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How is inflation realized in the
brane world ?

Brane inflation

Light scalar fields : T
® Open string mode : tachyon, brane position
etc.

® Closed string mode : Kahler and complex
moduli

GOAL : to find stringy signatures in brane inflation

Other talks ........



How is inflation realized in brane world ?

Brane inflation Dvali and H.T,, hep-ph/9812483

Inflaton (brane position)
is an open string mode

Inflaton potential comes from S e e
the closed string exchange [ |

Vacuum energy that drives
inflation comes from the
brane tension




Flux compactification

where all moduli of the 6-dim.“Calabi-Yau” manifold
are stabilized

D7! branes——— [—=<J D7! brane:

warped deformed throat

Giddings, Kachru, Polchinski,
Kachru, Kallosh, Linde, Trivedi

and many others, 2001.... KKLT vacuum



KKLMMT Scenario

D7! branes——— < D7! brane:

D3-brane

anti-D3-brane

Burgess, Majumdar, Nolte, Rajesh,
Quevedo, Zhang, hep-th/0105204
Dvali, Shafi, Solganik, hep-th/0105203

Kachru, Kallosh, Linde, Maldacena,
MacAllister, Trivedi, hep-th/0308055



Some simple scenarios

Features:

¢ Mobile D3s

¢ warped throats
¢ DBI

® anti-D3s in throats

® Wrapped Db5s

< M Planck ® Wrapped D7s

Recall chaotic inflation : ¢ > 10Mp|anck



Possible non-Gaussianity in
Brane Inflation :

Multi-field inflation : position of brane in the 6-
dimensional compactifed bulk : one radial mode
and 5 angular modes

Dirac-Born-Infeld action

Active vector, scalar (and tensor) modes of
fluctuations coming from cosmic superstrings
and their junctions

Steps in the warped geometry | 4 .
eong and Smoo

Yadav and Wandelt, arXiv:0712.1 148
Komatsu’s talk at KITPC (Dec. 10,2007)



The inflationary properties depends
sensitively on the properties of the throat
and compactification.

\

¢= inflaton

h = warping at
bottom of
throat

Radial mode +
5 angular modes

in Shiu and Underwood,
Bean, Shandera, HT, Xu,
S2 X S3 Baumann, Klebanov, Maldacena, Steinhardt,

McAllister, Dymarsky, Seiberg, Murugan, . ..
Burgess, Cline, Dasgupta, Firouzjahi, Stoica, . . .



Heating after inflation

S

B ‘A
There is a matter-dominated period when energy is
mostly in A throat before they tunnel to S throat,
where the standard model branes are sitting.

Barnaby etc.,
Kofman andYi,
X. Chen and H.T,, hep-th/0602136



Possible non-Gaussianity in

Brane

Inflation :

Multi-field inflation : position of brane in 6-
dimensional compactifed bulk : one radial

mode and 5 angu

Dirac-Born-Infelc

ar modes

action

Active vector, scalar (and tensor) modes of

fluctuations from
their junctions

cosmic superstrings and

Steps in the warped geometry



Inflaton is an open string mode :

S =1 /d4xa3(t) _T\/ll 12/T+ V() T

_|.2

ﬁ/d“x a>(t) - V()

Dirac-Born-Infeld (DBI) action yields a

™ Lorentz factor :
3T

b=
1 . 1
Cs \/1! /T

T(p)! ¢*"  exponentially small

Silverstein, Tong, hep-th/0404084

Alishahiha, Silverstein, Tong, hep-th/0404084

I < T(!)




UV DBI model predicts too large a non-Gaussianity

IR DBl model predicts :

® The CMBR power spectrum goes from blue
tilt at large scale to red tilt at small scale (ns

~0.94), with running of ns, dns/dInk, as large
as ~ -0.04.

® Since the branes are moving relativistically
(though still very slow), non-Gaussianity is
within present bound.

Bean, Chen, Peiris and Xu, arXiv:0710.1812

1 256 < fnL < 322 2

P. Creminelli, L Senatore, M. Zaldarriaga and M. Tegmark, astro-ph/06 10600



Non-Gaussianity (Bi-spectrum)

X. Chen, M.X. Huang, S. Kachru and G. Shiu, hep-th/0605045



Possible non-Gaussianity in

Brane

Inflation :

Multi-field inflation : position of brane in the
6-dimensional compactifed bulk : one radial

mode and 5 angu

Dirac-Born-Infelc

ar modes

action

Active vector, scalar (and tensor) modes of

fluctuations from
their junctions

cosmic superstrings and

Steps in the warped geometry



Brane inflation may have another stringy feature :
warp factor should have step-like feature.

® |t is too hard to see it from the geometric
side.

® One can use gauge/gravity duality to deduce
such features by studying the gauge theory
side.

Gauge Theory = Gravity/Geometry

AdS/CET Maldacena,...



Ultra-relativistic :in Cs = 1/~

~p—

I ;
10>

S=! dat) €T 1! =+V()! T)
T % - &
S= d*ad(t) & =1 V(I)! T(e ! 1)

/

Slow roll :in potential

T(!)=Tshg(!)=Ta/H()



Key points/strategy

Using gauge/gravity duality, find the warp geometry
by analyzing the gauge theory side.

Finding the correction to the anomalous mass
dimension that comes into the renormalization
group flow and Seiberg duality transitions.

The new RG flow equations imply that the dilaton
runs with kinks and the warp factor has steps.

Including the step widths, this yields a cascading
effect in the warp factor.



Warped deformed conifold

ds® = H' Y2(r)(" dt® + a(t)dx?) + HY2(r)(dr? + r2ds...)
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Klebanov-Strassler Throat
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Seiberg duality

SU(N + M)! SU(N)

( ; ) ;(!ga | )
v\ v \
Wiree = W((AlBl)(A2BZ) — (Ale)(AzBl))

g%(L)

v

SU(N! M)" SU(N)




Gauge/Gravity Duality
e r

SUR2M)" SU(M) 0
1 7
Seiberg L. e
duality T o
cascade o g
T ;

SU(K ! M) " SU((K ! 2)M)

1

SU((K ! 1)M)" SUKM )|

T

SU((K+ 1)M)! SU(KM) M.Strassler, hep-th/0505153




Steps in warped factor
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G. Hailu and HT, hep-th/061 1353



Feature in power spectrum
due to a step in a slow-roll potential
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FI1G. 3: Primordial power spectrum for a model with
m=75x10"% b=14, ¢ = 102 and d = 2 x 102 (solid astro-ph/0101406

black line) with wavenumber k given in units of aH |3=p. The
dotted red line depicts the spectrum of the same model with

c set to zero.

J. Adams, B. Cresswell, R. Easther, astro-ph/0102236
L. Covi, J. Hamann, A. Melchiorri, A. Slosar, L. Sorbera, astro-ph/0606452



Non-Gaussianity due to a step in potential
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WMAP 2006

Angular Scale
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Step in slow-roll inflation

é_ - | | | = 1' V_l 2
o H=(1! ) . 2(V)

C
WMAP feature at [ ~20 == - ~1/5

€
Chaotic inflation :

V(o) = %m2¢2 (1+ ctanh (?))

11 107¢ =P c:%! 10 °

Brane inflation :

c1 10~° = Cc~ 107"



Non-Gaussianity due to a step in slow-roll

. 7¢3/2 ,C C C
NL ! = (7 —

d!

Chaotic inflation: b~ 14Mp anck

c! 107 d~2x10'2 =P fyvo! 3

Brane inflation : fNL ~ 7

most likely to be bigger.



Feature in power spectrum due to a step in the warp factor
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A single step in the warp factor
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A typical throat probably has many steps so

it is likely that the steps may show up more

prominently in the bi-spectrum than in the
power spectrum.

The non-Gaussianity properties are under investigation.



Possible non-Gaussianity in
Brane Inflation :

Multi-field inflation : position of brane in the 6-
dimensional compactifed bulk : one radial mode
and 5 angular modes

Dirac-Born-Infeld action

Active vector, scalar (and tensor) modes of
fluctuations coming from cosmic superstrings
and their junctions

Steps in the warped geometry

Yadav and Wandelt, arXiv:0712.1 148
Komatsu’s talk at KITPC (Dec. 10,2007)



Summary

Brane inflation offers a wealth of new
possibilities.

Search for stringy signatures is promising.
Many properties remain to be explored.

Contact with observations brings together
string theorists and cosmologists.

More effort should be put into the search
for stringy signatures in moduli inflation.



Gauge/gravity duality
SU(N + M)! SU(N)
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Klebanov-Witten model



Anomalous mass dimension

$1 = ud%l) —3(N+M)$2N(1$ 14(1) @) =" %! g%
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$ = 1 di):3N$ AN+ M1 (1) =1 2a 3
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G. Hailu and HT, hep-th/061 1353



