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Ṽ (�I )

We specify f (�I ) = 1

2

[M2

Pl + ⇠I (�I )2] (e.g. from RG counter-terms)

Evangelos Sfakianakis Multifield Non-Minimal Preheating 2/17



Potential: Jordan vs Einstein
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Observables

Starting from generic initial
conditions, the inflaton quickly
settles to an attractor solution.

Results for the spectral tilt,
running of the tilt and tensor to
scalar ratio, insensitive to initial

conditions AND couplings.

D.I. Kaiser & E.I.S., PRL 2014
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Quantifying the attractor
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Larger ⇠� leads to a stronger attractor
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The need for a covariant formalism

In the Einstein frame, the field-space manifold is curved:
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�I : coordinates in field space  ! xµ

GIJ : metric on field space  ! gµ⌫
DJA

I = @JAI + �IJKA
K

We can “turn o↵” the potential
and visualize the e↵ects of the
field-space metric alone.

D.I. Kaiser. E.A. Mazenc & E.I.S., PRD 2013
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The need for a covariant formalism
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E↵ective Mass-squared: Ingredients
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E↵ective Mass-squared: ⇠ = 0.1⌧ 1

Adiabatic Isocurvature
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E↵ective Mass-squared: ⇠ = 10

Adiabatic Isocurvature

������ ������ ������ ������ �

����

����

����

����

����

�����ϕ�/��

������ ������ ������ ������ �

����

����

����

����

�����χ�/��

m2

e↵,� ⇡ m2

1,� +m2

2,� +m3

3,�

m2

e↵,� ⇡ potential + fieldspace +metric

Evangelos Sfakianakis Multifield Non-Minimal Preheating 10/17



E↵ective Mass-squared: ⇠ = 100� 1

Adiabatic Isocurvature
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E↵ective Mass-squared: ⇠ = 100� 1

Isocurvature

A new way to violate adiabaticity
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Adiabatic Modes: Resonance Structure
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Isocurvature Modes: Resonance Structure (small ⇠)
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Isocurvature Modes: Resonance Structure (large ⇠)
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⇠� = 103
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Background Evidence for Intermediate ⇠

CMB observables
show two regimes:
⇠� ⌧ 1 and ⇠� > 1.

BUT

The background spectral content
exhibits three distinct regimes ⇠� ⌧ 1,
⇠� = O(1) and ⇠� > 10.
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Summary

Increasingly strong attractor
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Equations of motion

Backrgound fields:
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A tale of three trajectories

Parameters:
⇠� = 10, ⇠� = 10.02, ��

��
= 0.5, g

��
= 1

Initial Conditions:
�(0) = 3.1 , �̇(0) = �̇(0) = 0

Yellow (� = 1.1⇥ 10�2)

No isocurvature
No fNL

Red (� = 1.1⇥ 10�3 )

Some isocurvature
Large fNL

Black ( � = 1.1⇥ 10�4 )

Large isocurvature
No fNL
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Fluctuations
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Vielbeins + Attractor = Simplicity

Vielbeins hide all field-space structure �bce Ib(⌘)e
J
c (⌘) = GIJ(⌘)

Note: the previous slide was already a simplification of the original.

The attractor makes vielbeins almost trivial
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Isocurvature Floquet chart - choosing axes

Can we find a scaling solution for
the large ⇠� region, as in the
adiabatic modes??

Remember that the attractor strength is governed by

⇠�⇤̃� = ⇠�


⇠�
⇠�
� g

��

�
! ⇠�


1� g

��

�

Choose the combination �⇠�⇤̃� as the “coupling” axis in our
Floquet chart for large ⇠�, instead of the minimal coupling g
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Isocurvature Floquet chart - large ⇠� ! 2D slices

! Dense forest of large, almost parallel instability bands at

large ⇠�.

! Slow approach to a scaling solution.
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