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Introduction

• After 25 years of existence, inflation has been so far very
successful to account for observational data.

• The data are compatible with the simplest models of
inflation. Will it remain so in the future data ?

• Many high energy physics models involve several scalar
fields.

• If several scalar fields are light enough during inflation
multi-field inflation !
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Multi-field inflation

• Several scalar fields

• Example: double inflation
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Cosmological perturbations

• Perturbed metric (longitudinal gauge, scalar perts)

• Uniform energy density
curvature perturbation

• Comoving curvature perturbation

• On large scales,  is conserved for adiabatic perturbations
(such as  )

and
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Single field inflation

• Scalar field fluctuations:

• Sasaki-Mukhanov variable Conformal time

•  The quantum fluctuations of the scalar field
 are amplified at Hubble crossing
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Single field inflation

                       On large scales          is conserved

• On large scales

• Through the Sachs-Wolfe effect

CMB
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Two-field inflation:
Curvature / isocurvature perturbations

• Decomposition along the directions
parallel and orthogonal to the trajectory

• Equations of motion for and

[ Gordon et al. ’00
Groot Nibbelink & Van Tent ‘00 ]



From small to large scales

• Initial conditions: Minkowski-like vacuum on small scales

• Statistical description:

– Power spectrum:

– Correlation

•  At horizon crossing
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Evolution on large scales

• Isocurvature perturbations decoupled from curvature perturbations

• Curvature perturbation is sourced by the isocurvature perturbation

– Single field inflation: conserved on large scales

– Multi-field inflation: not conserved on large scales

evaluated at Hubble crossing

[ Starobinsky, Yokayama ’95 ]
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Numerical analysis

Double inflation model

[ Lalak, Langlois, Pokorski,
Turzynski ‘07 ]
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Another example: roulette inflation
 [ Bond, Kofman, Prokushkin, Vaudevrange ’06 ]

with
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Another example: roulette inflation
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After inflation

• In the radiation era:
– Adiabatic / curvature perturbations

– Entropy / isocurvature perturbations

• If isocurvature perts survive after inflation…
e.g. double inflation

Correlation between adiabatic and isocurvature perts !
[ Langlois, ’99 ]

[ Polarski, Starobinsky ’92, ‘94]
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Observational constraints

• Adiabatic and isocurvature produce different peak
structures in the CMB

• Sachs-Wolfe effect

CDM isocurvature mode

[ Bean et al. ’06 ]
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[ Langlois, S.RP, ‘08 ]

with

• Generalized Lagrangians

• Different speeds of sound

generically even if the
trajectory is straight in

field space

• Fully non-linear study [ S.RP, Tasinato ‘08 ]

More recent works
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[ Langlois, S.RP, Steer, Tanaka ‘08 ]• Multi-field DBI inflation

Enhancement of isocurvature
perturbations

Non-Gaussianities reduced by
entropy perturbations

• Brane inflation: inflaton as the distance between two branes

Multi-field effective description

Aim : take into account all the
internal coordinates

More recent works
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Conclusions
• Multi-field inflation generates isocurvature perturbations

in addition to adiabatic perturbations
- Isocurvature perturbations affect the evolution of the curvature

perturbation.
- Depending on the models (reheating), the isocurvature

perturbations can survive after inflation. In this case, the
primordial adiabatic and isocurvature are in general correlated.

additional window on the physics of the early universe

• General analysis of the perturbations in multi-field
models with non-canonical kinetic terms, ubiquitous in
string theory

• Multi-field DBI inflation

• Non-linear perturbations and non-Gaussianities
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