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Slow-roll approximation
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Friedmann equation

Slow-roll approximation: H ≃ constant
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“Hubble slow roll”



How much inflation? “e-fold”

“The Universe  
expands a lot”

“The observable Universe  
shrinks a lot”

• Need this number to 
be around 60 to solve 
horizon problem 

• Ñ<N, but roughly 
equal in slow-roll 
models

The physical definition
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Phenomenological parametrization

H (�) = aH
Inflation is parametrized by the (inverse) Hubble radius.

Choose any increasing function H (�)



An interesting model

“Generalised Gaussian”

H (�) / e�(↵�)n



An interesting model

H (�) / e�(↵�)2
When n=2

V (�) / �k, k =
1

2↵2⇔
For all power-law potentials,  

the (Hubble radius)-1 evolves like the Gaussian [SC’17]

“Generalised Gaussian”

H (�) / e�(↵�)n
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The potential
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16 Planck Collaboration: Constraints on inflation

Fig. 11. Marginalized joint 68 % and 95 % CL regions for (✏1 , ✏2 , ✏3) (top panels) and (✏V , ⌘V , ⇠2V ) (bottom panels) for Planck
TT+lowP (red contours), Planck TT,TE,EE+lowP (blue contours), and compared with the Planck 2013 results (grey contours).

Fig. 12. Marginalized joint 68 % and 95 % CL regions for ns and r0.002 from Planck in combination with other data sets, compared
to the theoretical predictions of selected inflationary models.
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GG model with n=2



[SC’17]
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More about efolding 
(properly this time)
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radiation matterinflation
reheating

- Reheating temperature Treh   
- Mean equation of state w̄

Martin & Ringeval’10 
Muñoz & Kamionskowski’15



w̄
-1/3 0 0.25 1

conservative 
estimate

“working” estimate

[Podolsky et al‘06]

These 2 parameters determine N.
[Martin+Ringeval’10]

102 MeV . Treh . 1015 GeV
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n=2, α= 1/
p
2

(V (�) ⇠ �)

n=8, α=1

[see also Rehagen&Gelmini’15]



Primordial GW amplitude 
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Energy density in stochastic GW background

⌦gwh
2 ⇠ 10�15 � 10�16 at 0.1� 1 Hz

Big Bang Observer / DECIGO will probe 
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[SC+Efstathiou’06]



n=2 n=8

n=2, 4, 8

⌦gwh
2 @ 1Hz



Conclusions
• Phenomenological model building using the 

(inverse) Hubble radius               .  
• Generalised Gaussian model = plateaus of 

increasing order, laterally pushing power laws into 
Planck’s constraints. 

• Gaussian (n=2) ⇋ power-law correspondence. 

More to be explored. 
• Generic statement like “N=60” doesn’t work for 

GG models. 
• Using a simple modelling of reheating, GW 

amplitudes shown to be able to reach BBO/
DECIGO sensitivities. 

H = aH


