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Inflationary Universe

1030 o,

Inflation : solves a number of outstanding
cosmological problem: flatness, horizon,
defects, angular momentum etc.

generated all matter-energy in our universe
from the inflaton potential.

started the hot big bang.

generated the density perturbation that
seeded the structure formation.

generated the temperature perturbation
observed in WMAP.




WMAP 2003

Data strongly supports inflation




Brane World
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Cosmic string production towards the
end of brane inflation

this follows from superstring theory property

T The cosmological condition

L

Monopoles : density ~ @ ° Disastrous

Domain walls : density ~ |/a Disastrous

.

cosmic strings : density ~ @
interaction cuts it down to ¢~ during radiation




History of cosmic strings

Early 1980s : proposed to generate density perturbation as seed
for structure formation; as an alternative to inflation;

Kibble, Zeldovich,Vilenkin, Turok, Shellard, ......

In 1985, Witten attempted to identify the cosmic strings as
fundamental strings in superstring (heterotic) theory. He
pointed out a number of problems with this picture: tension too
big, no production and stability.

In early 1990s, COBE data disfavors cosmic strings.

By late 1990s, CMB data supports inflation and ruled out cosmic
string as an explanation to the density perturbation.

In 1995, Polchinski and others pointed out the presence of D-
branes in string theory.

Brane world/brane inflation leads to a revival of cosmic strings.
Realistic realization of brane world/inflation are known : KKLT
and KKLMMT and other scenarios.




Cosmic strings

® Cosmic string interactions
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Scaling of the cosmic string network

Velocity-dependent one-scale model

o= HL (5]

2

— +2Hn = —
i



(p,q) Superstrings
® |n contrast to vortices in Abelian Higgs model,
cosmic strings from brane inflation should have a

spectrum in tension.
nple example is the (p,q) strings, where p
are coprime. (1,0) strings are fundamental

strings while (0,1) strings are D | -strings.

® The spectrum depends on the particular brane
inflationary scenario. : : e,

G . —vig [ ¢Gp

They have non-trivial interactions.




Evolution of
the (p,q) Cosmic Superstring Network

an,, :
— + 2Hn,
at :

e | a
e _lr?—i el FL T- ;r'-)__ T At — T‘ _fr}

e —802F o018 w— 06 HE 013




Scaling of the Cosmic Superstring Network

independent of
initial conditions

Insensitive to the
details of the
Interactions

.. — 8aGulk




Relative density of (p,q) strings




Cosmic string tension
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Pogosian, Wasserman, Wyman
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Rich tension spectrum

In 6 dim. toroidal compactification:

(P,q) — (P, q1,92,93, 94, 95, 96 )

In 2 warped deformed conifold :

(p,n,4,l',m' 1, m)

wpm 3 — L 1)

with strong enough binding energy




Search for Cosmic Strings

Lensing

Cosmic Microwave Background Radiation
Gravitational Wave Burst

ATIT

Pulsar Timing

Stochastic Gravitation Radiation Background




typical gravitational lensing events




cosmic string lensing

cosmic string introduces a deficit

cosmic
string




z=0.46 + 0.008

1.9 arc sec

! -7
Gu~4x10

coordinates
not given !




More Data :
Sazhin etc, astro-ph/0506400
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Additional candidates nearby
N

16" x 16°

e Half a degree field with 50,000 sources

® This spring,a UW Seattle group’s request for Hubble Space
Telescope time was approved for the coming year.

i g it
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cosmic string lensing

Ben Shlaer




cosmic string lensing
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cosmic string lensing
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Clean Signature
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Oscillating string loop:

astro-ph/0406434




Additional candidates nearby
N

1
»

16" x 16

e Half a degree field with 50,000 sources

® This spring,a UW Seattle group’s request for Hubble Space
Telescope time was approved for the coming year.
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cosmic string lensing
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cosmic string lensing
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cosmic string lensing
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cosmic string lensing
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Clean Signature
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A nearly
symmetric
double-image ;
gravitational ? 'S

VLBA (4.975 GHz)

g

Iens ' # VLA (8.460 GHz)
1 N
Winn etc.
astro-ph/000945 |
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AT/T = 8nGuvy

Kaiser and Stebbins
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Signatures of Cosmic Strings in the Cosmic Microwave

Background




Clean Signature
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AT/T = 8nGuvy

Kaiser and Stebbins
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Signatures of Cosmic Strings in the Cosmic Microwave

Background
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cusps and kinks
are quite common in string evolution

CUSP

h(t) ~1t1""°

“ wave form of

gravitational wave bursts

KINK

h(t) ~ 1123

Damour and Vilenkin




gravitational wave radiation from cusps

% prediction %




Closed time-like curves

Gott time machine

Sabepy > 2

Fortunately or unfortunately,

i Ben Shlaer
it is totally unstable




Superstring Theory may be testable

® |nstead of searching for tiny particles or
signatures in accelerators, such strings may
stretch across the universe.

We still have to show that the string tensions
have the right values (as given earlier) so they
are compatible with all present observational
bounds and yet can be detected in the near
future.

We shall also discuss more of their properties
and see that they may have quite distinct
signatures.




Open Problems

Stability of D—strmgs |n5|de D3 branes
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Reheatjng Barnaby, Burgess, Cline, ...

Louis Leblond, N. Jones, .

A more realistic string tension spectrum than (p,q).

How natural is the KKLMMT scenario and its
extension to fast roll with DBI action (Silverstein,
Tong, Alishahiha, Chen,..) ? Sarah Shandera

Other inflationary scenarios in string theory :
branes-at-angle, D3/D7, racetrack, assisted, moduli,
topological




