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Abstract:
I will show how dynamical Wick rotation can reconcile the no boundary proposal of Hartle and Hawking with the fundamental

Lorentz symmetry, despite previously demonstrated issues. The dynamical Wick rotation arises from quantum field fluctuations

sourcing disorder for background geometry, analogously to Anderson localization of wavefunctions due to disorder, typically
studied in condensed matter systems.
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What is a Wick rotation?

L — 4L
Lorentzian signature -> Hyperbolic egs. Euclidean signature -> Elliptic egs.
e.g. D’Alembertian [ ] = —af + \vZ e.g. Laplacian c“)f + \vE

Boundary conditions, e.g.

T(OM) = T,

Initial conditions

time
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How does the dynamical Wick rotation work?

For the elliptic problem, the Laplacian equation: Eigenfunctions, e.g. mode 2 and 15:

Boundary conditions, e.g.

W(OM) =0

Oscillatory eigenfunctions
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How does the dynamical Wick rotation work? Eigenfunctions, e.g. mode 2, 4, 10:

For the elliptic problem, the Laplacian equation,
but with added random potential in vertical direction:

Anderson localization

Boundary conditions: ¥ (O M) = 0

Oscillatory eigenfunctions in x,
Localized in y-direction.
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How does the dynamical Wick rotation work? Eigenfunctions, e.g. mode 2, 4, 10:

For the elliptic problem, the Laplacian equation,
but with added random potential in vertical direction:

Anderson localization

Boundary conditions: ¥ (OM) = 0

Vi = —k*y, kR

Oscillatory eigenfunctions in x,
Localized in y-direction.

V2 =K%y, ke R

Schematically: [] = v2 = Vs (?J)
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How does the dynamical Wick rotation work?
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Interacting fermions and bosons in the path integral:

Add a Yukawa coupling to the action: Sy = g/ dz () (z) ¢(x)

Total action: S = Sg =+ Sf + Sy + Sy

Gravity Free fields Yukawa
Gilkey action Interaction Nf Ny N

We write the interactions in the eigenbasis of the Laplacian: Sy = ¢ y: SJ SJ - 9(’ 0 op
a=1a=1km. =1

With C coefficients being overlaps between Laplacian eigenstates: Cl.,,p = / up(x) up () ue(z) dp(x).
M

We now proceed to integrate out the fields’ degrees of freedom in the full path integral with interacting fields.

#&SAN(——U

Path integral: 7 = / ’D)\/’Dqﬁ/])@])f)e ( 1)

Laplacian’s eigenvalues
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How does the dynamical Wick rotation work in the no-boundary proposal?

1
lI}[hij: X} ~ Z Aa[hijz X] exp (_ﬁ‘[(f [hi]* )d)

The no-boundary wavefunction of the universe is a sum over
complex saddles of a QG path integral.

Approximation: minisuperspace for the manifold, homogeneous
scalar field.

Issues with this proposal.
(Feldbrugge, Lehners, Turok)

The Wick rotation may be physical through the described
dynamical Wick rotation:

©  eA - . ANEE-1)
o = / D)\/ D(D[DQD@Q_" T
\Z_:l m?2 ' (N - 1)'

Picture credit: Quanta
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