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LORENTZIAN EVOLUTION AFTER TUNNELING
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Tunneling from nothing

No boundary proposal
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dS “vacua’ generically lead to eternal inflation
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bubbles of the new phase
do not percolate
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Tunneling uphill
IS also possible
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Different “pocket universes”
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THEORY

1 ‘MULTIVERSE”

Can this picture be validated by observations?



Structure of a “pocket” universe

END OF INFLATION
(BIG BANG of an open FRW)

structure formation

Slow roll J Significantly reduces
inflation ]\ spatial curvature

Right after tunneling,
S we have large curvature
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now . .
Q" =~ 01+ .01 | Q" | < 0.02  (more stringent for negative K)

AR R D je. |Q%| < 5x107 (<107)

COMPARE WITH ANTHROPIC BOUNDS
(curvature interferes with structure formation)

Q| < 107 (for giant galaxies)
107 (dwarf)

I:I> N2 =N > 15 Freivogel, Kleban,
75 Rodriguez, Susskind, 05

Vilenkin+Winitzki 97



Freivogel, Kleban,

WITH A BIT OF LANDSCAPING ... Rodriguez, Susskind, 05

Integrating over length, height and slope of the plateau (with flat priors)
and keeping (do/p) ~ (V>'?/ V") fixed,

) dP(N)ON™aN

:> P(AN <2.5) ~ 3AN/N ~ 10%

...SATURATING THE OBSERVATIONAL BOUND (there are, however,
DOESN'T LOOK SO UNLIKELY ANYMORE. many however’s)



What is it that we might expect to observe?

(Assuming Q. s close to its observational bound)

1- Signatures from the beginning of slow roll.
Perhaps a smaller quadrupole than normal? (a “ post-diction”)

2- Signatures from BEFORE slow roll.
a. Bubble wall fluctuations
b. Gravity waves from the false vacuum phase

c. Scalar perturbations from the false vacuum phase?

3- And, of course Q. # 0



The wobbly bubble (and the waves it makes)

Consider a light bubble
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In this case, we can use field theory in external dS background
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What's with the odd looking tachyonic “mass” k*=—3 ? Justgeometry
-MA = L(L+N-1)

Does it produce a catastrophic instability? Not really.

wobble proper size Their ratio

N — 3\-1/2 -1/2
bubble size R, cosh p goes to a constant ~ E =(UR)) " ~B

Non-sphericity is small when
Euclidean action is large



“scalar” transmutes Into “tensor”
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Inside the FRW
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This is not normalizable on the FRW slices !!
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Effect on CMB
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of bubble wall We know it's small.

We may just hope it is not too small...



_ Sasaki, Tanaka Yakushige 97
The fU” C&lCUlathn J.G, Montes, Sasaki, Tanaka 98

Switching on the gravitational coupling to the bubble,
we can study the gravity waves in its presence.
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ﬂ Reproduces the effect of wall fluctuation



conclusions

Signals can reach from before the bubble
We haven’t seen any

We may still see some in the future, if primordial gravity
waves are found.

It does not seem too likely, since the amount of slow roll
has to be marginal. But the signature could be dramatic.

As a guestion of principle, it might be interesting to
guantify exactly how much information we can gather
from the previous false vacuum phase.

Holographic dual ? (Freivogel et al. 2006).
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