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OVERVIEW

* inflation vs Slingshot

° Sgt up

* Coswology of Slingshot

. Oomparisaw with other proposals

e Conclusion



nflation explatns:

1) Homogeneity problem

2) tsotropy problem

3) Horizow problemt

4)Flatwness

5)Structure formation

&) Mowopole, gravitine, ete. problems

Any theory alternative to tnwflation
should at Least solve the problems
mflation does....
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nflation seems to work quit well, so why we should
Look for alternatives?

Motivation

If an alternative succeed, this will open a new
avenue to cosimology

* If it fails, it will provide additional support and
indirect demonstration of the advantages of

inflation,

ProposaLs:

* Pre-Blg-Bang

Ekp Y rotic

Cy elic

String-gas

. Slingshot



SULINGSHOT SENARIO

Similarto D3/anti-p3 brane inflation

<« D=2 brane

— ANt D= brane



But in slingshot

NO anti-B3 and NO inflation!

A probe D3 (our Universe) s woving Ln the
background sourced by N D3’s,

«  Probe =



Coswological Problewms

. 1sotropy of CMB — horizon problem

Standarol GR

Horizow toda Y A
B C
Bing BANY
Solutlon
Slingshot mflation
A
E ¢ E c Al
ANVA NS -G~
( Bing BANY
No Bing Bang




ts DtYO’P 5

Friedmann equation
nwflation  wirage

o '

0
H2-= 87TGEPm+ pr+00+m 4 'Omir
matter radiation shear In GR at

small scales shear dominates ang FRW becomes
highly unstable.

Solution

Slingshot inflation

n Scale factor a has a | Owee vacuum energy
wminimum before dowminates, a rapiol anol
shear domination  |long expansion washes

out all other

2) wmirage matter conkributions,

contribution scales

like a8 so shear never
dominates




Curvature Probleme

Q 10-8

k |BBN

If radiation dominates GR

Q 10-60

k |Planck

Solution

Slingshot nflation

1) Thereis a bounceso | g ~ 1
that we cannot reach aH

too small scales , ,
n inflation we have

a2H?, back in time
SO
Q k |Planck> >107%

2) Universe started out
in a flat empty initial
state,
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GENERAL SETUP:

p2-brane tn the background sourced by N D3’s,

n the static limit, there exists a gravitational
attraction and a RR-gauge field repulsion

NT, T,
NT .=
v Vgr _'%10,,—4g
I —p NT 2
Ver =10 ,,43
e

& transverse divections
no force condition (BPS states)

P-branes are dynamical objects (they can
fluctuate)

<« r(x)
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DY namies described b Y the DRI action:

=7, [d4x e [Fet(g, - 3¢

¢ = the dilaton, C,=RR-4-form potential,
Oina LS the tnduced wetric from the background,

The background for the slingshot is the Klebanov-
Strassler throat of a CY..  The wear-horizon
geometry of N colncident D3 branes at the tip of a

cone preserving N=1 susy is AdSXT* and the
metric is

T is like SxS>. At the tip of the cone, S* 0. One
may deform the geometry such that the manifold
closed off smoothly at some r=r.

The conifold can be described by 4 complex
coordlinates W, with one complex condition

4

Z=0 Singular conifold
zi 0 deforment conifold
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z ls a dywnamical field; the complex structure
wmodulus, It is a flat divection if there are no fluxes.
In the presence of fluxes acquires a potential and
can be stabilized by H, (NS-NS) and F, (R-R)
fluxes. with

M

(] i
2m

_5>2 F =M, ( )2 H =K
o L3 /L3

z s stabilized to z=¢ 0

4= ¥ /L the warp factor at the bottowm of the throat.

However, r Ls not a “good” global coordinate. it can
be cut off at r=r,, and glued back to CY.. This
construction looks very wmuch the same with RS1
where the IR brane corresponds to r=r, and the LV
one to r=r,, .

KS throat Iyy

CY

RS1

Y=Yo y y=0
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Local geowmetry of the KS throat has metric:

As?= V2@ )y, dxtdx’ + hV2(1 )ds?2

1
2

0
22/3/<(T )[ 1
BR3(T)

+sinh2 (1 /2]{(g")?+ (g2)2]§

As?= [dr 24 (g5)2J + cosh?|r /2”(@3)2+ (g2 +

1/3
HSbeh(ZT )- 21 H

e R TP

n(1 )= 2232z 431(1)

_ o xCoth(x)- 1) _, 1/3
I(7)= ( dxxsgm(;a) (smh(2x)-2/<)
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Limits:
Swmall T

As?= 2
21/3a(1)/2gsM

2/3

Ty ocH A+ g g

Lo oo

a,= 71805

o+ drdol o

Large T (Klebanov-Tseytlin)

2 2
2~ v Iya In(r/r,) 9)
as = T(Hrs)dxﬂdxu = ast,

Dywnamics deseribed by the DB action in the KS
throat. Cowmplicated dynamics which however
simplifies  comsiderably  in  the  slow-roll
approxbmation. n any case, for tllustration we
may consioer the wotlon of the probe B3 n an
ANSXS® throat as the latter captures all essential
features of slingshot,

n the AdS xS° case:
As?= h"2axt dx, + h'2 Edr2+ r2dQ %E
4
-y - -1_ 1-
h_F, ¢_¢09 04_1 E_

15



Probe D3-brane wmotlon is specified by r(t), 2.(t).
From the DBI action, we get that

S 1 ni2s
2z-v= - 1+
h[ n(1-c-uPs rre @@

Wis ‘energy” and J awgul.ar momentum tn S°.

The geometry experienced by an observer on the D3
probe brane is determined by the induced wmetric
(Mirage cosmology)

ds2 = p é 1= b2 2 dx2§
In the “slow-roll” approximation p'<< 1

2
A2, = oo 2 i =200 24 5

Vo

Bouncing Cosmology
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cosmological Problewms Revisiteol

Homogenelty: the comoving horizon
diverges (o horizow problem)

lsotropy: There is no Bing-Bang (scale
factor never vanishes). Moreover, at small
scales mirage matter contribution
dominates over shear,

. Flatwness:

_—

bdumnce O —>

or assume a flat (BPS) empty initial state.
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DENSITY PERTURBATIONS

For “slow-roll” motion (adiabatic approximat’ww)
= - T% - L, 0
S= 2[0/4/( _0ﬂ/d“k+/20NQsaﬂQ5}

we may perturb the ’cheorg b Y

o r+0r, QS—» QS+(5Q5

Thew small fluctuations sa’cisfg (in Fourier space):

- .
=3 524 250 2= 022 205 2 26250 2
5{5 2Jdl] :5k/€ 200 el Q5E5y/€ 4140 () -

+4,Q '55 Q '{5 o

=

Bardeen Potentials:

O =- 57V: ()
are frozen (@ =V = () for <K< %
Then we find

Pl <2 0L

The spectral index is
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= Al (e3P)
< din(k)

+1=1
This is an exactly scale invariant power spectrum
Using the KS background, we find

n =1 I

- z 95 t = .002Mmpe7 !
ST 2k k) s Pe

for appropriate k,, consistent with WMAPz:
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Conelusions:
General picture

Mirage Mirage to local local gravity
domination gravity transition | FRW evolution

today
last scattering

Expansion

.
g -
.
______
PeCis
e

aounog

Contraction probe D3

Allowing for a D3 brane moving with non-zero
angular momentum tn the KS throat -

* Bouncing Cosmology

* Homogeneity, ’:,so’cropa, flatness problem.
solved

Allowing perturbations to be created at “string”
scale

* Reol-shifted almost scale tnvariant spectrum,

open problems: many
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