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P 0o can you make a Universe from nothing?



JOT empty spacetime
literally nothing
no space
no time
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JOT empty spacetime
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inneling in flat spacetime
instanton lives on R*

[41_.p = exp|—Sg(instanton) + Sg(A)]
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inneling in dynamical spacetime
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The SAME instanton governs tunneling in both directions
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inneling in dynamical spacetime
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inneling in dynamical spacetime
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p-tunneling from Minkowski?

homogenously?
no (infinite volume)

inhomogenously?
no (null-energy condition)

(infalling ‘normal’ surface becomes ‘ant-trapped’)

Penrose

Guth & Farhi

The SAME instanton governs tunneling in both directions
Uptunneling is possible from de Sitter
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mplest possible model with stabilized XDs that supports
1inkowski and de Sitter 4D slices is 6D Einstein-Maxwell

v N

) F, ‘) Y
ds® = g, drtdr” + R*dS:

/

4D dS, Min, or AdS 2D sphere
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mplest possible model with stabilized XDs that supports
1inkowski and de Sitter 4D slices is 6D Einstein-Maxwell

9 , 2 9
ds® = gy, drtdz” + R°d);

N

4D dS, Min, or AdS 2D sphere
© © & © ©

iree ingredients: i.e. Maxwell
e spatial curvature of 2-spheres _magnetic flux
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flux curvature

ort-range, repulsive medium-range, attractive
/4 \‘4 radion
—
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radion
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a landscape of (discrete) flux vacua

((at minimum)

o . more flux
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>nsider the transition in/_3+%+2_\:1imensions

space L sphere
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snsider the transition in 3+|+2 dimensions
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n the limit that ALL flux discharged:

. Extra dimensions shrink to zero size

|. What about the 3-volume of a slice through the bubble?

o 15600 like an infinitely thin paneake!?



| negative V
| — | |

/ negative curvature
/ (AdS)

|. What about the 3-volume of a slice through the bubble?

s s like an infinitely thin paneake?
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|. What about the 3-volume of a slice through the bubble?
like an infinitely thin paneake?
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The SAME instanton governs tunneling in both directions

Uptunneling is possible from de Sitter

Uptunneling is impossible from Minkowski or AdS
‘Narhineg' ic AAS emnarce (in the limit ac / v 0
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The SAME instanton governs tunneling in both directions

Uptunneling is possible from de Sitter
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Se(instanton) = finite
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The SAME instanton governs tunneling in both directions
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3ubble of nothing instanton = Hawking-Turok instanton

rsa: 11060047 Hawking and Turoke44898)

Vo vrrrees | 10MOIQ N



JOT empty spacetime
literally nothing
no space an open Universe
no time a la Hawking-Turok
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e 000 can you make a Universe from nothing? no
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