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Abstract:
As cosmic microwave background photons travel through the Universe a small fraction of them interact with the intervening
cosmic gas and thereby imprint the properties of this gas on our CMB observations. In this talk | will describe how data from the
Atacama Cosmology Telescope can be used to isolate the signals arising from hot gas throughout the Universe and how the data

can be used to measure both the integrated electron pressure and temperature of galaxy clusters. | will discuss how upcoming

CMB experiments, such as the Simons Observatory, will allow us to improve our characterisation of the properties and evolution
of cosmic gas.
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Lucas Kuhn, Zack Li and the ACT collaboration
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The large aperture telescope:

1) ~6m primary

2) Frequency coverage from 30-280 GHz
3) ~10x the mapping speed of ACT!!
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Coulton et al (2023)
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ACT has detected more than >9000 clusters! Study gas filaments
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The gas-halo connection The pressure around DESI galaxies
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Hilton et al (2021),Hincks et al (2021), Isopi et al(2024), Liu et al (2025), Pandey et al (2025)
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Relativistic SZ signature for electrons at

different temperatures
* The usual tSZ formula:

6l(n,v) = g(v)y(n)

assumes non-relativistic

electron (T, < < m,c*/kp)

— T,=0.1 keV
* X-ray measurements show S
=5 keV

that T, 2 few keV ! = —— T.—10keV

— 7T,=50 keV

e For relativistic electrons: 0 100 200 300 400 500 600 700 800

§I(n, v, T,) = g(w, T,)y(n)! S/
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Lucas Kuhn

A simulated ~40 degree? patch of the sky
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Kuhn et al (2025)
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Temperature mass scaling relations for a
collection of hydrodynamic simulations

Cluster temperatures are a
probe of the cluster’s
thermal history

Rs00c

Especially interesting is

their redshift evolution
BAHAMASH+

Can we push to high
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Can be used as a mass 101;[ y 10%
proxy for cosmology? 200 [Mo)

Lee et al (2022)
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The mean temperature of the 4690 ACT clusters compared to other measurements

—e— ACT Clusters
Redmapper SDSS Clusters
Reichert et al 2011

—— Mantz et al 2016
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Instead of measuring the entire stack, we can subdivide and search for evolution
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Forecast constraints on temperature-mass-

redshift relations with Simons Observatory
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CMB secondaries are inherently

. Simulations are a key tool!
non-Gaussian

Large Number

A

AGORA SIMULATION

High Resolution
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High resolution, high Tile box to cover the “Paint”
fidelity dark matter Universe and construct a observables
simulations light cone onto simulations
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Particle based painting o
(Baryon Correction model) Halo based painting

150 100 150 200
x (arcmin) x (arcmin)

Can test importance of model assumptions: intrinsic scatter, ellipticity++
See Daisuke’s talk
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e |Large number of simulations
unWISE green galaxies

e Currently have ~250
Goal: >1000

e Large range of observables
(CMB, galaxy clustering,

lensing++)

* Talk to me about adding
other observables

e Goal multiple “painting”
methods
—3000
e Currently a halo-based AT
approach and a partic'e —4000-3000-2000-1000 O 1000 2000 3000 4000
based approach LAY
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//
Led by Jack Kwok and
Bernardita Ried Guachalla

Integrated electron density constraints Probing gas rotations with groups
from patchy screening and clusters

Gas rotations
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Coulton et al ( 2024)
Hadzhiyska et al. ( 2025), Sailer et al (2025)
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CMB secondaries contain a wealth
of information on cosmic gas

e With ACT, SPT ++, we have
the sensitivity to make
interesting gas measurements

Publicly available ACT+Planck
maps here

Measuring the rSZ is hard!

* Requires high resolution, low
noise measurements
... especially at high frequencies

* A very precise characterisation
of the instrument!

We have made a ~ 4¢
measurement of the effect

Compton-y Anisotropies

-2x107% 2x1073
Blackbody Temperature Anisotropies
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