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Parameters

@ Metric
ds® = (1+2)dr’ —a* (1)((1 - 20)5, + b )dx'ex
gravitational potential gravity waves

After inflation
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Prediction of inflation!



@ Main unknown parameters determining the spectrum

) s = Hl?m 2) Q, =+ Q) Q)
75
s-Mpc
4) QK,Q 5) amplitude 4 6) spectral index n,

If Q) =1 then QK,Q =1-Q°

tot

@ Extra parameters influencing the spectrum

number of light neutrinos, gravity waves, reionization



Universe transparent
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@ Before recombination
-(Im)pertect fluid: coupled baryon-radiation plasma
T/ =(g, +¢&,+ p,)uu’ — p 87 + viscosity terms

-CDM particles which interact with plasma only gravitationally

The fractional density perturbations in radiation 6 = o¢, /¢ satisty the equation:

a Visci)sity
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speed of sound o o _ o
Gravitational potential is generated mainly by radiation

before equality and by cold matter after that



@ After recombination

T

along photon's geodesic
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(5—T + CD) = const

ST, ., . oT, . |
7(770,965," )=7(77r,xf(77r),n )+D(7,,x7(7,))
I/li I/li
F@C§T

—(n.,x'(n),n)=2
T(m (n,),n")



Instanteneous recombination

e Matching conditions for 7”
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O Correlatlon function
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Recombination 1s non-instantaneous
where
2
/ .
C] — z"- ((Dk + ij jl (kn()) . 35k (nr) aj]l (kUO) e—ZGknrk2dk
T 4 " 4k  d(kn,)

oc~2e107

: , —
[(I+1)C, characterizes fluctuations on angular scales 6 = n



® [ ongwave inhomogeneities (k77 <<1)
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® Shortwave inhomogeneities (kn, >>1)
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® Spectrum
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e Determining the cosmological parameters
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—The location of the peaks (€2, , =1)
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Al = +40 when Q, &, increases twice

Al =—40 when Q_h. increases twice



—The heights of the peaks
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llf Q, iy, Increases
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The second peak exists mmmp 2,/ <0.07

_9 . 2 2
Q K <03 if QA >0.03 ng, —? for given Q, A7, and Q K.

1 h725 — 9 peaks location depends on Q h
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® (Gravitational waves
[(I+1)C¥




e CMB polarization-way to detect

primordial gravitational waves

Thomson scattering =) linear polarization

— L 100% polarized

>

-If incident radiation 1s i1sotropic-

/ no polarization 1s generated

-Polarization 1s proportional to the quadrupole

component of incoming radiation

observer

-Quadrupole anisortopy 1s generated by both,
scalar pertirbations and gravity waves, only after
the recombination begins ™% polarization « duration of recombination



® Polarization tensor

1 1

E=Ee, F,(n) = ;(<EaEb>_5gab <EcEC>j

2d second rank traceless tensor
|

E —mode: B —mode:
E(n)= Pab;})a B(n) = P/“s,

Only gravitational waves contribute to B!!!

1 —9
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/ \ Scalar | / ,
, Gravity waves
I / perturbations / d
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<BB > gets maximum at / = 100



