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Abstract:

Understanding the impact of baryonic feedback across different cosmic environments is crucial for accurate interpretation of
large-scale structure in Stage-IV cosmological surveys. Hydrodynamical simulations offer a valuable tool for capturing how gas is
redistributed by energetic processes, such as AGN feedback, and for predicting how this redistribution alters observable tracers
of structure formation. Traditionally, feedback models have been constrained through X-ray and Sunyaev-Zel'dovich
measurements of galaxy groups and clusters. However, new observational tracers are emerging that open up alternative
windows into the baryonic content of the cosmic web.

One such tracer is the patchy screening effect, a subtle CMB anisotropy arising from excess Thomson scattering along the line of
sight to groups/clusters due to their higher electron optical depths. This effect is sensitive to the diffuse baryons in the outer
regions of the gas profile of the halo, tracing the structure of the cosmic web. It is complementary to the kinetic
Sunyaev-Zel'dovich effect, as it probes optical depth without dependence on velocity.

In this talk, we present predictions of the patchy screening signal from the FLAMINGO suite of large-volume cosmological
hydrodynamical simulations. By generating mock patchy screened CMB maps and cross-correlating them with simulated galaxy
populations, we explore how feedback and cosmology shape the optical depth field. Our goal is to assess the sensitivity of this
signal to the cosmology and baryonic physics, and to evaluate its potential as a new probe of the gas distribution within the
anisotropic structure of the cosmic web.
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BACKGROUND Email: ).T.Conley@2022.ljmu.ac.uk

Cosmic Microwave Background & Circumgalactic Medium (CGM):

Image credit: Tumlinson, Peeples & Werk
Image credit: ESA and the Planck Collaboration (201%) P
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Image credits:
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' From Coulton et al. (2024) _ .
ESA d th ’ ‘ L ‘I)atCll}" Screen ...y _— \ G A 'I)l‘ll]]al'}-‘
p|ani||2 i Patchy Screening equation: AT (n) = —07(n)AT (n),

Collaboration
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METHODOLOGY

From Coulton et al. (2024)

Sign estimator:

Frequency band-pass filters:

unWISE galaxy sample:

Sample|Mean Redshift| Mean Halo Mass|Source density
(Mg /h) (arcmin™?)
Blue 0.6 1.4 x 10% 0.58
Green 1.1 1.3 x 10 0.32

~ Red 1.5 1.6 x 10" 0.018 4
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—stacked
0T (n) =

— Z Sign[Tlarge—scale(no 4+ ll)]-TSITlEIH—SC&]C(IlO 4+ Il)
T'large—scale ‘ >

4\Tobject.s <|

if ¢ < 600,
if 600 < ¢ < 650,
if ¢ > 650.

if ¢ < 850.
if 850 < ¢ < 900,
if ¢ > 900.
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METH O D O LO GY Email: J.T.Conley@2022.ljtnu.ac.uk

z = 0.000 ' -

t=13.750 Gyr 10 fMpc

FLAMINGO simulations (Schaye et
al., 2023):

« Large, calibrated cosmological
hydrodynamic simulations, run
to z=0.

Suite contains variations in box
Size; variations in cosmology &
variations in baryonic feedback
(AGN & stellar).

FLAMINGO
Virgo Cu:sort\um
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INITIAL RESULTS Email: J.T.Conley@2022.ljmu.ac.uk

Patchy Screening tau plot (Sim=L1000N1800 HYDRO_FIDUCIAL,
sample=Blue)
r [Mpc/h]
%104 ].‘ ? ? d.1

Patchy Screening tau plot (Sim=L1000N1800 HYDRO_FIDUCIAL,
logM+«=10.9)
r [Mpc/h]
4 6 8

— Blue

——— Green
—— Red

-=- Noise data

Theta [degrees]
A Varying stellar mass cut;
fixed galaxy sample.

< Varying galaxy sample; fixed stellar cut.
Noise level quantified.

Theta [degrees]
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COMPARING TO CMB
LENSING

T Profiles for Blue sample, logM«=10.9 for different lensing methods
(sim=HYDRO_FIDUCIAL, nside=8192)

r [Mpc/hl]
4

unlensed

- unlensed (no PS)
lensed to z=2
lensed to z=2 (no PS)
lensed to z=3
lensed to z=3 (no PS)

Annulus centre (arcmin)
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T Profiles for unWISE sample = Green
(sim=HYDRO FIDUCIAL, nside=8192, primary CMB=unlensed)
r [Mpc/h]

2 3 4 5

=
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Annulus centre (arcmin)

A Varying stellar mass cut;
fixed galaxy sample.

<Varying primary CMB method;
fixed galaxy sample and stellar cut.
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MOCK HALO CATALOGS & Email: J.T.Conley@2022.ljmu.ac.uk

LENSING C : .
« Comparing to mock primary CMB
CONSIDERATIONS maps that are both lensed and

unlensed.

unWISE galaxy redshift distribution

—— Blue sample
—— Green sample

« Rescaling unWISE redshift
distribution for halo sampling.

« Using a z-dependant stellar cut:

d (lo M
l0g10 Mstar(z) = ( glé}z star) (Z — Zmean)

o 10g10 MStaT,CUt; Zmean
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MATCHING TO OBSERVED Email: J.T.Conley@2022.ljmu.ac.uk
CLUSTERING DATA

Power Spectrum of the Galaxy Overdensity map (shot-noise - Cross-Spectra of the Galaxy Overdensity map and CMB lensing map
subtracted)(sim=HYDRO_FIDUCIAL, Blue sample, logM.=10.7, primary (sim=HYDRO_FIDUCIAL, Blue sample, logM+=10.7, primary CMB=unlensed)
CMB=unlensed)

Slope, log10M+ mean, Nhato
= 1.0, 11.09355, 1790831 = 0.3, 11.02492, 140655844
= 0.9, 11.07%80, 10619274 0.2, 11.02019, 135343618
= 0.8, 11.06727, 123962462 0.1, 11.01653, 119839125
= 0.7, 11.05629, 140655837 == 0.0, 11.01385, 104694688
= 0.6, 11.04639, 140650811 =e= ACT x unWISE (Farren et al. 2023)
= 0.5, 1104080, 141015762  =#= Planck x unWISE {Farren et al. 2023)
~ 0.4, 11.03089, 140655776

Slope, l0g10M=«, mean. Nhaio, X2
—— 1.0, 11.09355, 1790831, 26181905 0.3, 11.02492, 140655844, 2434630
0.9, 11.07980, 10619274, 1626.716 0.2, 11.02019, 135343618, 2430.779
0.8, 11.06727, 123982462, 1391.892 0.1, 11.01653, 119839125, 2448.869
— 0.7, 1105629, 140655837, 1667.128 == 0.0, 11,01385, 104694688, 2429.321
0.6, 11.04639, 140650811, 1954.560 == ACT x UnWISE (Fairen et al. 2023)
—— 0.5, 11.04080, 141015762, 2300.077 —a— Planck x unWISE (Farren et al. 2023)
0.4, 11.03089, 140655776, 2306.497

T T
103 103
Multipole moment £ Multipole moment £

A Galaxy-galaxy clustering power A CMB lensing (k)-galaxy cross spectra
spectra for different choices of stellar for different choices of stellar cut
cut parameters. parameters.
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STAY TUNED FOR MORE RESULTS!
ANY QUESTIONS? . . _
GitHub: https://github.com/JOnl15a/Patchy-Screening

T Profiles for Blue sample, logM-=10.9 for different lensing methods
(sim=HYDRO_FIDUCIAL, nside=8192)
r [Mpc/h]
2
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Power Spectrum of the Galaxy Overdensity map (shot-noise
subtracted)(sim=HYDRO_FIDUCIAL, Blue sample, logM.=10.7, primary
CMB=unlensed)

Slape, log1oM«, mean, Mnato, X°

3 4

10°

=—— unlensed

Y — 1.0, 11.08355, 1730831, 26181305 0.3, 11.02452, 140855844, 2434 630
..... unlensed (no PS) 9.9, 1107590, 10618274, 1626716 0.2, 11.02019, 115143618, 243,779
Y 0111 01653 13839125, 2448869
20 R === lensed to z=2
o
W * lensed to 2=2 (no PS)
¥ Y —-~- lensed to z=3 @.4, 11,0308, 14
* LN + lensed to 2=3 (no PS)

0.0

Cross-Spectra of the Galaxy Overdensity map and CMB lensing map

5 SR Y - (sim=HYDRO_FIDUCIAL, Blue sample, logM-=10.7, primary CMB=unlensed)
unWISE galaxy redshift distribution \{\\\ S = 2 g : X
. "‘{‘:;-4,,.——-"‘( Sloper- log1oM= mean. Nf-aw'o
— Blue sample , | e e :
T (SN a : & = 10714 3 avonaes, 10dgee 105
Annulus centre (arcmin} —a= ACT x LWSE (Farron et al. 20231 le moment ¢
1.0 —e— blanc x unWISE {Famren et al, 2023)
084 T
£l¥ 0.6 2
e
10734
0.4 1
0.21 104 4
0.0 1
0.0 0.5 1.0 1.5 2.0 2:5 3.0 EH) 4.0 107 100
& Multipole moment £
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