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The Standard Model of Cosmology : AC DM

The Standard Model of Cosmology
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The Standard Model of Cosmology : AC DM

Accelerating expansion of the universe

Type la Supernovae

Perimutter, Physics Today (2003)
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Motivation

Motivation for the tilted model

e Several alternative cosmological models have been proposed to
explain observations, but most of them assume some forms of dark
energy or abandon FRLW

e Large-scale peculiar motions are not wisely taken into account

e No robust analysis of the peculiar-velocity effects

The tilted cosmological scenario can in principle explain the
late-time cosmic acceleration without the need of dark
energy/modified gravity or new physics
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Peculiar Velocities

Peculiar velocities

o 1+ zops = (1 + Zcosm)(l + 1%)

e Bulk flows
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Peculiar Velocities

Bulk flows or Dark flows : Challenge for standard ACDM
model?

Claims for bulk flows inconsistent with ACDM
Kashlinsky et al., 2008 (600 — 1000km /s) at r > 300h~1

Watkins et al., 2009 (407 & 81km/s) and Feldman et al., 2010
(416 + 78km/s) within a region of radius r ~ 100h~! Mpc

Macaulay et al., 2012 (38013, km/s) at r =~ 33h~1 Mpc
Ma and Pan, 2013 (290 + 30km/s) at r =~ 58h~ Mpc
Watkins et al., 2023 (419 + 36km/s) at 7 =~ 200h~1 Mpc
They all approximately agree with the direction of the bulk flow (close to

the CMB dipole) but not with the scale and the amplitude.
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Tilted Cosmological Scenario

The Tilted Cosmological Model

Employ General Relativity

observers with 4-velocity u, —
idealised observers following
the smooth Hubble expansion

observers with 4-velocity v, —
real observers in galaxies like
ours, moving relative to the
Hubble frame

tilt angle 8 between them
coshf =7 = —==

1—92
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Tilted Cosmological Scenario

The tilted cosmological model - Kinematics (1/2)

In a perturbed FRW universe, using linear perturbation theory:

e The three velocities are related through the reduced Lorentz boost :
g R Ug + Vg (1)

for non-relativistic peculiar velocities (7% = 7%7, < 1)

e The expansion rates between the two frames are:
©=0+79 and O =06+ (2)

with © = 3H, 9 = DG, and 9/0 < 1 (in the linear regime).

© #£ O and ©' £ O because of peculiar motion effects only
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Tilted Cosmological Scenario

The tilted cosmological model - Kinematics (2/2)

In a perturbed Einstein-de Sitter universe (with p =0 and 2 =1 in the
background) the deceleration parameter measured by the real observers is:

_ 1/ Ag\> 9 . =
q—q-l-g()\) i with Ay = 1/H and |J|/H < 1 (3)

e When A\ 2 A\g, ¢ — ¢ and the peculiar motions fade away

e On subhorizon scales (A < Ay), ¢ # q and the difference can be
large depending on the bulk flow scale

e The difference depends on the sign of . For contracting bulk-flows
(9 <0), §<0 — local apparent accelerated expansion for
the real observers

Tsagas, 2011, DOI: 10.1103/PhysRevD.84.063503
Tsagas, Kadiltzoglou, 2015, DOI: 10.1103/PhysRevD.92.043515
Tsagas, 2021, Eur. Phys. J. C 81, 753
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Tilted Cosmological Scenario

Parametrization of ¢

e We assume that locally the bulk flow contracts (¥ < 0) and ¢ = :

e A more qualitative form ! of the volume scalar is || = @
e We consider a form of the local volume scalar ¥ in the tilted frame 2
PO mA\?
v =9\ = —— 4
( ) P+ 7‘)\3 ( )

e The deceleration parameter in the tilted frame now becomes

i=1 =5 (1- 5) ()

Cp+rA

lTsagas, Kadiltzoglou, Phys. Rev. D 92, 043515
2K. Asvesta, L. Kazantzidis, L. Perivolaropoulos, C. Tsagas, 2022, DOI: 10.1093/mnras/stac922
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SNla data analysis

v' Construct the theoretical apparent magnitude (m;;,) out of the
studied cosmological model
Eq.5 can take the form
1 1
G((A =—-|1-— ith d = Hox 6
(0 =5 (1= ) with &) =Hox()/e (0
e The Hubble rate at any redshift connects with the deceleration
parameter through

H(z) = Hyexp [/0 <11—|-_|_(](UU)> du] (7)
e The Hubble free luminosity distance of the SNla :
Do) = Ho1+2) [ )
o H(z')
e The theoretically predicted apparent magnitude :
men(2) = M+5log;o Dr(2)+5 logy <1C]/\ZOC> 425 = M+5logy Dr.(2)

(9)
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SNla data analysis

The Pantheon compilation

JLA + additional Snla from
PanStarrs and HST 1048 Snla out to redshift z ~ 2.3
(Scolnic et al. (2018) arXiv:1710.00845)
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K. Asvesta, L. Kazantzidis, L. Perivolaropoulos, C. Tsagas, 2022, DOI: 10.1093/mnras/stac922
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SNla data analysis

Results

v/ Extract the best-fit parameters of the model by performing
Monte Carlo Markov Chain (MCMC) statistical method

Model M @ b Qom X X
ACDM  23.809 +0.011 - - 0299:0.022 1026.67 0.981
T-EdS  23813%04°  0512+0.041 6758 1.0 1026.76  0.982

K. Asvesta, L. Kazantzidis, L. Perivolaropoulos, C. Tsagas, 2022, DOI: 10.1093/mnras/stac922

Result The tilted cosmological model performs equally well with ACDM
(X%ed ~ 1 )
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SNla data analysis

Evolutionary behaviour of ¢ and confidence levels
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K. Asvesta, L. Kazantzidis, L. Perivolaropoulos, C. Tsagas, 2022, DOI: 10.1093/mnras/stac922
The profile of G is very close to the one of ACDM

Fit the SNIa data to the tilted model and found an apparent late-time
cosmic acceleration without the need of dark energy
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Observational Challenges to ' DM

The Dipole of the Pantheon+SHOES
Data

Francesco Sorrenti, Ruth Durrer and Martin Kunz

Département de Physique Théorique and Center for Astroparticle Physics,
Université de Genéve, 24 quai Ernest Ansermet, 1211 Genéve 4, Switzerland

E-mail: francesco.sorrenti@unige.ch, ruth.durrer@unige.ch, martin. kunz@Qunige.ch

Abstract. In this paper we determine the dipole in the Pantheon+ data. We find that, while its amplitude
roughly agrees with the dipole found in the cosmic microwave background which is attributed to the motion
of the sola em with respect to the cosmic rest frame, the direction is different at very high significance.
‘While the dmphmde depends on the lower redshift cutoff, the direction is quite stable. For redshift cuts of
order 2.y, ~ 0.05 and higher, the dipole is no longer detected with high statistical significant. An important
role seems to be played by the redshift corrections for peculiar velocities.

2212.10328v1 [astro-ph.CO] 20 Dec 2022
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nal Challenges to

Tensions between the Early and the Late Universe
Kavli Institute for Theoretical Physics, July 2019
Verde, L., Treu, T., Riess, A.G.

Verde, Lic*

' ICREA & 1CC UB
2 University of Cla”” so

betw.
on July

of the Hu
observatio
using differe.
megamasers, {

six new ones in .
shows combining .
ion with the ear.




Ile
Cha
vational

r

Obsel

n
ly a
Ear ical
€ T
tween ,ttj‘“hﬁ'??\i A
dions b_‘:ufﬁ fo"T._ Ries:
T,:_?’L; Insti Treu,

Kav L.

ferde,

Ve:

. D-
S10
Ten

<027 hlz,aq» 20 %, :}Qg-;‘l(l.hw ,u‘:uw
(.‘oslno Oicay '1101'ple With Uasy
*Sgers, . Mohiim Rameezj + Roy,
Jaequ C'obn ’
awacbuwzs- dx'cnm‘N a 'Igvmlz,
A 615 Rue g0 Jar!/:}hRulaniquc £,
N e 1, 3 C'M?S Inslizuz Ddg, Gue 4
s iy, Cengy, Yor 7y, e
: O b ey, Py
ey, (‘42030 .Yf/vm 29,

2 .ﬂ(’{’/]ﬂ)‘.’ Lﬂrge~
-2); Olz'«‘rsvan}ma/ Cosy,
Ogy (3«13)

17/25



Observational Chg

Tensions between the Early ans
Kavli Institute for Theoretical
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Dipole in Pantheon+

Dipole in the deceleration parameter in the Pantheon+
SNIla compilation

e We add a dipole term in the previous form of the deceleration
parameter

e We make a redshift cut in the Pantheon+ sample and we analyze
Snla with zp >= 0.020 ~ 82Mpc

e We fix the dipole direction to coincide with the CMB dipole

e The anisotropic deceleration parameter in the tilted frame becomes

d = Gm(2) + qa(nsy - Ngip) Faip (10)
where ¢, (2) = % (1 — —WX;S(Z))

e We examine a form of the function of the dipole Fy;;, which is
constant, Fy;, =1
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Dipole in Pantheon+

The Pantheon+ Snla compilation (1/2)

Pantheon + additional Snla from 5
low-z surveys and DES 1701 Snla with redshift range
(Scolnic et al. 2022, Astrophys.J. 938, 2, 113) 0.0008 < z < 2.3

Redshift distribution of Pantheon and Pantheon+
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Dipole in Pantheon+

The Pantheon+ Snla compilation (2/2)

Make a redshift cut at z > 0.020
In total 1429 Snla

Redshift distribution by survey in Pantheon+ Mollweice plet for the Pantheon+ SNIa with z>=0.020
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Dipole in Pantheon+

Results

q = % (1 B a+bx"1;’3ds(z)) +Qd(nSN 'ndip)
where Fg;, =1

The magnitude of the dipole is
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Future Work

What comes next?

e Use different parametrizations of the dipolar form and check which
one fits better the data

e Enlarge the number of free parameters and let for the direction of the
dipole to vary

e Do a redshift tomography of the data and check in which redshift bin
the dipole becomes stronger

e Allow for a different parametrization of the local contraction rate, 6,
which is physically motivated
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Back-up slides
" Cosmology is the search for two numbers. The Hubble parameter Hy and

the deceleration parameter ¢p" - Allan R. Sandage
e H=2¢
a..
e q=- Z—‘; (¢ > 0: deceleration, ¢ < 0: acceleration)

The deceleration parameters measured in the Hubble and tilted frames are:

30 i 30’
q:—<1+®2> and q:—<1+é2> (11)

V' 1
+—(1+ =0 to linear order 12
0+ o (14 39) (12)

In the absence of peculiar flows (¥ = 0), ¢ — ¢

T I PR

q



	The Standard Model of Cosmology : CDM
	Motivation
	Peculiar Velocities
	Tilted Cosmological Scenario
	SNIa data analysis
	Observational Challenges to CDM
	Dipole in Pantheon+
	Dipole in Pantheon+
	Dipole in Pantheon+
	Dipole in Pantheon+
	Future Work
	
	Back-up slides

