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Simulations Morphological mix 2/28

ellipticals irregular disk galaxies

Illustris (Vogelsberger et al. 2014)

see also Horizon-AGN (Dubois et al. 2014)

Eagle (Schaye et al. 2015)
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Simulations Ellipticals 3/28

AGN no AGN AGN no AGN

Horizon-AGN/Horizon-noAGN (Dubois et al. 2014, 2016)

• formation: ’easy’ (?) ⇐⇒ mergers (Toomre 1977)

• problems: too massive, central SFR too high,
’cooling-flow problem’, gas-rich mergers

• origin: too-efficient cooling & SF

• solution: consume or remove gas early −→
• ejective AGN feedback (’jet mode’)
• preventive AGN feedback (’radiative mode’)

Spheroids
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Simulations Disks 4/28
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• problem: ’AM catastrophe’

• origin: too-efficient SF & gas consumption in small objects
at high z −→ assemble into low z galaxies via gas-poor
mergers

• solution:
• stellar feedback −→ keep SF efficiency low

& stellar winds −→ remove preferentially low-AM
material

• SF −→ in dense & highly clustered environment

Disks
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NewHorizon Disks in cosmic environment 5/28

https://new.horizon-simulation.org/

Horizon-AGN

NewHorizon
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NewHorizon Disks in cosmic environment 6/28
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34 pc

6 orders of magnitude
in dynamical range
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NewHorizon Ingredients 7/28

Dubois et al. 2021

• hydrodynamical cosmological simulation

• RAMSES (Teyssier 2002)

• Rsphere = 10 h−1 Mpc

∆x = 34 pc (vs 1 kpc in Horizon-AGN)

• MDM = 106 M� (vs 108 M� in Horizon-AGN)

M? = 104 M� (vs 106 M� in Horizon-AGN)

• SF: turbulent criterion (Padoan & Nordlund 2011)
ε? = f(M,αvir) (vs const ∼ 1% in Horizon-AGN)

• mechanical SNII feedback (Kimm & Cen 2014)

• AGN feedback & BH spin-dependent model

(Dubois et al. 2014)

• outputs every 15 Myr (∼ 150 GB each)

• to z∼ 0.8, French & Korean effort: 25 Mhr
to z∼ 0.17, Grand Challenge project
Extreme-Horizon: 65 Mhr at TGCC
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NewHorizon Ingredients 8/28

Turbulent star formation

M

αvir

ε?

Federrrath & Klessen 2012

see also Padoan & Nordlund 2011, Hennebelle & Chabrier 2011

multi-freefall PN model

SFR: ρ̇? = ε?ρg/tff , if ρg > 10 H/cc

(Schmidt 1959)

SFE: ε? = f(M,αvir)

- set up by ISM properties

(no more ad hoc, const ∼ 1 %)

ε? ∝ ε expσ2
s

[
1 + erf

(
σ2
s−scrit√

2σ2
s

)]
σ2
s = ln(1 + b2M2)

- variance of the density PDF

scrit ∝ ln(αvirM2)

- critical density contrast

ε = 0.5
- proto-stellar feedback parameter
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NewHorizon Ingredients 10/28

Mechanical Supernovae feedback
(Kimm & Cen 2014)

Iffrig & Hennebelle 2015

phase 3)

ph
as

e
2)

Three phases of SN explosions:

1) Free expansion phase

- mass of the remnant dominates the swept-up
mass (never resolved in practice)

2) Energy-conserving (Sedov-Taylor) phase

- swept-up mass comparable to the mass of ejecta
- the initial energy of SN is conserved

3) Momentum-conserving (snowplough) phase

- the internal energy of the shocked shell has been
radiated away & momentum is set up according
to gas properties and energy of the explosion:

pSN,snow ≈ 3× 105 km s−1 M� E
16/17
51 n

−2/17
H Z′−0.14
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to gas properties and energy of the explosion:

pSN,snow ≈ 3× 105 km s−1 M� E
16/17
51 n

−2/17
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Implementation:

- if in 2) deposit internal energy
- if in 3) deposit right amount of momentum (pSN,snow)

2 × momentum (UV from OB stars)
(Geen et al. 2014)
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NewHorizon Ingredients 12/28

Black holes & AGN feedback

BH formation:

- density > SF threshold
- stellar σ > 20 km/s
- distance ≥ 50 ckpc from ∃ BH

BH growth:

ṀMBH = (1− εr)ṀBondi

εr - spin-dependent radiative efficiency

ṀBondi =
4πρ̄(GMMBH)2

(ū2+c̄2s)3/2

ū - average MBH-to-gas relative velocity
ρ̄ - average gas density
c̄s - average gas sound speed

- capped at the Eddington rate

BH dynamics:

- explicit drag force of the gas onto the MBH (Ostriker 1999)
- allowed to merge when: drel < 4∆x

vrel < vesc (Volonteri et al. 2020)
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εr - spin-dependent radiative efficiency
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- at high accretion rate (χ = ˙MMBH/ṀEdd ≥ 0.01):
- thin accretion disk solution (Shakura & Sunyaev 1973)

- AM of accreted gas spins up (down) co-rotating

(counter-rotating) systems
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- at high accretion rate (χ = ˙MMBH/ṀEdd ≥ 0.01):
- thin accretion disk solution (Shakura & Sunyaev 1973)

- AM of accreted gas spins up (down) co-rotating

(counter-rotating) systems

thick disc
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- at low accretion rate (χ < 0.01):

- jets powered by energy extraction from MBH

rotation (Blandford & Znajek 1977)

- MBH spin magnitude can only decrease
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BH spin evolution:
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- at high accretion rate (χ = ˙MMBH/ṀEdd ≥ 0.01):
- thin accretion disk solution (Shakura & Sunyaev 1973)

- AM of accreted gas spins up (down) co-rotating

(counter-rotating) systems

- at low accretion rate (χ < 0.01):

- jets powered by energy extraction from MBH

rotation (Blandford & Znajek 1977)

- MBH spin magnitude can only decrease

- spin change in magnitude & direction during BH-BH coalescence

- key component of AGN feedback

⇔ controls radiative and feedback efficiency
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BH growth:

ṀMBH = (1− εr)ṀBondi

εr - spin-dependent radiative efficiency

ṀBondi =
4πρ̄(GMMBH)2

(ū2+c̄2s)3/2

ū - average MBH-to-gas relative velocity
ρ̄ - average gas density
c̄s - average gas sound speed

- capped at the Eddington rate

BH dynamics:

- explicit drag force of the gas onto the MBH (Ostriker 1999)
- allowed to merge when: drel < 4∆x

vrel < vesc (Volonteri et al. 2020)

BH spin evolution:

- followed on-the-fly
- takes into account: gas accretion

MBH-MHB mergers

- at high accretion rate (χ = ˙MMBH/ṀEdd ≥ 0.01):
- thin accretion disk solution (Shakura & Sunyaev 1973)

- AM of accreted gas spins up (down) co-rotating

(counter-rotating) systems

- at low accretion rate (χ < 0.01):

- jets powered by energy extraction from MBH

rotation (Blandford & Znajek 1977)

- MBH spin magnitude can only decrease

- spin change in magnitude & direction during BH-BH coalescence

- key component of AGN feedback

⇔ controls radiative and feedback efficiency

AGN feedback:

- released power

ĖAGN,R,Q = ηR,QṀMBHc
2
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quasar thermal mode

- thermal energy released only
ηQ = 0.15εr
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- at low accretion rate (χ < 0.01):

- jets powered by energy extraction from MBH

rotation (Blandford & Znajek 1977)

- MBH spin magnitude can only decrease

- spin change in magnitude & direction during BH-BH coalescence

- key component of AGN feedback

⇔ controls radiative and feedback efficiency

AGN feedback:

- released power

ĖAGN,R,Q = ηR,QṀMBHc
2

quasar thermal mode

- thermal energy released only
ηQ = 0.15εr

radio jet mode

- bipolar jets: 104 km/s; 0◦ angle

- deposit mass
momentum
energy
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Dubois et al. 2021

• hydrodynamical cosmological simulation

• RAMSES (Teyssier 2002)

• Rsphere = 10 h−1 Mpc

∆x = 34 pc (vs 1 kpc in Horizon-AGN)

• MDM = 106 M� (vs 108 M� in Horizon-AGN)

M? = 104 M� (vs 106 M� in Horizon-AGN)

• SF: turbulent criterion (Padoan & Nordlund 2011)
ε? = f(M,αvir) (vs const ∼ 1% in Horizon-AGN)

• mechanical SNII feedback (Kimm & Cen 2014)

• AGN feedback & BH spin-dependent model

(Dubois et al. 2014)

• outputs every 15 Myr (∼ 150 GB each)

• to z∼ 0.8, French & Korean effort: 25 Mhr
to z∼ 0.17, Grand Challenge project
Extreme-Horizon: 65 Mhr at TGCC
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NewHorizon Resolved Disks in cosmic environment 14/28

Horizon-AGN

Stars Gas DMDM

NewHorizon

Stars Gas DMDM
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Horizon-AGN

Stars Gas DMDM
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Stars Gas DMDM
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NewHorizon Resolved Disks in cosmic environment 16/28
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NewHorizon Stellar mass function 17/28
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NewHorizon Cosmic SFR density 18/28

z = 0.25 z = 1

News from the Dark 2022 Katarina Kraljic



NewHorizon Gas fractions 19/28
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- less gas rich at high M? and low z: qualitative agreement

- significantly less molecular gas at low M? and high z

Total gas Molecular gas
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NewHorizon Galaxy-to-halo mass relation 20/28

Stellar-to-halo mass

- fairly good qualitative agreement

Baryon conversion efficiency

- overestimated below the peak
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NewHorizon DM deficient (dwarf) galaxies 21/28

Cosmic web

Jackson et al. 2021
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NewHorizon DM deficient (dwarf) galaxies 22/28

Orbits

- DM deficient/poor exhibit closer orbits than control

Jackson et al. 2021
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Orbits
Minimum distance satellite-central

- DM deficient/poor exhibit closer orbits than control

Jackson et al. 2021
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NewHorizon Bar fraction 23/28
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NewHorizon massive disks @ z=0.25 24/28
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NewHorizon Rotation curves @ z=0.25 25/28
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NewHorizon Rotation curves @ z=0.25 25/28
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NewHorizon Summary statistics @ z=0.25 26/28

f? ≡ v?(r?,max)
vtot(r?,max)

- how ’maximal’
the galaxy is
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f? ≡ v?(r?,max)
vtot(r?,max)

- how ’maximal’
the galaxy is

g? ≡ vgas(r?,max)
v?(r?,max)

- gas fraction in
galaxy

Typical values promoting

bar formation

g? < 0.66

0.4 < f? < 0.8
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NewHorizon Linear stability toy model 27/28
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NewHorizon Linear stability toy model 27/28
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NewHorizon thin disks but no bars 28/28

@ z=1.3

@ z=1.0

@ z=0.7
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