


95% of the Energy-Density in the Universe is of an unknown form ! 
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instead⇒ v(r) = const.⇒ M(r)∝ r



X-Ray Visible Radio 





Bremsstrahlung radiation: The hot, thin 
(transparent to its own radiation) plasma 
emits electromagnetic radiation due to e- 
trajectory change and acceleration when 
passing near a positive ion  

Line emission due to the fact 
that metals are not completely 
ionised and so when a fast e- 
strikes ions with bound e- it 
causes transition to higher 
energy level. Excitation lasts 
little and ions decay to ground 
state with emission of photon 
with characteristic energy δΕ. 



From Conservation of Momentum equation (Euler’s equation) we have that: 
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∂u /∂t + (u⋅ ∇)u = (1/ρ)∇P −∇Φ

€ 

dP /dr = −GM(r)ρ(r) /r2

€ 

M(< r) =
kTr
mG

d lnρ
d ln r

−
d lnT
d ln r

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

+  

€ 

P = kρT /µmu





β= (true) source position 

θ=(seeming) image position 

α=(scaled) deflection 





upper: Hubble 

lower: Merlin 





Cluster MS1054, by Hoekstra et al 



Cluster masses based 
on X-ray emission and 
on weak-lensing ! 



The high-density of DM particles 
(WIMPs) in the center and halo of 
our Galaxy and other galaxies, 
could produce γ-ray emission due to 
particle annihilations. 

Some years ago INTEGRAL detected excess of γ-ray (E~511 keV) possible due to 
electron-positron annihilation, produced in WIMP annihilations, but could be 
explained astrophysically. 

However, FERMI has found excess in inner 100 ly of the Galaxy that cannot be 
explained astrophysically – There is also an unexplained MW glow from WMAP. 

Koussiapas & Geringer-Sameth, a year ago, using 
FERMI obs of nearby dwarf galaxies do not confirm 
and put a lower limit in the mass of WIMPs of 40 GeV 
(since the lack of annihilation based emission indicates 
low density and thus high-mass of WIMPs). 
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µ = γ /γ 0
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⇒ v 4 =GMγ0 ∝ L



MOG (J.W.Moffat):  
The modified weak field acceleration law from static spherically symmetric 
solution of F.E. based on Riemannian geometry and a massive vector field 

(phion field), is: 

Assume the following parametric forms for the “running” of the constants: 

Successfully reproduces R.C. and some cluster mass profiles, with M/L free 
parameter and a global fit of constants (for R.C. but individual for Clusters) 



Τhe gravitational Potential, measured by grav.lensing (green 
contours) coincides with the distribution of galaxies (white 
contours) and not with the dominant baryonic component, 

which is the gas (yellow-red). 







Origin of LSS today - 
primordial density 
fluctuations
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Density perturbation

ρ	
 ADIABATIC FLUCTUATIONS
Fluctuations in matter and 
radiation (changes in volume in the 
early Universe ➠ change in number 
densities)
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˙ ̇ δ + 2H ˙ δ = 4πGρ δ
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δ(t) ≈ A t 2 / 3 + B t −1
Growing mode and a decaying mode
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δ ∝ A t 2 / 3 ∝ R(t)∝ 1
(1+ z)

, δ <<1

Dark Matter Condenses at earlier time 
 Matter then falls into DM gravitational wells 

MATTER PERTURBATIONS DON’T HAVE 
TIME TO GROW IN A BARYON 
DOMINATED UNIVERSE
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Mb

MTotal

=
Ωb

Ωm

≈ 0.15⇒Ωm ≈
0.048
0.15

≈ 0.32

First application by White et al. 1993, Nature: “The baryon content 
of galaxy clusters – A challenge to cosmological orthodoxy”.  





A.  Determine Mass of clusters 

B.  Determine luminosity of clusters 

C.   Determine Global M/L of Universe 

 From total galaxy luminosity function, Φ(L), integrate to low 
luminosities. Schecther Function, analytical and well behaved. 
Derive mean Luminosity density of Universe and then 
compare with mean Mass density of Universe to derive Global 
M/L (SDSS, Blanton et al 2003) 

€ 

M
L

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ =

ρ0
< L >

=
ρcritΩm

< L >
≈1520Ωmh

M⊕

L⊕







Necessary: Increase number of high-z starburst galaxies having spectroscopy and  
reduce significantly the random and systematic sources of scatter. 



Model AGN Spatial Correlations 

•  P(k) is the Cold Dark Matter power spectrum. 
•  b(z) is the evolution of bias, with bias being: 

Linear Perturbation Theory 
"   (Peebles 1993) for w=-1 and w=-1/3 

"   (Silveira & Waga 1994) for w≠ -1 

"  (Linder & Chan 2007) for w(z) 

Dark Energy is manifested in the expansion rate of the Universe, via:
E(z)={Ωm(1+z)3 + Ωw exp ∫ dz[1+w(z)]/(1+z)}1/2                                                

Equation of state w: Λ cosmology: w = -1 (pVAC=- wρVAC = -Λ/8πG) but for variable time-dependent 
equation of states: w(z)=w0+wa [z/(1+z)] 

Limber’s Integral Equation 

•  dN/dz is the redshift distribution of the X-ray 
selected AGN (predicted by the integral of their 
Luminosity Function). 

Minimization procedure between theory  

& observations 








