Diving Deeper i

G _ Matter
‘ : Exploring Varying Visca
)ecaying Scenarios as S
to Cosmological Tensi

Astrophys,J. 959 (2023) 2, 120
/

Zahra Davari R
Collaboration with Amjad Ashoorloon

~11th KIAS Workshop on Cosmology and Structqre Formation

."‘m‘,‘__

-



— The Standard

Model(ACDM)

0
¢

https://www.cosmos.esa.int

https://map.gsfc.nasa.gov/media/121238/index.html

https://science.nasa.gov/universe/galaxies/large-scale-structures


https://www.cosmos.esa.int/documents/387566/1753103/Planck_2018_pk_compilation.pdf

S8 Tension
S8 =0.834 +0.016

Planck 2018, Aghanim et al., arXiv:1807.06209 [astro-ph.CO]

0.00 WL Xray clusters SZ clusters
0.85 I {
':T;L‘.-Hu ‘[ ]: {
™
A { {
g s Planck and KiDS-1000.
E T E - D% & x> =
o S88 8 S58§8S88 &8
A 5L § GEELEELEF £ X
G 5 = & < @ @ @ & =
0.85 o & § a a
[=a]
0.020
—_ +U. ’ B BOSS+KV450 (Tréster et al. 2020)
88 e 0.766 -0014 DES Y1 3 = 2pt (DES Collaboration 2018)
. - . ’ : B KiDS-1000 3 x 2pt
KiDS-1000, Heymans et al., arXiv:2007.15632 [astro-ph.CO] 01 B Planck 2018 TTTEEE +lowE
0.9 -
£
0.8 4 |
0.7 -
0.6 T T T
v - ey o




.hr
=)
m.m

©
Q.
o £
C @
0 5
() )




The three unknown ingredients are:
inflation, dark matter (DM), and dark energy (DE).
In ACDM, inflation is given by a single, slow-rolling scalar field;

DM is assumed to interact only through gravity,
be cold and pressureless, and lack direct evidence of its existence;
DE Is represented by the cosmological constant term A,
without any strong physical explanation.

Can
alternative models of
cold dark matter
reduce cosmic tensions?

What we already know
about DM in the
standard model of
cosmology ACDM is that
it is responsible for
about 85% of
the universe matter
content and is a non-
luminous, dark
component of matter
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Viscosity in the cold dark matter can be caused in two different ways:
» Fundamental viscosity: This type of viscosity is generated due to the self-interaction between

the dark matter particles.
» Effective viscosity: This kind of viscosity is expected to be generated on large scales as the

integrated effect of the back-reaction of small scales non-linearities.

We write the energy momentum tensor for non-ideal CDMperfect flui TH" = (p + p)uru” + pgh?
fluid
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Only bulk viscosity is a unique process that is allowed to occur on an
expansive, homogeneous, and isotropic background

Weinberg, S. 1971, ApJ, 168, 175
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The bulk viscosity modifies the effective p

as
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Anand, S., Chaubal, P., Mazumdar, A., & Mohanty, S. 2017, |CAP, 11, 005
Blas, D., Floerchinger, S., Garny, M., Tetradis, N., & Wiedemann, U. A. 2015, JCAP, 11, 049
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CLASS

the Cosmic Limear Anisotropy Solving System

¥ decaying_massi... ~ | class_decays / source /
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We modify the public Boltzmann solver CLASS for each type of dissipative il
mechanisms in the dark matter to calculate the cosmological evolution and B_
CMB anisotropies. We perform the Markov chain Monte Carlo (MCMC) scans D"“‘”"“'“”"“
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Results

Ss = 0.75975031 from KiDS-1000
N Model | M1 | M2 | M3 | M4 | CDM
e 55 — S8 Tse 0.580 | 0.23¢ | 0.500 | 0.150 | 1.250
E #
N

The result of MCMC analysis for all reviewed models in this study for the best-fit x>

Total data
M1 M2 M3 M4 CDM
Xmin 4848.68 | 4842.45 | 4842.20 | 4838.32 | 4855.87
AIC — AICepMm | —5.518 | —9.42 —9.67 —11.55 | —

We see to add one, two, and three new parameters to the fit in the viscous
dark matter scenarios, the AIC for them is much smaller than the CDM model.
It shows an improvement of about 11.25, 9.67, 9.42 and 5.518 units of AIC
relative to the CDM model for M4, M3, M2 and M1 scenarios, respectively.

Asqgari, M., et al. 2021, A&A, 645, A104
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In s

hort, the effort to resolve cosmic tensions is still ongoing...

While the cosmic orchestra may be playing the
symphony, somebody gave the bass and tuba
the wrong score.

They're trying very hard to keep quiet about it.

We must demand an explanation.

Glenn Starkman

Thank you
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