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Expanding Universe (Friedmann, Lemaitre, Hubble)

Uniform isotropic universe, Einstein equation 

Adiabatic expansion:



Small t - beginning:

Large t – exponential expansion at non-zero cosmological constant:

Flat universe, k=0, unfinite universe, a – scale factor 



Hot Universe (Gamow, Penzias and Wilson)

Inflation
Early stages:

Exponential expansion (large Lambda term, “excited vacuum”, scalar 
field),

Inflation – decay of the “excited vacuum” or scalar field,

Stage of Friedmann expansion.

Non-zero Lambda term (much smaller), transition from Friedmann
expansion to exponential expansion stage.



For discovery of the expansion law of the present universe
we need independent measurements of the velocity and distance to 

very remote objects (galaxies, quasars, galaxy clusters) 

Supernovae Ia – thermonuclear explosion SN – are used for these 
purposes, due to possibility to find its total luminosity by 

measurements of its light curve  (type of a standard candle)



Composite X-ray and infrared image of the SN 1572 (Tycho’s 
SN) remnant as seen by Chandra X-Ray Observatory, Spitzer 
Space Telescope, and Calar Alto Observatory

SN Ia



A false-color composite (HST/SIRTF) image of the 
supernova remnant nebula from SN 1604 (Kepler SN).

SN Ia



SN Ia, 
Riess, A. G. + 19 authors

The Astronomical Journal, Vol. 116, Issue 3, pp. 1009-1038 (1998)

Observational Evidence from Supernovae for an Accelerating 
Universe and a Cosmological Constant (10 SNIa, 0.16 <= z <= 0.62)

Schmidt, B. P.  + 23 authors

The High-Z Supernova Search: Measuring Cosmic Deceleration and 
Global Curvature of the Universe Using Type IA Supernovae

(>30 SNIa, 0.35 <= z <= 0.9)
Omega_M=0.4^+0.5_-0.4, Omega_Lambda=0.6^+0.4_-0.5

Unless supernovae are much different at high redshifts, the imperfection 
of SNe Ia as distance indicators will have a negligible impact on using 

SNe Ia as cosmological probes.

The Astrophysical Journal,  Vol. 507: pp.46-63, 1998 November 1



Perlmutter, S. + 23 authors (The Supernova Cosmology Project)

Measurements of the Cosmological Parameters Omega and 
Lambda from the First Seven Supernovae at Z >= 0.35

For a spatially flat universe (Omega M + Omega Lamda = 1), we find 
Omega_{M}=0.94^{+0.34}_{-0.28} or, equivalently, a measurement of the 

cosmological constant, Omega _{ Lamda }=0.06^{+0.28}_{-0.34}

Perlmutter, S. + 32 authors (The Supernova Cosmology Project)

Measurements of Omega and Lambda from 42 High-Redshift
Suprnovae (redshifts between 0.18 and 0.83)

The Astrophysical Journal, Volume 517, Issue 2, pp. 565-586 (1999)

Astrophysical Journal v.483, pp.565-581 (1997) 





Hot Universe, flat model, Ω
Dark energy (        – term)         =0.7,  Dark matter 

(nonbarionic) =0.26,   Baryonic        =0.04

=1

Equilibrium Planck radiation with temperature about 3 К 
was left as a result of expansion of the hot universe (n, gravitons).

Matter had separated from the radiation at redshift Z about 1000.
Radiation preserves non-uniformities of that period.

Study of CMB fluctuations permitted to evaluate the global
parameters of the universe:

Ω and its ingradients, H – Hubble “constant”,
determining the rate of the universe expansion around us:

V=Hr, H~70 km/s/Mpc

Measurements of Cosmic Microwave Background fluctuations
Satellites: Relikt, COBE, WMAP (2001),  Planck (2006)
Baloons: Boomegang, Maxima, CBI, ACBAR, …  

Ω
Ω Ω
Λ



WMAP
M. Liguori et al., 2003



Planck (simulation)

M. Liguori et al., 2003



Planck 2013 results. XVI. Cosmological parameters

arXiv:1303.5076v1 [astro-ph.CO] 20 Mar 2013





ArXiv 1312.3313



All perturbations are correlated, so to the

moment of recombination amplitudes

of harmonics oscillale – Doppler peaks

(Sakharov oscillations)







In papers of A. Chernin:, Physics-Uspekhi, 44, 1099 (2001), 
and Physics-Uspekhi, 51, 267 (2008), the question was raised 

about a possible influence of DE on the properties of local 
universe

The importance of the DE for the structure of the local galaxy
cluster (LC) depends on the level of the influence of DE on the
dynamic properties. In particular, it is necessary to check, if the
LC may exist in the equilibrium state, at present values of DE

density, and the LC densities of matter, consisting of the 
baryonic, and dark matter (BM and DM).



Dark energy and key physical parameters of clusters of galaxies

G.S. Bisnovatyi-Kogan · A.D. Chernin

Astrophys Space Sci (2012) 338:337–343

We study physics of clusters of galaxies embedded in the cosmic dark energy 
background. Under the assumption that dark energy is described by the cosmological 
constant, we show that the dynamical effects of dark energy are strong in clusters like 
the Virgo cluster. Specifically, the key physical parameters of the dark mater halos in 
clusters are determined by dark energy: 

(1) the halo cut-off radius is practically, if not exactly, equal to the zero-gravity 
radius at which the dark matter gravity is balanced by the dark energy antigravity; 

(2) the halo averaged density is equal to two densities of dark energy;
(3) the halo edge (cut-off) density is the dark energy density with a numerical factor 

of the unity order slightly depending on the halo profile. 



The total force F and the acceleration are both zero at the distance

Here R_lambda is the zero-gravity radius
This radius is an absolute upper limit for the radial size R

of a static cluster:

Taking for an estimate the total mass of the Virgo cluster
(dark matter and baryons) M = (0.6–1.2) × 10^15 M_solar and
the cosmological dark energy density ρ_v, one finds the zero-gravity 
radius of the Virgo cluster: R _lambda= (9–11) Mpc.



arXiv:1303.3800     
A&A, Volume 553, id.A101, 4 pp (2013)

Dark energy and the structure of the Coma 
cluster of galaxies 

A. D. Chernin, G.S. Bisnovatyi-Kogan, P. Teerikorpi, 
M. J. Valtonen, G.G. Byrd, M. Merafina

R< 20 Mpc
M< 6.2 10^15  M Solar



arXiv:1303.7166
MNRAS, Volume 434, Issue 4, p.3628-3632 (2013)

Galactic cluster winds in presence of a dark energy
G.S. BISNOVATYI-KOGAN M. MERAFINAand



No self-gravity of the matter 

EQUATIONS





Singular point



Bernoulli integral

Without DE



Effective grav. potential (DE+matter)

DE mass inside the critical radius is 
does not exceed the gravity of the 
central body at 

To penetrate the potential barrier – possible at negative h in
presence of DE.







Exact solution with any
constant Mach number



wind                          accretion 



Numerical solutions

wind

accretion

Without DE













After quitting the cluster the gas is moving with acceleration, 
acting as a snow-plough for the intergalactic gas. The shell of 

matter, forming in such a way, may reach a  high velocity, 
exceeding considerably the speed of galaxies in cluster. If the 
shell meets another cluster, or another shell moving towards, 
the collision of such flows may induce a particle acceleration. 
Due to high speed, large sizes, and low density such collisions 

may create cosmic rays of the highest possible energy 
(EHECR). We may expect the largest effect when two clusters 

move to each other. The influence of DE is decreasing with 
with a red shift, therefore the acceleration of EHECR in this 
model should take place in the periphery, or between, the 

closest rich galaxy clusters.



Left panel is a color image from the Magellan images of the merging cluster 
1E0657−558, with the white bar indicating 200 kpc at the distance of the cluster. Right 
panel is a 500 ks Chandra image of the cluster. Shown in green contours
in both panels are the weak lensing  reconstruction with the outer contour level at  = 
0.16 and increasing in steps of 0.07. The white contours show the errors on the positions 
of the  peaks and correspond to 68.3%, 95.5%, and 99.7% confidence levels. The blue 
+s show the location of the centers used to measure the masses of the plasma clouds

arXiv:astro-ph/0608407 v1 19 Aug 2006

May be two colliding winds



Eichler,
Usov,
1993



Greisen–Zatsepin–Kuzmin limit (1966)

Interactions between cosmic rays and the photons of the cosmic 
microwave background radiation (CMB) 

Cosmic rays with energies over the threshold energy of 5×1019 eV
would interact with cosmic microwave background photons 

Due to the mean path associated with this interaction, extragalactic 
cosmic rays traveling over distances larger than 50 Mpc (163 Mly) 

and with energies greater than this threshold should never be 
observed on Earth. This distance is also known as GZK horizon.





Nearby Galaxy clusters

Virgo galaxy cluster   d=  17 Mpc

Coma galaxy Cluster  d=100 Mpc

Hercules Galaxy Cluster (Abell 2151)
Distance: 500 Million Light Years = 170 Mpc



Conclusions
The density of DE, measured from SN Ia distributions, and 

spectra of fluctuations CMB perturbations, imply the 
necessity to take it into account in calculations of the 

structure of galaxy clusters. 

The existing observational indefiniteness in the parameters 
of LC indicate to the dynamic importance of DE in the scale 

of the galaxy clusters.

Hot gas in GC is accelerated in presence of DE, and EHECR 
may be accelerated in rapid colliding winds from clusters, 

moving to each other 
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