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A snapshot of history of structure formation

1970: baryons only, Q ~ 0.2 but 67/T < 107*...
Neutrinos as non-baryonic dark matter.

Peebles (1981) CDM = 6 T/T < 10~* and LSS &(r) has the
right shape...

dp/p and 6T /T comes from P;(k) + transfert function
T(k)...

Peebles & Ratra (1988) cared about A and introduced
quintessence...
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Evidence for acceleration...
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Evidence for acceleration...
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Planck results...

Planck Collaboration: The Planck mission
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Planck results...
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LSS results: eBOSS

The location of the BAO peak is well measured.
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LSS results: eBOSS

The location of the BAO peak is well measured.

Physical origin simple -> sound horizon:
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LSS results: eBOSS

The location of the BAO peak is well measured.

Physical origin simple -> sound horizon:

0 ¢ (t)dt 0 ¢o(z)dz
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251 ®  SDSS MGS /T

®  BOSS Galaxy

[d *  ¢BOSS LRG

£ 201 ¢ BOSSELG

g ®  ¢BOSS QSO

8 »  ¢BOSS Lya - Lya

%

515 < eBOSS Lya-QSO

g

”®

8

redshift

TUG®@Paris 15/12/2021



LSS results: eBOSS

The location of the BAO peak is well measured.

Physical origin simple
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LSS results: eBOSS

The location of the BAO peak is well measured.

Physical origin simple
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LSS results: eBOSS

The location of the BAO peak is well measured.

Physical origin simple
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Provides independant measure of Hp... = 67.5+ 1 km/s/Mpc
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Where the tensions come...

Hoy can be measured “locally”...

Rocarding

(Merci, Brahim!)

Type Ia Supernovae (SNe Ia) and Cepheids are standardizable candles

" Scolnic et al. 2018
Riess etal. 2016 3d: Supernovae Ia — HO 3, . . colnic e ?m“\
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= B HO = 73,041 km/s/Mpc

The key (of our work) is to make SNe Ia (or Cepheids) consistent_betwees

systematics is small. Only impact if there is a difference between objects in their different rungs.

ective rungs, so impact of
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The Planck clusters-CMB tension
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The Planck clusters-CMB tension
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The "tension” corresponds to a deficit by a factor ~ 3.
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The Planck clusters-CMB tension
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The "tension” corresponds to a deficit by
The "tension” is relieved if og ~ 0.75.
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The tensions: Issues

@ Pb in the data (selection,...)
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The tensions: Issues
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o Astrophysical modeling. Calibration, ...

TUG®@Paris 15/12/2021



The tensions: Issues

@ Pb in the data (selection,...)

o Astrophysical modeling. Calibration, ...

» New physics?
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The cluster-CMB tension (in ACDM)

N CMBE
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clusters (z ~ 0.25)
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How strong is the tension 7

X-ray
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How strong is the tension 7

X-ray
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How strong is the tension 7
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How strong is the tension 7

X-ray

— TOB, M = May |

L0 —_— D16, M = Mim.

— TOB M =M.

0.84 — D16 M :u,.,,
i i
o P
ENINE L
. 2
:L*-. | : I
0.4 : I :
| P
| 1 I
0.2 \ : :
I [
\ I I
(1.0 == T v T - - A
hd 6.0 6.6 T2 T8 8.4 9.0

Ar gy

Sakr, lli¢ & Blanchard(2018) , Blanchard & lli¢ (2021)

From > 60 ...down to 0!
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What could be the solution?

Astrophysics
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What could be the solution?

Astrophysics
o Calibration issue.

@ Modification in the gravitational sector (MG).
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Without Planck calibration on og

X-ray+SZ+CMB but free og.

1.50 {/mm M8 +5Z + X, free o,

lli¢, Sakr & Blanchard(2019)
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Which measures constrain og (at z ~ 0)7

@ weak lensing
@ RSD (redshift space distorsion)— fog

TUG®@Paris 15/12/2021



Which measures constrain og (at z ~ 0)7

@ weak lensing
@ RSD (redshift space distorsion)— fog

Hawkins et al. (2002), astro—ph/0212375
2dFGRS: 8 = 0.49 + 0.09

n /h"Mpc

o /h”"Mpc
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Which measures constrain o
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Without Planck calibration on og

Planck4+eBOSS+X-ray+SZ
Planck 2018 CMB + X—ay + SZ dusters
+ eBOSSRSD
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Without Planck calibration on og

Planck+eBOSS+X-ray+SZ
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Conclusions

o ACDM is a 40-years old theory that matches
remarkably well data.
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Conclusions

o ACDM is a 40-years old theory that matches
remarkably well data.

o Tensions are a serious concern anyway.

o CMB-cluster counts tension is real for
1— b~ 0.8 for ACDM.

o In all “simple” scenarios 1 — b ~ 0.6 is preferred
(Planck: 1 — b = 0.620 £ 0.029).

o Dynamical from eBOSS 1 — b = 0.608" 0053
o No tension on og at low z...

Thank You
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