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Einstein-Boltzmann hierarchy equations

s =(C]f]—

dt Boltzmann equation
1) O +ik @ = —b —ik ¥V — 1[0, — O + v, — %’R[;:]I’I]

. (1,2) Photon equations
2) O, +ikp®, =-i[-0, +%{l —~ P (u)IT]

M=0,+6,,+0,,

3) & +ikv=—3b (3,4) Dark matter

v+ Ly= ik (-(1+2%) 0

o

5) 8, +ikv, ==30 Buv = l 0 H[I)E(ﬁﬁ.(l + Zib}J (5.6) Barycrn

6) v, +El ——11"+‘+—[1. + 310, ]
a

|
R 3p® (7) Neutrino

7) \’1-#&';tt'=—¢—r’k;t‘}’ , .
(8,9) Einstein perturbed

8) K'+35(D—W2) = 47Ga* [ ppyd + .3, +4(p,0, + p,N,)] equations
o a
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Why stochastic field?

I) Initial fluctuations are produced randomly in the position coordinate
(due to quantum uncertainties)

- On cosmological scales they are homogeneous and Isotropic

- There is no correlation between Fourier modes (Gaussian)

- rms of perturbation during horizon entry is constant(Scale invariant)
2) But time dependance of perwurbation is deterministic due to
equations of motion

3) We don’t ask how far is it the nearest large galaxy? Instead we ask,
what is the typical separation between large galaxies?
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