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Standard model of cosmology
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I strong CP?
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Key properties of thermal inflation

For
φ0 ∼ 1010 to 1012 GeV

Large dilution

∆ ∼ 1020 =⇒ pre-existing moduli sufficiently diluted

Short duration

N ∼ 10 =⇒
primordial perturbations
from slow-roll inflation

preserved on large scales

Low energy scale

V
1/4
0 ∼ 106 to 107 GeV =⇒ moduli regenerated with

sufficiently small abundance
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eliminating the µ-term contribution to LHu ’s mass squared.

LHu ,QLd̄ , LLē
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Potential
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φ(φ0) = −αφm2
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ē

)
|e|2

+

[
1

2
Aνκν l

2h2
u − Aµκµφ

2huhd −
1

2
Adλdhdd

2 −
1

2
Aeλehde

2 + c.c.

]
+
∣∣κν lh2

u

∣∣2 +
∣∣∣κν l2hu − κµφ2hd

∣∣∣2 +

∣∣∣∣κµφ2hu +
1

2
λdd

2 +
1

2
λee

2

∣∣∣∣2
+ |λdhdd |2 + |λehde|2 + |2κµφhuhd |2

+
1

2
g2

(
|hu |2 − |hd |2 − |l |2 +

1

2
|d |2 +

1

2
|e|2
)2

drives thermal inflation lhu rolls away

lhu stabilized
with

fixed phase

φ rolls away

hd forced out

d and e held at origin

lhu returns
with

rotation

φ stabilized
m2
φ(φ0) = −αφm2

φ(0)



Potential

V = V0 + m2
L|l |

2 −m2
Hu
|hu |2 + m2

Hd
|hd |2 − m2

φ|φ|
2

+
1

2

(
m2

Q + m2
d̄

)
|d |2 +

1

2

(
m2

L + m2
ē
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Baryogenesis

MODULI
DOMINATION

THERMAL
INFLATION

FLATON
DOMINATION

RADIATION
DOMINATION

φ = 0

φ > 0

φ ∼ φ0

φ preheats

φ decays

huhd = 0

hd > 0 ⇒ d = e = 0

lhu = 0

lhu > 0

brought back into origin with rotation
⇒ nL < 0

preheating and thermal friction
⇒ NL conserved

l , hu , hd decay
T > TEW ⇒ nL → nB

dilution ⇒ nB/s ∼ 10−10

nucleosynthesis



Baryon asymmetry

nB

s
∼

nL

nAD

nAD

nφ

Td

mφ(φ0)

Using
nφ ∼ mφ(φ0)φ2

0 , m2
φ(φ0) ∼ αφm2

φ(0) , nAD ∼ mLHu l
2
0

l0 ∼ 109 GeV

√(
10−2 eV

mν

)( mLHu

103 GeV

)
and

Td ∼ 10GeV

(
1011 GeV

φ0

)(
|µ|

103 GeV

)2

gives
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W = λuQHu ū + λdQHd d̄ + λeLHd ē +
1

2
κν (LHu)2 + κµφ

2HuHd + λχφχχ̄

DFSZ axion KSVZ axion

Axion

ma ∼
Λ2

QCD

fa
where fa =

√
2φ0

N

' 6.2× 10−5 eV

(
1011 GeV

fa

)
Axino

mã =
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1GeV

)3
(

1011 GeV

φ0

)2 (
10GeV

Td

)

Thermal NLSP decay
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1GeV

)(1011 GeV

φ0

)2

×


1 for Td �

mN

7(
7Td

mN

)7

for Td �
mN

7



Dark matter abundance

Flaton decays late

Td ∼ 10GeV

(
|µ|

103 GeV

)2 (1011 GeV

φ0

)

Axion Misalignment

Ωa ∼ 0.2

(
φ0

1011 GeV

)1.2

×


1 for Td � 1GeV(

Td

1GeV

)2

for Td � 1GeV

Axino Flaton decay
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1GeV

)3
(

1011 GeV

φ0

)2 (
10GeV

Td

)

Thermal NLSP decay
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W = λuQHu ū + λdQHd d̄ + λeLHd ē +
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Small scale perturbations

I Effects of thermal inflation on small scale density perturbations,
S E Hong, H-J Lee, Y-J Lee, EDS and H Zoe, arXiv:1503.08938.

I CMB spectral distortion constraints on thermal inflation,
K Cho, S E Hong, EDS and H Zoe, arXiv:1705.02741.
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Small scale perturbations
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CMB spectral distortions
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CMB spectral distortions
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Preheating

I Damping of an oscillating scalar field indirectly coupled to a thermal bath,
E H Tanin and EDS, arXiv:1708.04865.

http://arxiv.org/pdf/1708.04865


Preheating



Vacuum stability
I K Cho, EDS, et al., in progress.
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