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Abstract:

We present new solutions for Turok's complex semi-classical trajectories approach to path integral quantization. New results for

the barrier, step potential and double well point to new experimentally testable eigenstates of tunneling, with implications for
optics and quantum gravity.
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Context

GWs and FRBs may be gravitationally lensed
Strong lensing: observable echo

Weak lensing: distortion of wavefront
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Observables

For extended sources (galaxies — LSST/Roman/Euclid): shear (sometimes
magnification)

For point sources (SNe, GWSs): magnification. Constrains compact dark matter

Wave optics: when template is known (GWs), measure distortion at different
scales
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Saddle point expansion

— Geometric lens images at points of stationary phase, magnification is
determinant of Jacobian

— wave probes all possible paths. Dominant contribution at Fresnel scale r= V(3D)

— equivalent full solutions: Kirchoff-Fresnel integral, Picard-Lefschetz thimble,
Resurgence (Hyperasymptotics)

— LVK probes dark matter substructure@pc scale
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Huygen's Principle: Path Integral

irsa: 26040138

Kirchoff integral A(u) = [ =) d
S =v[(6 — p)* + V(o)
Highly oscillatory integral, even for ¥ =0

Stationary phase points: JpS = 0 leads to (complex) Eikonal
images 6;.

flux/phase through curvature expansion (known as steepest
descent): exact as v — 00

Geometric limit considers only Real solutions 6; and gives up
phase information (length of trajectory)

Geometric optics applicable at short wavelengths for extended
sources (e.g. optical gravitational lensing of finite size sources,
stars)
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Asymptotic series

Probe larger scales at longer wave length: formal power series in wavelength
lambda

Always divergent!

Resurgence: analyze through Borel Resummation

Exposes global lens structure: in principle predict echo from template distortion
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(a) The waveform. (b) The error

Figure 21: Left: The lensed waveform |F(t)|? of a Gaussian lens with A = 1,0 = 3, = 10
by the one-dimensional Lorentzian lens with the lens strength @ = 10 and position y = 3/2
(the black curve) and the associated eikonal approximation Fionai(t) (the red curves) as a
function of time. Right: the difference between the numerical and eikonal evaluation of the
waveform, with the real, imaginary part and modulus of F(¢t) and Fejkonal ().
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Conclusions

Resurgence in wave optics

Perturbative wave lensing expansion always divergent: encodes information from
adjacent saddles

Information for weak lensing: complex saddles unsuppressed at long wavelength
Premonition of lensed echoes

More work needed to understand role of analyticity
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