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The model



The model

ds? = —dt? + h;;(t, %) dxtdx! , @(t, %)
j

G AUE L)+ small perturbations , G5 (3] + small perturbations

@, (t), homogeneous mode
of the scalar field

a(t), scale factor




The minisuperspace
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The minisuperspace
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spacetime minisuperspace

q* = (a, §)

S—Jdt L, dadd®
= 5 UAB T g oy (q)

—a 0 O
GAB — 0 a3 0
0 0 -

ds? = — dt? + a?(t) dx? ds? = —ada® + a3 do}

Trajectory of a test particle Evolution of the universe

(t(2), %(1)) (a(t), #(1))




“Quantum cosmology in the light of
quantum mechanics”
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Quantum cosmology in the light of quantum mechanics

Pair production
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WKB solutions
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Schrodinger eq.
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Quantum cosmology in the light of quantum mechanics

STl Pair production
universe
2 da _ -
ac ¢
da Contracting
dc -~ “ | universe

Po
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Entangled universe 2 Entangled universe 1

* Expanding universe \ "\ N * Expanding universe
(in terms of t,) g\ S\ ! (in terms of ¢;)

Double
Euclidean
instanton

| - Positive energy:




Ok, but....
can we see other universes?



Quantum entanglement
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Quantum entanglement

Observer 1

Pump
V2w
P.A. Yoo
a,, al

Observer 2

d,(t) = a, cosh yt + &I sinh yt, a,(t) = a, cosh yt + &I sinh yt



Quantum entanglement

Observer 1

Pump

V2w

Observer 2

d,(t) = a, cosh yt + &I sinh yt, a,(t) = a, cosh yt + &I sinh yt
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Initial two mode
vacuum state
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Perfectly correlated
number states




Quantum entanglement

Observer 1

If entanglement
is present

If no entanglement
is present

Pump
V2w
Observer 2
P. A. Yeo
a,,a}

T(t)

= logtanh=2 yt

1
pr = Tro OO =5 Y e D jnymy)

p1 = |01)(04|

n

observers can infer the existence
of the partner mode from the
observed quasi-thermal state




The entangled universe

-

The expansion of
the universes mixes
the modes of their
matter fields

\_

If entanglement

1o 1,1
mEE pr = TrANOXD O =5 Y e T2y )|

If no entanglement
= 10,0
is present p1 = 10140,

n

Te_nlt (t) = log

Mk

v|?

The choice of one
or the other initial
state would have
consequences in
the computed
power spectrum of
the CMB




Entangled and interacting universes
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