaxy consituents:

stars
gas
AGN
dust
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Stars - the primary source of light in (most) galaxies

The light of a galaxy is to first order “the sum of the light from all its stars”
(see later) -> to build a galaxy SED start by summing up the spectra of all
its stars:

[J how many stars ?

[J what type of stars (which spectra) ?



Stars - the primary source of light in (most) galaxies

The light of a galaxy is to first order “the sum of the light from all its stars”
(see later) -> to build a galaxy SED start by summing up the spectra of all
its stars:

]

C

' how many stars ?

- what type of stars (which spectra) ?

The total number of stars of a given kind (spectral class), at a given time in
the galaxy life, depends on:

O the total stellar mass of the galaxy

O the initial stellar mass function (IMF)

O the evolution of stars (that is, the evolution of the stellar mass
function and the evolution of individual stellar spectra)



Main ingredients

The Hertzsprung-Russell diagram
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Main ingredients

The Hertzsprung-Russell diagram
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stellar initial mass function (IMF)
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Main ingredients

The Hertzsprung-Russell diagram
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Main ingredients

The Hertzsprung-Russell diagram '
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Stellar Populatlon Synthesis (SPS) - First step: SSPs

Conroy 2013
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Stellar Population Synthesis (SPS) - First step: SSPs
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Time evolution of a SSP
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Time evolution of a SSP
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Time evolution of a SSP
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Time evolution of a SSP

log(F;)

mwg\y;
M

3 Gyr ]
rWW
10 Gyr |
| I 1 || 1 1 1 1 1 L 1 1 L | 1 L 1 1
3000 4000 5000 6000 7000

wavelength (A)

luminosity

_Time =10’ yr

G & ¢ o
N

T~11000-25000 K
neutral He lines

B5V

3500

43500

5500

6500

7500

8500



Time evolution of a SSP
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Time evolution of a SSP
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Time evolution of a SSP
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Time evolution of a SSP
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Time evolution of a SSP
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Time evolution of a SSP
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Stellar Population Synthesis (SPS) -The next step: CSPs

star formation history (SFH) SSP (time evolution)
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Stellar Population Synthesis (SPS) -The next step: CSPs

star formation history (SFH) SSP (time evolution)
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Stellar Population Synthesis (SPS) -The next step: CSPs

star formation history (SFH) SSP (time evolution)
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Where does a galaxy SED come from

wavelength (A)
4000 o000 6000 7000




Where does a galaxy SED come from

Galaxy spectral energy distributions are the result of the combination of light
emission and absorption from the (baryonic) galaxy consituents:

Nebular emission from ionised (HIll) regions of the ISM (continuum and

E’ stars emission lines). Associated with star-forming galaxies, because only

~ 9as massive O and early B stars emit UV photons that efficiently ionise HI gas
0 AGN to HIl. Emission lines from heavier elements are also observed -

1 dust depending on ionization level and metallicity of the gas.
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Line emission from ionised gas
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log ([0 III]/HR)

Line emission from ionised gas
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Line emission from ionised gas
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Where does a galaxy SED come from

Galaxy spectral energy distributions are the result of the combination of light
emission and absorption from the (baryonic) galaxy consituents:

stars
gas
AGN
dust
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Where does a galaxy SED come from

Galaxy spectral energy distributions are the result of the combination of light
emission and absorption from the (baryonic) galaxy consituents:

stars
gas
AGN
dust

Ogaad

Cosmic dust is made of aggregates of sub-ym grains - silicates and carbonaceous

grains (graphite, polycyclic aromatic hydrocarbons). It may scatter starlight, absorb it,
and re-radiate it a different wavelengths.
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Dust extinction

diffuse interstellar medium (ISM)

* dense molecular clouds

young stars forming in the clouds

Charlot & Fall 2000 older stars



Dust extinction

the emerging starlight is affetcted by extinction
(due to absorption and scattering in/out of the line of sight)
- to different extent depending on wavelength

diffuse interstellar medium (ISM)

* dense molecular clouds

young stars forming in the clouds

Charlot & Fall 2000 older stars



Dust extinction

Comparing the SEDs of two stars of same spectral class, one of which with negligible
foreground, we determine the extinction as a function of wavelength:

Ay = 2.51logo(FY/F))
/N

“intrinsic” flux observed flux

Fitzpatrick 2004



Dust extinction

Ay = 2.5logo(FY/F\)  Very schematically:
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Dust extinction
Ay = 2.5log,o(FY/F\) Acloserlook in the FUV to NIR regime:
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remember related quantities: ~ °lor excess E(B-V) = (B-V)observed - (B-V)intrinsic
R(V) = Av/ E(B-V) [where Avis A, inV band]



Dust extinction

Different lines of sight (within one gala

xy) have different extinction curves
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Dust extinction
Different lines of sight (within one galaxy) have different extinction curves
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Dust extinction

... thus impacting the galaxy SED in different ways
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log (AL, / arbitrary units)

Dust emission
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the absorbed starlight heats
1 the dust, which re-radiates
| this energy in the IR

1 emission in the mid-/far-IR range
1 reflects the heating of dust in

1 different ISM components from

| stars of all ages



log (AL, / arbitrary units)

Dust emission
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log (AL, / arbitrary units)

Dust emission
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log (AL, / arbitrary units)

Dust emission
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log (AL, / arbitrary units)

Dust emission
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more “quiescent” star-forming
galaxy with colder IR emission

more “starburst" star-forming
galaxy with hotter IR emission



Effects of dust on galaxy SEDs
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Effects of dust on galaxy SEDs
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Where does a galaxy SED come from

Galaxy spectral energy distributions are the result of the combination of light
emission and absorption from the (baryonic) galaxy consituents:

stars
gas
AGN
dust

Ogaad



Where does a galaxy SED come from

Galaxy spectral energy distributions are the result of the combination of light
emission and absorption from the (baryonic) galaxy consituents:
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Where does a galaxy SED come from

Galaxy spectral energy distributions are the result of the combination of light
emission and absorption from the (baryonic) galaxy consituents:
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Mid-IR Optical Mid-IR Optical
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Mid-IR Optical Mid-IR Optical
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Relative flux [arbitrary units]

AN

OV

N

—A

Mid-IR Optical Mid-IR Optical

100|—'-"m|—'-"T|—ﬂ r""""“"l_""Tl_"'l

Har, [NII] 16583
e Type 1 |
* Type 2 o 4329
|
[O1l] 33727 Hp
| Hel  [OI]
Call HK 25876 16300
0 | O
3 |
]
3 |
= L+ 5 5 2 5 3 s L3 2 s ' 1 s 3 ' Ly &5 1 3 5 5
4000 5000 6000
A [A]

Hickox & Alexander 2018  A(GN dominance >



Mid-IR Optical Mid-IR Optical
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