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— age of the universe: 1 Gyr

Not much time to ...
put black holes together
assemble galaxies
form metals and dust
form structures
ionize the Universe
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Quasars at z>6: Why should we care?

— age of the universe: 1 Gyr

Not much time

Extremely luminous and star-forming
ideal signposts for structures
ideal background sources for abs studies
conditions absent in the local universe
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Numerical predictions limited by:
- volume

- prescriptions on BH seeds

- prescriptions on BH feeding

- prescriptions on feedback
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How do quasars and their host galaxies form?
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How do quasars and their host galaxies form?
Fom (L kpe2)
Rrameamean Zoomed-in sims predict:

- morphology

- size

- ISM conditions (n, T, U, ...)

- abundances
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— Observable quantities!

z=7 quasar host galaxy
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Imaging dust and gas at 100s pc resolution
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Imaging dust and gas at 100s pc resolution
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Imaging dust and gas at 100s pc resolution
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Multi-A campaigns

Line @ [CI]370um @ [CI]609um @ [C11]158um @ [N11]205um ¢ [NI1]122um @ [01]146um @ [01]63um @ [O111]88um ¢ [Ol11]52um

4 Decarli & Diaz-Santos (in prep)
11
|—§| 10
= 9 °« .
— o" ;
¢
:O? 8
7
6
>
1 2 3 4 7 8 9



Absolute Mag My450 [mag]

The advent of JWST
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Project I:
Multi-line investigation of the ISM
of a quasar host at z~6.5
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Multi-A campaign: Dust continuum
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F, [mly]

Multi-A campaign: Dust continuum

Decarli et al. (2023)
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F, [mly]

Multi-A campaign: Lines

Continuum [CII]
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Emission line predictions

Radiation field templates
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Emission line predictions

Radiation field templates
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log F, [a.u.]

log Q(0*)/Q(N)

Radiation field templates

Emission line predictions
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Data vs Radiative Transfer models
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Mass budget
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Project 11:
A quasar-satellite merger at z=6.2



A quasar-satellite merger at z=6.2

ALMA - [CII] VLT/MUSE - Lya




Rest-frame optical spectroscopy of the quasar
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Rest-frame optical spectroscopy of the quasar
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Eigenvector analysis
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Black hole mass estimates
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BH-host galaxy relation at z=6.2
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The extended line emission
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The extended line emission
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The extended line emission
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Spectral properties throughout the system
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BPT diagrams
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BPT diagrams
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BPT diagrams
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Additional line diagnostics
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Stellar mass and SFR of the companions

—_— 1 Myr

- Eastérn companion

Observed wavelength [um]
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Dec. (J2000.0)

Origin of the Lya halo
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Origin of the Lya halo

Lya halo:
100 - Detected in Ho and
- [OIII]!
S 10 - But only close to the
—
quasar

Farina et al. (in prep)



Farina et al. (in prep)

Origin of the Lya halo

IN

{_ PROGRESS )

Lya halo:

- Detected in Ho and
[OIII]!

- But only close to the
quasar
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| High dust content & opacity,
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Conclusions — Project 1

High dust content & opacity,
Lir~1013 L, Taust~47 K

Copious gas reservoirs (~10* M,), \/

109 ;, Dust

Mgy [Mo]

both ionized and molecular

100

107 |

100 |

IRTTIT B RN RTTT! BRI TTIT BT ETIT B
100 1000 10000 100000
Tews [K]

Quasar photoionization & excitation not
required (but likely contributing)

T, [10% K]



Conclusions — Project 11

Quasar host:
Metal rich, ~10'* M,, dominated by AGN photoionization




Conclusions — Project 11

OF

Quasar host: 7

Metal rich, ~10* M,, dominated by AGN photoionization

Ap. ID
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Companions:
About half solar metallicity, a few 10° M,, SF
photoionization, very young burst
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Conclusions — Project 11

OF

log h [cm~3]

Quasar host: 7

T
=W U= Wwu,

Metal rich, ~10'* M,, dominated by AGN photoionization i
Companions:
About half solar metallicity, a few 10° M,, SF
photoionization, very young burst
Halo: - -

Dec. (J2000.0)

Outflow+BLR scattering rather than recombination

5 kpc

10.1° 10.0%
R.A. (J2000.0)



JWST ALMA A, = Dust extinction

Z = metallicity

Hao Hp [NI] [OllI] [OllI] [NI] [NI] [CIl]

l ’ 6584 5008 88 122 205 158 T, = electron temperature
Ang Ang wm um wm wm

U = ionization parameter
AV U \ / \ A A_/ n_= electron density
/ T U n, PD R/H Il P_=electron pressure

— _/ PDR/HII = fraction of [ClI]
P arising from PDRs vs HlI
regions

\ \
SFR SFR
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