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Cosmology: ACDM?
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Cosmology: ACDM?

Universe content Cosmic Web and galaxies
mWwithout DM, DE

ACDM
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Example of S8 (os Om) Galaxy cluster mass function

Pla[nck

0.29 | -
0.28 -
Om
0.27 | -
Galaxy cluster
0.26 | counts A

0.795 0.810 0.825
O3

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

Pla[nck

0.29 | <30 -
0.28 -
Om
0.27 | -
Galaxy cluster
0.26 | counts i

0.795 0.810 0.825
O3

Planck Collaboration, Pratt+2018

Jenny Sorce (CRIStAL/IAS) Digital twins & Bias-free inference



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)
Gum,n,(r) dlnr

=> Myp(r) = —

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

Piffaretti+08 (X)-
Lau+09 (S
Ameglio+09 (
Meneghetti+10 (
Sembolini+12 (
Kay+12 (
Rasia+12 (
Battaglia+13 (
Nelson+14 (SZ)-
Biffi+16 (X)+
Shi+16 (5Z)+
McCarthy+16 (X)+
Martizzi+16 (SZ)-
Le Brun+17 (X)1
Gupta+17 (5Z)1
Henson+17 (X)-
Cialone+18 (X)-

)
)
)
Ruppin+19 (SZ)-
)
)
)
)

Z)
X)
X)1
X)1
X)1
X)
X)

Pearce+20 (X,5Z)-
Ansarifard+20 (X,5Z)+
Barnes+20 (X)1

This work (X,S5Z)-

Gianfagna+2020 ¥ a T
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Simulations & systematics

Cosmo Param (Ho, Sg) = X +/- Omeasure +/- Osystematics

/

 nb measurements/obs.
* instruments/tools sensitivity
= precision

Example
| Planck
0.29 |
0.28 ]
Qo Urgeasurg

0.27

galaxy clu
0.26 - counts

0.795 0.810 0.825
Os

Planck Collaboration, Pratt+2018
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Simulations & systematics

Cosmo Param (Ho, Sg) = X +/- Omeasure +/- Osystematics

/

 nb measurements/obs.
* instruments/tools sensitivity
= precision

© G.S. Springer, 2014 V
CJgh! | thought you said \

you have precise aim!
| do! I'm just not
very accurate!

Sometimes it pays to know a little statistics.

wvdirtboy@gmail.com

Jenny Sorce (CRIStAL/IAS)

|

Standard cosmological simulations
can give the total uncertainty but

cannot reduce the systematics

29

0.26 |

Example

Planck

{+ Osystematics
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Simulations & systematics

Cosmo Param (Ho, Sg) = X +/- Omeasure +/- Osystematics

—

* nb measurements/obs. Standard cosmological simulations
* instruments/tools sensitivity

= precision can give the total uncertainty but

cannot reduce the systematics

© G.S. Springer, 2014

N\ Example
Ugh! | thought you said . ] Il A
you have precise aim! Planc
e
| do! I'm just not | 0-29F casure | Osysrm—T
very accurate! 9|
\ g 0.28
E Om
0.27
galaxy clu
0.26 - counts
/ k 0.795 0.810  0.825

o 8 .
Constrained cosmological
Sometimes it pays to know a little statistics. SimU|ationS can he|p redUCe biases
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Standard cosmological simulations

Part of the Universe at

>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
s Y Homogeneous Gaussian { 6lmt , : lﬁlt}
- andIsotropic initial density o

v = Universe field
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Constrained cosmological simulations

Part of the Universe at
>13.7 light-Gyr
Photons received today
have been emitted when it 6

was ~380 000 yrs. old
s Y . Homogeneous Gaussian ? { n lt , > m U }
- . andIsotropic initial density o
‘ ... Universe field

initial conditions of
the local Universe
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e.g. CLONES =
Constrained LOcal & Nesting
Environment Simulations

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 { 5 }
T e Homogeneous Gaussian ? lmt , lmt
- andIsotropic initial density

=) Universe field

 —— P(k) —

BALI

“It just seems wrong to me. | don’t think
| could live with myself.”

Sorce+2016, Sorce2018
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e.g. CLONES =
Constrained LOcal & Nesting
Environment Simulations

Constrained cosmological simulations

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

was ~380000 yrs old ? {5zmt ’ lmt }

initial conditions of
the local Universe

S Homogeneous Gaussian
-+ and Isotropic  initial density
. Universe field

= P(k) —

BALI

EVOl Utlo n “It just seems wrong to me. | don’t think
— | Could |ive W]th myself_”

Sorce+2016, Sorce2018
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e.g. CLONES =
Constrained LOcal & Nesting
Environment Simulations

Constrained cosmological simulations

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

was ~380000 yrs old ? {5zmt ’ mlt }

initial conditions of
the local Universe

Homogeneous Gaussian
. and Isotropic initial density
: Universe field

BALI

EVOl Utlo n “It just seems wrong to me. | don’t think
— | Could |ive Wlth myself_”

Sorce+2016, Sorce2018
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e.g. CLONES =
Constrained LOcal & Nesting
Environment Simulations

Constrained cosmological simulations

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

was ~380 000 yrs. old ? { 5

initial conditions of
the local Universe

lnlt > lnlt}

o, Homogeneous Gaussian
- and Isotropic initial density
Universe field

BALI

EVO' Utlo n “It just seems wrong to me. | don’t think
— | Cou|d |ive Wlth myself_”

Sorce+2016, Sorce2018
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CLONES and the local LSS Sorce2018
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CLONES and the local LSS
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Sorce2018

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



CLONES and the local LSS Sorce2018
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CLONES: hydrostatic mass bias & projection effects

Simulated Virgo cluster

500 Mpc/h, 819213 particles effective
1 5 MpC (20 Mpc/h zoom), 0.24 kpc/h - Hydrodynamics:
Sorce+2021 SN and AGN feedback, Planck cosmology

Jenny Sorce (CRIStAL/IAS)

Digital twins & Bias-free inference

M87 counterpart

22



CLONES: hydrostatic mass bias & projection effects

Théo Lebeau

=sne Flament e

= = ' Rl
uﬂlament @

== | 5 filament

= |ine of sight

Lebeau, Sorce+2023
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CLONES: hydrostatic mass bias & projection effects
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Théo Lebeau

Projection effects on the
hydrostatic mass bias =
potential S8 problem !




CLONES: Only non-thermal pressure ?

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

MtOt: DM+M +M

gas stars

E: 12
|

Spherical symmetry + no _ |
Hydrostatic mass bias

turbulent/magnetic pressure :
rP,(r) dInPg(r)
Gum,n,(r) dlnr

=> Myp(r) = — — Myp=00-bM,,
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CLONES: Only non-thermal pressure 7

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

MtOt: DM+M +M

gas stars

Spherical symmetry + no ' _ ,
turbulent/magnetic pressure: ydrostatic mass bias

rP,(r) dlnPgy(r) My, = (1 -bM,,
Gum,n,(r)  dlnr ’

dr 72

=> Myp(r) = —

No other sources of pressure
(other than thermal) ?

>
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CLONES: Only non-thermal pressure ?

Velocity field

Temperature

D Lebeau

y [Mpc]

Lebeau, including Sorce
submitted

10 75 -5 25 0 25 5 75 10 -10 -75 -5 35 0 25 & 75 10
x [Mpc] X [Mpc]
0 108 -1500 -1000 -500 O 500 1000 1500
T [K] | Vx [km s-1]
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CLONES: Only non-thermal pressure ?

Velocity field

Temperature

D Lebeau

Lebeau, including Sorce
submitted
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CLONES: Only non-thermal pressure ?
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Multiple learnings from CLONES

Virgo Cluster

Sorce+2016, 2019, 2021, in prep.,
Olchanski & Sorce 2018,
Lebeau+2024a,b, submitted

HESTIA: Local Group
Carlesi,Sorce+2016,Carlesi+2016,
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Multiple learnings from CLONES and

more...

LOCALIZATION: local
cluster signatures

SLOW: local web Sorce+ in prep.

R Dolag, Sorce+2023,
* @ Hernandez+2024, Seidel+submitted,
Jung+2024, Sommer+2024

Cosmic Rays in the

Virgo Cluster local Universe

Sorce+2016, 2019, 2021, in prep., :
Olchanski & Sorce 2018, Hackstein+2018, Boess+ 2024

Lebeau+2024a,b, submitted

CoDa: Reionization of

the local Universe
Ocvirk+2020, sub. Lewis+2020,2022,
Gronke+2021, Sorce+2022, Park+2022,
sub., Dawoodbhoy+2023, lliev+sub.,
Ziegler+sub.

s Zone of Avoidance
Coma connectivity & Sorce+2017

HESTIA: Local Group Distorsion in Hubble

Carlesi,Sorce+2016,Carlesi+2016, d|agram
2017, Libeskind+2020, Damle+2022, Malavasi, Sorce+ 2023
Newton+2023, Luis+2022, Sorce+2024
Dupuy+2022, Arora+2022,
Khoperskov+2022a,b,c,
Osipova+2023
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Conclusion

MW CLONE
Galaxy
. . . 30Mcpu.h
e Standard cosmological simulations 100 Mbcrh,
. . 40963 particles
give only the full uncertainty e
Mpc/h zoom),
340 pc
e Constrained cosmological
. . T Cluster
simulations permit bias-free 6 Mcpu.h
o 500 Mpc/h,
lnfe rence 81923 particles
effective (30
Mpc/h zoom),
300 pc
e CLONES are constrained
: : : : LSS
cosmological simulations valid down
. . 50 Mcpu.h 2
to the cluster scales with induced 500 Mpc/h,
20483 particles,
smaller scales 1.9 kpc/h
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Sorce+ in prep.
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New hydro twin to be released stay tuned
other twins already available and maybe your are the next users!
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Thank you, Merci, Grazie,
Gracias, Danke, euyxapioTw

Mahalo, 4151, 3 ¢) Hi & S, Oakyio,
NTIN, cnacnéo, Obrigada, Dank u,
Tak, Cam o’n, Dziekuje, ZHAFEHL|C}
Kiitos, Aitah, diolch, dankewol,
B3 =eand, (<a, ...*

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