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MUSEQUBES: A z = 3.6, 260 pkpc long Lya filament
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The filament contains

* 7 LAEs Banerjee, Muzahid, JS, Cantalupo, Johnson (2025)
« A[X/H]~-3.7,n,~10%cm= (A~ 5) pLLS absorber



Effect of baryons on halo density profiles

i Total mass profile relative to DMO
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Baryons compress mass near the halo center, but

suppress the density in the outer halo. Velliscig, van Daalen, JS+ (2014)
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FLAMINGO: Basic features

 Full physics hydro (SPH) with neutrino particles
« Subgrid stellar and AGN feedback calibrated using machine learning
(emulation with Gaussian processes) to the observed:

— Galaxy stellar mass function
— Cluster gas fraction — halo mass relation (at Rz,,) derived from pre-eROSITA X-ray +
lensing data

 Box size: =21 Gpc

 Gas particle mass: = 10% Mg

« Up to 2.8x10"" particles (2x5040° + 28003, 2.8 Gpc box)
* On-the-fly lightcone outputs

» Variations in cosmology, neutrino mass, cluster gas fractions and stellar mass

function, AGN feedback implementation
JS+ (2023)



Cluster gas fractions inferred from (pre-eROSITA) X-rays + weak lensing
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CDM | Neutrinos
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Recent developments pointing to strong feedback

* Lensing + ACT kSZ (Schneider+22, Bigwood+24, McCarthy+25, Hadzhiyska+25)
« eROSITA gas fractions (Popesso+25)

« eROSITA gas fractions + ACT kSZ (Kovac+25)

* Lensing + tSZ (Pandey+25)

« Planck tSZ power spectrum re-analysis (Efstathiou+25)

However,

» Different observables probe different halo masses, radii, and redshifts (e.g.
McCarthy+23, Lucie-Smith+25)

* Sg4 tension between large-scale structure and primary CMB disappearing
(Wright+25, Efstathiou+25) and could probably not be solved by feedback in any
case (McCarthy+18, 23)



Galaxy-galaxy lensing for stacks of z~0.5 galaxies
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For each model, the stellar mass is selected to

match galaxy-galaxy lensing, M* = 10"13 M

o (as observed)

McCarthy, Amon, JS+ (2025)



kSZ for stacks of z~0.5 galaxies with g-g lensing halo masses
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kSZ prefers much lower gas fractions (fgas-80),
than pre-eROSITA X-ray observations (L1_m9) McCarthy, Amon, JS+ (2025)



ACT kSZ for stacks of z < 1 galaxies with g-g halo masses
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kSZ prefers much lower gas fractions (fgas-80), i.e. stronger feedback,
than pre-eROSITA X-ray observations (L1_m9) Siegel+ (in prep)



Constraints on the gas fraction halo mass relation
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Fitting eROSITA gas fractions & ACT kSZ with baryonification
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kSZ and kSZ+eROSITA X-ray prefer much lower gas fractions (fgas-80),
than pre-eROSITA X-ray observations (L1_m8) Kovac+ (2025)



Thermal SZ power spectrum

A Planck
o SPT
Py 0 O ACTpol
= 107
\_CE/ i
~
—
1
N
SN
I:ﬁ — L1 m9
= — fgas—8co
ﬁ<‘_3 1071 Planck
- - — LS8
139.7  (-130.9) 0O |
(-48.2) (-137.5) —— LS8 fgas—8o
‘ | (154.3) — 10 cooling
102 ]_?3 104

The tSZ power spectrum prefers low Sg and is insensitive to baryonic physics on large scales
Small scales appear to require a low Sg plus very strong feedback

Most sensitive to k ~ 0.5 - 3 h/Mpc, z~ 0.2-0.7 McCarthy, Amon, JS+ (2025)



tSZ power spectrum: Strong feedback and/or systematics?
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instead of measuring tSZ from Compton y-maps

Improves agreement for Planck Sg on large scales

Efstathiou & F. McCarthy (2025)
See also McCarthy, Amon, JS+ (2025)



kSZ probes different objects than currently used for cosmology

log1o[Maoom/Mo)]

15.5

15.0 —

tSZ-C) Planck
tSZ-Cy ACT/SPT

WLE (6 =14)
WL £_(6 = 40')

kSZ (DESI LRG)

14.5 .
%8ig/. /Va.-:.-o/ M
| of = 155
N 08]0[«”&..
u---'-U/fnlff(.)] = 15 O
jo \
- g]ﬁ[%.—.—_—(j/M(_)] =14
=144
\
log, 12
- 10/ f:-—-.-o/M@] =137
lo
- gm[;’lfz_.___o/M@] =131
. \
| | I l I I I
T . 0.50 0.75 1.00 1.25 1.50 1.75
2

2.00

Lucie-Smith+ (2025)



Evolution of the gas fraction — halo mass relation
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Gas fraction evolutionary tracks
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Cosmic shear from KiDS-1000

Sg
L1 m9 0.815 ] 44
Planck 0.833 e [.] m9
PlanckNuOp24Fix 0.789 1 . fgas+20
PlanckNuOp24Var 0.807 ] kll?jj fgas—20
LS8 0.766 1 15 ¢’¢’ e o5 — 405

m— foas—80

54 T 5.5
o)
2 ¢
g _ $¢P o ¢
234 6.2
(43 | G
0 10 10° i}

Multipole number

Cosmic shear prefers a low S8 cosmology and is currently insensitive to baryonic physics
Most sensitive to k ~ 0.2 — 2 h/Mpc, z ~ 0.1-0.4 McCarthy, Salcido, JS+ (2023)



Conclusions Part |

« FLAMINGO simulations for cosmology and cluster physics

— Very large volumes - very large numbers of (proto-)clusters

— Neutrino particles

— Lightcone output

— Many cosmology and galaxy formation variations

— Two different implementations of AGN feedback for a fixed calibration

« Baryonic feedback may be much stronger than suggested by most pre-eROSITA analyses
based on X-ray clusters

« Cosmic shear, SZ, and cluster count cosmology are systematics limited

* ltis critical to validate observational constraints using models with varying strength and
implementations of feedback

« Many systematics can be eliminated by directly emulating observables as a function of both
cosmology and baryon physics

» Feel free to contact me if you would like to use the simulations



Key limitations of EAGLE and similar simulations

* |ISM is kept warm (= 10* K) and is therefore too smooth

- COLIBRE includes non-equilibrium cooling, self-shielding, molecules, and
coupled dust formation and evolution

« Spurious heating of stellar particles by dark matter particles
- COLIBRE uses similar mass resolution for dark matter and baryons
* AGN feedback is critical but highly uncertain

— COLIBRE includes two calibrated models for AGN feedback

* Box size (L = 25-100 Mpc) is too small for studies of large-scale
structure, clusters, high-z galaxies

- COLIBRE use an order of magnitude larger volumes at the same
resolution



The COLIBRE project: cosmological hydrodynamical simulations of
galaxy formation and evolution
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COLd Ism and Better Resolution (COLIBRE)

* |ncludes

— Cold (T << 104 K) interstellar gas

— Cooling (non-equil. H, He, e7; self-shielding, UVB and interstellar radiation)

— Dust (3 grain species, 2 grain sizes; coupled to cooling)

— ‘Chemistry’ (updated yields, diffusion, new SNIla, s- and r-process elements)

— Stellar feedback (HII regions, winds, turbulence, improved stochastic SN feedback)
— BH and AGN physics (also runs with BH spin and jet feedback)

— Star formation (Schmidt law with instability criterion)

« Suppresses spurious energy transfer from DM to baryons by using 4x more DM than baryonic
particles

« Very large simulations, up to 30083 baryonic and 47683 DM particles (20 times more particles
than EAGLE)
 Wedding cake strategy:

— Box sizes ranging from 400 Mpc to 25 Mpc
— Particle masses ranging from ~107 to 10° M,
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Distribution of mass in temperature-density space
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Distribution of mass in temperature-density space
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Galaxy stellar mass functionatz =0
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Stellar mass — halo mass ratioatz=0
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Galaxy size — mass relationatz=0
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Cosmic star formation history
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Hl and molecular masses atz=0
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Dust mass — stellar mass relation atz=0
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CGM X-ray luminosity
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Evolution of the mass functionfromz=0-4
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Evolution of the mass function fromz=5 - 11
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Conclusions Part |

« COLIBRE simulations for galaxy formation and cosmology

— Multiphase ISM including live dust grain model coupled to non-equil.
cooling

— Similar dark matter and baryonic particle masses to suppress spurious
heating of stars

— Order of magnitude more resolution elements than previous generation

— Wide range of volumes and resolutions

— Two different implementations of AGN feedback for a fixed calibration

* First results show very good convergence and excellent
agreement with a wide range of observations

* Together, FLAMINGO and COLIBRE span 6 orders of magnitude
In resolution

* Feel free to contact me if you would like to use the simulations
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