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Scientific goals

— to derive galaxy evolution relevant parameters (star formation history, initial mass function, density,
metallicity, cosmic ray, photoradiation field, ...) from the epoch of re-ionization (6<z<25) to now (z=0)
from galaxies spectral energy distribution
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— to combine spectro- and photometric analysis of galaxies around Cosmic Noon

S is i i PhD Jorge Villa-Vélez : . . Fitting spectral energy distributions of
Spectro-photometric Analysis Around Cosmic FMOS-COSMOS emission-line galaxies at
Noon: - .
Emission-Lines, Dust Attenuation, and Star z~16:

Star formation rates, dust attenuation, and
[OIIIJA5007 emission-line luminosities
Villa-Vélez J. A. , Buat V., Theulé P. ,
Boquien M., Burgarella D.,

Astronomy & Astrophysics, 2021

Formation

— to generate mock spectra for next-coming instruments VLT/MOONS, Subaru/PFS, ELT/Mosaic
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1. Technique validation on a reduced sample with spectroscopic data

2. Extension to a larger sample

3. Updates on CIGALE line fitting capacities improvements
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Selection of our COSMOQS field sub-sample

cross-matched of COSM0S2015 (Laigle et al. 2016) with the Subaru/FMOS-COSMOS catalog
(Kashino et al., 2013 and Silverman et al. 2015) to get a 2508 galaxies sample

0.6 <z< 1.6 Ho and [Ol1I]5007 in MOONS spectral range
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— generate spectral templates
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Mock spectra generation procedure

Laigle+2015 COSMOS catalog (NUV to IRAC bands)

!

sub-sample matched with FMOS-COSMOS data (2508 sources)

step 1 15 fit with CIGALE

SFR, Mstar

Curti+ 2020
v
gas metallicity fixed in 5 metallicity bins

Carton+ 2017

v
ionization parameter fixed for each metallicity bin

2" fit with CIGALE

; :

HR continuum mocks HR continuum + lines mocks
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Step 1 : Fit of the UV-to-MIR photometric data

CIGALE = Code Investigating GALaxy Emission

* energy balance principle
* a SED fitting code (Bayesian analysis)

* produces mock spectra to compare with observations

Relative residual flux

Flux [mjy]

Best model for NGC0958 at z = 0.019. Reduced y*=1.9
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Step 1 : Fit of the UV-to-MIR photometric data

CIGALE = Code Investigating GALaxy Emission

* energy balance principle Best model for NGC0958 at z = 0.019. Reduced y*=1.9
* a SED fitting code (Bayesian analysis) 10° | ' | ' | ' L el
* produces mock spectra to compare with observations  10°

Flux [mjy]
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z g ‘M iy o < :
il E e g 1

Wavelength [jom] 10t b

fit of the UV-to-MIR photometric data

107 L

1.0
05EF
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— SFH (star formation rates, stellar mass)

SFH = delayed + burst

10" 10t 107 10° 10? 10°
Observed wavelength [um]

Relative residual flux

Calzetti attenuation curves for the lines and for the continuum
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Nebular emission lines modeling

density ny
metallicity o
elementary atomic abundances

the CIGALE nebular emission module

CIGALE (curae tvvrsasiarave eALuves Erassias)
THROUGH AN ENERGY BUDGET

ionizing radiation field :
shape + intensity

)

SED (erg 57 He ™ fiphot s74))

i I Iml

BCO03 SSP
U ionization parameter

udy continuum,
nebular continuum, 2 s
106 10 00 107 106 100 U n O
( y HH,

nebular continuum + emission lines

Cloudy & Arsociates
fixed extinction MW + Calzetti Ez.y= 0.44

Photoionization simulations for the discriminating astrophysicist since 1778 variable extinction on line flux fitt ng

1. calculate the abundances of each species (chemical reaction networks)

2. calculate the populations for each level for each species (collisional/radiative level excitation)
3. compute radiative transfer for each emission line

4. generate a library of emission lines templates as a function of a set of parameters (U, nu, (o)

10
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Mock spectra generation procedure

Laigle+2015 COSMOS catalog (NUV to IRAC bands)

!

sub-sample matched with FMOS-COSMOS data (2508 sources)

1% fit with CIGALE

SFR, Mstar

Curti+ 2020
v
gas metallicity fixed in 5 metallicity bins

Carton+ 2017

v
ionization parameter fixed for each metallicity bin

2" fit with CIGALE

; :

HR continuum mocks HR continuum + lines mocks
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Number of galaxies
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metallicity - ionization parameter relation

logio U (Z) = -0.8 logyo Z/Zo - 3.58

(H/0)Bo| + 2T

pliDrmEs ., Carton et al. MNRAS 2017

mass-metallicity -SFR relation gas metallicity = star metallicity
Curti et al. 2020




Aix:-Marseille 1 A .
universite y 20/06/23

Mock spectra generation procedure

Laigle+2015 COSMOS catalog (NUV to IRAC bands)

!

sub-sample matched with FMOS-COSMOS data (2508 sources)

1% fit with CIGALE

SFR, Mstar

Curti+ 2020
v
gas metallicity fixed in 5 metallicity bins

Carton+ 2017

v
ionization parameter fixed for each metallicity bin

2 fit with CIGALE

step 2
Y h 4
HR continuum mocks HR continuum + lines mocks
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Step 2 : mock catalog on the COSMOQS field
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mock spectra for 2508 galaxies
* continuum only

* continuum + lines (U fixed)
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Results: comparison of observed and modelled flux

self-consistency checks
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Results: excitation diagnostic diagrams
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l. Starburst regions
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1. Technique validation on a reduced sample with spectroscopic data

2. Extension to a larger sample

3. Updates on CIGALE line fitting capacities improvements
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Mock spectra on a 61872 galaxy sample from COSMOS

Weaver et al. ApJS 2022

sample selection :

* the flux on the H band : mag(H) < 23.5 or flux > 1.4454 pJy

* theredshift: 0.8<z<3

* object inside the UltraVista stripes deep region (1.792 deg? , Moneti et al. 2019)
* good HSC imaging quality (2.75 deg?)

* good Subprime-Cam imaging quality (1.918 deg?) P g g

* reduced X2 <5 criterion S | e
- 1.792 deg area, 61872 galaxies
=
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Consistency checks
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Results: a library of spectral templates from COSMOS

F. [mJy]

A [nm]
* freely available on the GASPAR/ASPIX LAM database

ASDIC
i

* processed through the VLT/MOONS ETC
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l. Starburst regions
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1.1. Technique validation on a reduced sample with spectroscopic data

1.2. Extension to a larger sample

1.3. Updates on CIGALE line fitting capacities improvements
S
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Updates on CIGALE line fitting capacities improvements

Use of the BPASS SSP library
on Hll regions

SED fitting with equivalent width modeling in CIGALE

CIGALE computes the EWs from the modeled SED

> linear fit of the continuum taken on each side of the line (orange)
—emission line with disentangled EWs for blended lines (green)

JWST observations with NIRCam and NIRSpec gratings, CEERS survey

[SI11)9071A [S111)9533A Hel108334 HI109414 HI128224

|

Credit : V. Fernandez

WW 1 Aty
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Updates on CIGALE line fitting capacities improvements

on Hll regions

10_1 L 8588 fit with CIGALE | L ] H-gamma
2=2.21 10|  H-beta
10-2 L redx*=0.12 ¢ ] ® H-alpha
oo ® Pa-gamma
10-3 | o . * E 5 Pa-beta
E -4 ¢ " E
F 10 | 0 /® gl 5
1073 E *
1
100} el
X { dmiter]  ps
s 0.4 0.5 1 2 3 4 5 10
Eé i 59 o i 05— ! & EW_cigale (nm)
= e a g ) ) ) L (o] (Ohs;Mad)be?
1 o ] i good agreement between the fit and the data
Fit combining CFHT, HST,
NIRCam, IRAC and Spitzer — new EW CIGALE module
photometry with 5 emission lines adapted for MOONS

EWs from NIRSpec
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Structure of a Photon Dominated Region (PDR)
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| = (1 = feov ) X L X 8ate (A) + feov X (ln k 107N + |ppg )
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| = (1 = feov ) X L X 8ate (A) + feov X (ln k 107N + |ppg )
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Nebular emission lines modeling

density ny
metallicity o
elementary atomic abundances

the CIGALE nebular emission module

CIGALE (curae tvvrsasiarave eALuves Erassias)
THROUGH AN ENERGY BUDGET

ionizing radiation field :
shape + intensity

)

SED (erg 57 He ™ fiphot s74))

i I Iml

BCO03 SSP
U ionization parameter

udy continuum,
nebular continuum, 2 s
106 10 00 107 106 100 U n O
( y HH,

nebular continuum + emission lines

Cloudy & Arsociates
fixed extinction MW + Calzetti Ez.y= 0.44

Photoionization simulations for the discriminating astrophysicist since 1778 variable extinction on line flux fitt ng

1. calculate the abundances of each species (chemical reaction networks)

2. calculate the populations for each level for each species (collisional/radiative level excitation)
3. compute radiative transfer for each emission line

4. generate a library of emission lines templates as a function of a set of parameters (U, nu, (o)
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The photoionizing radiation field
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Elemental abundances and metallicity

local galactic concordance model (# solar abundances)
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Elemental abundances and metallicity
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Elemental abundances and metallicity

local galactic concordance model (# solar abundances)
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Dust attenuation gax(A)
| = (1 - feov ) Xl X Zatt (A) + feov X (1 k 107N + |ppg )

The lines are screened with the Milky Way extinction law of
Cardelli et al. 1989 with Ry =3.1, which is typical of diffuse media,
and Av = 1, which is typical of a galaxy

exctinction # attenuation

= — @ |xe% @

credit : D. Calzetti



Dust extinction A(A)

| = (1 = feov ) X I X att (A) + feoy X (I & 107AW + [ppr )
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Tracers of the gas metallicity Zgas
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Infrared optical diagrams : the COON diagram
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Infrared optical diagrams : the CNOO diagram
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Starburst regions and photon dominated regions

Astronomy & Astrophysics manuscript no. IR_colors_lines_arXiv ©ESO 2022
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Modeling the spectral energy distribution of starburst galaxies :
the role of photodissociation regions

P. Theulé!. D, Burgarella', V. Buat', M. Boguien®, L. Trabelsi'. and O. Kalpogiannis®

T Aix Marseille Univ, CNRS, CNES, LAM, Marseille, France

* useful diagnostic tracers owwemmoammnm
* strong correlation

Recerved May 8, 2022: accepted March 16, 1997

— new CIGALE module nebular_PDR
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Anatomy of an Active Nuclei Galaxy

Hot corona around disk

503 | e Narrow Line Region ([N LR

Thermal + Compton- re-processes

| ~100 parsec|
Cold gas emission from clouds -

yveld AGN redshift

emission up to hard X-ray

Accretion disk

| o.01 - 0.1 parsec |

Themmal emission- optical/UV to soft X-ray
(Big Blue Bump |

[Cyelo-1Synchrotron emssion- when resolved
le.g. Sag o at 230 GHz| .
Broad 6.4 keV emission line- Fe Kot line from 2
inner accretion disk; yields BH spin measures

Winds/outflows

| ~1 parsec|

Broad and Narrow Absorption Lines
|BAL and NAL! - blue-shifted,
evidence of strong outflows

Molecular/dusty Torus

| ~1 parsec| -

Broad Line Region (BLR)

|1-10 parsec|

Re-processed IR emission - obscures inner * »  ® L -
disk if seen edge-on; AGN continuum  * y ET‘: ?l‘:]:ln:;:ﬁ:iif;:r:?;f;‘;q.
emission evaporates/ionizes its inner edge,, ‘D °\' and pasition {reontberation -
A 2 . . .
creating material for BLR and NLR g .‘ h wating), bence BF mass:
i Intensities correlate with
. jet luminosity.
- ] L] [:||;‘-\ l{ '-.-!-[.ii'l_:_i]‘- reaqion
Extended lobes [Hot Spots/Plumes I L -
it ~1 parsec

| 1- 500 kiloparsec|

: : : s o Synchrotron emssion - [radio Jet passes
Resolved (imaging| radio emission y ﬂ ; P

from Poyinting-dominated to macter-

also seen as cavityes in X-ray imaging. Horrinaied s Resr

Determine total jet power (pdV work| and'\

sther kinenatic sarmiEtrs akape) Inverse Compton emission - hard X-ray|
s [shape]

Strong shocks accelerate electrons up
to ~ TeV. Synchrotron Self-Compton (SSC]
or External Inverse Compton [EIC).



AGN spectra :

Narrow Line Regions (NLR) and Broad Line Regions (BLR)

Emission lines in the optical spectrum:
broad (from BLR) + narrow (from NLR)
X-ray unobscured

| R [ T 1 | | I G
Seyfert |
NGC 4151

@® Emission lines in the optical spectrum:
only narrow (from NLR)
X-ray obscured

Type 2/0bscured AGN




The accretion disk radiation field

SKIRTOR model Schartmann model
10° 4 i
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Dust and dust attenuation

dust has a role both on the chemistry (depletion, surface chemistry) and on the radiative transfer (diffusion / absorption)

NLR : standard depletion NLR et BLR : SMC attenuation law (polar dust)
— Ay
BLR : no depletion (all the grains are sublimated e
p ( g ) I=1,%10 25

A,=E(B-V)¥1394,,* with E(B-V) =0.15

exinction # attenuation Ha  656nm

Hﬁ 486 nm

. @l les—@

credit : D. Calzetti



Comparison models / observations

sample : 4XMM-DR9 x SDSS-DR12 catalogues (X source selection , 50)
17 emission lines for NLRs , 3 lines for BLRs
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Comparison models / observations

sample : 4XMM-DR9 x SDSS-DR12 catalogues (X source selection , 50)

17 emission lines for NLRs , 3 lines for BLRs
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Comparison models / observations

sample : 4XMM-DR9 x SDSS-DR12 catalogues (X source selection , 50)
17 emission lines for NLRs , 3 lines for BLRs
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log ([O] AS007/HB)
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Optical diagnostic dia

N-BPT diagram

SKIRTOR radiation field

log 6= -0.5, 0.0, 0.5

log {=-0.5,0.0,0.5

log ny= 2,3, 4, 5 ->» dot size
logU=-2:-4 -> color bar
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Good spectroscopic diagnostics ?

good spectral diagnostic :
® strong intensity (observed)
® large variaton as a function of one parameter
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Good spectroscopic diagnostics ?

good spectral diagnostic :
® strong intensity (observed)
® large variaton as a function of one parameter

[T | b £g ng U
VUV-UV
He 2 303784 nm m
He 1 62,5563 nm i g
H 1 121.567 umn & 5
B4 139.375 / 1400277 mm w
C 4 154.819 nm (blend 154.9) w
He 2 164.043 nm i
O 3 16661 5 (hlend 166.6 nm) W
Si3 I8R.271 / 1R9.203 nm W
O3 190,668 873 nm (blend 190,38 w
Ne 4 242166 nm w
Ne 4 242 428 nm w
Me 5342603 nm W
C 2 372008,/ 472 881 nm 11
visible
O 3 456.321 nm W
H 1 486,133 nmn 111
() 3 495.891 nm 1l
O 3 000684 nm 5
M 2 608345 nm m
=3 953062 nm ]
5]
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N3 155509 wm m
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O 4 258832 i1
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Active Galactic Nuclei hosting galaxies
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Active Galactic Nuclei hosting galaxies
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Thank you for your attention
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