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Abstract: What does vacuum decay look like in an inflating, de Sitter, spacetime? Is it predominantly a quantum process of tunneling through the
barrier, or athermal process of tunneling over the barrier?
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Particle tunnelingat T =0
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Particle tunnelingat T =0

>

Txt,v X

Xescape

Rate ~ e °

2
— S o ) — S (fv L
B = p {LL)E{lllthLlltOllJ kSE(t.x.Jd_ j E t-=V(z)—-V(fw.

Page 13/105




Particle tunnelingat T =0
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Particle tunnelingat T =0 - “The Bounce”
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Many degrees of freedom tunnelingat T =0
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Many degrees of freedom tunnelingat T =0
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Many degrees of freedom tunnelingat T =0
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Many degrees of freedom tunnelingat T =0
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Many degrees of freedom tunnelingat T =0
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Many degrees of freedom tunnelingat T =0
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Many degrees of freedom tunnelingat T =0
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Tunneling in Minkowski space (no gravity) at T =0
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Tunneling in Minkowski space (no gravity) at T =0
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Tunneling in Minkowski space (no gravity) at T =0
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Tunneling in Minkowski space (no gravity) at T =0
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Tunneling in Minkowski space (no gravity) at T =0
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Tunneling in Minkowski space (no gravity) at T =0
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Tunneling in Minkowski space (no gravity) at T =0
M Rate

[ Initial conditions after tunneling
Tunneling in Minkowski space (no gravity) at T # 0
A Rate
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Tunneling in de Sitter space (thermal approach)
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. Particle tunneling at T # 0
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. Particle tunneling at T # 0
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. Particle tunneling at T # 0
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. Particle tunneling at T # 0
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. Particle tunneling at T # 0
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. Particle tunneling at T # 0
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. Particle tunneling at T # 0
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| Tunneling in Minkowski space (no gravity) atT # 0
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| Tunneling in Minkowski space (no gravity) atT # 0
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iInkowski space (no gravity) at T =0
A Rate
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Tunneling in de Sitter space

Including gravity:

— Qﬁ[x] calculated on curved spacetime,
possible with horizons

—> Spacetime is dynamical
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Tunneling in de Sitter space

Including gravity:

— Qﬁ[x] calculated on curved spacetime,
possible with horizons

> —Spacetime-is-dynamical—

FIXED BACKGROUND (de Sitter space)
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Tunneling in de Sitter space

Including gravity:

— gb[x] calculated on curved spacetime,
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FIXED BACKGROUND (de Sitter space)
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Vacuum energy density <> cosmological constant H =
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FIXED BACKGROUND (de Sitter space)
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FIXED BACKGROUND (de Sitter space)
ST

- . 2
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FIXED BACKGROUND (de Sitter space)

exponential expansion
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FIXED BACKGROUND (de Sitter space)

exponential expansion
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expansion can outrun speed of light
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FIXED BACKGROUND (de Sitter space)

exponential expansion
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expansion can outrun speed of light
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Az > 2H ! — non overlapping future light cones
“horizon”
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Tunneling in de Sitter space

First studied by Coleman & De Luccia (=CDL)
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Tunneling in de Sitter space

First studied by Coleman & De Luccia (=CDL)
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Tunneling in de Sitter space

First studied by Coleman & De Luccia (=CDL)
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Tunneling in de Sitter space

First studied by Coleman & De Luccia (=CDL)
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Tunneling in de Sitter space

First studied by Coleman & De Luccia (=CDL)
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Tunneling in de Sitter space

ARate Rate ~ e °

L1, | . -
B = v [Sg(bounce) — SE(f-V-)}
2

Pirsa: 08120058



Tunneling in de Sitter space
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Tunneling in de Sitter space
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Tunneling in de Sitter space

??? |nitial conditions after tunneling ???
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Tunneling in de Sitter space

??? |nitial conditions after tunneling ???
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Tunneling in de Sitter space

??? |nitial conditions after tunneling ???
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Tunneling in de Sitter space

A Rate
&

??? |nitial conditions after tunneling ???

reduce correctly to Minkowski resultas (7 — ()

but no derivation ...
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Inkowski space (no gravity) at T =0
M Rate

nitial conditions after tunneling

Tun iInkowski space (no gravity) at T # 0
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Tunneling in de Sitter space (ala Coleman De Luccia)
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Tunneling in de Sitter space (thermal approach)
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Cangluding remarks
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/Vhy the question marks about initial conditions???

Global structure (universe is not de Sitter!)

Horizon complementarity
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- Tunneling in de Sitter space (thermal approach)

Treata Single horizon volume asa thermal system
at the de Sitter temperature

tatic de Sitter coordinates A= H!
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Treata Single horizon volume asa thermal system

at the de Sitter temperature <« B h
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Treata Single horizon volume asa thermal system

at the de Sitter temperature « h
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Treata Single horizon volume asa thermal system

at the de Sitter temperature « h
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Treata Single horizon volume asa thermal system
at the de Sitter temperature «
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Treata Single horizon volume asa thermal system
at the de Sitter temperature «
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Treata Single horizon volume asa thermal system
at the de Sitter temperature «
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1™ . — 1 16 2
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>  Compare to CDL prescription
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By treating the degrees of freedom in a

single horizon volume
dsS d

thermal system
at the

de Sitter temperature
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[A Rate
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I 1
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Initial conditions after tunneling
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iInkowski space (no gravity) atT =0
[ Rate

nitial conditions after tunneling

Tunngling j

iInkowski space (no gravity) at T # 0
A Rate

Aanitial conditions after tunneling

Tunngling |

Tunngling € Sitter space (a la Coleman De Luccia)

IZRate

?7? Initial conditions after tunneling ???

Tunneling in de Sitter space (thermal approach)

Is de Sitter decay predominantly quantum?
or predominantly thermal?
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iInkowski space (no gravity) at T =0
[ Rate

nitial conditions after tunneling

Tun iInkowski space (no gravity) at T # 0

A Rate

Aanitial conditions after tunneling

Ing |

Tun e Sitter space (a la Coleman De Luccia)

gRate

) dainitial conditions after tunneling ???

Ing |

Tun Fe Sitter space (thermal approach)

Ing J

Is de Sitter decay predominantly quantum?
or predominantly thermal?
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Thermal or Quantum?

Gibbons-Hawking temperature

.
=

i 1\

las =

Thermal IS Quantum
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Hawking-Moss is extreme THICK wall
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Different perspectives on the same bubble

« 1 = A\ = horizon
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Different perspectives on the same bubble
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| Tunneling in Minkowski space (no gravity) at T =0
M Rate

A Initial conditions after tunneling

| Tunneling in Minkowski space (no gravity) at T # 0
A Rate

A Initial conditions after tunneling

| Tunneling in de Sitter space (a2 la Coleman De Luccia)
M Rate

?7? Initial conditions after tunneling ???

- Tunneling in de Sitter space (thermal approach)

| Is de Sitter decay predominantly quantum?
or predominantly thermal?
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| Tunneling in Minkowski space (no gravity) at T =0
[ Rate

[A Initial conditions after tunneling

| Tunneling in Minkowski space (no gra
MR

Itions after tunnelin

- Tunneling in n De Luccia)

- Tunneling in rmal approach)

| Is de Sitter de minantly quantum?

or predominantly thermal?
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