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Observations of galaxies over cosmic time
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Cosmological Simulations
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Modes in Cosmological Simulations
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Modes in Cosmological Simulations
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Simulations: Size vs Resolution
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Simulations: Size vs Resolution

OF — — T T ] e
rn: Madau & Dickinson 2014 1013 N Magneticum B3 uhr |
! —1 et ¢ Harikane+2022 — — — - 2 Magneticum BZb hr
a - RS /3 Magneticum B3 uhr .

s - \ Magneticum BZb hr ] 1012

- O, ] 7]
L, TRE E
5 > z

: T i
=, -3¢ M N E = 10

- )i/x L] 3 —
ey : N 5 % 10
. — _4 - N 3 g 10 L |
/)] - AN 4 *
- F N ] =
O u N . 9
~ —O & » Harikane+23 \\ E 107 i
- ~ O Harikane+23b \ z
N - 4 Oesch+2018 A : 8
%y — B[ ©Finkelstein+2015 AN 107 »CEERS il
o) - A Bouwens+20<0 \ ] ¢ JADES

_? : | 1 | 1 1 | 1 | 1 1 | 1 | 1 1 : 107 1 1 1 l 1 1 1 | 1 1 1 | 1 1 1 | | | | | 1
o 10 15 4 6 8 10 12 14

Kimmig et al, 2023 z 7

Rhea-Silvia Remus Ljubljana, 30.07.2024



Cosmological Simulations: In a Nutshell
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Simulations: Size vs Resolution
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Magneticum Simulations

www.magneticum.org

 Modified SPH version of
GADGET-3 (incl. thermal

0 2688 Y conduction)
1 896 y * Feedback from stellar
winds
2b 640 y y « Feedback from AGN
* Metal enrichment and
3 128 Yy Yy (z=2) star formation follow
pattern of metal
4 48 Y Y Y production from SNIa,
SNII & AGB
* Gas cooling depends on
m Mo /h 13-101° 6.9-.108 3.7 107 local metallicity
pm (Mo/h) * One gas particle can spawn
Megs (Mo/h) 20 -10° 1.4 -107 7.3-10° up to 4 stellar particles.

Web-Portal: c2papcosmosim.srv.Irz.de

Ragagnin et al., 2017
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Quenched Galaxies
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Quenched Galaxies
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Quenched Galaxies
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Quenched Galaxies
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Quenched Galaxies
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Quenched Galaxies
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Quenching at High-z
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Quenching at High-z
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Quenching at High-z
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Quenching at High-z
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Quenching at High-z
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Quenching at High-z

mmmm Mean Quenched

- Mean Non-Quenched 1
10 I 4 n

O
o
T T T

% stars formed
(o)
(@)}

o
1SN
T T T

Y4
7N

Isotropic Gas Accretion

Kimmig etal. 2023  redshift z

Rhea-Silvia Remus Ljubljana, 30.07.2024



Quenching at High-z
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Quenching at High-z
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Quenching at High-z
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Quenching at High-z
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Quenching at High-z

No, not only AGN!
So what else?
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Environment!
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Environment!

Dense Environment Underdense Environment
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Rejuvenation
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Rejuvenation
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Rejuvenation also earlier!
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High-z Quenching in a Nutshell
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But what about (proto)cluster environment?
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But what about (proto)cluster environment? =
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Quenched galaxies in protoclusters cannot rejuvenate
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Protocluster Quenched Fractions
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Protocluster environments shields from rejuvenation
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So are all galaxies and protocluster
structures we see at high redshift future
massive clusters?
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Massive Galaxy Evolution
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Protocluster Evolution
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Protocluster Evolution
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Protocluster: Going Local
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Dolag et al., 2023: The SLOW simulations.

See also Sorce+2017, 2019 for more details
on the Virgo-Cluster CLONE
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Dol end in a Cluster?
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Kimmig et al., in prep
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Dol end in a Cluster?
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Dol end in a Cluster?
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Fraction in Clusters at z
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Fortuné et al., in prep
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Power Ratio: Multipole / Monopole
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Outlook
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Summary

Massive at high redshift  Massive now

Massive Quiescents Quench Quickly,
not only AGN but Environment (and SF)

Galaxies go through on-off cycles of
starformation, rejuvenating after quenching

Protocluster environments prevent

rejuvenation. Underdense environments
support lasting quenching.
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