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Abstract: <span>| will discuss why the search for B-Mode Polarization of the Cosmic Microwave Background (CMB) is very important for e
universe cosmology, but that a discovery of such a polarization mode is in no way a confirmation of inflationary cosmology.</span>
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Questions
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iniroduction o Is the signal from dust?
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Topological Defects as Sources of Gravitational
Waves

B-Mode

Brandenberger
’ @ Many particle physics models beyond the Standard

Model predict the existence of topological defects
solutions, e.g. cosmic strings.

@ If such models are correct, than a network of defects
will form in the early universe and will survive to the
present time (Kibble mechanism).

@ Topological defects lead to vector and tensor
perturbations of comparable magnitude of scalar
fluctuations [U. L. Pen, U. Seljak and N. Turok, Phys.
Rev. Lett. 79, 1611 (1997)]
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@ Example: cosmic strings lead to a scale-invariant
spectrum of gravitational waves [R. H. Brandenberger,
A. Albrecht and N. Turok, Nucl. Phys. B 277, 605

(1986)].

@ In a model with both inflation and cosmic strings the
strings may well dominate the gravitational wave
spectrum.
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Cosmic String Wake

S Nioce Consider a cosmic string moving through the primordial gas:
Brandenberger

Wedge-shaped region of overdensity 2 builds up behind the
moving string: wake.
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Closer look at the wedge
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@ Consider a string at time {j [tec < ti < 1p]
@ moving with velocity vs
@ with typical curvature radius ¢yt

Clti

\4
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Gravitational accretion onto a wake

B-Mode

Brandenberger
@ Initial overdensity — gravitational accretion onto the

wake.
@ Accretion computed using the Zeldovich approximation.

o Focus on a mass shell a physical distance w(q, t)
above the wake:

w(q,t) = a(t)(q— ),

@ Gravitational accretion — 1) grows.

o Turnaround: w(q, t) = 0 determines g, (t) and thus the
thickness of the gravitationally bound region.
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Signature in CMB Polarization

B-Mode
Brandenberger @ Wake is a region of enhanced free electrons.
@ CMB photons emitted at the time of recombination
acquire extra polarization when they pass through a
wake.

@ Statistically an equal strength of E-mode and B-mode
polarization is generated.

@ Consider photons which at time t pass through a string
segment laid down at time t; < t.

247 , 3 )1/2
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Angular Power Spectrum of B-Mode
Polarization from Strings
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Key Physics
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@ Given a scale-invariant power spectrum of adiabatic
fluctuations on "super-horizon" scales before tgq, i.€.
standing waves.

o — "correct" power spectrum of galaxies.

@ — acoustic oscillations in CMB angular power
spectrum.

@ — baryon acoustic oscillations in matter power
spectrum.

@ But how does one obtain such a primordial spectrum?
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Requirements
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@ Scales of cosmological interest today must originate
inside the Hubble radius.

@ Long propagation on super-Hubble scales.
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@ Scales of cosmological interest today must originate
inside the Hubble radius.

@ Long propagation on super-Hubble scales.

@ Scale-invariant spectrum of adiabatic cosmological
perturbations.
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@ Scales of cosmological interest today must originate
inside the Hubble radius.

@ Long propagation on super-Hubble scales.

@ Scale-invariant spectrum of adiabatic cosmological
perturbations.
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Hubble Radius vs. Horizon
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@ Horizon: Forward light cone of a point on the initial
Cauchy surface.

@ Horizon: region of causal contact.
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Hubble Radius vs. Horizon
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@ Horizon: Forward light cone of a point on the initial
Cauchy surface.

@ Horizon: region of causal contact.
o Hubble radius: Iy(t) = H~'(t) inverse expansion rate.

@ Hubble radius: local concept, relevant for dynamics of
cosmological fluctuations.
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> Adiabatic fluctuation mode acquires

Fluctuationg originate as quantum vacuum

perturbatiohs on sub-Hubble scales in the contracting
phase.

25 & scale-invariant
spectrum of curvature perturbation

s an super-Hubble
scales,

> Horizon problem: absent
» Flatness problem: absent,

Size and entropy prablems: not present if we assume
that the universe begins cold and large

» Anisotropy problem (BKL instability): key challenge
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Step 1: Metric %nd matter fluctuations
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. . Note: © and 4 related by Einstein constraint eq
sl Step 2: Expand the action for matter and grav
Coma order about the cosmological backaround
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Conclusions

Quantum vacuum initial conditions

V() = (v/2k)
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Equation of motion for gravitational waves

Uy + (K \ug = 0.

Squeezing on super-Hubble scales, oscillations on
sub-Hubble scales
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» Suppression of r,

) Example 1: Inflationary reheating transition

» Example 2: nonsingular bounce phase in a bouncing
cosmology
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riance in Inflation

@ Initial vacuum spectrum of ¢: (Chibisov and Mukhanav,
1981).
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in Matter Bounce

@ The initial v]acuum spectrum is blue

Pr I‘\ |
9 The curvatire fluctuation:
scales in the contracting p

Vi ( 1 ;‘ C 1 57)

FFor modes which exit the Hubble 5 in the matter

phase the resulting spectrum is scale-invariant:
Pe(k,n) ~ Kk°

Vie(n)|

K2 (Vi (mp (k) 2 (

const
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Implications for r
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prmonsial | @ Change in the equation of st
]

[ bounce phase

state in the non-singular
» enhancement of scalar modes

[nsm— relative to tensor modes

© Enhancement factor is typically small

e Typically a large value of r is obtained
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