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Background history

H%(z) = HZ [Qo(1+2)" + Qmo(1 + 2)* +Qo(1 + 2)? 4+ Qo]

Qo = 0.315, Qa0 = 0.685 and Hy = 67.3 km s ! Mpc !

161 T T T T T
107 T T -~ i k
2.00; - Iy
150 Dark energy P ] R
domination - P o
N 1000 3501 Gyrs)
107 rF 0.70¢ L ] e S
050- 7 /T - e
-~ . 7
1.0 15 20,7
108} o :
0 pil2) ) o
T (E) - P //
piﬂ 104 L /‘,1' /’ """" Rﬂdﬂm
- - — Matter
yd o
e 7 — Dark energy
1K - a 1
. Matter domination Radiation domination
’/ (10.310 Gyrs) (51.173 kyrs)
1074} . . . I -
1 10 100 1000 104 10°%
o
z+1 o
Aspects of the cosmological “coincidence problem” N
H. E. S. Velten &, R. F. vom Marttens & W. Zimdahl NS‘

The European Physical Journal C 74, Article number: 3160 (2014) ‘ Cite this article




c
Q
=
&)
>
@)
c
©
=
Q
L

—_]
oy | ™
| e
-] n.
QU
|
A
&
o
+ e

Z0ve =

- A9)smp2 AXe[ed jo a[uds Jvani—u

15

10

UoREZINOIFy
. — - . - . - - . 1=
S o o = 3 2
- = = = = =
—
N
=
*
[
I I
1
|
I [5.=]
L1 =
“ w —
! g
m £ @
“ g £ %
__ e =2 A -
L =
1 -
i
___ _ 7
,./ | -
. +
i RPN - = N
bo - —_— -
e =
— T .
—
.-1\1\_. s
s =
3 =
\ o

Q')

t (Gyn)

»

(19

Aspects of the cosmological “coincidence problem

H. E. S. Velten &, R. F. vom Marttens & W. Zimdahl

The European Physical Journal C 74, Article number: 3160 (2014) ‘ Cite this article




Grovvth of matter overdensmes

logl 0 (a(l)lao)

u Hﬂeé.r growirth

- dark matter

+
w
AV
B
o
(4]
)
h=t
e
=
QO
)

‘baryonic matter

- 5 I zmlﬂﬂﬂﬂ . ZN1200 reoombmatmn
@) >

BB rad_lat.lon epoch ‘matter epoch 5 Tlme

Matter = Dark Matter + Baryonic



Pillars of the standard cosmology

- Theoretical:

- 1) Cosmological Principle

- 2) GR

- 3) Perfect fluid description of cosmic fluids *

- Observational:

- 1) Expansion (Lemaitre-Hubble law)
- 2)CMB

- 3) BBN



Motivation of this work
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‘Understanding’ cosmological bulk viscosity
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ABSTRACT

A universe consisting of two interacting perfect fluids with the same 4-velocity is
considered. A heuristic mean free time argument is used to show that the system as
a whole cannot also be perfect, but necessarily implies a non-vanishing bulk
viscosity. A new formula for the bulk viscosity is derived and compared with
corresponding results of radiative hydrodynamics.

Key words: hydrodynamics — radiative transfer — relativity — cosmology: theory.
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Mon. Not. R. Astron. Soc. 280, 1239-1243 (1996)

It is the aim of this paper to show that different cooling
rates for two perfect fluids are sufficient for the existence of a
non-vanishing bulk viscosity of the system as a whole. No
additional concept, such as that of a heat flux over inter-
molecular distances, is required. The basic idea is to study a
universe of two different interacting perfect fluids and to
seek the conditions under which an effective one-fluid
description is possible. It turns out that this one-fluid
universe is necessarily dissipative.

TWO-FLUID DYNAMICS

T —T* 4 T* T%,=0, Pa=pa(ny T,)
with (4=1, 2) implying the energy balances pi=p.(n,, T,),

Tf=PAu£“k +PAhfk Pa=—0(ps+pa), 0p.4 _PA + D4 B 1, op,

om, n, n, 0T,
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Mon. Not. R. Astron. Soc. 280, 12391243 (1996)
EFFECTIVE ONE-FLUID DYNAMICS

Assumption: _Fluids ave allowed to intevact

Total effective fluid characterized by the total particle
number and equilibrium temperature:

n=n,+n,
equilibrium temperature T.

p=p(n,T)

Definition of the equilibrium temperature set by
energy conservation (extensive variable):

p=pn,T)

pl(nh Tl) +p2(”23 Tl)zp(n: T)
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For pressure (intensive thermodynamical variable) :

pi(ny, T)) +p,(n,, T,)#p(n, T)

Fov perfect fluids 1 and 2 the diffevence between
hoth sides of the above inequality 1s the viscous
pressuve

n=p,(n,, T)) +p,(n,, T,) =p(n, T)

All effects of dissipation thus show up as contributions to AT'*. Our task is now to
construct the most general possible dissipative tensor AT* allowed by Eq. (2.11.8)
and by the second law of thermodynamics.

' ’ UUPAT,, = 0

S.Weinberg, Gravitation and cosmology: principles and applications of GR, John Wiley and Sons, 1972
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Mon. Not. R. Astron. Soc. 280, 1239-1243 (1996)
Assumption: /et $\tau$ (T) be the chavacteristic

mean free time fov the intevaction hetween both

components.

An element of the cosmic fluid is at equilibrium at
a proper time #q

T(no) =T,(n0) =T,(no)

During the following time interval T, that is, untill a subsequent
“collision” the subsystems move freely according to their internal
dynamics. Then, at o+ T

P+ T)=p,(N0) +10.(n0) + ...
T(no+ 1) #Ty(o+ 1) # oy + 1) # T (1o + 7)
To(o+ 1) =Ty(no) + 1T () + ...
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Mon. Not. R. Astron. Soc. 280, 12391243 (1996)

Finally, by assuming that the bulk viscous
pressure is given by the Eckart theory

n=—{0B

And applying well known thermodynamical
relations one find the bulk viscous coefficient

Op (Op, Op\/Op, Op
(= —1T |
0I'\Op, Op/\0p, Op

Let us apply the previous formula for the bulk viscous pressure to the system:
Matter + Radiation

Radiation: pPr = n.kpT,., pr, = 3n.kpT,.,

3
2
Matter: Dy = Ny kBTy, Py = NyMyC” + E”xkﬁTxr



The dark matter particle

Minimum requirements for such particle candidate

1) To Interact gravitationally;
2) Electrically neutral, otherwise it had already been detected;

3) Very small cross section (explains the lack of positive direct
detection results);
Hot dark matter: light and fast (non competitive models)

Cold dark matter: heaky and slow (prevailing view)
Warm dark matter: something between Hot and Cold e Hot!

102leV peV neV peV meV eV keV  MeV GeV  TeV M,
|||_."I||||||||I||Il||||||||||I||I,,,,|I|
E > E o
1 pre-infl. QCD axion general thermal WIMP
post-infl. sterile
fuzzy DM CD axion heutrino AIDMI
“Elassical" <
QCD axion non-thermal WIMP (FIMP)
< > G
QCD axion standard
thermal WIMP

(e.g. SUSY neutralino)
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The fluid description emploved here is valid as long as

- —1
Definition: T << H
- n n
ﬂrkBT Ty Pr = X" = A
=T = —nT, = s Thxyr = .
§ 3 2n, +ny 9 / 2+ Thr Ny
Ny npny B Py /My
Nhr = = — =
oy ne Np My ﬂB/mB
ng m 2.9
N RPN “ZleV/e?].
Ny My My
10 . — . Interesting mass regime:
. ] 1> :
i o = : leV S m, S 10eV
08} | 3) 1) :
O] - 3 | |
o6l | < S ) : Below 1eV the particle becomes too
i i < i ! relativistic; T(eq) ~ 0.6 eV
o4 | e e
02 : E Above 10eV the effect vanishes
0.0L - - ' '
10~1° 1076 0.01 100.00 108

m,[eVic?]



Magnitude of the effect (fixing 1 eV)
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INTRODUCING THE COSMIC TENSION ON HO
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Introducing the cosmic tension on HO

Late Route .

a. Gravitational Lensing (HOLICOW)

. 7
4 {
/' Early Route

h. Baryon Acoustic Fluctuation + Big Bang nucleosynthesis
i. Cosmic Microwave Background (Planck)

}- Wilkinson Microwave Anisotropy Probe (CMB) +
Baryon Acoustic Oscillations

k. Atacama Cosmology Telescope Polarimeter (CMB) +
Baryon Acoustic Oscillations

L. South Pole Telescope Sunyoev-Zel dovich effect survey (CMB) +
Baryon Acoustic Oscillations

Credits: ADAM RIESS, Nature Review Physics 2019



Tension vs Measurement Precision
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High Precision Measures of Hy
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Challenges for ACDM : An update arXiv:2105.05208

L. Perivolaropoulos''* and F. Skaral:f

' Department of Physics, University of loannina, 45110 loannina, Greece
(Dated: May 20, 2021)

Hy Measurements (most do not assume ACDM)

— Planck CMB
ACT+WMAP CMB
— BAO+RSD
— BAO+WMAP CMB
— BAO+BBN
Snla—Cepheid
— Snla-TRGB
— Snla—Miras
Snla-SBF
— Snell
— TD lensing
GW Standard Sirens
Snla—Cepheid — Masers
— Thully Fisher
— y—ray attenuation
— Cosmic chronometers
— HII galaxy

Planck CMB

Relative Probability Density,

60 65 70 75 80 85
Hy [kms™ Mpe™)
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Early time modifications preferred over late time ones?

ToH, ornottoH,? 3

George Efstathiou ==

Monthly Notices of the Royal Astronomical Society, Volume 505, Issue 3, August
2021, Pages 3866-3872, https://doi.org/10.1093/mnras/stab1588
Published: 05June2021 Article history v

PDF Bl Splitview ¢ Cite /A Permissions g Share v

ABSTRACT

This paper investigates whether changes to late-time physics can
resolve the ‘Hubble tension’. It is argued that many of the claims in
the literature favouring such solutions are caused by a
misunderstanding of how distance ladder measurements actually
work and, in particular, by the inappropriate use of a distance ladder
Hy prior. A dynamics-free inverse distance ladder shows that
changes to late-time physics are strongly constrained
observationally and cannot resolve the discrepancy between the
SHOES data and the base ACDM cosmology inferred from Planck. We
propose a statistically rigorous scheme to replace the use of Hy
priors.

It is, therefore, unlikely that changes to the late time expansion history can resolve
the ‘Hubble tension’. ...



Background effects
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Large scale structure effects
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Growth suppression mechanism

A new “transfer function-like Y” contribution to the matter power
spectrum P(k)

P(k) = Y?(7oq) D2 T? (k) AK™.
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Scales larger than horizon
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Summary

- Motivation: Zimdahl MNRAS1995 “An heuristic attempt to clarify the
origin of cosmological bulk viscosity”.

- Application to the radiation-matter transition. Due to the multi-fluid
nature of the admixture matter + radiation and allowing take interacting
takes place the universe experiences the emergence of a
cosmological bulk viscosity.

- The net effect: Bulk viscous pressure added to the kinetic pressure of
cosmic elements.

- Consequence: Background expansion experiences a “push off” around
equality time.

- A possible hint for cosmic tensions?

- NEXT: Actual (detailled) impact on CMB/free streamin/silk damping...



