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Motivations

* Inflation is our best candidate to generate the observed
CMB anisotropies and distribution of large-scale structure.

* Inflation is sensitive to Planck scale physics:
Planck-suppressed operators generically make critical
contributions to the dynamics.

* This provides an unrivalled opportunity to probe
the ultraviolet completion of gravity and the
Standard Model through observations.

* To efficiently use this connection, we can:

- compute the Planck-suppressed contributions to the inflaton action
in string theory.

- search for characteristic properties:‘what kind of inflation is
natural in string theory’ (contrast ‘can | realize inflation of type X in
string theory?’).




Moduli and inflation in string theory

String theory in 10D

——

Low energy effective field theory (EFT) in
4D with many scalar fields (moduli).

Simplest hope:
- one of the moduli is light and yields inflation.

- the other moduli are extremely massive and
decouple completely from the low energy EFT.
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Random potentials from Planck-
suppressed interactions

* String theory motivates considering many ‘light’ fields governed
by a complicated potential induced by Planck-suppressed couplings:

* The form of the potential can be computed with some effort, but
computing the coefficients is hopeless in general.

* Key question: when inflation arises in this context, what are its
characteristic properties! What universal properties can
we learn without knowing the details of the Wilson

coefficients?
(motivation/analogy: Random Matrix Theory)




The approach

* Work in a string theory construction where the form of the
potential can be explicitly computed.

* ‘Experimentally’ check the independence of the results on the
distribution of the Wilsonian coefficients.

* Modest number of fields (6) but large number of terms in the
potential (>300)

== Central limit behaviour
== Universal conclusions




Set-up: warped D-brane inflation
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The method

cf. Agarwal, Bean, McAllister, Xu,1103.2775

* We truncate the potential at 0 < 3.8, retaining the first 333 terms.

* We draw the coefficients from a Gaussian distribution, generating
an ensemble of potentials.

* We draw a potential from the ensemble, choose random initial
conditions, and find the full six-field evolution of the homogeneous
background + linear perturbations. Repeat > 107 times.

* We identify ‘robust observables’, i.e. quantities that depend very
weakly on the details of the distribution, the truncation and the
initial conditions.




Attractor behaviour

Typical successful trajectories. The angles evolve initially
and then settle into an angular minimum.




Success rate vs. number of e-folds

Analytical understanding:
inflection-point inflation

or V(o)
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Naive (slow-roll single-field) result: ns <1




Need for numerical analysis of
cosmological perturbations
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Bending trajectories
(N=2 for simplicity)

Adiabatic / Entropy decomposition
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Curvature power spectrum at pivot scale
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Adiabatic slow-
roll violation: 91%
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Spectral index

Model with ns in the observational window are, statistically,
standard effectively single field slow-roll models. Simple,
intuitive, explanation: massive fields =3 blue spectrum.

When multifield effects are non-negligible, they most often
(81%) redden the spectrum...

0.5 g — naive ng

... simply, not
large enough
generally in our
set-up to
counterbalance the
single-field trend.




Exemple of a model naively ruled out,
saved by multifield effects
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Distribution of masses, number of effective
degrees of freedom and universality
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Conclusions (1)

* String theory strongfy motivates considering inflation
models with multiple fields of intermediate masses whose

potential is controlled by Planck-suppressed contributions.

* We studied a particular case with N=6 fields (D3-brane
inflation), studying typical behaviours in an ensemble of
potentials.

* |dea: when there are many fields and many terms in the
potential, central limit beaviour will take over, yielding a sort
of universality.

* Scaling behawour the probability of Ne e-folds of inflation is
a power law, N3,




Conclusions (2)

* Slow-roll violations and multifield effects are generic in the
ensemble yielding > 60 efolds of expansion.

* Multifield effects arise in models whose spectrum is naively
too blue. They tend to redden the spectrum significantly, but
not enough in general for the spectral index to reach the
observational window.

* Universal patterns in the distribution of masses (RMT)

* No large self-interactions (cubic, quartic ... couplings)
—3» No large non-Gaussianities of quasi-single field type.

* To do: possibility of local-type non-Gaussianities; extension
to other/more general systems.




