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> New Semi-analytical Model of Galaxy
Formation and Evolution

> GAEA |
> Evolution of high-z galaxies
0 Crll:lcal test of stellar feedback

> Role of AGN in galaxy evolution

* What can we learn from the BH-Bulge relation?
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GAEA

> Evolution of the De Lucia & Blaizot 2007 SAM
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GAEA

> Evolution of the De Lucia & Blaizot 2007 SAM
> Detailed Chemical Enrichment De Lucia+14
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GAEA

> Evolution of the De Lucia & Blaizot 2007 SAM

> Detailed Chemical Enrichment De Lucia+14
> No IRA

+ Explicit timescales for SNIa SNIl and AGB stars
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Figure 2. Schematic illustration of the method adopted to store the contributions from different types of stars in the future, and incorporate the metals in the
baryonic gaseous phase of model galaxies during their evolution. The thick line shows the time interval between two subsequent snapshots. The two arrays
at the top and at the bottom of the figure represent a ‘metal restitution array’ (RETURNEDMET) that is associated with each model galaxy and contains the mass
of elements returned, at any time in the future, by the SSPs that constitute the model galaxy under consideration. At each time-step, the code computes the
elements produced and adds them to the future bins (in case there is an episode of star formation), and then reads from the array RETURNEDMET the amount of
metals that needs to be re-incorporated. The grey array shown in the figure is a “virtual array’ used to project metals in the appropriate bins.
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GAEA

> Evolution of the De Lucia & Blaizot 2007 SAM
> Detailed Chemical Enrichment De Lucia+14
> Updated treatment of stellar Feedback

Hirschmann De Lucia & Fontanot 2016
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GAEA

> Evolution of the De Lucia & Blaizot 2007 SAM
> Detailed Chemical Enrichment De Lucia+14

> Updated treatment of stellar feedback =>
Ejective (or preventive) feedback ( )
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GAEA

> Evolution of the De Lucia & Blaizot 2007 SAM
> Detailed Chemical Enrichment De Lucia+14

> Updated treatment of stellar feedback =>
Ejective (or preventive) feedback ( )

* Modelling Reheating

Vinax )“ . “FIRE"” simulation suite
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GAEA

> Evolution of the De Lucia & Blaizot 2007 SAM
> Detailed Chemical Enrichment De Lucia+14

> Updated treatment of stellar feedback =>
Ejective (or preventive) feedback ( )

* Modelling Reheating

Vinax )“ . “FIRE"” simulation suite
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GAEA

> Evolution of the De Lucia & Blaizot 2007 SAM
> Detailed Chemical Enrichment pe Lucia+14
> Updated treatment of stellar Feedback

Hirschmann De Lucia & Fontanot 2016

> Other projects

- —+—-H2-based star formation prescrlptlons Xl T - - - > - -
> HI content of DMHs Zoldan+17
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GAEA

Evolution of the De Lucia & Blaizot 2007 SAM
Detailed Chemical Enrichment De Lucia+14

Updated treatment of stellar feedback

Hirschmann De Lucia & Fontanot 2016
Other projects

——-—+-H2-based star formation prescrlptlons Xie+17 _

> HI content of DMHs Zoldan+17
+* Variable IMF Fontanot+17a
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roperties of high-z galaxies
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GAEA high-z runs

> Different Feedback Schemes
* FIDUCIAL => standard scheme as in De Lucia+04, +14

* H16F => strong stellar-driven winds Hirschmann+16
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GAEA high-z runs

> Different Feedback Schemes
* FIDUCIAL => standard scheme as in De Lucia+04, +14

* H16F => strong stellar-driven winds Hirschmann+16

> Different Dust Treatment
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GAEA high-z runs

> Different Feedback Schemes
* FIDUCIAL => standard scheme as in De Lucia+04, +14

* H16F => strong stellar-driven winds Hirschmann+16
> Different Dust Treatment
> No-Dust : '
»_Standard dust prescription as-in De LUC|a&Bl_a|_zo|:O7 (see

S — i ...--q:—-—-—-r

also Charlot&Fall00) -



GAEA high-z runs

> Different Feedback Schemes
* FIDUCIAL => standard scheme as in De Lucia+04, +14

* H16F => strong stellar-driven winds Hirschmann+16
> Different Dust Treatment
> No-Dust

—....> Standard dust prescription as-in De LUC|a&Bla|zo|:07 (see
also Charlot&Fall00) - ‘ e

> RefFerence simulations (different resolution)

* MS
* MSII
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Conclusions |

> Strong stellar-driven outflows coupled with
mass-dependent re-accretion timescales
are able to recover the evolution of the
rest-frame UV and optical LFs over the
redshift range 4<z<7

> GAEA provides a self consistent plcl:ure of

—

—galaxy evolution at z<10 e e i

* Beware Dust!
* GAEA in qualitative agreement with UV-selected samples

—

» Self-consistent models of dust still missing

* Powerful discriminant between different stellar Feedback
schemes



AGN activity in theoretical
models of galaxy formation

> Represents a viable “solution” for a number of
long-standing theoretical problems

> Propértles of AGN and Galaxy population are
“similar”

———
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. Jomt evolutlon of GalaX|es and AGNs



5) Triggering of 6) Quenching of

BR'GHT Galactic Winds Star Formation
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Different regimes
Ed B ¢ 'Quasar”’-mode
B e T High-accretion
Bright-phase

Galaxy Mergers

Springel+05




Different regimes

> “Quasar”’-mode
> High-accretion

* Bright-phase

» Galaxy Mergers

* Secular processes?
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Different regimes

“Radio”-mode
Low-accretion
Development of radio jets

Radio Galaxy 3C296
Radio/optical superposition

S. Giacintucci & E. O'Sullivan

Copyright (c) NRAO/AUT 1999

NGC 7626

XMM+GMRT 610 MHz




Different regimes

“Radio”-mode
Low-accretion
Development of radio jets
Keep massive galaX|es red
Hot Haloes

_.* _Dry Mergers?

LargeScales (DMH)
Long

» Steady state accretion rate
or cyclic behaviour?

Regulates stellar mass

>
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>

“Quasar’-mode
High-accretion
Bright-phase
From blue to red
Galaxy Mergers

-+ Secular processes"

“Small Scales (~kpc)

* Triggering galactic winds?
Rapid
Regulates BH mass



Different regimes

> “Radio”"-mode

* Low-accretion

* Development of radio jets
> Keep massive galaX|es red

-

> Hot Haloes
—..> _Dry Mergers?

* LargeScales (DMH)
* Long

» Steady state accretion rate
or cyclic behaviour?

* Regulates stellar mass
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* Triggering galactic winds?
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Regulates BH mass



Different regimes

> “Radio”-mode > “Quasar”-mode
* Low-accretion * High-accretion

* Development of radio jets * Bright-phase

* Keep massive galaX|es red * From blue tored

-

> Hot Haloes > Galaxy Mergers

> _Dry Mergers? - —* Secular processes?
* LargeScales (DMH) ~ +» Small Scalé§'(~kpc)
> Long * Triggering galactic winds?

» Steady state accretion rate > Rapid

or cyclic behaviour? » Regulates BH mass
* Regulates stellar mass



BH-bulge relation

M, (M)

JOETTIr— - —

e T

Driver: AGN activity

L0

Driver: Star formation (gas accretion/mergers)

T

107 |

-~
d 11 | | |
80 TO0 &0 BO1OD 200 30C 400
dispersion (km a-.)

r—

Credits Dave Alexander




Assembly of BH-bulge relation
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log n,(Mg) (Mpc™® mag™)

QSO-LF evolution

MORGANA: Optical DLB07: Bolometric

log[Ly,(erg sec)]
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QSO-LF evolution

MORGANA: Optical DLB07: Bolometric

log[Ly,(erg sec)]
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QSO evolution in MORGANA

> Cold gas in Bulges fuels BH accretion
* Galaxy Mergers - Disc Instabilities - direct inflow
Mys = Jende (100 1\?; yr-! )

> Explicit modeling.of cold gas “reservoir”
around the central SMBH
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Umemura01 Granato+04
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QSO evolution in MORGANA

> Cold gas in Bulges fuels BH accretion

* Galaxy Mergers - Disc Instabilities - direct inflow

Ml =
ks = Jouds (100 Mg yr-! )

» Explicit modeling of cold gas “reservoir”
around the central SMBH

— > Reservoir viscosity regulates SMBH accretion
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> Interplay between stellar and AGN feedback
» Kinetic Stellar Feedback / ~1/3
cg = €0 ( - ) kms ™
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QSO evolution in MORGANA

> Cold gas in Bulges fuels BH accretion

* Galaxy Mergers - Disc Instabilities - direct inflow

. - EB a—1
M. = ¢
ks = Jonds ( 100 M yr! )

» Explicit modeling of cold gas “reservoir”
around the central SMBH

— > Reservoir viscosity regulates SMBH accretion
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* Interplay between stellar sand AGN Feedback

» Kinetic Stellar Feedback / ~1/3
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QSO evolution in MORGANA

> Cold gas in Bulges fuels BH accretion
* Galaxy Mergers - Disc Instabilities - direct inflow
Ms = fonds (100 1\?; yr- ')

» Explicit modeling of cold gas “reservoir”
around the central SMBH

> _Reservoir viscosity regulates SMBH accretion
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> Interplay between stellar and AGN feedback
» Kinetic Stellar Feedback S ( t )"” N
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* Triggering of galactic winds Lo
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Conclusions Il

> Steepening of BH-Bulge relation favours
co-evolution

? Self-“r,egulation of BH and Bulges

> MORGANA view: |nteract|on between stellar
~ and AGN feedbacks -~ - e

» Kinetic stellar feedback affects small bulges heavily by
removing cold gas content and limiting BH growth

£

* Prediction: normalization of BH-Bulge relation evolves
with redshift (but its shape does not)
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