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Inflation in a Nutshell

Slowly rolling classical scalar field:
→ exponential expansion of the universe.

R(t) ∝ exp(H t) , H ∼ const.

’Stretched’ quantum fluctuations
→ spectrum of CMB inhomogeneities, e.g. spectral index ns .

PR(k) ∼ PR(k0)

(
k

k0

)ns−1

End of inflation:
→ scalar fields oszillate around the minimum of the potential
→ decay into ultrarelativistic degrees of freedom (reheating)
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A Specific Model

W = WMSSM + (yν)ij N̂
i ĥ · L̂j +

λii
MP

(N̂ i )2Ĥ2 + κŜ(Ĥ2 −M2) + ...

MSSM

Seesaw mechanism

Heavy neutrino mass
mN ∼ 〈H〉

K = |Ŝ |2+|Ĥ|2+|ĥ|2+
∑
i

1

2
(N̂ i + (N̂ i )†)2+

∑
j

|L̂j |2+
κSH
M2

P

|Ŝ |2|Ĥ|2+....

η - problem resolved by shift symmetry

[S. Antusch, K. Dutta and P. Kostka ’09]
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The Scalar Potential

N1 = Inflaton field

H = Waterfall field
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Predictions

The spectral index ns and the (s)neutrino mass mN :
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Dynamics at the End of Inflation (I)

Massive scalar fields

φ̈+ 3Hφ̇+
∂V

∂φ
+ Γφφ̇ = 0

Boltzmann equation for light particles

ρ̇R + 4HρR −
∑
φ

Γφρφ = 0

Friedmann equation

1

3
(
∑
φ

ρφ + ρR) = H2
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Dynamics at the End of Inflation (II)
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Sneutrino dominated universe → nonthermal leptogenesis

ṅL−L̄ + 3H nL−L̄ = εN ΓN nN
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Dynamics at the End of Inflation (III)
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Reheat temperature: TRH ∼ ρ
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(→ gravitino problem)
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ỹ1 ≡
√

(yνy
†
ν )11

mN = (s)neutrino mass

m̃1 = ỹ2
1 〈v〉2 /mN

ε <
3
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√
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atmmN

〈v〉2
[S. Davidson, A. Ibarra ’02]
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Combining Inflation and Leptogenesis
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Implications for Neutrino Physics

Mass of lightest right handed (s)neutrino

mN = O(1010 − 1012) GeV

Mass of lightest left handed neutrino

mν1 . O(10−4) eV

Effective first generation neutrino Yukawa coupling

ỹ1 = O(10−9 − 10−4)
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Conclusions

General Picture

Particle
physics
framework

⇒
Inflation → CMB spectrum
Leptogenesis → reheat temperature

matter asymmetry
⇐ Exp.

Specific case

Sneutrino hybrid inflation
+

Nonthermal leptogenesis
⇓

Constraints on
neutrino physics parameters
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The End

Thank You
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Results from Inflation II

Running of spectral index αs
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Sakharov Conditions

N → H L, N → H̄ L̄

1 ��B: �L (N is Majorana) + Sphalerons X
2 ��C ,��CP:

+ + X

3
((((

((((
((

thermal equilibrium: if mN � Tuniverse X
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