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Introduction

I Introduction
I Tachyonic trap
I A concrete example



Cosmological Constant

Betoule+ (2014)

I Cosmological Constant Λ
I ρλ is ∼ 120 orders of

magnitude smaller than mPl
I The coincidence: ΩΛ ' Ωm
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I Assume Λ = 0
I A dynamical mechanism: quintessence
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and radiation cannot be neglected



Quintessence

Scolnic+ (2018)

I Assume Λ = 0
I A dynamical mechanism: quintessence

I Slowly rolling scalar field φ

φ̈+ 3Hφ̇+ V,φ = 0

I Reminiscent of inflation, but matter
and radiation cannot be neglected



Quintessential Inflation

Borrowed from: Dimopoulos & Owen
(2017)

I Inflaton and quintessence are the same
field
I Economy: no new degrees of

freedom
I Quitessence initial conditions given

by inflation
I Difficulty: a huge range of energies

between ρinf and ρΛ

I The potential has to have a huge
gradient
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Other Problems

I The mass of the quintessence field mφ � H0 very light, also
[Carroll (1998)]

βi

(
φ

M

)
Li

I 5th force: Eötvös-type experiments constraint violations of
equivalence principle

I Varying fundamental constants: e.g. fine structure constant α
from βF2

(
φ
M

)
FµνFµν

I The excursion of the scalar field ∆φ > mPl
I Radiative corrections
I Non-renormalisable terms
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The Trapping Mechanism

I Simple Model: H = 0 and no (classical) potential
[Kofman et al. (2004)]

L = −∂µφ∂µφ− ∂µχ∂µχ−
1
2
g2χ2 (φ− φESP)2

I φ evolution

φ = vt − 1
2
sign (φ) gnχt2

I The χ field

χ̈k + ω2
kχk = 0

where ω2
k = k2 + g2 (φ− φESP)2

I End of resonance

|∆φ| <
√

v/g ⇒ ρχ ' ρkin
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2
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I Tachyonic particle production [Dufaux+ (2006)]
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Prompt Trapping

I Field excursion φ� mPl ⇒ φESP � mPl and Φ1 � mPl
1. Trapping is prompt

HESP ' v ⇒ t1HESP � 1

2. Radiative corrections small
3. Non-renormalisable terms in the perturbative potential are

small

I In the vacuum φ is heavy and fixed

m2
φ = g2f 2 � H2

1. No 5th force
2. No variation of fundamental constants



I Introduction
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I A concrete example
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I Non-perturbative + perturbative part

L = Lkin + LV + Lprtb
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Non-Perturbative Part

I The potential (e.g. gaugino condensation)

L =
α

2

(
mPl

φ

)2

∂µφ∂
µφ+ V0e−κφ/mPl + Lprtb

ϕ

mPl
≡
√
α ln

(
φ

mPl

)
The pole is sent to −∞
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I Perturbative part

L =
α

2

(
mPl

φ

)2
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Perturbative Lagrangian

I Perturbative part

L =
α

2

(
mPl

φ

)2

∂µφ∂
µφ+ V0e−κφ/mPl

+ ∂µχ∂
µχ+

1
2
g2χ2 (φ− φESP)2 +

1
4
λ
(
χ2 − f 2)2

I Peccei-Quinn field
I Economy: axion DM f ∼ 1012 GeV

I χ heavy during inflation ⇒ no isocurvature perturbations
I κ: the vacuum energy

κ
φESP

mPl
= ln

V0

Vvac
∼ 102
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I reheating ⇒ N∗ ⇒ Planck Constraints

mPl = 1
ϕ ≡
√
α lnφ



Inflation
I Double exponential potential V (ϕ) = V0 exp [−κ exp (ϕ/

√
α)]

I Observables

ns ' 1− 2
N∗
− α

N2
∗

; r ' 8α
N2
∗

; As =
1

24π2
V
ε

;

I Thus V0 (α)
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∗ − 2N∗ V0 = 12π2

(
1− ns −

2
N∗

)
e(1−ns )N∗−2As



Inflation
I Double exponential potential V (ϕ) = V0 exp [−κ exp (ϕ/

√
α)]

I Observables

ns ' 1− 2
N∗
− α

N2
∗

; r ' 8α
N2
∗

; As =
1

24π2
V
ε

;

I Thus V0 (α)

α = (1− ns) N2
∗ − 2N∗ V0 = 12π2

(
1− ns −

2
N∗

)
e(1−ns )N∗−2As



Inflation
I Double exponential potential V (ϕ) = V0 exp [−κ exp (ϕ/

√
α)]

I Observables

ns ' 1− 2
N∗
− α

N2
∗

; r ' 8α
N2
∗

; As =
1

24π2
V
ε

;

I Thus V0 (α)

α = (1− ns) N2
∗ − 2N∗ V0 = 12π2

(
1− ns −

2
N∗

)
e(1−ns )N∗−2As

I Observational (Planck) constraints

ns = 0.968± 0.006 53 ≤ N∗ < 70
r < 0.06 ⇒ 1 ≤ α < 37

ln
(
1010As

)
= 3.094± 0.034 κφESP < 236



Inflation
I Double exponential potential V (ϕ) = V0 exp [−κ exp (ϕ/

√
α)]

I Observables

ns ' 1− 2
N∗
− α

N2
∗

; r ' 8α
N2
∗

; As =
1

24π2
V
ε

;

I Thus V0 (α)

α = (1− ns) N2
∗ − 2N∗ V0 = 12π2

(
1− ns −

2
N∗

)
e(1−ns )N∗−2As

I Inflationary energy scale (within 2σ of ns)



Kination

I Potential is irrelevant

ϕ̈+ 3Hϕ̇ ' 0
⇓

ϕ̇2 ∝ a−6

α < 10
I Velocity at ESP

ϕ̇ESP =

√
2V0 (α) /3

exp
(√

α/2
) ( √

2α
κ (α)φESP

)√3α/2

<
√

V (ϕ)



At the enhanced symmetry point

I With |ϕ− ϕESP| � 1

V ' Vvac

(
Vvac

V0

)(ϕ−ϕESP)/
√
α

+
1
2
γ2 (ϕ− ϕESP)2 χ2 + V (χ)

where
γ ≡ gφESP√

α

I Dispersion relation of χk

ω2
k = k2+γ2 (ϕ− ϕESP)2+λ

(
3
〈
χ2〉− f 2)

I Constraint

Φ1 (α, γ, φESP) < 1



At the enhanced symmetry point

I With |ϕ− ϕESP| � 1

V ' Vvac

(
Vvac

V0

)(ϕ−ϕESP)/
√
α

+
1
2
γ2 (ϕ− ϕESP)2 χ2 + V (χ)

where
γ ≡ gφESP√

α

I Dispersion relation of χk

ω2
k = k2+γ2 (ϕ− ϕESP)2+λ

(
3
〈
χ2〉− f 2)

I Constraint

Φ1 (α, γ, φESP) < 1

φESP = 1



Trapping

I Particle production ends when

1. |∆ϕ| < non-adiabtic window ⇒ ρr ' 1
2 ϕ̇

2
ESP

2. m2
χ ' λ

(
3
〈
χ2〉− f 2) becomes large ⇒ ρr <

1
2 ϕ̇

2
ESP

I 1st case if
λ

γ2 <
1
7

I Stronger χ’s self-coupling less effective trapping.



Reheating

I If λ
γ2 <

1
7 is satisfied

I Reheating temperature (instant thermalisation)

1
2
ϕ̇2

ESP ' π2

30
g∗T 4

reh

I An estimate

φESP ' 1

V 1/4
end ∼ 10−2

κ ∼ 102

⇓
Treh ∼ 1011−13 GeV



Planck Constraints

I Number of e-folds of observable inflation

N∗ ' 56.3 +

√
α

24
ln

(
244√
2α
φ2

ESP

)



Conclusions

I Quintessential inflation
I Trapping mechanism helps solving several traditional problems
I A concrete example





Kinetic Term

I Kähler Potential for a string modulus T = φ+iσ√
2mPl

K
m2

Pl
= −3 ln

(
T + T̄

)
= −3 ln

(√
2
φ

mPl

)
This gives the kinetic term

Lkin = KTT̄∂µT∂µT̄

=
3
2︸︷︷︸
α

(
mPl

φ

)2 [1
2

(∂φ)2 +
1
2

(∂σ)2
]



Axion DM Constraints

Di Luzio+ (2020)
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