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Abstract:

The circumgalactic medium (CGM) around massive galaxies plays a crucial role in regulating star formation and feedback. Using
the CAMELS cosmological simulation suites, we develop emulators for the X-ray surface brightness profile and the X-ray
luminosity-stellar mass scaling relation to investigate how stellar and AGN feedback shape the X-ray properties of the hot CGM.
Our analysis shows that stellar feedback more significantly impacts the X-ray properties than AGN feedback within the
parameters studied. Comparing the emulators to recent eROSITA All-Sky Survey observations, we found stronger feedback is
needed than those currently implemented in the IllustrisTNG, SIMBA, and Astrid simulations, in order to match observed CGM
properties. However, adopting these enhanced feedback parameters leads to deviations in the observed stellar-mass-halo-mass
relations below the group mass scale. This tension suggests possible unaccounted systematics in X-ray CGM observations or
inadequacies in the feedback models of cosmological simulations. Finally, | will also highlight upcoming X-ray constraints of
feedback in the group and cluster scales with new CAMELS simulations and compare with those obtained at the CGM scale.
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“Tensions” between eRASS and Simulations

1044
+ Lx,com, Zhang et al. 2024b (this work)

Lx, AGN + xrB + AT, this work
+ Lx com, Anderson et al. 2015

B best-fit (a;=1.9, a,=4.2) .~

eRASS4 provides the stacked X-ray
data on CGM (Zhang+24a,b) on SDSS
spectroscopic galaxies.

1043

1042
Challenge: Differences between

modern cosmological simulations
(EAGLE, TNG100, SIMBA) with
eRASS observations.

1041

Lx, 0.5 - 2keV, <Rsooc LE7D/S]

Question: How can we reconcile
simulations with observations?

EAGLE -----
TNG100 —~—-
SIMBA — - -
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Cosmology and Astrophysics with MachinE Learning Simulations

CAMELS

lllustrisTNG | SWIFT-EAGLE
. SIMBA Ramses
S u Ite Astrid Enzo
Magneticum
(25 h~*Mpc)3
(50 h TMpo)® Volume

(100 h~*Mpc)3

Villaescusa-Navarro et al.
(2021, 2022),
Ni et al (2023)

SBset||LHset||1Pset||CVset|| EX set || BE set

> 1,024 sims 1,000 sims > 21sims 27 sims 4 sims 27 sims

Each hydrodynamic simulation has an N-body counterpart
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Cosmology and Astrophysics with MachinE Learning Simulations

Mock X-ray images of CAMELS CGM (Gluck+23)
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We create emulators for XSB profile and
Lx-Mstar relation from the simulations.

1000 runs with parameters sampled with Latin Hypercube
Box size = 25 Mpc/h; Resolution: 10’ Msun; 2 kpc

Feedback Value Range Physical interpretation
SN1 [0.25, 4.0] SN energy output per SFR
(MustrisTNG, Astrid)
Mass loading factor (SIMBA)
SN2 [0.5, 2.0] SN wind speed
AGN1 [0.25, 4.0] kinetic AGN feedback energy
(NustrisTNG, Astrid)
AGN jet momentum flux
(SIMBA)
AGN2 [0.5, 2.0] AGN ‘Burstiness’ (lllustrisTNG)
[0.25, 4.0] Jet speed (SIMBA)
(Astrid)

thermal AGN feedback energy
(Astrid)
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X-ray Surface Brightness Profiles: lllustrisTNG vs eRASS
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Increasing SN feedback increases gas density due to limiting accretion onto BH
leading to higher X-ray surface brightness profiles.
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SN energy

==== fiducial model

/ = c¢RASS (Zhang+24b)

ASNQ

SN wind speed

100 1om
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11.00

AGN energy I

AGN _
burstiness I

1611
E(2)M, [M,)]

11.00

11.00

Lx-Mstar: lllustrisTNG

Fiducial model
overpredicts Lx at high
stellar mass.

More sensitive to SN
feedback parameters
than AGN feedback

parameters.

Relatively small number
of massive halos due to
small box size.

Pirsa: 25070012

Page 7/11




l4.00 I4.UO

- ,, Lx-Mstar: Astrid
11.00 11.00 e Fiducial model

: _ overpredicts Lx by

s SNenergy | W o [ 10.50 ~100.

T ==== fiducial model . .

— Kinetic AGN .

R (e 2 ) ' ' energy I e Very sensitive to SN
e 025 and thermal AGN

OD 1070 oy l - I feedback.

< 1.50 ) .

B8 === - 1200 o Non-monotonic

& T behaviour with thermal

i 1.00 11.00 AGN feedback.

Z0n d0.75 .. e Strong thermal AGN

L, SN wind soeed Thermal AGN feedback pushes out

= IR L eneray I hot gas.

1010 1011 0.50 1m0 1011 Ui
E(2)M, [M)] E(z)M, [M]
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Tension:

Stellar Mass-Halo Mass

Relation

e Best-fit feedback parameters lead to
Mstar-M relation that is different
from observations.

e Stronger feedback leads to
suppression of stellar mass at low
halo masses, inconsistent with

M, | Mg,

observations. 103 7 —— TllustrisTNG
f - SIMBA
e (Caveat: reducing potential j ——  Astrid
contamination from X-ray binaries S Girelli+20
and background can alleviate the o o8B

tenSion . Aff-g()(]p/;)\'[:a
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YszE(z)7*3( D4 /500 Mpe)? [arcmnin®]

Preliminary: Constraining Feedback with thermal SZ
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Comparison with CAMELS simulations:
Lower stellar feedback matches the lower
stellar feedback to observations for all
models (TNG, SIMBA, Astrid).

2.00

M, /Maooe

1071
—— IlustrisTNG
SIMBA
1051 — Astrid
8 + Dast23
1072 g
T 1077
=
53]
—— IllustrisTNG from Ysz “.l-)j
1073 SIMBA from Ys .
—— Astrid from Yz
----- Girelli+20
1012 1013 1010 ToT
Maooc/ Mo M, /M,

Little Tension: Mstar-Mhalo relation with
best-fit feedback with Ysz-Mstar is
consistent with observations at higher
stellar masses Mstar > 1e11 Msun
Uncertain: Systematics due to stacking
Wishlist:

o Cross X-ray/SZ for the same sample
Lower mass scale measurements

)
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¢ eRASS stacked CGM observation prefers stronger SN and AGN feedback energies in modern
cosmological simulations.

e Tension: the resulting stellar mass relation from eRASS doesn’t match with observations.

e Contaminations (X-ray binaries, background emissions due to groups) may overestimate X-ray CGM.
Accounting for them will alleviate the tension.

e Future Work: SZ and high-resolution X-ray Chandra/XMM observations will help with the tension.
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