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Abstract:

Feedback from active galactic nuclei (AGN) plays an essential role in current models of galaxy formation, yet the details of this
process remain highly uncertain. | will describe our work combining numerical simulations with microwave, X-ray, and
large-scale structure (LSS) survey data to better constrain this process. Our team has conducted a series of simulations
spanning a broad range of feedback properties, enabling us to investigate their effects on the circumgalactic medium (CGM). At
microwave wavelengths, we use these simulations to predict the thermal and kinetic Sunyaev-Zel'dovich (SZ) effects. We
compare these predictions with stacked data from the Atacama Cosmology Telescope (ACT) and the South Pole Telescope (SPT)
to derive constraints on AGN feedback. Additionally, we outline plans to improve these constraints with the TolTEC camera on
the Large Millimeter Telescope (LMT).

At X-ray wavelengths, we apply these simulations to predict soft X-ray emission, which we compare with stacked eROSITA
observations. A persistent challenge in interpreting these comparisons is the influence of halo mass. | will discuss how weak
gravitational lensing can help resolve this issue, offering new insights into the co-evolution of galaxies and their AGN.
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Sunyaev Zel'dovich Effect

Signal o Gas Density Along Sightline &
x Temperature Along Sightline B
= Pressure Along Sightline

Y Y= [y(6) d6

10~ arcmin?

CR fans: note there is a correction for relativistic particles

Pirsa: 25070010 Page 6/22




1.1 degree

.

6 arcmin

. . 3 l ‘-
- - ’ ' » ..‘-

¥ . i ; '
\ , A ‘ . -

ES, Thacker, & Couchman (2008)

Pirsa: 25070010 Page 7/22




Selection and Sample
k! ol 2,100 deg?, 5,000 deg?, 18,000 deg?

Seth Cohen

AREAF LA RS ARES RAR

. redshift :
1.0 1.5 20

Old/Passive

{z—W1)[AB mag]

ACT DR5

age > 1 Gyr, SSFR < 0.01 Gyr™

(g-z) [AB mag) —
DES Catalog N z | log(M./Mg)
SPT + ACT Overlap | 94452 | 1.06 11.41
ACT Only 387627 | 1.07 11.44

Meinke, Cohen, Moore, Bockman, Mauskopf, & ES (2023)

Pirsa: 25070010 Page 8/22




Pirsa: 25070010

Stacked Signals in the Overlap Region
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SIMBA

MPI version of the GIZMO meshless code
100 cMpc/h box, 2 x10243 particles, to z=0 (2E7 Msun)

Includes updates to Mufasa’s sub-resolution star formation
and feedback prescriptions.

AGN are associated torque limited accretion (cold) / Bondi
accretion (hot).

3-40% of energy in light goes into outflows depending L 44
i - ‘ \ Wy

Davé et al (2019)
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SIMBA

MPI version of the GIZMO meshless code
100 cMpc/h box, 2 x10243 particles, to z=0 (2E7 Msun)

Includes updates to Mufasa’s sub-resolution star formation
and feedback prescriptions.

AGN are associated torque limited accretion (cold) / Bondi
accretion (hot).

3-40% of energy in light goes into outflows depending L 44
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Dave et al (2019)
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m z=1 Stacking SZ Data from SIMBA
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m 2=0.55 Stacking SZ Data from SIMBA
N
/

Radius (kpc)
500 1000 1500 2000
I I 1 |

Skylar Grayson

[E—
Qu

z=0.55
1.86 x 1011 Mo

[E—
)
ﬁllll L

c<l—\
g
=
&)
—
]
R
3
<
N
3
-

[a—
LELEL L

[y
)

—— AGN
- —— N-AGN

Schaan et al. 2021
] ]

0 2 4
Radius (arcmin)

Grayson, ES, and Davé(2023)

Pirsa: 25070010 Page 13/22




SZ Moments
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X-ray Emission

SRG/eROSITA All-sky Survey
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Simulaied- eROSITA Stacks

Model Hot gas and LMXB + HMXB Contributions
SIMBA simulations EAGLE (bursty feedback put in thermally,

£=0.15)

- 1. Generate photons from 5 different cosmological

simulations using APEC CIE model

'2. Project on the sky (via pyXSIM /APEC )
9

3. Simulate 1000ks observation with eROSITA using
SOXS, including instrumental effects (PSF, ARF, RMF,
backgrounds )

4, Select galaxies and stack to generate radial profiles

Grayson, ES, Comparat, ZuHone, Zhang, Sheeram, Briggen, & Bulbul (2025 xarXiv:2506.09123)
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X-ray Emission
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Grayson, ES, Comparat, ZuHone, Zhang, Sheeram, Broggen, & Bulbul (2025 xarXiv:2506.09123)
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X-ray Emission
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A Tool to Constrain AGN Feedback

L = 7]1\.4]31_16'2
n = 0.1

These are the parameters we change in the RAFIKI runs
Runs are labelled jet-wind, so 40-2.5 has g =0.4 and ¢,, = 0.025
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Coming soon
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Conclusions

—— SPT+ACT, PS+King Fit
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