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Motivation

String compactifications feature many scalars:

h21 complex structure moduli
K11 Kahler moduli

axio-dilaton

brane position moduli

Typically O(10) — O(100) scalars

Non trivial structures in 4D Lagrangian. [ = Klj(’)cp-’@cf)j —V
Complex scalars
Curved Kahler metric

F+D term potential
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Motivation

Several string inflation models, most single field

Observations seem to favour effective single field models

fr < O(10) Biso <K 1

e

2 2 9 2 a2
My, H? Mg, Mg MZMp

Model building problem

Cosmological Pert. Theory

Theory _ Observations
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Perturbation Theory

11
S = / V—gd*z (5}% - §Gabg“”8u¢“8u¢b - V(qb))

Expand @i = ¢, +0¢;  and G = 921/ + 0w

Sasaki&Stewart 1995]

Langlois&Renaux-Petel 2008]
[ Achucarro et al. 201 0]

Background dynamics: Friedmann + KG egs
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Isocurvature Mass

On superhorizon scales p ¢ N
QN+3HQN‘|‘m2foN:O k TNa ne >0 )
Ma ¢1
Isocurvature mass: L <0
2 [Achucarro et al. 201 0]
Mepr _ VNN 50 | 1
H2 — H2 | ST]J_ —+ €
. NV,
Vn = NN°V,V, nL = -
’ H|¢|
m2 m2
Usually for hierarchical mass spectra: eff o IUH 5 q
H? H?

11 ~ 0 [decoupling
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Isocurvature Mass

Q T constant curvature

Reduces to single field model: o for k > aH
()N decaying isocurvature
HQ
® P x U
€ : .
H (2
O s=1—2 — - — — e
n €H —TH €EH 72 N e H
®© r=10¢€y

mgff VNN
2 —  H2

- 3177 + eR Curvature can be negative

0>m2;p #my > H’

Background well behaved, perturbations not so much.
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Geometrical Instability

Negative field space curvature can turn isocurvature tachyonic

Geometric instability

[Renaux-Petel& Turzynski, 201 5]

Uncontrolled growth of isocurvature perturbations:
validity of the perturbative treatment

backreaction on the background
sudden end of inflation?

Minimal model: L/\/|g] = %Guﬁqﬁf 0’ — V(o)
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Geometrical Instability

Assumptions:

Vo f1

¢2 — £2 f gblgbZ ¢1 = -1+ ff1(¢.2)2

Consider: heavy spectator field

massless scalars
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Canonical Heavy Field
n X:X:Vx:ffx(qg)ona

x=—-Vy+ ffx(gb)Q

X, 3HYX < V= ff(d)?#£0

| Trivial solution

geodesic motion 771 =0 = P
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Canonical Heavy Field

What does this mean? [Renaux-Petel&Turzynski, 201 5]

B premature end of inflation
modify predictions

B kick the heavy mode
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FIG. 1: Modified predictions for the spectral index and
tensor-to-scalar ratio in our prototypical example based on
the Starobinsky potential, for the scale that crosses the Hub-
ble radius 55 e-folds before the end of inflation. The shaded
area corresponds to the Planck 95% C.L. constraints [1].
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Canonical Heavy Field

Sidetracked solution

. _ [?’
Non-geodesic motion 7)| =
I No instability
9 ) 2 ] 2
mers _ Vi o (£) Zobu] s(1)
H> — H’ f f f

Sidetracked inflation: effective single field inflation  [Garcia-Saenz et al. 2018]

modified speed of sound/dispersion relation
Probe stability of and by adding small perturbation X = X T 0X

m? rr <0< is repulsive

Is the attractor of the system

INFN Francisco G. Pedro, String Pheno 2018, Warsaw




Canonical Heavy Field
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Non-Canonical Heavy Field

o
{4 3HY = — X gl

12 fX¢ Vy=Xx=

geodesic motion 711 =0

2
Mepr _ Ve Jo Vo olee
H?2 H2f2 f H?2 f ’

V. ' dl
defining ‘?Hé = 3‘];1;3 = —3 (Z%f = —3g(N)
mepr Vi dg

2 H2f2 39 — 9" + ge
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Non-Canonical Heavy Field

g>0 g <0

J grows f decreases

X gets lighter X gets heavier

. 2
2 field model Mmerr >0
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Massless Fields

Massless X flatdirection V = V(¢)

n Canonical X 3Hx = ff(¢)° Ny # 0

e.g. [ = foeX/M)”

m o p>1 unstable

o p = 1 mgff ~ () [Achucarro et al. 201 6]

" 0<p<1 stable
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Massless Fields

) .
Non-canonical X X + 3Hx (1 | 5 J;? f]) = 0
X - X — ()
> :
Merr Lo @ T
— —J3 2 €
H? f H f
e.g.:
2 2 H2 M M2

Can be unstable

Explicit string inflation models with instability
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Summary

No instability for heavy scalars

Kinetically coupled massless fields can be subject to instability
Non-generic feature: model and parameter dependent
Phenomenological applications?

Non-perturbative methods are necessary to analyse the system

Stochastic inflation

Numerical relativity

INFN Francisco G. Pedro, String Pheno 2018, Warsaw



THANK YOU
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