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PLANCK YMAP

®  Adapted component
separation based on :

® Constraints on

emission spectra

Localisation in
multiple domain

® 100:857Ghz maps

® First SZ Angular power
spectrum and
cosmological
constraints
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OTHER YMAP )

® Planck + ACT: PACT map: 1st combination of CMB experiments

Aghanim et al 2019

PACT y-map

v — - v -5
v : % .,. ~ .‘_ NAY L . 1 : omz'm_” . Ix10
S : 153 TIRL N B e L AR IR 210
o ) IR DOV by A Tl LA % W8 LWL > o s
> OACT-CL J0B16-5227 . DV F 1%10”
'.. R % ” uem_q.m_e’t'» ST e S ey ._.-._ ) 0
' : e, $ <4 O ORI BTN TN . J-A RS S \ "5
) y r et i - . v Y SO
e .0 "?‘om' : 3 » '0“""'?5‘"”"-5“‘34 o 0 R i g »r, o P N -1x107
: * - S : - res . t . R, o ‘--,.‘ >
L ot RO RPN TR v S R Rl LS e |
o> - ! - - . / - dt . & = 4 e . 9. ,»’-L'- et S . p _3x10-3
100 90 80 70

RA [°]
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Hurier, Aghanim, Douspis 2021

® Planck+ACT

Madhavacheril et al 2020

Planck+SPT

® Planck+SPT

Bleem et al 2021
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TSZ IN FREQUENCY MAPS \ L

® tSZ is hidden among many other signals

® Primordial CMB becomes negligible at small scales
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Focus oN SPT HiGH ELL ANALYSIS )

----.

|
. For all 6 cross | )
CCMB CtSZ CkSZ . spectra V

l simultaneously

10° i

. Douspis model
SPT analysis uses templates for tSZ and kSZ 101/
Sims with cosmo1

10 10° 10 10

' 10°
t lat
kSZ AkSZ > Ogemp ate \

£ 1 Sims with cosmo?2

a = m »

SPT template

Gorce model

> Not coherent analysis
> Depends on assumed template — Tovpamy kSZ

—— Our template

> No cosmological information
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BycoPIC

] . Hu & Seljak

® tSZ spectrum contains cosmological Taburet et a.
information and baryonic information in Bolliet et al.
Salvati et al.

clusters L

Sunyaev & Zel’dovich

. . . . Mc Quin et al.

® kSZ contains mainly information on Mesinger
. . . ahn et al.
I’eIOnlsathn Planck 2016

Gorce et al. 2020

® CIB contains cosmological information and ~ rugetetal

. . . Lagache et al.
SFR evolution information Knox et .

Maniya et al.
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But

® {SZ spectrum contains cosmological
information and baryonic information in
clusters

® kSZ contains mainly information on
reionisation

® CIB contains cosmological information and
SFR evolution information
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1ns,Orsay. *

MARIAN Douspis - CMB-F - 2021

Hu & Seljak
Taburet et al.
Planck 2013

Bolliet et al.
Salvati et al.

Sunyaev Zel'dovich

Mc Quin
Mesinger
Zahn
Planck 2016
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Lagache
Knox
Maniyar




GoAL &

- Consistent ingredients and analyses
- Exploit the full cosmological information in the signal

Replace in SPT analysis

Reionisation

CoP = CFMB (@, xe = tanh) + AYZCmP~ 4 ARSZClemP—R 4

f
By Cosmology /

Co¥ = CFMB (O, ze = asym) +(C1°% (©))+ Cr°% (0, ze = asym) + ...

And for Planck /

a ] l’ .
C?bs = C}‘SZ(('D, Y) AC,BCf’B +A1RC{R +AR(,[1Cf"" +ANC? Where CXX are residuals
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TSZ POWER SPECTRUM FROM HALO MODEL )

Cls[O] = ”Tdez dv

Scaling Relation

Needed to relate the observable (flux,
size) to the mass and redshift. Given by
comparison HM with simulations or WL
measurements [Planck 2013., Nagai et al. , ...]

10—4 Mpc? 0.7

B8 () [M] _ Y*[ h ] e [ (1-b) M500]“

6- 1040,

Cosmology ©

SZ power spectrum as geometrical and
growth probe

dN
[
dMdz

Mass function

Number of halos in bins of mass and
redshift. From numerical simulations, known
10% scatter between teams [Tinker et al.,
Watson et al. , Despali et al.]

dN(M5()0,Z) o f o pm(z = 0) dlno—1!
dMso0 Msoo  dMsoo

~afi+(2) ew (-5)
o needs /P

Profile

Describes the spatial distribution of the

hot gas. Assume Universal pressure
profile, the GNFW [Nagai et al., Arnaud et al.

Planck 2014]
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TSZ AND COSMOLOGY e

® 1SZ effect contains cosmological information
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TSZ POWER SPECTRUM &

Cls[O] = ”[dez dV y(obs) S(obs — M) p(M, 7)

Cls depends on 6 cosmological parameters and
4 (up to 8) cluster physics parameters
Amplitude and shape depend on params

In practice we need to compute:
Redshifts from z=0 and z=3
Masses from 1e13 to 1e16

To cover large scales (Planck |=60 ~3deg/sky)
to small scales (SPT I=12000 ~1arcmin)

Heavy and slow to compute, and slows to
converge in MCMC

Alternative & Random forest

COSMO -
wsorsay. < J
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MACHINE LEARNING )

® Training Random forest with random values of 8
params on 10 I-values of the Cls (I=10 to
I=11000) [scikit-learn]

® Training 15000 models (test on 20%)
® RF Score of 96%

O
Approx
oy Amplitude of fluctuations
.. Q,, Matter density
RF traini ng Q Baryon density
Hidden layer 1 Hidden layer 2 C‘| 0 g S pe ctral index
H, Hubble constant
Interpolation I —b Mass bias parameter
» | Cls atall ells a SR Mass exponent
logY* SR amplitude




RF SZ SPECTRUM "

@ Prediction on 10 I-values then interpolation

100 times faster to
compute

—— True Cls
————— Recovered Cls
+ True values

+2% while obs errors
are ~20%

0 2000 4000 6000 8000 10000
Angular multipole £
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RF SZ CosMo )

® Reproducing constraints from true Cls

B Original run, true Cls
I true Cls, approx noise
RF Cls, approx noise
72
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NEW ANALYSIS OF SPT AND SPT-+PLANCK

(64 1)l 2

104

® {SZ spectrum from
Planck y-map 2021
® 5 components
® ellin [60:1400]
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NEW ANALYSIS OF SPT

@ Effect of cosmological information of tSZ

IAtSZ
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Compatibility of
results

Better x2 with free

cosmological
parameters:
Fixed Free Free
Cosmo Cosmo Cosmo
Template  Template RF(©)
236 216 215
dof ~dof-3 ~dof-3

Stronger constraints
on (QM, 0'8)

Douspis et al. 2021




NEW ANALYSIS OF SPT AND SPT+PLANCK g@

® Adding more information

error bars

+ 4 instrum

prior on Qth CCCP: Hoekstra et al.
prior on ng

prior on «
prior on Y x

COSMO -
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(1-b)

= CPTPian (152 RF), all e Adding Planck tSZ

QM Il SPT+Planck (tSZ RF), prior (1-b) Spectrum ShlftS
Qp parameters to more
H, usual values of
Mg T (ar, 08) :

o ; But do not improve
98 s | _ drastically the error

-~ ) bars
'S e Adding Planck tSZ
Q { . spectrum and prior
(1—0b) ol \ | @ j on the mass bias
+ 6 foreg o | : reduces by factor 2

Douspis et al. 2021
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BACK T0 SPECTRA f%/

® Best fits template vs RF(©) ..\
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CONCLUSIONS S

@ First attempt to bring full information of high ell
components (focus only on tSZ)

® Moving from template to cosmology dependency
brings consistent but stronger constraints

® First combination of Planck tSZ spectrum with
SPT-High-ell

@ Slight change in preferred model

® When prior on bias, agreement to low value
of s8
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CONCLUSIONS )

® Inclusion in cosmoMC (f90) code instead of using
template or computing halo model, by using
Python sklearn Random forest output

® Computation 100 times faster and allow for many
tests

@ Distributing python tSZ approx for fast computation
(Paper 1)

® Moving all to python and training on larger set (and
more parameters) and to kSZ for reionization
(Gorce et al. paper 2), include CIB (Maniyar et al.)
... for a full all-ell cosmological analysis (Paper3)
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