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Thermal Inflation

A brief period of inflation (lasting no more than ≈10 e-folds) that
occurs shortly after reheating from primordial inflation

Occurs due to a coupling between inflaton and thermal bath

Occurs between:
T1: When T of thermal bath ∼ V

1
4
0 of thermal inflation potential

T2: When temperature and mass terms of inflaton are equal

Solves the moduli problem
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Our New Model

Our New Model

φ: Drives thermal inflation: Inflaton
ψ: Light auxiliary scalar field

V (φ,T , ψ) = V0 + (g2T 2 −
1

2
m2)φ2 + λn

φ2n+4

M2n
Pl

+
1

2
m2

ψψ
2

where

m2 ≡ m2
0 − 2h2α

ψ2α

M2α−2
Pl

α, n ≥ 1
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Our New Model

T1 and T2

From

ρr =
π2

30
g∗T

4

we obtain

T 1 ∼ V
1
4
0

T 2 =
m√
2g
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Our New Model

Other Quantities

〈φ〉 =

(

mMn
Pl

√

(2n + 4)λn

)
1

n+1

V0 =
n + 1

(2n + 4)
n+2
n+1

(

m2n+4
0 M2n

Pl

λn

)
1

n+1

(V = 0 at the VEV)

HTI ∼
√
n + 1

√
2n + 4

n+2
n+1

(

mn+2
0√

λnMPl

)
1

n+1
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Generating ζ
δN Formalism

e-foldings

N = ln
a2
a1

= ln
T1

T2

(End of inflation mechanism)
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Generating ζ

Generating ζ
δN Formalism

e-foldings

N = ln
a2
a1

= ln
T1

T2

(End of inflation mechanism)

Therefore we obtain

N ≈ ln





√
2gV

1
4
0

m




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Generating ζ

Generating ζ
δN Formalism

e-foldings

N = ln
a2
a1

= ln
T1

T2

(End of inflation mechanism)

Therefore we obtain

N ≈ ln





√
2gV

1
4
0

m





δN Formalism

ζ = δN =
dN

dm
δm +

1

2!

d2N

dm2
δm2 +

1

3!

d3N

dm3
δm3 + ...

Arron Rumsey (Lancaster University) Thermal Inflation - Varying Inflaton Mass 8 / 29



Generating ζ

Therefore we obtain, to 3rd order

ζ = δN =
1

π

αH∗h
2
αψ

2α−1
∗

m2M2α−2
Pl

+
1

2π2

(

αH∗h
2
αψ

2α−1
∗

m2M2α−2
Pl

)2

+
1

3π3

(

αH∗h
2
αψ

2α−1
∗

m2M2α−2
Pl

)3

where we have used

δψ∗ =
H∗

2π

as the most probable value of δψ∗
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Generating ζ

Therefore we obtain, to 3rd order

ζ = δN =
1

π

αH∗h
2
αψ

2α−1
∗

m2M2α−2
Pl

+
1

2π2

(

αH∗h
2
αψ

2α−1
∗

m2M2α−2
Pl

)2

+
1

3π3

(

αH∗h
2
αψ

2α−1
∗

m2M2α−2
Pl

)3

where we have used

δψ∗ =
H∗

2π

as the most probable value of δψ∗

From N ′′ and N ′2 we obtain simply

fNL =
5

6
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Constraining the Free Parameters

Constraining the Free Parameters

Taking the observed value

P
1
2
ζ = 4.9× 10−5

we obtain, to 1st order, the constraint

αH∗h
2
αψ

2α−1
∗

m2M2α−2
Pl

∼ 10−4
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Constraining the Free Parameters

In order that the ψ field acquires a classical perturbation during the
period of inflation prior to thermal inflation, we require

mψ,eff * H∗
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Constraining the Free Parameters

In order that the ψ field acquires a classical perturbation during the
period of inflation prior to thermal inflation, we require

mψ,eff * H∗

We have

m2
ψ,eff = m2

ψ + (4α2 − 2α)h2αφ
2

(

ψ

MPl

)2α−2
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Constraining the Free Parameters

In order that the ψ field acquires a classical perturbation during the
period of inflation prior to thermal inflation, we require

mψ,eff * H∗

We have

m2
ψ,eff = m2

ψ + (4α2 − 2α)h2αφ
2

(

ψ

MPl

)2α−2

Therefore, we require
mψ * H∗

and
√

4α2 − 2αhαφ∗

(

ψ∗

MPl

)α−1

* H∗
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Constraining the Free Parameters

Need δψ frozen at δψ∗ as if perturbations unfroze, would oscillate
and therefore effect on value of ψ during thermal inflation would
drastically reduce. Therefore, we require

mψ * HTI

Implies also that ψ stays at ψ∗
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Constraining the Free Parameters

Need δψ frozen at δψ∗ as if perturbations unfroze, would oscillate
and therefore effect on value of ψ during thermal inflation would
drastically reduce. Therefore, we require

mψ * HTI

Implies also that ψ stays at ψ∗

In order that ψ doesn’t affect inflationary dynamics of thermal
inflation we require

m2
0 + h2α

ψ2α
∗

M2α−2
Pl

As φ interacts with thermal bath, ψ and Standard Model fields and
given that we have not observed φ particles, we require

m ! 1 TeV
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Constraining the Free Parameters

φ∗

Heavy φ

φ rolls down to VEV very quickly, generating a large contribution to
effective mass of ψ
All parameter space excluded

Light φ

Bunch-Davies value:

φ∗ ∼
(

M2n
Pl H

4
∗

λn

)

1
2n+4
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Constraining the Free Parameters

φ∗

Light φ with SUGRA corrections

∆V ∼ H2
∗φ

2
∗
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Constraining the Free Parameters

φ∗

Light φ with SUGRA corrections

∆V ∼ H2
∗φ

2
∗

mφ,eff * H∗

gives us just
m0 * H∗
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Constraining the Free Parameters
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ψ∗

H∗ * ψ∗ * 104αH∗
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Constraining the Free Parameters

ψ∗
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Parameter Space

Bunch-Davies Vacuum State

We have investigated parameter space assuming that ψ was in
Bunch-Davies vacuum state prior to primordial inflation, i.e. the most
probable value for ψ∗ is

ψ∗ ∼
H2
∗

mψ
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Parameter Space

Bunch-Davies Vacuum State

We have investigated parameter space assuming that ψ was in
Bunch-Davies vacuum state prior to primordial inflation, i.e. the most
probable value for ψ∗ is

ψ∗ ∼
H2
∗

mψ

This yields a constraint on mψ

10−4H∗

α
* mψ * HTI
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Parameter Space

Parameter Space
m0 ! Interaction Term
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Parameter Space

Parameter Space
Prediction of Model

Parameter Value

α 1

n 4

g ∼ 10−2 − 1

h ∼ 10−4

λ4 ∼ 10−3

12!

m0 ≈ 1.5× 109 GeV

H∗ 1010 GeV
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Parameter Space

Parameter Space
Prediction of Model

Quantity Value

mψ 4.4× 107 GeV

ψ∗ 2.3× 1012 GeV

δψ∗

ψ∗

4.4× 10−3

〈φ〉 4.0× 1017 GeV

T1 2.0× 1013 GeV

T2 ∼ 109 − 1011 GeV

HTI 1.6× 108 GeV

NTI 5.2− 9.8
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Summary

Summary

General thermal inflation model with an inflaton mass coupled to a
light auxiliary scalar field

Used δN formalism to calculate ζ (primordial curvature perturbation)
generated by end of inflation mechanism

Model constrained from observation and theory

Need SUGRA corrections

Except for g , model predicts exact values for parameters and
quantities

Paper in preparation
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Summary

Future Work in this Area

ψ: Vector field

Maybe generalize model further by considering general dependance of
coupling constants on auxiliary field

Maybe look at other potentials/general potential for auxiliary field
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Summary

Thank you

Any questions?

a.rumsey@lancaster.ac.uk

www.arronrumsey.vacau.com
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