Cosmology of moving branes
and spinflation
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Brane Inflation pvai 7ve 99

(geometric inflation)
e Coulomb attraction
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Brane/anti-brane separation (in X¢) acts like an inflaton

D3 lightest string =
4D particle, Tachyon
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...like Higgs in SM, T ‘condenses,” ending inflation







* In ordinary slow roll inflation, perturbations are Gaussian.

* In brane inflation non-Gaussianities are possible and

Planck can see them. Garriga, Mukhanoy:99
Alishahiha, Silverstein, Tong ‘04

* Significant non-Gaussianity detection would be

strong evidence of new physics in the inflaton sector.
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Moduli Problems

These scalar fields have nonuniversal couplings to matter:

fi(0i) L (14)

Difterent types of matter get different accelerations
from these forces, violating the equivalence principle.

“Fifth force” experiments constrain such forces to

be very weak, but if fields remain massless we do not expect
them to interact with matter more weakly than gravity.

Need to stabilize moduli using fluxes and branes.




Concrete Stringy Model
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In IIB RR potentials are:

C0): C2), C(a), Ce)s Cis)

* Compactity this on a CY manifold and turn on fluxes and
wrap branes to stabilze moduli fields.

Giddings, Kachru, Polchinski 2001
Kachru, Kallosh, Linde, Trivedi 2003

* Study dynamics of brane probes in this background
Kachru, Kallosh, Linde, Maldacena, McAllister, Trivedi 2003
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Brane Cosmologies
*6G(3) = 1G(3)

6d Calabi Yau with fluxes y, Brane World
D3 inflaton_
! (looks like point)
warped throat region_
(large hierarchy)
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* Moving brane acts as inflator

* Moving branes experience expansion

contraction as they move in the throat -

mirage cosmology * Need nonperturbative

effects to stabilize Kihler moduli




Klebanov Strassler
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Brane Dynamics &

Mirage Cosmology

DAE, Gregory, lasinato, Zavala ‘07

* The probe brane evolves according to the DBI action:

Sppr = —m/d4:1: [h_l(\/l — hv? — 1]

Induced “mirage cosmology”
Kehagias, Kiritsis ‘99

ds? = b2 (—(1 — hv?) dt? + dzidx?) = —dr? + @®(7)dz;da’







Turning on angular
momentum

e What if the brane spzns as it moves in the
throat?
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e Conserved angular momentum: | —
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Mirage cyclic cosmology
dsfy = h™"*(n) d,dat + R/ (n)dsg
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e Introducing angular momentum generates a centrifugal

barrier for the brane.

e Bound states near tip — cyclic Universes.
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Backreaction

e Easiest first step is to couple DBI to Einstein
Hilbert action. Silverstein, Tong 2003

e There are no NEC violating sources, making
cyclic cosmologies impossible.

e Can have bounces in the radial field due to
angular momentum or passing through a
nonsingular tip (KS).

Brane position: ¢ = /131




DBI(nflation) in the Throat

A moving brane sources inflation.
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For D3 moduli space is the internal space:
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Position in throat given by field: @
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* bounces due to angular momentum still possible
but not with sufficient efoldings of inflation.

o spinflatons prolong inflation.
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Number of e-foldings can

increase slightly
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Non-Gaussianities

* For a brane moving through a warped background:
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Conclusions

e Considering brane dynamics with angular momentum and
cycling behavior gives rich, new phenomenology.

* Models can make general observational predictions (e.g.
cosmic strings, non-gaussianity, gravitational waves).

* Much more work needs to be done to build explicit

stringy models.




