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Cosmology: ACDM?

Cosmic Microwave Background Universe expansion
3000K

Intensity

Micro-wave

Visible
wavelength
Universe content Cosmic Web and galaxies
_mWwithout DM, DE
ACDM
\ 69% DE
\ 28% DM

{ 3% baryons

Angular power spectrum

angular size Milky Way
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Cosmology: ACDM?

North/

K Anomalies in the CMB
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Cosmology: ACDM?
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Example of S8 (os, Om)
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0.27

0.26
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Galaxy cluster mass function

Plcinck

Galaxy clu%
| counts ~

| | 1

0.795 0.810 0.825
O3

Planck Collaboration, Pratt+2018
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Example of S8 (os, Om) Changing mass calibration

Plcinck

0.29 -
0.28 | (
Om
0.27 | \ /-
Galaxy clu% ~
0.26 | counts S~ /} i
: ~_ _~

0.795 0.810 0.825
O3

Planck Collaboration, Pratt+2018
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Example of S8 (08, Om) What and Why"

Hydrostatic equilibrium : Gravitational potential well : DM +
iIntracluster medium Baryons
dP GpM .

MtOt: DM+M +M

gas stars

Hydrostatic mass bias

dr 72

Spherical symmetry + no
turbulent/magnetic pressure :

rP,(r) dInPg(r)

s M, =(1-bM
Gum,n,(r) dlnr HE ot

=> Myp(r) = —
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Example of S8 (08, Om) What and Why"

Hydrostatic equilibrium : Gravitational potential well : DM +
iIntracluster medium Baryons
dP GpM .

MtOt:MDM_l_M +M

gas stars

Hydrostatic mass bias

— My = (1 _@Mtot

dr 72

Spherical symmetry + no
turbulent/magnetic pressure :

rP,(r) dInPg(r)

=> M, (r) = —
He(r) Gum,n,(r) dlnr

> From cosmological simulations
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Example of S8 (os, (Om) Huge disparity
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Simulations & systematics

S8 (08, Qm) = X +/- Omeasure +/- Osystematics

e nb measurements

e instruments/tools sensitivity
= precision
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Simulations & systematics

S8 (08, Qm) = X +/- Omeasure +/- Osystematics

/

* nb measurements Standard cosmological simulations

e instruments/tools sensitivity

— precision can give the total uncertainty but
cannot reduce the systematics

@ G.5 Sprnger, 2014

Ugh! | thought you said
you have precise aim!

Sometimes it pays to know a little statistics.
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Simulations & systematics

S8 (08, Qm) = X +/- Omeasure +/- Osystematics

—

* Nbmeasurements Standard cosmological simulations
e instruments/tools sensitivity . ,
- precision can give the total uncertainty but

cannot reduce the systematics

G OGS Spanger, 2014\ 7 ‘
\
\

Ugh! | thought you said
you have precise aim!

| do! I'm just not
very accurate!
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Sometimes it pays to know a little statistics.
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Simulations & systematics

S8 (08, Qm) = X +/- Omeasure +/- Osystematics

—

* nbmeasurements Standard cosmological simulations
e instruments/tools sensitivity . ,
- precision can give the total uncertainty but

cannot reduce the systematics
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Qm \\\ \
0.27 | ‘
galaxy cluste
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026 counts -

—

@ G.5 Sprnger, 2014

Ugh! | thought you said
you have precise aim!
do! I'm just not
very accurate!
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Constrained cosmological
Sometimes it pays to know a little statistics. Slmulatlons can help reduce bIaSeS

Jenny Sorce (CRIStAL/IAS/AIP) CLONES & Minimizing biases



Standard cosmological simulations

Part of the Universe at Initial conditions (lCS)
13.7 light-Gyr initial conditions of
Photons received today a random patch of
have been emitted when it the Universe
was ~380 000 yrs. old O .. . V. .
T Homogeneous Gaussian { ,lmt 4 ’W}
_and Isotropic  initial density ‘
. Universe field d(k) =
v P(k).w(k)
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Standard cosmological simulations

Part of the Universe at Initial conditions (lCS)
13.7 light-Gyr initial conditions of
Photons received today a random patch of
have been emitted when it the Universe
was ~380 000 yrs. old O .. . V. .
T Homogeneous Gaussian { ,lmt 4 ’W}
_and Isotropic  initial density ‘
. Universe field d(k) =
v P(k).w(k)

Linear perturbation
theory (Euler+

Continuity+Poisson)

Why only o ? »V.v=—afo

NB: only divergent (no tidal) but periodic boundaries
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Standard cosmological simulations

Part of the Universe at Initial conditions (lCS)
13.7 light-Gyr initial conditions of
Photons received today a random patch of
have been emitted when it 5the Universe
was ~380 000 yrs. old . .
AT ’ Homogeneous Gaussian ,lmt , le?} |
. and Isotropic initial density SRR,
e . Universe field d(k) = I R T
L "o — 9T @

Linear perturbation

Evolution theory + “kick”
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Constrained cosmological simulations

Part of the Universe at
13.7 light-Gyr
Photons received today
have been emitted when it

initial conditions of
the local Universe

was ~380 000 yrs. old S. . V.
s T Homogeneous Gaussian ? { ‘lmt ? lm(}
. and Isotropic initial density i S i
. Universe field

"This identical twin of yours...
Can you describe him?"
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Constrained cosmological simulations

Part of the Universe at
13.7 light-Gyr
Photons received today
have been emitted when it

initial conditions of
the local Universe

was ~380 000 yrs. old | 5im’ F Vi t}
T Homogeneous Gaussian L -
~_and Isotropic initial density gatar]

| Universe field

Type of constraints

Redshift Peculiar
velocity

NB: both with pros and cons!

"This identical twin of yours...
Can you describe him?"
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Constrained cosmological simulations e.g. CLONES

Sorce+2016

Sorce2018

CLONES = Constrained LOcal &
Nesting Environment Simulations

“It just seams wrong to me. | don't think
| could live with myself.”
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CLONES: an independent Mt estimate”?
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Sorce2018

- . .
d P ril . et 3 - "W

500 Mpc/h, 102413 particles,
DM only, Planck cosmology



CLONES: an independent Mt estimate”? Sorce-+submitec

Velocity wave signatures in the Hubble diagram

Virgo Centaurus
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500 Mpc/h, 20483 particles, DM only, Planck cosmology
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CLONES: hydrostatic mass bias & projection effects 4=

Théo Lebeau

Project: using a CLONE of the local Volume that contains replicas
of local clusters to study the impact of

¢ the dynamical state of the cluster (substructures, morphology)

e the local Environment (connectivity)
e the formation history (accretion from filaments, merging)

on the hydrostatic mass bias (b) - .

-> Example of the projection effects on the | e
hydrostatic mass bias in the case of the Virgo - .-
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CLONES: hydrostatic mass bias & projection effects g* 28
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Example of the Virgo galaxy cluster
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Théo Lebeau

--F- Perpendicular to the main filament (y axis rotation)
—7+ --F- Virgo-center of the box axis
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Lebeau+in prep.
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CLONES: hydrostatic mass bias & projection effects
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Lebeau+in prep.

3D
e Virgo-center of the box axis

Along the main filament
e Perpendicular to the main filament (x axis rotation)
e Perpendicular to the main filament (y axis rotation)
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CLONES are widely used

- : SLOW: local web
(Dolag, Sorce+2023)

Cosmic Rays in the

Virgo Cluster local Universe

(Sorce+2016, 2019, 2021, in (Hackstein+2018, Boess+in
prep., Olchanski & Sorce 2018,
Lebeau+ in prep.)

CoDa: Reionization of

the local Universe
(Ocvirk+2020, Lewis+2020,
Gronke+2021, Sorce+2022,

Lewis+2022, Park+2022)

HESTIA: Local Group [~ &oma connectivity

Carlesi,Sorce+2016,Carlesi+2016, (MalavaSI’ SOI’CG, DOlag’

2017, Libeskind+2020, Damle+2022, Aghanim submitted)
Newton+2022; Luis+2022,
Dupuy+2022, Arora+2022,
Khoperskov+2022a,b,c
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L OCALIZATION: local

cluster signatures
(Sorce, Aghanim, Lebeau,
Jung, Dolag)

Zone of Avoidance
(Sorce+2017)

2023

and
more...

26



- !

e Standard cosmological AOUAMPC ey luster
simulations give only the full e el R e
uncertainty By

e Constrained cosmological
simulations can permit
reducing biases/systematics

e CLONES are constrained
cosmological simulations valid
down to the cluster scales with
induced smaller scales

e CLONES are widely used and
maybe you are the next users!
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Thank you, Merci, Grazie,
Gracias, Danke,

Mahalo, 15, ¥ H & D,
TN, Obrigada, Dank u,
Tak, Cam o'n, Dziekuje, ZHAFEHL|LC}
Kiitos, Aitah, diolch, dankewol,
B3 rnW, ... *

* Missing your ‘thanks’ spelling? It means | did not get the chance to learn how to say it so far
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