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Part I
The Closure Radius

Baryon redistribution out to
large-scales
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The Closure

Radius

The radius within which
all baryons associated
with DM are found.

f(< Re) = Qu/Q,

M. Reza Ayromlou (Uni. Bonn), Sep 2025
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Processes that
impact the

Closure Radius

Comparing several
variants of TNG, which
selectively exclude
certain physical

Processes.

M. Reza Ayromlou (Uni. Bonn), Sep 2025
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Still Part I

Closure Radius in Observations



Closure Radius

in Observations

* Closure Radius measured employing
eROSITA data, extrapolating the gas
profiles to several R500.

* DM density estimation using an NFW

profile, extending to several R500.

* Main caveats: Gas profile extrapolation

and neglecting the two-halo term.

M. Reza Ayromlou (Uni. Bonn), Sep 2025
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Predicting the Closure Radius: A Universal Relation
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Predicting the closure radius: A Universal Relation

Closure r.adius Halo baryon fraction
(normalized) (normalized)

Jo(< Rap0c.500¢)

R¢
-1 =5(2)
RZOOC,SOOC i f b,cosmic

B()=la)1 +2)

Free parameters
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Predicting the closure radius: A Universal Relation
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Universal Relation
to Observations
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Part II

Galaxy Physics Beyond the
Halo Boundary



The Conformity Signal

Af, =1, [quenched primary]

- f, [star forming primary]

* Introduced first by Weinmann+ 2006
(small scales) and Kauffmann+ 2013
(large scales)

* The existence and origin of
conformity is a matter of debate (see
e.g. Sin+ 2017, Tinker+ 2018, Sun+
2018, Lacerna+ 2018)

M. Reza Ayromlou (Uni. Bonn), Sep 2025
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The Conformity Signal: SDSS vs. Simulations

‘ The signal is present

out to at least 5 Mpc in

SDSS

LGal - A21
TNG
EAGLE

‘ The signal is missing in

LGal - H20 (no stripping
beyond R200)

M. Reza Ayromlou (Uni. Bonn), Sep 2025
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The Conformity Signal: The Role of Backsplash Galaxies

‘ The 3D signal is present

out to at least 10 Mpc in

* Former Satellites: Currently
central galaxies that have been
a member of a halo other than
their current halo in the past

* Excluding former satellite

galaxies does not change the
signal significantly

M. Reza Ayromlou (Uni. Bonn), Sep 2025
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Gas Stripping
through Time

We measure the actual
amount of the stripped gas
on the fly in the L-Galaxies

semi-analytical model.

A significant fraction of
galaxies lose their entire
CGM gas in the outskirts

massive halos.
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Galaxy Quenching in and around Filaments

See also talks by Daniela and Nicola
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Galaxy Quenching Near Massive Systems

__Quenched Fraction vs. Most Massive Neighbor Mass_
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The Conformity Signal: SDSS vs. Simulations

‘ The signal is present

out to at least 5 Mpc in

SDSS

LGal - A21
TNG
EAGLE

‘ The signal is missing in

LGal - H20 (no stripping
beyond R200)

M. Reza Ayromlou (Uni. Bonn), Sep 2025
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Part III

The High-Redshift Universe
and its Challenges



AGN Feedback and
Quenching

Low-z Picture:

» Stellar feedback regulates star
formation at M<Milky Way

* Milky Way-like galaxies are the
least influenced by feedback

 AGN feedback regulates and

guenches star formation at
M>Milky Way.

M. Reza Ayromlou (Uni. Bonn), Sep 2025
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 Models are typically calibrated
against low-z data such as

Low-z Calibration of Models
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© Combined Observations

M. Reza Ayromlou (Uni. Bonn), Sep 2025

SMF (rlght).and -1 D' Souza+ 2015 (incl. ICM stars)
Quenched fraction (left) ~ ]
=2
1.0 LA
' - | Galaxies (Ayromlou+ 21) T -3
- | Galaxies (Henriques+ 20) 2 ]
c 0.87 &  Combined Observations = :
o s 4]
E ﬁ | = LGalaxies (Ayromlou+ 21)
2 0.4° —6 ] = LGalaxies (Henriques+ 20)
[h] ] — N — . o I —— L
S | 8 9 10 11 12
021 [ log10(M-/Mo)
0-0 '8 9 10 11 12
l0g10(M-/Mo)

Ayromlou+2021, 2025 in prep.



Stellar Mass Function of Quenched Galaxies

Akash
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* The total galaxy stellar mass
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Environmental 10g(Ma0o/Mo) = 12.5

Quenching at
High-z
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Environmental Quenching at High-z
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Galaxy Quenching at z~4.6
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Part IV

The Physics of Galaxy
Clusters
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Clusters are Closed but Dynamically Evolving Systems
Gas Velocity Dispersion Gas Radial Velocity

2
450 900
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Gas Kinematics in Clusters: The impact of SMBHs

Gas Inflow Velocity
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Line-of-sight velocity dispersion
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The Halo Gas is Multiphase!

10°

* Average temperature
increases with the halo mass

 However, the halo remains
multiphase, even for the
most massive galaxy clusters

 What is the origin of the cold o _ _
gas in massive clusters? 10-6 1 [ 8<log Mo <9 12 <log Mo <13
1 9<log My <10 1 13<log My <14
10<log M, <11 1 l4<log My <15
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The Halo Gas is Multiphase! Milan
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The Halo Gas is Sgrfaer;] |
Multiphase!
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* The halo remains multiphase,
even for the most massive
galaxy clusters
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 What is the origin of the cold
gas in massive clusters?
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Part V

Back To the Future: Modeling
AGN Feedback in Simulations



Physically Based, Spin-Dependent AGN Feedback

 Kinetic and Thermal modes based on
Weinberger+ 2017

* Spin evolution based on
Bustamante & Springel 2019

e Thermal and kinetic modes coexist
(there is no switch)

* Energy budget for each mode as well

as radiative efficiency depend MBH,
Mgy , and SMBH Spin.

M. Reza Ayromlou (Uni. Bonn), Sep 2025 Ayromlou+ 2025 in prep.
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AGN Feedback in Dwarf Galaxies?

Finlay
Taylor

1079

* AGN feedback typically impacts
the SFR of systems more
massive than the Milky Way

* However, some observations — T s
and simulations show evidence o e
of AGN feedback in low-mass 3 e
galaxies (dwarfs) too. S e
* What is the origin of the AGN T Esnhﬁ:tl:gsmg )
feedback in Dwarfs? jo-1tbe o o
108 10°

Stellar mass [M ]

M. Reza Ayromlou (Uni. Bonn), Sep 2025 Taylor+ 2025, in prep.



Physically Based, Spin-Dependent AGN Feedback

 Kinetic and Thermal modes based on
Weinberger+ 2017

* Spin evolution based on
Bustamante & Springel 2019

e Thermal and kinetic modes coexist
(there is no switch)

* Energy budget for each mode as well
as radiative efficiency depend Mz,
Mgy , and SMBH Spin.
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See also Fanidakis+ 2011 and Griffin+ 2019 (GALFORM),
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Dubois+ 2021 (NewHorizon), Husko+ 2025 (Swift), and ...

Ayromlou+ 2025 in prep.
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Model Calibration: The Case of Flamingo
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See also Sun+ 09, Pratt+ 09, Sanderson+13, Lovisari+ 15, Ettori+15,

Eckert+16, Chiu+18, Nugent+ 20, Eckert+21, Popesso+ 24, Reiprich+ 25
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Summary

Closed but 15 00
- The Closure Radius is the halocentric distance within which all baryons evo|ving '
associated with dark matter are found. 14.00
- The Universal Equation predicts the closure radius in observations.
AGN
#13.00~
- The majority of satellites lose their entire CGM gas before infall Feedback 7 S
i ~
- Galactic Conformity: Galaxy properties are correlated out to large scales. 1 r12.00 S
] ~N
SN 1 =
- Galaxy Clusters are closed, but dynamically evolving systems. 7 11.00 o
Feedback i 5
T 10.00 2
- High-z Galaxy Quenching: Simulations struggle to reproduce the JWST- '
observed massive quenched galaxies at high-redshifts (z>3)
UVB 9.00
- AGN Feedback Modelling: A novel spin dependent model for AGN feedback 8.00

M. Reza Ayromlou (Uni. Bonn), Sep 2025
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