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Could ther e be a distinctive signature 
of string theory in inßation?

Can string theory suggest 
cosmologically inter esting ideas?

- or -



Goals:

Summarize issues of inßation in string theory

Review DBI (brane) inßation

Why non-gaussianity? 

Non-gaussianity and other observables in DBI

What can non-gaussianity say about the 
underlying model?



Finding (slo w-roll) in 
string theor y

What is the inßaton?

closed string moduli (Kahler moduli), open  
string moduli (brane positions)...

What is the potential?

Flat + (large) corrections, Þne-tuning

What is the moduli space?

Geometric question



(Original) Brane Inßation

Brane/anti-brane 
potential fr om 
closed string 
exchange

Reheating and 
cosmic strings 
from brane 
annihilation

Dvali and Tye; 
Garcia-Bellido, 

Rabadan, Zamora; 
Burgess et al.



The big picture...

X

3 + 1 dimensions (us)
6 compact 

dimensionsX



Cartoon Guide to Brane  
Inßation (in IIB)

Features:

Mobile D3s

KS throats

anti-D3s in 
throats

Wrapped D7s

D7

D3

D3

D3
D3

Kallosh; Kachru, Kallosh, 
Linde, Maldacena, McAllister , 

Trivedi; 
X. Chen; Dasgupta, Herdeiro, 

Hirano,



Branes in a realistic 
space...

R

!

!=  inflaton

r =
"3

h
A

= warping at
     bottom of 
     throat

Brane position is 
a scalar Þeld

Anti-D3Õs sit at 
the bottom of 
the throat

Warping helps 
ßatten the 
potential



A potential (?)

Dynamics (Silverstein, Tong, Alishahiha)

A geometry (Klebanov, Strassler)

String theor y suggests....
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From the DBI action, there is an effective speed 
limit set by the warping:

Lorentz factor: 

DBI f eatures
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What is the full 
inßaton potential?

Constant

Coulombic

Quadratic term... m = ?

Other terms...(Baumann et al)
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Two anal ytic limits...

small m, slow-r oll (Firouzjahi, Tye)

large m, DBI (Alishahiha, Silverstein, Tong)

anything in between must be tr eated 
numerically (S.S., H.Tye; R. Bean, S.S. H. Tye, J. Xu)



Framework f or calculating 
observables

modiÞed HSR parameters
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Constraints

55 e-folds in the throat

Inßation ends when brane separation is small 
(or expansion parameters become > 1)

Throat is smaller than bulk (volume bound)

COBE normalization matched



scalar index

tensor index

tensor/scalar ratio

non-gaussianities (Chen, Huang, Kachru, Shiu)

Observables
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Relation betw een 
deÞnitions

εD =−
úH

H2→ εSR

η̃ =
ε̇

εH
= 2εD−2ηD + κ

κD =
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csH
= s

ηD ! ηSR" εSR



Points of Interest
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Number of e-folds beneÞts from γ

Cosmic string tension depends on warping



Explore the parameter 
space

Background parameters: m, N, hA, (string 
coupling and tension)

Observables: r, ns, dns/d ln k

hep-th/0702107 (R. Bean, S.S., S.H.H. Tye, J. Xu)





For wrapped branes, the canonical inßaton 
changes:

Changing the normalization can push 

(work in pr ogress, M. Becker, L. Leblond, S.S.)

Aside: wrapped branes 
extend Þeld rang e
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Why non-g aussianity?
fNL  > 1 surprising for a slow-r oll (EFT) inßation  
model

Bispectrum (trispectr um) is information-rich 
(Chen et al; Huang, Shiu)

NG (size and scale dependence) may be 
correlated with other observables, like tensor/
scalar ratio



Inßation and EFT
EFT suggests two bounds:

Controlled expansion in powers of

Implies small   ; String theory geometrically  
enforces. (Baumann, McAllister)

Controlled expansion in derivative terms

Implies small fNL ; String theory does the 
sum, allowing 
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DBI inßation can ha ve two  
ÔsurprisingÕ numbers:

Large r for sound speed that starts near one 
and rapidly decr eases

Large non-gaussianity when sound-speed is 
small
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Change in sound speed 
trac ks geometr y
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In the A dS throat:

10 20 30 40 50 60 70
Γ

40

50

60

70

Ne

0.2 0.4 0.6 0.8 1
! !! edge

100

200

300

400

500

"

0.2 0.4 0.6 0.8 1

!0.3

!0.2

!0.1

0.1

0.2

! , " ,#

!
!

!

! / ! edge

Ne

"

"



Probes of geometr y

Spectral index may be sensitive to AdS vs. KS 
(S. Kecskemeti, J. Maiden, G. Shiu, B. Underwood)

Cosmic string tension, (p,q) network (Firouzjahi, 

Leblond, Tye)

Scale dependence of Non-Gaussianity



To Be Continued...
Large NG or large tensor power are good 
indicators for something beyond single-Þeld, 
slow-r oll

NG should be constrained on a variety of 
scales to distinguish models (clusters?)

Full bispectrum contains a good deal of 
discriminating information

In DBI, scale-dependence of the sound speed 
can track extra-dimensional geometry 

(Stay tuned for MariÕs talk...)



Warped regions
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Two parameters: N, hA
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