


o Branes and extra dimensions — scalars for inflation.

o The brane inflation picture
o Looking into the infrared

o Multifield aspects.

o Walking the Planck! — Discussion.




" EINSTEIN’S GR IS A SUCCESSFUL THEORY,
RELATING A FUNDAMENTAL OBSERVABLE
(DISTANCE) TO MATTER CONTENT OF THE
UNIVERSE.

" BUT WE COULD HAVE MODIFICATIONS —

EXTRA DIMENSIONS — EXTRA TERMS
CHANGING GRAVITY IN THE UV AND/OR IR




BRANEWORLDS VS. KALUZA-KLEIN

Extra dimensions large
Localized Iin extra-D

Geometry (typically)
curves into bulk — a
warped compactification

4D fields from
fluctuations in brane

Extra dimensions small

Our world is “smeared”
over internal dimensions

Geometry independent
of extra dimension

4D fields from
symmetries of internal
space



worldsheet  world volume
Just like a particle is a

pointlike object, a brane is
a generic extended object
INn space — e.g. a string is
a 1-brane.

The more spatial
dimensions we have, the

worldline

particle



dimensions (6/7) and the _ <
possibility of brane-like solutions
via D-branes.

D-branes in string theory are surfaces on which open
strings can end. The charges carried by the ends of the
strings give gauge fields confined to the D-brane, which
has a DBI effective action.




These branes have energy and tension (cosmological
constant behaviour within the lbrane, no perpendicular
components) :- gravity is important.

Wrapped branes can cause local throats
‘ to appear in the Calabi Yau - these can be
&~

modeled by exact geometries.




INFLATION

In brane inflation, we Imagine an
(anti-)orane moving on the internal
extra dimensions and extended
along the noncompact directions.

The higher dimensional information
IS encoded In a scalar describing
the brane position: The Inflaton.
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6D Calabi-Yau

warped throat
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o Integrate over internal manifold (~KK)

o Write brane action in terms of position scalars

o Compute corrections dependent on brane position to
desired order




o Brane action has 3 main pieces, its geometry, its charge,
and corrections due to its presence.
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Expanding the D-brane effective action in terms of the

inflaton fields:
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gives a non-canonical looking kinetic term. But, we can




The Klebanov Strassler solution (based on the deformed
conifold) is a candidate for a smooth throat. The warp factor
has an (almost) analytic form:




Conifolds correspond to special points in the moduli space
of Calabi-Yau manifolds, and are regular manifolds apart
from isolated “conical” singularities. The standard example
iSs a simple cone based on a complex hypersurface in C4.




The Klebanov-Strassler solution uses the deformed

conifold, supported by fluxes.
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The throat
logarithmically
approaches a
cone, but
smooths off in
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The potential typically includes an m2¢? piece, but what is
¢? Conventionally, inflaton is canonically normalized — here
we take the radial distance up the throat.
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There are also corrections to the background from moduli
stabilization. To leading order these appear Vvia




Vd =0

On KS background, lowest angular correction is:

o = (sinhncoshn — n)m cos v

So we take the potential:
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power of .

General linear potential will be a sum of angular harmonic




There are constraints on the choice of parameters. The Planck
mass Is given by integration over the internal space, and leads
to a bound
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The integral grows very rapidly, so the UV cutoff is important in







O0=m/2
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N=84
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ese come from corrections to the superpotential, dependen
on the D3 position and interactions with other wrapped branes.
The total potential also includes an uplift term:
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But also it seems that the geometric part of the F-term potential
has a hidden constraining feature once angular freedom is

switched on:
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Second part is always small, but the first is maximized at m and




» DBl is dead - right?

= Have we been honest about parameter constraints?

= |s it consistent to ignore UV/IR corrections to the mid-throat
region?

= Should we worry about the IR"?

= Should we use perturbative SUGRA for highly anisotropic/
time dependent situations?




To check the probe brane does not significantly warp the
internal geometry, use a toy exact solution — D3 on R% x S’

' - -

As the D-brane moves on the S' a horizon forms, and




