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Simulations Morphological mix ._

ellipticals irregular disk galaxies
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ILLusTRrIS (Vogelsberger et al. 2014)

see also HORIZON-AGN (Dubois et al. 2014)
EAGLE (Schaye et al. 2015)

News from the Dark 2022 Katarina Kraljic



Simulations Ellipticals ._
AGN no AGN AGN
V/a=0.1 V/a=1.8 V/a=1.0

~

log(M,/M,,.)=11.9

.

log(M,/M,,.)=12.5

10G(M,/Myr)=11.8 10g(My/Myun)=12.6

V/a=0.6 V/a=2,

log(M,/M,,,)=11.5

log(M, /M )=12.1

HORI1ZON-AGN /HORIZON-NOAGN (Dubois et al. 2014, 2016)
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Simulations Ellipticals ._

AGN no AGN AGN no AGN

V/a=0.1 V/a=1.8 V/a=1.0 V/a=1.5

d

oo, [ CPRCTOE . ..}~ 2. log(M/M)=11.9 log(M,/M)=125

® formation: 'easy’ (?) <= mergers (Toomre 1977)

HORI1ZON-AGN /HORIZON-NOAGN (Dubois et al. 2014, 2016)
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Simulations Ellipticals ._

AGN no AGN AGN no AGN

V/a=0.1 V/a=1.8 V/a=1.0 V/a=1.5

‘,_ 13

.

|og(M,-g(M,/Mm)‘=w 26 log(M,/M,.)=11.9 log(M,/M,,)=12.5

-

® formation: 'easy’ (?) <= mergers (Toomre 1977)

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

HORI1ZON-AGN /HORIZON-NOAGN (Dubois et al. 2014, 2016)
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® formation: 'easy’ (?) <= mergers (Toomre 1977)

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

® origin: too-efficient cooling & SF

HORI1ZON-AGN /HORIZON-NOAGN (Dubois et al. 2014, 2016)
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Simulations Ellipticals ‘_

AGN no AGN AGN no AGN
V/a=0.1 V/o 1.8 V/a=1.0 V/a=1.5
log(M, q(M./M.u.. -12.6 log(M,/M,,.)=11.9 log(M,/M,.)=12.5

® 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 —

® cjective AGN feedback ('jet mode’)
® preventive AGN feedback (‘radiative mode’)

Hor1zoN-AGN /HORIZON-NOAGN (Dubois et al. 2014, 2016)
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Simulations Ellipticals ._
AGN no AGN AGN
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Simulations Disks

Stinson et al 2013 Marinacci et al. 2014 Guedes etal 2011

-

-

Hopkins et al. 2013 Aumer et al. 2013 Agertz et al. 2014

Naab & Ostriker 2016
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Simulations Disks ._

Stinson et al 2013 Marinacci et al. 2014 Guedes etal 2011

® problem: 'AM catastrophe’
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Simulations Disks ._

Stinson et al 2013 Marinacci et al. 2014 Guedes etal 2011

»

® problem: 'AM catastrophe’

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

[
Naab & Ostriker 2016
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Simulations Disks ‘_

Stinson et al 2013 Marinacci et al. 2014 Guedes etal 2011

-

® problem: 'AM catastrophe’

o ® origin: too-efficient SF & gas consumption in small objects
at high z — assemble into low z galaxies via gas-poor

a mergers
® solution:
® stellar feedback — keep SF efficiency low
v & stellar winds — remove preferentially low-AM

material
® SF — in dense & highly clustered environment

Naab & Ostriker 2016
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Simulations Disks

Stinson et al 2013 Marinacci et al. 2014 Guedes etal 2011

-
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Hopkins et al. 2013 Aumer et al. 2013 Agertz et al. 2014

Naab & Ostriker 2016
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Disks in cosmic environment
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NewHorizon

Disks in cosmic environment
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NewHorizon Ingredients ‘_

® hydrodynamical cosmological simulation
® RAMSES (Teyssier 2002)

Dubois et al. 2021
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NewHorizon Ingredients ‘_

hydrodynamical cosmological simulation

® RAMSES (Teyssier 2002)

hd Rsphere =10 A7t Mpc Tk
Az = 34 pc (vs 1 kpc in Horizon-AGN) .

® Mpy = 10° Mg (vs 108 Mg in Horizon-AGN)

M, = 10* Mg (vs 10° Mg in Horizon-AGN)

o

Dubois et al. 2021
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NewHorizon Ingredients ‘_

® hydrodynamical cosmological simulation

® RAMSES (Teyssier 2002)

hd Rsphere =10 A7t Mpc Tk
Az = 34 pc (vs 1 kpc in Horizon-AGN) .

® Mpy = 108 Mg (vs 108 Mg in Horizon-AGN) :
M, = 10* Mg (vs 10° Mg in Horizon-AGN)

® SF: turbulent criterion (Padoan & Nordlund 2011)

£ e

Dubois et al. 2021

News from the Dark 2022 Katarina Kraljic



NewHorizon Ingredients ._

Turbulent star formation

SFR: px = €xpg/ta, if pg > 10 H/cc
(Schmidt 1959)
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Turbulent star formation

SFR: px = c.pg/tag, if pg > 10 H/cc
(Schmidt 1959)
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NewHorizon Ingredients ‘_

Turbulent star formation

SFR: px = c.pg/tag, if pg > 10 H/cc
(Schmidt 1959)

SFE: e, = f(M, ayir)
- set up by ISM properties

(no more ad hoc, const ~ 1 %)
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NewHorizon Ingredients ‘_

Turbulent star formation

SFR: px = c.pg/ta, if pg > 10 H/cc multi-freefall PN model
(Schmidt 1959)

SFE: e, = f(M, ayir)
- set up by ISM properties

(no more ad hoc, const ~ 1 %)

2
2 05 —Scrit
€4 X EEXP O [1+erf( ot )]
O-S

o2 =In(1 + b2 M?)
- variance of the density PDF

Scrit X ln(avirMQ)
- critical density contrast

e=20.5
- proto-stellar feedback parameter

Federrrath & Klessen 2012
see also Padoan & Nordlund 2011, Hennebelle & Chabrier 2011
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NewHorizon Ingredients ‘_

® hydrodynamical cosmological simulation

® RAMSES (Teyssier 2002)

hd Rsphere =10 A7t Mpc
Az = 34 pc (vs 1 kpc in Horizon-AGN) .

® Mpy = 108 Mg (vs 108 Mg in Horizon-AGN) :
M, = 10* Mg (vs 10° Mg in Horizon-AGN)

® SF: turbulent criterion (Padoan & Nordlund 2011)
ex = f(M,ayir) (vs const ~ 1% in Horizon-AGN) <

St

Dubois et al. 2021
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NewHorizon Ingredients ‘_

® hydrodynamical cosmological simulation

® RAMSES (Teyssier 2002)

C Rsphere =10 h71 MPC B
Az = 34 pc (vs 1 kpc in Horizon-AGN) -

® Mpy = 108 Mg (vs 108 Mg in Horizon-AGN) :
M, = 10* Mg (vs 10° Mg in Horizon-AGN)

® SF: turbulent criterion (Padoan & Nordlund 2011)
ex = f(M,ayir) (vs const ~ 1% in Horizon-AGN) <

® mechanical SNII feedback (Kimm & Cen 2014)

St

Dubois et al. 2021
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NewHorizon Ingredients ‘_

Mechanical Supernovae feedback
(Kimm & Cen 2014)

Three phases of SN explosions:

Iffrig & Hennebelle 2015

104

1) Free expansion phase § o
- mass of the remnant dominates the swept-up //L—
mass (never resolved in practice) H N phase 3)
2) Energy-conserving (Sedov-Taylor) phase g,‘,u #3
- swept-up mass comparable to the mass of ejecta z <
- the initial energy of SN is conserved = ol
3) Momentum-conserving (snowplough) phase — oo
e
- the internal energy of the shocked shell has been i — n=1000
radiated away & momentum is set up according i 3 N 10 0

to gas properties and energy of the explosion:

N 1 16/17 _—2/17 /0.
PSN, snow =~ 3 X 105 kms™! Mg E51/ Ny /17 71~0.14
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NewHorizon Ingredients ‘_

Mechanical Supernovae feedback
(Kimm & Cen 2014)

Three phases of SN explosions: Iffrig & Hennebelle 2015

104

1) Free expansion phase ) o
- mass of the remnant dominates the swept-up 7
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:

109

Momentum (g cm/s)

s
I
S

10

o2 4 _
10" 10 10° 10* 10° 10°
Time (yr)

_ 1 16/17 _ —2/17 /—o. | A%
PSN,snow ~ 3 x 10% km s \YIo) E51/ Wy / z/-0-14 p.e

Pi\

Implementation: m,

- if in 2) deposit internal energy Pen Pi
- if in 3) deposit right amount of momentum (pPsN,snow)
2 x momentum (UV from OB stars)

(Geen et al. 2014)

Kimm & Cen 2014

P> P

News from the Dark 2022 Katarina Kraljic



NewHorizon Ingredients ‘_

® hydrodynamical cosmological simulation

® RAMSES (Teyssier 2002)

C Rsphere =10 h71 MPC B
Az = 34 pc (vs 1 kpc in Horizon-AGN) -

® Mpy = 108 Mg (vs 108 Mg in Horizon-AGN) :
M, = 10* Mg (vs 10° Mg in Horizon-AGN)

® SF: turbulent criterion (Padoan & Nordlund 2011)
ex = f(M,ayir) (vs const ~ 1% in Horizon-AGN) <

® mechanical SNII feedback (Kimm & Cen 2014)

St

Dubois et al. 2021
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NewHorizon Ingredients ._

® hydrodynamical cosmological simulation

® RAMSES (Teyssier 2002)

® Rsphere =10 A7t Mpc
Az = 34 pc (vs 1 kpc in Horizon-AGN) =

® Mpy = 108 Mg (vs 108 Mg in Horizon-AGN) :
M, = 10* Mg (vs 10° Mg in Horizon-AGN)

® SF: turbulent criterion (Padoan & Nordlund 2011)
ex = f(M,ayir) (vs const ~ 1% in Horizon-AGN) <

® mechanical SNII feedback (Kimm & Cen 2014)

® AGN feedback & BH spin-dependent model
(Dubois et al. 2014)

St

Dubois et al. 2021
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NewHorizon Ingredients ‘_

Black holes & AGN feedback

BH formation:

- density > SF threshold
- stellar o > 20 km/s
- distance > 50 ckpc from 3 BH
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NewHorizon Ingredients ‘_

Black holes & AGN feedback

BH formation:

- density > SF threshold
- stellar o > 20 km/s
- distance > 50 ckpc from 3 BH

BH growth:
Mysa = (1 — ¢;) MBondi
€r - spin-dependent radiative efficiency
y _ 4xp(GM Z
Mponai = %g?}y

u - average MBH-to-gas relative velocity
p - average gas density
Cs - average gas sound speed

- capped at the Eddington rate
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NewHorizon Ingredients ‘_

Black holes & AGN feedback

Galaxy & MBH merger
BH formation:

- density > SF threshold
- stellar o > 20 km/s
- distance > 50 ckpc from 3 BH

BH growth:

Myen = (1 — ¢:)MBondi
€r - spin-dependent radiative efficiency
4np(GMypp)?
(@2+52)3/2
u - average MBH-to-gas relative velocity
p - average gas density o045
Cs - average gas sound speed =

- capped at the Eddington rate

MBondi =

BH dynamics:
- explicit drag force of the gas onto the MBH (Ostriker 1999)
- allowed to merge when: d. < 4Az

Urel < Vesc  (Volonteri et al. 2020)

Volonteri et al. 2020
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NewHorizon Ingredients ‘_

Black holes & AGN feedback

BH spin evolution:

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

MBH-MHB mergers
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NewHorizon Ingredients ‘_

Black holes & AGN feedback

BH spin evolution:

thin disc
- followed on-the-fly
- takes into account: gas accretion &
MBH-MHB mergers g °
- at high accretion rate (x = Myrr/Mpaaq > 0.01): : :
- thin accretion disk solution (Shakura & Sunyaev 1973) ; )
- AM of accreted gas spins up (down) co-rotating &
(counter-rotating) systems 4;
30
§ 20
& 10
Q
-1.0 -0.5 0.0 0.5 1.0
BH spin
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NewHorizon Ingredients (228

BH spin evolution:

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

MBH-MHB mergers
- at high accretion rate (x = Mysr/Mgaq > 0.01):
- thin accretion disk solution (Shakura & Sunyaev 1973)
- AM of accreted gas spins up (down) co-rotating thick disc

(counter-rotating) systems

- at low accretion rate (x < 0.01):
- jets powered by energy extraction from MBH

Spin up rate

rotation (Blandford & Znajek 1977)

- MBH spin magnitude can only decrease s
B
% total

50

e [%]
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NewHorizon Ingredients ‘_

Black holes & AGN feedback

BH spin evolution:

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

MBH-MHB mergers
- at high accretion rate (x = Myrr/Mpaaq > 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 (x < 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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NewHorizon Ingredients ‘_

Black holes & AGN feedback

BH spin evolution: AGN feedback:
- followed on-the-fly - released power
- takes into account: gas accretion EacNR Q="R QMMBH02

MBH-MHB mergers
- at high accretion rate (x = Myrr/Mpaaq > 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 (x < 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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NewHorizon Ingredients ‘_

Black holes & AGN feedback

BH spin evolution: AGN feedback:
- followed on-the-fly - released power
- takes into account: gas accretion EAGN,R,Q = TYR,QMMBH02
MBH-MHB mergers
- at high accretion rate (x = MMBH/MEdd > 0.01): quasar thermal mode
- thin accretion disk solution (Shakura & Sunyaev 1973) - thermal energy released only
- AM of accreted gas spins up (down) co-rotating nq = 0.15¢;

(counter-rotating) systems

- at low accretion rate (x < 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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NewHorizon Ingredients ‘_

Black holes & AGN feedback

BH spin evolution: AGN feedback:
- followed on-the-fly - released power
- takes into account: gas accretion EAGN,R,Q = TYR,QMMBH02
MBH-MHB mergers
- at high accretion rate (x = MMBH/MEdd > 0.01): quasar thermal mode
- thin accretion disk solution (Shakura & Sunyaev 1973) - thermal energy released only
- AM of accreted gas spins up (down) co-rotating nq = 0.15¢;

(counter-rotating) systems

- at low accretion rate (x < 0.01): radio jet mode
- jets powered by energy extraction from MBH - bipolar jets: 10* km/s; 0° angle
rotation (Blandford & Znajek 1977) - deposit mass
- MBH spin magnitude can only decrease momentum
energy

- spin change in magnitude & direction during BH-BH coalescence
- key component of AGN feedback

&> controls radiative and feedback efficiency
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NewHorizon Ingredients ._

® hydrodynamical cosmological simulation

® RAMSES (Teyssier 2002)

® Rsphere =10 A7t Mpc
Az = 34 pc (vs 1 kpc in Horizon-AGN) =

® Mpy = 108 Mg (vs 108 Mg in Horizon-AGN) :
M, = 10* Mg (vs 10° Mg in Horizon-AGN)

® SF: turbulent criterion (Padoan & Nordlund 2011)
ex = f(M,ayir) (vs const ~ 1% in Horizon-AGN) <

® mechanical SNII feedback (Kimm & Cen 2014)

® AGN feedback & BH spin-dependent model
(Dubois et al. 2014)

St

Dubois et al. 2021
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NewHorizon Ingredients ‘_

® hydrodynamical cosmological simulation

® RAMSES (Teyssier 2002)

® Rsphere =10 A7t Mpc
Az = 34 pc (vs 1 kpc in Horizon-AGN) =

® Mpy = 108 Mg (vs 108 Mg in Horizon-AGN) :
M, = 10* Mg (vs 10° Mg in Horizon-AGN)

® SF: turbulent criterion (Padoan & Nordlund 2011) ¥ ; ;
€x = f(M,ayir) (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

Dubois et al. 2021
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NewHorizon Resolved Disks in cosmic environment
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NewHorizon Resolved Disks in cosmic environment

Horizon-AGN
ID= 28172 M= 7.596e+10 M T
,,=0.90 2 2
’[B‘ 20.900 .lRVIV = 200.346 kpc
V/o=0.224
Stars
NewHorizon
i > ID= 3664 M= 1.439e+11 M.
Lo s B/T],,=0.392
4 & ’[B,%,,:o.ua
Lo Vjo=2.224
:
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NewHorizon Resolved Disks in cosmic environment ‘_

z=4.0 —»

X
i

face-on

High-mass Lower-mass
—

edge-on
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NewHorizon Stellar mass function  §7/58

NH (raw)

® NH (uncontaminated)
® mNH (STY w/selection effects)
——HSC-SSP DR2 (STY)

D'Souza+15 (SDSS), z < 0.5 g -
Davidzon+17 (COSMOS, 0.2 <z <
—— Sedgwick+19 (Stripe 82, CCSI

i
N
o
N
T
Coneses 1 (685,14
oo (v &
Gl 13 UDF 1 600
— Tomczak+ 14 (zFOU — Song +16 (UDF + GOOD K0
—— Davidzon+17 (CO —— Davidzon+17 (COSMO: \ o
49
10°  10° 1017 2
Ms/Msun (&)
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NewHorizon
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¥ Driver+ 18
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NewHorizon
[6,7] [7,8]
[8.9]

Cosmic SFR density (3508

[9,10]

1og(M./M)=8.89

o)

z=025

10g(M . /M 5)=9.61

10g(M./M5)=8.89

10g(M . /Mo)=9.76

A
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NewHorizon Gas fractions ‘_

Total gas Molecular gas
1.0 3 ' ®Santini+14 b ' &Santini+14
n>0.1 cm ] n>10 cm i
HI+H, 4 Gatinella+ 18 ] HI+H, 4 Gatinella+ 18 ]
o 08f H, Tacconi+18 - Hy Tacconi+18
o : o :
15 06 ] ]
2 % F ] ]
o s 1 1
& 304 . .
o = ] ]
o
© 0.2t
0.0} ; ) :
10° 10° 10 10"

M, /Mg

- less gas rich at high M, and low z: qualitative agreement
- significantly less molecular gas at low M, and high z
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NewHorizon Galaxy-to-halo mass relation

Stellar-to-halo mass

12
z=4.0 z=2.0
"
10
2
=
Ea
7
— Moster+ 2013
— Behroozi+ 2013

log M (M)

] 0 11 12 13 9 10 11 12 13
10g My (Men) 10g My (Me.n)

- fairly good qualitative agreement
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NewHorizon

log M (M)

log M (M)

Stellar-to-halo mass

Galaxy-to-halo mass relation  f59/08

Baryon conversion efficiency

/'t __ Moster+ 2013
Behroozi+ 2013 A

log M./M,,

Moster+ 2013
Behroozi+ 2013
2-4.0

/.
AW A

log M/M,,

10 11
log My, (Mqun)

10 11
log M, (Mq0)

12

- fairly good qualitative agreement
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log My, (M)

10 1"
log My, (Mq0)

12

- overestimated below the peak

Katarina Kraljic



NewHorizon DM deficient (dwarf) galaxies ‘_
.
Cosmic web
L o - Satellite
11F ;o o Central
e S e DM def.
® . o8 P + DM poor
10 .,"ol 00 o = Control

l0g10 M. [Mo]
[e0] [Ce)

« DM def.
+ DM poor,
- Control

log10 (Mhalo/M.)

Jackson et al. 2021

News from the Dark 2022

Katarina Kraljic



NewHorizon

DM deficient (dwarf) galaxies ‘_
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NewHorizon Bar fraction ‘_
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massive disks @ z=0.25 ‘_
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NewHorizon Rotation curves @ z=0.25 ._
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NewHorizon Summary statistics @ z=0.25 ‘_
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NewHorizon Summary statistics @ z=0.25 ‘_
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NewHorizon Linear stability toy model ‘_
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NewHorizon Linear stability toy model ‘_
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NewHorizon thin disks but no bars (528
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