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neutrino masses
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Key properties of thermal inflation

For
¢o ~ 100 to 1012 GeV

Large dilution
A ~10° —  pre-existing moduli sufficiently diluted
Short duration

primordial perturbations
N~10 — from slow-roll inflation
preserved on large scales

Low energy scale

moduli regenerated with

1/4 6 7
Vo 10° t0 107 GeV = sufficiently small abundance
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Baryogenesis

Key assumption

1
miy, = > (mf + mf,) <0

Implies a dangerous non-MSSM vacuum with
LH, ~ (10°CeV)?

and B
AgQLd + AelLle = plLH,

eliminating the p-term contribution to LH,'s mass squared.

14
our vacuum

/ deeper vacuum

0 LH,,QLd, LL&
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s 102 %o m, 103 GeV ap ) \my(0)
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¢o ~ 1012 GeV
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~ 1to10GeV



Dark matter genesis

thermal inflation



Dark matter genesis

thermal inflation

first | phase
order | transition

[

flaton = saxino
matter domination




Dark matter genesis

thermal inflation

first
order

phase
transition

[

matter domination

flaton = saxino }

decay

radiation
domination



Dark matter genesis

(\eca\J

axinos

thermal inflation

first
order

phase
transition

[

matter domination

flaton = saxino ]

decay

radiation
domination



Dark matter genesis

thermal inflation

first
order

phase
transition

flaton = saxino
matter domination

axinos

radiation
domination

decay




Dark matter genesis

thermal inflation

first | phase
order | transition

flaton = saxino
matter domination

decay

QCD phase

transition

radiation
domination

axinos axions



Dark matter genesis

thermal inflation

first
order

phase

transition

[ flaton = saxino

matter domination

)

axinos

radiation
domination

decay

QCD phase

transition

axions




Dark matter abundance

Axion

Axino



Dark matter abundance

Axion Misalignment

£ 1.2
Q. ~3( —2
B ( 1012 GeV)

Axino



Dark matter abundance

Axion Misalignment

£ 1.2
Q. ~3( —2
B ( 1012 GeV)

Axino Flaton decay

o 00s(02)" () () (M%)




Dark matter abundance

Axion Misalignment

£ 1.2
Q. ~3( —2
B ( 1012 GeV)

Axino Flaton decay

o 00s(02)" () () (M%)

Thermal NLSP decay

ms 1012 GeV \ 2
Qs ~1 2 _
#~10(7Gey) ( % )



Dark matter abundance
Flaton decays late

|| )2 (1012 Gev>
Tq ~1GeV
d © <IO3GeV %0

Axion Misalignment

£ 1.2
Q. ~3( —2
B < 1012 GeV)

Axino Flaton decay

. - 2
w00t () (rae) () (50)

Thermal NLSP decay

ms 102 GeV \ 2
2 ~ 10 <1GeV) ( %o



Dark matter abundance
Flaton decays late

|| )2 (1012 Gev>
Tq ~1GeV
d © <IO3GeV %0

Axion Misalignment

1 for Tq > 1GeV
£ 1.2
Qa~3<7a> X 2
1012 GeV T4
for T, 1GeV
() e

Axino Flaton decay

. - 2
w00t () (rae) () (50)

Thermal NLSP decay

ms 102 GeV \ 2
2 ~ 10 <1GeV) ( %o



Dark matter abundance
Flaton decays late

|| )2 (1012 Gev>
Tq ~1GeV
d © <IO3GeV %0

Axion Misalignment

1 for Tq > 1GeV
£ 1.2
Qa~3<7a> X 2
1012 GeV T4
for T, 1GeV
() e

Axino Flaton decay

. - 2
w00t () (rae) () (50)

Thermal NLSP decay

) 1 foer>>n;
5 1012 GeV
Qg~10( M3 )(70 © ) x

1GeV 7
%o (7Td> for Ty < my
my




Dark matter composition
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Axino LHC signal

NLSPs produced by the LHC decay to axinos plus Standard Model particles

,X/;\‘\_(‘)- e

Tkm S

with a decay length

1 N167r¢glem<200GeV)3< b0 )2

rN*,g, mfv mpy 1012 GeV

and well constrained parameters
¢o ~ 10*2 GeV

my ~ 1GeV
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MSSM neutrino masses MSSM p-term
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W = XQHut+ AgQHgd + AeLHye + 5)\,, (LH.)? + Ay @2 HuHy + My XX
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dark matter

thermal inflation




Rich cosmology

(density)/4
mp1 . .
inflation density perturbations
vR decay
101 GeV

tp)
gravitational waves?

—matterfantimatter?

10-%s
103 GeV L0135,
100keV Lomin
10K

DA



Rich cosmology

(density)1/4
mpy A
inflation
vR decay
10! GeV A

103 GeV 1

100 keV -

10K -

moduli, gravitinos, ...

thermal inflation

¢ decay
QCD transition

nucleosynthesis

atom formation
galaxy formation

vacuum energy dominates

density perturbations
disaster

gravitational waves

axion dark matter?

light elements

microwave background
galaxies
acceleration

r tpl

L 10728 s

L 10—13 s

r 10 min

t 1010 yr

time



Rich cosmology

(density)1/4
mpy A
inflation
vR decay
10! GeV A

103 GeV 1

100 keV -

10K -

moduli, gravitinos, ...

thermal inflation
LH, — 0

¢ decay
QCD transition

nucleosynthesis

atom formation
galaxy formation

vacuum energy dominates

density perturbations

-matterfantimatier

disaster

gravitational waves
matter/antimatter

axion dark matter?

light elements

microwave background
galaxies
acceleration

r tpl

L 10728 s

L 10—13 s

r 10 min

t 1010 yr

time



Rich cosmology

(density)1/4
mpy A
inflation
vR decay
10! GeV A

103 GeV 1

100 keV -

10K -

moduli, gravitinos, ...

thermal inflation
LH, — 0

¢ decay
QCD transition

nucleosynthesis

atom formation
galaxy formation

vacuum energy dominates

density perturbations

disaster

gravitational waves
matter/antimatter

axino dark matter
axion dark matter

light elements

microwave background
galaxies
acceleration

r tpl

L 10728 s

L 10—13 s

r 10 min

t 1010 yr

time



Rich cosmology

(density)1/4
mpy A
inflation
vR decay
10! GeV A

103 GeV 1

100 keV -

10K -

moduli, gravitinos, ...

thermal inflation
LH, — 0

¢ decay
QCD transition

nucleosynthesis

atom formation
galaxy formation

vacuum energy dominates

density perturbations

-matterfantimatier
~disaste—

gravitational waves
matter/antimatter

axino dark matter
axion dark matter

light elements

microwave background
galaxies
acceleration

r tpl

L 10728 s

L 10—13 s

r 10 min

t 1010 yr

time



A Minimal Supersymmetric Cosmological Model

Introduction
Standard model of cosmology
Moduli and gravitinos

A Minimal Supersymmetric Cosmological Model
MSSM
MSCM
Thermal inflation
Baryogenesis
Dark matter

Summary
Simple model
Rich cosmology



	Introduction
	Standard model of cosmology
	Moduli and gravitinos

	A Minimal Supersymmetric Cosmological Model
	MSSM
	MSCM
	Thermal inflation
	Baryogenesis
	Dark matter

	Summary
	Simple model
	Rich cosmology


