Updated Cosmology

with Python

Theory Observation
/ d*zy/—gR
Compare
Bayesian
Analysis

¥

o og
7 o)
o4l
Sz 60z C—
oot oot
o o o
& ooy o0
-0z -0
Za0z 0 02 0 T
o 0

José-Alberto Vazquez
ICF-UNAM / Kavli-Cambridge
In progress

August 12, 2017


mailto:javazquez@icf.unam.mx
http://www.kicc.cam.ac.uk/

-ii-



Applications to cold-Dark matter

2.1 Solutions in an Einstein -de Sitter universe (P ~ 0, k =

A=0)

Large scales, after matter-radiation equality, but before dark energy dominates.

= Einstein -de Sitter model P ~ 0 and zero curvature and A = 0.

The fractional overdensity in the baryons d, approaches the CDM §é., and the matter behaves
like a single pressure-free fluid whit total density contrast

_ ﬁbéb + ﬁcéc
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" o + Pe

~ 507

¢s = 0 for linearized CDM fluctuations, k% < a® and, at this stage, H & p x a3, a o« t2/3 =
_ 2 ~_ 9
H = 3 and 47Gp = 55.
e Scales of cosmological interest are much larger than Jean’s scale (k? < a?), for baryons
and CDM fluctuations the Jean’s equation (1.19) becomes
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3/2 and §,, o t*/3  a. The growing-mode —

assuming J,, ~ t? we get that §,, oc t7! oc a”
grows like scale factor.
In an expanding universe — power law-growth of d. Exponential growth predicted in a

non-expanding universe though (middle term cancels out).

e The Poisson equation
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2. APPLICATIONS TO COLD-DARK MATTER

From (1.17), we observe the gravitational potential is constant

a“® = constant.

For §, we need relativistic perturbation theory.

2.2 The Meszaros effect

CDM grows only logarithmically on scales inside the sound horizon during radiation domination

_ 1
026; + 2H,6; — AnG ij(sj - aniVQ‘SPi =0,
J

for radiation perturbations, i = r we shall show it properly when we develop relativistic per-

turbation theory. For CDM:

070c + 2HO, 00 — 471G Y p;6; = 0,
J

radiation fluctuations oscillates as sound waves, vanishing the density contrast, then, in the

radiation domination epoch a o t'/2, H = %, thus
2 1 -
07dc + ;at(sc —4nGpd. = 0,
0. evolves on cosmological timescales, then
8rG
826, ~ HO;50 ~ H25, ~ WT 5rle > 4nGp.b.,
since p, > p. during radiation domination. Therefore

1
3?50 + ;@50 = O7

that has solutions: §. =constant, and the growing mode §. o Int.
The effectively unclustered radiation reduces the growth of d. to only logarithmically.

Need to wait until matter-domination so the DM density fluctuations grow significantly.

2.3 Late-time suppression of structure formation by A
Dark matter doesn’t cluster on the last stages of the universe.

020, + 2H 040, — 471G prbpm, = 0,
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2.4 Evolution of baryon fluctuations after decoupling

when A dominates a o e!VA/3 H ~ constant, and AnGpy, < H? ~ (%) ~ %, then

—2t\/A/3

which has solutions §,, =constant, and d,, o e o a2, A suppresses the growth of

structure [matter fluctuations].

Gravitational potential
—k?¢ =47G p da® oxal. (2.1)
~
a—3

This affects the integrated Sachs-Wolfe effect as we shall see later.

2.4 Evolution of baryon fluctuations after decoupling

The coupled dynamics of the baryon and CDM fluids after decoupling is described by the

following two equations:

4
835b+§8t5b = 4nG(pedy + pede),

4
920, + 300c = ATG(pedy + pede).
Substituting A = §. — d,, we have
2N + ia A=0
TR
which has solutions A = constant or A o ¢t~ /3 while 4,, has solutions ¢~1, t2/3, therefore

5c ﬁmdm + ,abA 5m
S o Pmfm TS, Im 1.
61) ﬁmém - pcA ” 6m
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2. APPLICATIONS TO COLD-DARK MATTER
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