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e Brane/antibrane inflation.

e Brane Induced Gravity

e Cosmological Brane-Bulk energy exchange.

e Outlook
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Introduction |

e Quantum Field theory describes surprisingly well fundamental interactions
up to energies of order 200 GeV. It fails with gravity

e String theory succeeds with gravity and seems to be able to accommodate
the rest of the interactions.

e We have two, rather solid results emerging from recent research in cos-
mology:

& There was an inflationary period, most probably at T' ~ 101415 GeV that
flattened the universe.

A\We are accelerating today with a rough vacuum energy A ~ (1073 eV)%.

Both involve cosmological acceleration, but with hierarchically different val-
ues.
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Accommodating cosmological acceleration I

e Do we have a theory of inflation?

No! We have a phenomenological theory (parametrization) of the effect,
with some ideas on where it could come from.

Moreover, there is heavy fine tuning involved, and it is not known how its
fits in the theory of particles and forces.

e Do we have a theory of today’'s acceleration?
Ditto!!!

d\Worse: For QFT and ST both effects are VERY UNNATURAL!

New theoretical Ideas Cosmology, E. Kiritsis

5



Branes and cosmology I

A new idea that emerges from string theory is that of a brane:

The important property: There are particles (the brane
particles) that cannot leave the brane. There are other
particles (the bulk particles) that propagate everywhere.
Gravitons are always of the second kind

Branes can fluctuate. The fluctuations are the brane particles.
Branes can move in the transverse space

If the universe is a 3-brane embedded in a higher-dimensional
(D=107) space-time, then:

Possible cosmological evolution in the bulk space, driven by bulk energy
density.
e Possible cosmological evolution on the brane, driven by brane or bulk
energy.
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Mirage Cosmology |

The motion of a brane inside a higher-dimensional bulk space, with non-trivial background

fields induced a cosmological evolution on the brane. _ o
Kehagias+Kiritsis Kraus

Kachru+McAllister
Example: a 3 brane with world-volume action
Sbrane = T/d4a:\/§ = T/d4ac\/det(GMy3aX“’85XV)

moving in a non-trivial bulk metric of a collection of other 3 branes:

42 (PN ) 2
a2 =~ L () @ +2408) L f() =y
f(r) r2
Look ar radial motion r — r(¢):
_ 1 - f(’l“)Q?'“Q o 1 B 1
Sers =TVs [ dr\ o5 = = oy (U mpeo
The induced metric on the brane is
—dt? + dx'dz’ 5 ( ) da;Zda;
d induce + dr©=—|—-—
Sinduced =y TIAT= {0 7

Substitute r to obtain


http://arxiv.org/abs/hep-th/9910174�
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ds?

dztdx’
dt?
induced — EQ f5 T ( 7“)
This is a RW metric on the brane: Define the cosmic time = and scale
factor a(t)

1 1
= dt , a’°=> = ds°
Ef(r(t))5/? f
Effective Freedman equation

= —dr? + a?(7)dx'dx"

induced —

Standard cosmological evolution like it was due to exotic energy density
with

1 5

aB 3

with a negative cosmological constant.

It is possible to also obtain Phantom densities with w < —1.
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Brane-Antibrane inflation |
Dvali+Shafi+Sogalnik

Burgess+Majumdar+ Nolte+Quevedo+Rajesh+-Zhang
Kachru+Kallosh+Linde+Maldacena+MCcAllister+ Trivedi

Consider now a string theory background were there are non-trivial back-
ground fields, that generate and AdSs-like throat (as we had before). This

can be generated by many D3 branes.
r2 dr?

ds® = ﬁ(—dﬂ + dz'dzt) + LQT—2

Consider now a D3 and an antibrane D3 in this background. The action

for the antibrane is
Sp, =13 [ d*e\i+ [d*z C

The only difference now is: The brane is charged, and the D-D is attractive.

1 L4 1L
o 4 2 2
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r=position of D-brane, rg=position of D brane.
For slow motion, expand and define ¢ = /I3 r

1 rg T rd
_ 4 370
SD3D3 /d [ MV@M(b&/qﬁ 2T3L ( — Wﬁ)]

Parameters: T3=tension, N (number of D3 branes), L (size of throat,
function of the other parameters) ro=position of 53 brane.

T4 78 T2
2 1379 a2 1370
M N2—¢1O<<1 ) n MP N¢6 <<1

This is not possible if there is no warping!
Problems to solve:
e A fine tuning of order 100 for the mass of the inflaton due to D-terms.

e An incorporation into a realistic string ground-state.



NS Fluxes

Wrapped D7 Brane

RR Fluxes

Anti D3 Branes

back
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Brane Induced Gravity (alias DGP) I

Dvali+Gabadadze— Porrati Dvali

Brane induced gravity is an IR modification of gravity due to an Einstein
term on a brane: Consider a 3-brane in a (4+1)-d bulk:

s =M3 [dy d*s g Rs +8()M3re [ d*\/g Ra
Gravitational interaction, by solving

1
M3(2|ﬁ| + 7 132)

M3(p? — 82 + re 6(y) P2)G(Py) = 6(2)=G(P;y =0) =

( 1 1

1
G(p,y=0) ~«
1 1
\ DM 3r. |ﬁ|2 |ﬁ| > > Te V(r) ~ M3r. r
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Cosmology and Brane Induced Gravity |

Deffayet Dvali+Deffayet+ Gabadadze

The cosmological evolution on the brane is

2
2 ki_ P 1 € L
H+2—(J + oo+ ) . =+l

a 3M]23 r2 = 2r
M3 k
P 2 P
> > — H< + ~
P rg a? 3M]23
( 2
¢ _ 2 k 1 4
\6—1 H +—a2——rg+3M]23/0—|-

Choosing the scale r. = size of observable universe today gives the correct
order of magnitude for the cosmological constant M2/rZ ~ (1073 eV)*
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This idea can be realized in string theory, on D-branes
Kiritsis+ Tetradis+ Tomaras

or on non-compact CY manifolds
Antoniadis+Minasian+ \Vanhove

It is however, extremely fine tuned: It depends crucially on UV details of

the theory
Kiritsis+ Tetradis+ Tomaras

Moreover, it suffers from a strong coupling problem at macroscopic dis-

tances.
Luty—+Porrati+Rattazzi Rubakov

At least this prohibits it being excluded from Brans-Dicke constraints.
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Cosmological brane-bulk energy exchange |

e In all brane-world contexts, the matter on the brane must interact with
the bulk matter (including the graviton).

e If the bulk Planck scale is as high as the 4d one, this interaction is weak.
e It may be that this scale is quite low, (M ~ a few TeV) as in large extra

dimension contexts. Then above the KK scale (that can be as low as 10~4

eV) there is strong interaction between brane and bulk.
Kiritsis+ Tetradis+ Tomaras Langlois+Sorbo

&Energy can flow out to the bulk.

AEnergy can flow in, on the brane. This can cause cosmological accelera-

tion on the brane.
Kiritsis+Kofinas—+ Tetradis+ Tomaras—+.Zarikas
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Examples in Randall-Sundrum cosmology:

k
. HP+ S =p"+p+x

pH3A+w)mp=-T() . X+4 x=(20+1)T(p)

T he rough Intuition: incoming energy, sustains a constant p despite the
expansion — cosmological acceleration.

A T(p) ~ p~ 000 [fits the acceleration data as well (if not better) than A.

Umezu et al.

There is dual, four dimensional formulation of this type of cosmology using

ideas of the AdS/CFT correspondence.
KIritsis

Open problems: Implement this scenario in a full-fledged fundamental the-
ory.
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MY VRN

T(p) =—p , Inflow k=20 w=20



T(p)=p , Outflow , k=0 , w=0
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Conclusions |

e [ here are many ideas on how to accomodate the
comsological data in a fundamental theory like string

theory.
e [ hey all need severe FINE TUNING!
SdEither, nature is very fine tuned, or

&d T here is something important we are missing.
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Warped versus flat space in Brane-Antibrane inflation I

The harmonic function between a D3 and D3 is

L4 N 1
2 2 74
[ hat gives rise to a potential

2T L4 2Ty  2Txrd 4
v="3cory(1-2 - V= 232~230(y_T0
f2 r4 f,(% NL4 Nr4
with inflation parameters
€= MPTT0 - w~MP a0 0 ¢ T N2.8
L4 T2 T2 rd 172
n ~ j% 3 = Nw ~ M2 3 "o ~ 0

P Ngb n  NILA

for compactification.
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From Umezu et al.

A(M(2)-M) [Mag]

Comparing BBEE to data I

— best fit for SACDM
9 77" best fit for GCDM A=0

...... SCDM /\:O ' ' L
—-- GCDM A=0 a=2 ¢=0
[ |----- GCDM A=0 a=8 g=0
GCDM A=0 0=2 ¢=2
11 o Rieseta. (2004)

_2 | | IIIIII| | | IIIIII|

0.1
redshift z
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— best fit for SA\CDM —————
--- best fit for GCDM N=0

[ IEEN
]

A(M(2)-M) [Mag]

_1 | | IIIIII| | | IIIIII|__

0.01 . 1
redshift z
From Umezu et al.
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e \Warped versus flat space in Brane-Antibrane inflation| 34 minutes
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