No Smooth Spacetime in Lorentzian

Quantum Cosmology
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2. Path Integral of quantum gravity (#Figfan=F1kL)
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Our setup
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Lapse function

Scale factor Tensor fields

Gravitational action is expanded up to the second order in the perturbation
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Batalin-Fradkin-Vilkovisky (BFV) formalism

Path Integral of Quantum Gravity
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Lagrange multiplier and ghost fields
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Lorentzian Quantum Cosmology

Lorentzian path integral for no—boundary and tunneling proposal
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No-boundary conditions q(ti =0) =0, q(tf=1)=qy
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Picard-Lefschetz theory
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Integration Contour (0<N<+oo)
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Picard-Lefschetz and Resurgence Analysis
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No-boundary and tunneling proposal are on Stokes
lines (thimble decomposition is ambiguous)
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If there is ambiguity (Stokes jumps), the
resurgence works
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Resu rgence Ana IySiS [M. Honda, H. Matsui, K. Okabayashi,
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Integration Contour of Lapse function
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Integration Contour 1 (-co<N<+o0)

Phys.Rev.D 97 (2018) 2, 023509

2 (tunneling) saddle points




Integration Contour 2 (-co<N<+o0)
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No-boundary wave function
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Perturbation Problem In
Quantum Cosmology




Divergent perturbations

- al(0) (2) 3 [Phys.Rev.D 110 (2024) 2, 023503, Phys.
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Background part Perturbation part

Equation of Motion

General Solutions
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Divergent perturbations
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Near the singularity the solution behaves as (HZN? = q7) 0 — N2H2)
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Divergent perturbations

Tunneling saddle point Inverse-Gaussian Wave function
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No Smooth Spacetime

Unstable Perturbation
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Unstable Perturbation

Stable Perturbation




Trans-Planckian Physics



Trans-Planckian Physics

Physical momentum diverges at Big-
bang singularity

Modified dispersion relation
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Trans-Planckian Physics

1. Generalized Corley-Jacobson dispersion relation

S. Corley and T. Jacobson, Phys. Rev. D 54 (1996) 1568

introduced by higher-dimensional
operators of gravity !

3. Unruh’s dispersion relation

W. G. Unruh, Phys. Rev. D 51 (1995) 2827



Generalized Corley-Jacobson
dispersion relation

, R Generalized Corley-Jacobson
Equation of motion in UV (p=2) dispersion relation
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Solutions in UV (p=2)
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Generalized Corley-Jacobson
dispersion relation

Tunneling saddle point Inverse-Gaussian Wave function
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Saddle point action
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Trans-Planckian cutoff = ot mm
Equation of motion (UV) Trans-Planckian cutoff
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Summary
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