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THE SUNYAEV ZEL'DOVICH EFFECTS
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Bulk motion in reionised bubbles in reionisation era

— patchy kSZ



SECONDARIES IN CMB ANALYSES
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SPT/small scales
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tSZ/kSZ is hidden among many other signals

tSZ/kSZ not negligible at small scales as Primordial CMB damped

transform contaminents in cosmology probes




THE SUNYAEV ZEL'DOVICH EFFECTS
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tSZ

1. Probes cosmology (mostly O, and o3)
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2. Probes astrophysics of clusters/groups

, pressure profile,

hydrostatic mass bias

Komatsu & Seljak, Taburet et al 2009, Bolliet et al.,

Salvati et al., Planck collab., Douspis et al

kSZ (patchy)

1. Probes global reionisation history
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2. Probes reionisation morphology
(and effectively galaxy properties)
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Gorce+2020, see, e.g., McQuinn+2005; lliev+2007; Battaglia+2013;

MARIAN DoOUSPIS - COSM024 - KyoTo

Park+2013; Paul+2021, Chen+202m




IMPROVING THE CMB ANALYSES o0nd
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Let's exploit the full cosmological information of extragalactic
components (t1SZ, kSZ, ...) in CMB analyses in coherent

modelling and coherent analyses !
Douspis et al 2006

Replace in SPT analysis Reichardtetal 2021

Reionisation

t —t S —k
O = CFMP (O, ze = tanh) 4+ AL AFTECTEMPTE 4

Cosmology
By

Co¥ = CYMP (O, ze = asym) +

Halo model / \ Semi-analytical model

Taburet et al. 2009, Douspis, Salvati, Gorce, Aghanim 2022 Gorce et al 2020, Gorce, Douspis, Salvati 202.

Cy°%(0,re = asym)+ ...




EMULATING TKSZ POWER SPECTRA bpeod
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Training Random forest on 5 cosmo + 2 Reio + 2 kSZ + 3 tSZ
Training 50000 models (test on 20%)
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Reconstruction error < ~1% (0.02 pK2vs Obs err. ~ 0.4 pK?)
100 to 1000 times faster

moving to NN cosmopower like (Spurio Mancini+2021) for better accuracy

used in LiteBIRD SZ analysis Remaczeilles, Douspis, LiteBIRD collab+2024




RESULTS ON SPT DATA + PLANCK PRIORS &%
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When cosmology is “free”: amplitudes of tkSZ
Planck 2018 priors on Qph2, Qch2, Buc, Ns

Flat priors on other parameters (As and reion: zre, zend, K, a0)

—— tSZ and kSZ RF

—— KkSZ RF, tSZ template

—— KkSZ template, tSZ RF
tSZ and kSZ templates
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RESULTS ON SPT DATA + PLANCK PRIORS ®*»
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When cosmology is “free”. cosmology and EoR
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SPT data include models of earlier
reionisation than Planck:
6 8 1=0.062 +0.012 (10)
Zend z.=7.9%1.1(10)
—— tSZ and kSZ RF — KkSZ template, tSZ RF
—— kSZ RF, tSZ template —— tSZ and kSZ templates

-—-- Large-scale results
See also Jain+2023, Nikolic+2023

Gorce, Douspis, Salvati 2022
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CONSISTENT ANALYSIS ACROSS SCALES hpo.0sd

ssssssssssss
nnnnnnnn

Common foregrounds model and likelihood for Planck+SPT+ACT
based on Planck PR4 likelihood (7ristram+24)

extended to ACT, SPT (choi+20, Recihardt+20), Q ONGOING
using emulators of tSZ and kSZ (pouspis+22, Gorce+22) @

with asymetric EoR (pouspis+ 15)
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Better Accuracy and
robusTness for
Mass Assessment of
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What?

How?

Results:

Ongoing:

Use an analytical model of tkSZ PS to include it in cosmological
parameter inference

Combine cosmological information across scales

Parameterisation of the electron power spectrum calibrated on
hydrodynamical simulations

Emulators of the tkSZ angular PS (soon updated)

(available at https://szdb.osups.universite-paris-saclay.fr)

First self-consistent constraints on reionisation:
Zre = 79+11 -o1=0.062 £ 0.012

Improved reionisation kSZ model and tSZ pressure profiles
Consistent/coherent analysis of Planck+SPT+ACT
Joint analysis with other reionisation observables

Application to neutrino mass constraints
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DERIVING POWER SPECTRA
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Mass Assessment of
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Douspis, Salvati, Gorce, Aghanim 2022

Cls[®] = J[[dez dV  y(obs) S(obs — M)

Mass function

dN (Ms00, 2) — f(0) pm(z =0) dlno ™1
dMs00 Msoo  dMspo

for= a1+ () o (-5)

(1-

tSZ

pM, z)

dMdz

b) M500

Scaling relation

2 —24«

o (] o]
10—+ Mpc 0.7

Gas pressure profile

Arnaud et al, Planck, PACT, ...

6-104M,
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= Improvement on scaling and profile with new cluster/

group samples, eg CHEXMATE

Miren Mufioz-Echeverria

Gorce, llic, Douspis, Langer 2020
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= Recalibrate on LoReLi simulations: 10 000 simulations of
reionisation varying astrophysics Meriot & Semelin 2023
= Include a physical dependence, e.g., with symbolic regression

Lisa Mc Bride

MARIAN DOUSPIS -

KIAS wWORKSHOP 2024




RESULTS ON SPT DATA: FREE COSMOLOGY **
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When cosmology is “free”: shapes of tkSZ
Planck 2018 priors on Qph2, Qch2, Buc, ns

Flat priors on other parameters (As and reion: zre, zend, K, a0)
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Can see the shape of the spectral!l
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