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Searching for Other
Universes

Matt Johnson
Perimeter Institute/York University
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Really?

An infinite number of individually infinite universes in an infinite
expanding background?

Surely | can't be serious!
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Really?

An infinite number of individually infinite universes in an infinite
expanding background?

Surely | can’t be serious!
Eternal inflation is a direct consequence of:

non-unigque vacuum
state

(possible in standard model)
(common in BSM physics)

(inevitable in string theory)
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Really?

An infinite number of individually infinite universes in an infinite
expanding background?

Surely | can’t be serious!
Eternal inflation is a direct consequence of:

non-unigque vacuum Quantum field
state theory

(possible in standard model) (works fantastically)
(common in BSM physics)

(inevitable in string theory)
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Really?

An infinite number of individually infinite universes in an infinite
expanding background?

Surely | can’t be serious!

Eternal inflation is a direct consequence of:

non-unique vacuum  Quantum field accelerated
state theory expansion

(possible in standard model) (works fantastically) (observed:
(common in BSM physics) (inferred

(inevitable in string theory)
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Observational Tests of Eternal Inflation

Strong theoretical motivation, but is eternal inflation
experimentally verifiable?

Our bubble does not evolve in isolation....
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The collision of our bubble with others provides an
observational test of eternal inflation.

Aguirre, MCJ, Shomer
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Making predictions and testing models

Predictions

Constraints

Scalar field
Lagrangian

Possible models?
Motivation from theory?
Constraints from
observation?

Eternal inflation

Probabilities and
inferences!?
Relation to other
iversions of the multiverse?
How are model
parameters manifest!

Bubble collisions

Predictions from specific
models?
Phenomenology?
Perturbations inside the
bubble?

Observational
signatures

Detailed signature for
temperature and
polarization?
Best data analysis
strategies!?
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Bubble collisions

today

r b
® s Slow-roll
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Collisions are always in our past.

The outcome is fixed by the potential and kinematics.
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Bubble collisions

today

N
N
O Slow-roll
b

Collisions are always in our past.
The outcome is fixed by the potential and kinematics.

To study what happens, need full GR.

We want to find the post-collision cosmology: GR.

Huge center of mass energy in the collision.
Non-linear potential, non-linear field equations.
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Numerical solutions
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Observational Signatures

Bubble collisions perturb the epoch of inflation inside our
bubble.

Pirsa: 13070058 Page 20/124



Observational Signatures

Bubble collisions perturb the epoch of inflation inside our
bubble.

stretching by
inflation

-~
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Observational Signatures

AN

surface of last scattering
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Observational Signatures

surface of last scattering
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Observational Signatures

mi;: T \ 20
/ \ ( 1=

surface of last scattering

Symmetry+causality: effects confined to a disc.
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Observational Signatures

mi;: T T B\ 20
/ \ ( b=

surface of last scattering

Symmetry+causality: effects confined to a disc.

Generic signature (thanks inflation!):
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Counting collisions

Counting only collisions whose disc of influence is smaller than the

N ~ — (.
3H1 (11;;) Ve

whole sky:
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Counting collisions

Counting only collisions whose disc of influence is smaller than the
whole sky:
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Bubble collisions model

The model:

SV

Pirsa: 13070058 Page 28/124



Collisions (realistic) + CMB + instrumental noise
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Searching for collisions

What any good Bayesian wants:

Pr(Model 1|Data)
Pr(Model 2|Data)

ACDM ACDM
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Searching for collisions

Pr(N, | Ny, fiy)
0,30

0.25
0.20
0.15
0.10
0.05
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Searching for collisions

Pr(N, | Nps fu)
0.30

0.25 no detection

0.20
> 0.15

: 010 O\, N
Pr(NJd) e/

10 12 14

To calculate this, need to test for:

Arbitrary number of templates
Arbitrary position on the sky
Arbitrary amplitude, shape, and size (lying within prior Pr(/Ny, m))
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Searching for collisions

Solution:

Locate candidate features with a blind analysis.
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Searching for collisions

For one candidate:

Pirsa: 13070058 Page 35/124



Searching for collisions

For one candidate:

| dmPr(m)L;(d|m)
L,(d|0)

Evidence ratio in the blob: how much better does one describe the data by
adding a template?

Pb =

Pixel-based likelihood L;(d|m) contains: CMB cosmic variance, beam,
and spatially varying noise.

Flat prior on amplitude and shape, prior on size and position from theory.
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Searching for collisions

The general expression for [V, candidates:

Theory Cosmic
prior variance

|

Pr(Ns|d, fiky) o< Pr(N;) e fury N Z

-

Expected Poisson
number of process
features

All combos of templates
and blobs |

l 1

N

N
TTlee |\ TT (1= 6c.s))
=1

1 | #=1

Evidence
ratio in each
blob
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WMAP7 W-Band (94 GHz)

The WMAP7 W-Band data.......
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WMAP7 W-Band (94 GHz) : Posterior
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The posterior is peaked around N, =

[he data does not support the bubble collision hypothesis.
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WMAP7 W-Band (94 GHz) : Posterior
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The posterior is peaked around

[he data does not support the bubble collision hypothesis.

From the shape of the posterior, we can rule out

N, < 1.6 at 68% CL
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WMAP7 W-Band (94 GHz) : Posterior
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The posterior is peaked around /N, =

[he data does not support the bubble collision hypothesis.

From the shape of the posterior, we can rule out

N, < 1.6 at 68% CL
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LOOPS 13, Perimeter Institute
July 23,2013

Potential observational effects
from
Wheeler-DeWitt quantum cosmology

joint work with: C. Kiefer, D. Bini, G. Esposito, and F. Pessina
- Phys. Rev. Lett. 108, 021301 (2012), arXiv:1103.4967.
~ Int. J. Mod. Phys. D 21, 1241001 (2012), arXiv:1205.5161.
— Phys. Rev. D 87, 104008 (2013), arXiv:1303.0531.

Manuel Kramer
Institute for Theoretical Physics
University of Cologne
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The problem with Quantum Gravity

/ Quantum Gravity? \\.‘ etc.

unification Canonical Quantum General Relativity

| “ \

String Theory Loop Quantum Gravity [ Wheeler-DeWitt approach J

e observational guidance needed to distinguish the candidate theories

e problem: quantum-gravitational effects might only become dominant
in the Planck regime

he ( .
mp = % ~ 1.22 x 1019 GeV/c?

o effects are expected for: = black holes (Hawking radiation)
=> very early universe
(Cosmic Microwave Background)
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