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Need non-perturbative Lorentzian framework
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Regulators in the Functional Renormalisation Group
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Want a regulator which allows analytic continuations for k>0
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Callan-Symanzik Regulator

Give up finiteness
All loop momenta contribute above cutoff k

[Fehre, Litim, Pawlowski, Reichert '21]
[Braun, et al '22]

UV divergences renormalised at every RG step using
BPHZ renormalisation in d=4
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Coupled RG flows two-point correlators
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Spectral functions in on-shell renormalisation

The graviton is massless Ghost and tachyon free

Spectral functions have the standard delta peak and continuum starting at the origin
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TT agrees with numerical results TT/0 agree with analytic resulits
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Single mode of gauge field:
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Preserving symmetry
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Generalised KL Standard KL
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Fixed points, UV-IR connecting trajectories

On-shell

p = 0 renormalisation ..
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Coupled spectral functions

IR: matches EFT exactly
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Coupled spectral functions

IR: matches EFT exactly UV: Normalisable spectral functions

Plan ZTT PTT ( A)

TT Is compatible with all conditions
for unitary and causal
UV completion of gravity

Propagator pole structure:
no additional modes

[Platania, Wetterich 2020]



Coupled form factors

First principles Lorentzian computation of non-perturbative form factors at k=0
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Conclusions
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Conclusions Lorentzian graviton spectral functions | 6506 1953217

Direct Lorentzian computation

Coupled healthy spectral functions

Ghost and tachyon free: unitary and causal o

Callan-Symanzik is not enough to define spectral flow

L> Constraints from diffeomorphism symmetry

Full form factors R° (“ : Black holes, cosmology,

R scattering amplitudes...
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(2) Scalar sector Projectors in the scalar sector
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(2) Mass identifications and complex poles

Expand the transverse-traceless
mode flow around

mo = mrtT + 0m

The transverse-traceless

mass parameter flow is
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Which becomes complex for any 0m # 0



