


95% of the Energy-Density in the Universe is of an unknown form ! 











NGC 4414 - another spiral galaxy 
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instead⇒ v(r) = const.⇒ M(r)∝ r



X-Ray Visible Radio 





Plionis, unpublished 



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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∂v /∂t + (u⋅ ∇)u = (1/ρ)∇P −∇Φ
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dP /dr = −GM(r)ρ(r) /r2
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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 ! 









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

€ 

˙ ̇ δ + 2H ˙ δ −
3
2
ΩmH

2δ = 0

€ 

˙ ̇ δ + 2H ˙ δ −
3
2
ΩmH

2δ = ˙ ̇ δ +
4
3t

˙ δ −
2

3t 2 δ = 0

€ 

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



Decay of free 
neutron (half-life 
10.6 min) 

Because 2H is so reactive, most 
neutrons in 2H will end up in 4He
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Mb

MTotal

=
Ωb

Ωm

≈ 0.15⇒Ωm ≈
0.04
0.15

≈ 0.27

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) 










