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Fine-tuning problems

(i.e. horizon problem, flatness problem, monopole problem)



Problems i1n the inflationary paradigm

Inflation —

Big Bang \ 3
Singularity / S——__-

Cosmic microwave
background

A. Borde (1987), A. Vilenkin (1992),
A. Borde + (1994), A. Borde + (2003)

V() is dominant over ¢* and (V)

= COSMIC €Xpansion

Otherwise, NO inflation?

R. Brandenberger (2016) [review]



Main proposal

Quantum effect on inhomogeneous space
plays an essential role in the early universe?

NO initial singularity

highly inhomogeneous initial condition (NO fine-tuning)

inflationary universe
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quantum
1nitial state tunneling final state



inflationary universe

ridge

quantum
initial state  tunneling final state

o, p(>0)

false vacuum bubble



metric inside and outside of the wall
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Inhomogenelty and inflation

hEH_|_/H_

iInhomogeneous

separating the inflationary phase
and the static state

homogeneous

o,p
false vacuum




Most conservative situation

p+ =10

There 1s NO quasi-homogeneous mode.

— Density fluctuation never be red-shifted.

region A region B region C

critical

bubble bubble
(E = Enlin)




Quantum effect on inhomogeneous space

region A region B region C

critical static

bubble bubble
(E s Emin)

inflationary universe

1mportant to determme
the spacetime configuration |
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Configuration of the final state




How to calculate the tunneling rate

Gregory-Moss-Withers formula (2014)

the total Euclidean action
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I boundary of the E-H action

the Euclidean dynamics of wall
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NO solution

NO stable solution
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exponential enhancement

region C

How should we interpret this?
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Conclusions

* We modeled a part of inhomogeneous space by a FVB.

- Assuming the thin wall approximation, we can solve simplified equations
(Israel junction condition).

- We considered the most conservative situation, 1.e., there 1s no quasi-
homogeneous mode 1n the system.

+ Once the bubble tunnels to a larger one, it would start inflation beyond the
Einstein-Rosen bridge.

+ The quantum tunneling may be promoted by the increment of the Bekenstein
entropy.

- Here we assume that gravitational interaction among vacuum energy bumps
does not change our main conclusions. Confirming this assumption will be
the next work.

- Investigating our proposal in the case of thick walls 1s ongoing.
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Collapse of bubble
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