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Non-minimal Coupling Model
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Non-minimal Coupling Model
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Weyl rescaling (a.k.a. conformal transformation)
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Non-minimal Coupling Model

Einstein-frame potential
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Non-minimal Coupling Model
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Initial Conditions Problem

Require: a potential-dominated initial state over a horizon volume.

Initial conditions for inflation:

the Universe started in a chaotic initial state with
Planck-scale energy density
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Initial Conditions Problem

Require: a potential-dominated initial state over a horizon volume.

Initial conditions for inflation:

the Universe started in a chaotic initial state with
Planck-scale energy density

Plateau inflaton models cannot become potential-dominated during an
initial Planck density era.
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Initial Conditions Problem

Several solutions

1. to modify the potential such that it increases as the inflaton
field increases and reaches the Planck energy density

2. for a smooth patch to be produced during the chaotic era
which has the form of an open Universe, with a negative
curvature term which dominates the Friedmann equation

3. to have a contracting era which precedes the expanding era
(does not rely on a chaotic initial state)
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Initial Conditions Problem

Several solutions
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Modification of the potential

2 ways :

1. to add non-renormalisable higher-order terms

= changing the particle physics sector

2. to consider a conformal factor with a zero

mmp particle physics sector unchanged
s regarded as a minimal modification
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2 ways :

1. to add non-renormalisable higher-order terms
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| 2. to consider a conformal factor with a zero

mmp particle physics sector unchanged
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Conformal Factor with a Zero

Consider a general class of models
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Properties of the function f
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Conformal Factor with a Zero
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f(— =14+a1—5 +a2—5 +- |

Remark

The observable predictions of this class of model depend only
on the quartic term in the expansion at small field value, i.e.,
they are independent of the precise form of the function f.
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Conformal Factor with a Zero

Conformal factor
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Conformal Factor with a Zero

Conformal factor
Einstein-frame

Pole

Initial condition V5 = M}
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Conformal Factor with a Zero

At the chaotic initial field value, the potential in the Einstein frame

is steep with
1 . 1
Pkin = 5902 — Mf% Pgrad = §(Vg0)2 — MP4> VE = Mf%
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Conformal Factor with a Zero

At the chaotic initial field value, the potential in the Einstein frame
is steep with

1 . 1
Pkin = 5902 — Mf% Pgrad = §(v80)2 — MP4> VE = Mf%

It is therefore important to check :

1. Kinetic energy density ?

2. Gradient energy density ?
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Conformal Factor with a Zero
1. Kinetic energy density p = pxin + V&
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Conformal Factor with a Zero
2. Gradient energy density

p(t,x) =p(t) + do(t,x) =p(t) + 5¢k(t)€ik.x

A=2H(0)"! <=k =nH(0)
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Conformal Factor with a Zero
2. Gradient energy density

o(t,x) =B(t) + dp(t,x) = B(t) + Spp(t)e™X

A=2H(0)"' <=k =7H(0)

>
by et
(/2]
c
(O]
©
>
(@)]
—
)]
c
()

Jinsu Kim @ KIAS 2017 High1 IBS-KIAS Joint Workshop



Conformal Factor with a Zero

Horizon

de. = aMy ' . diameter of the classically evolving volume

Ve \ ~1/2
H;l = (3]\2—3) . Hubble radius calculated from the potential energy density

Higl . Hubble radius calculated using the energy density inside the classically evolving volume
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Cosmological Observables

Conformal factor
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Cosmological Observables
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Cosmological Observables
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Cosmological Observables
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Cosmological Observables
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Summary

Non-minimally coupled scalar inflation is in excellent agreement with
observation, but it requires an explanation of how inflation got started

in the first place.

The chaotic initial state with Planck-scale energy density is not possible
for the standard non-minimally coupled inflation model.

By modifying the conformal factor of the standard model to a
conformal factor with a zero, it is possible to achieve a Planck

potential energy density.

An increase of the tensor-to-scalar ratio as much as 0.0013 is possible.
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The chaotic initial state with Planck-scale energy density is not possible
for the standard non-minimally coupled inflation model.

By modifying the conformal factor of the standard model to a
conformal factor with a zero, it is possible to achieve a Planck

potential energy density.

An increase of the tensor-to-scalar ratio as much as 0.0013 is possible.

Thank you



