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Canonical single field Inflation
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Ultra slow-roll inflation
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Ultra slow-roll inflation
Superhorizon solution
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Slow-roll          ,- ≃ const. ≪ 1
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While ,- ≪ 1, (ln,-/(< = −6 violates slow roll. 



Generalization
Superhorizon solution
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Constant-roll potential
Allows constant-roll evolution as an exact solution

a)  ! ∝ # $%&' with ( < 0: Power-law inflation
+ = 8 1 − 01

b)  ! ∝ cosh( −2(8) + const. with ( < 0
c)  ! ∝ cos( 2(8) + const.      with ( > 0
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cosh potential (! < 0)
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Assume a transition to reheating at & > 0.
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cos potential (! > 0)
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Assume a transition to reheating at & < &7.  
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Curvature perturbation
Mukhanov-Sasaki equation
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Using analytic solutions for cosh and cos potentials,
(##
( → ,& − 1/4

0& (2 → ±∞)
where , ≡ 7 + 3/2 without slow-roll approximation.



Curvature perturbation
Spectral index

!" − 1 = 3 − 2( = 3 − 2) + 3

For slightly red-tilted spectrum e.g. !" = 0.96, 
) = −3.02 or 0.02
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cosh potential ! = −3.02

ln *

Growing

Subhorizon Superhorizon

Exact



cos potential ! = 0.02

ln (

Constant

Subhorizon Superhorizon
Exact



ü !" frozen on SH
ü Attractor 
ü #$
- %
- & ∼ 60

Growing Constant
*

−,
-

cosh cos0−3
USR SR

SH !"

/(1)

Dynamics Non-attractor                  Attractor



Sufficient number of efolds
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Observational constraint
HM, Starobinsky, 1702.05847

Consistent !", $
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!(#) constant-roll inflation
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Constant-roll condition in JF (different from /̈ = 01/̇)
3̈ = 013̇

Analytic solution for 
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Exact parametric form
Approximation % ≪ 1
! # ∝ #()*+)/(-*+)
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Einstein frame potential
HM, Starobinsky, 1704.08188
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Observational constraint
HM, Starobinsky, 1704.08188



Summary
Generalizing SR and USR we explored constant roll

"̈ = $%"̇ or    '̈ = $%'̇
which allows analytic solutions of 

( " , " * , % * , + * and ,(.)

ü Attractor 
ü 01 frozen on superhorizon scales
ü 2 ∼ 60
ü 67 & 8

Constant roll + obs. constraint
→ Slow roll is preferred.
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