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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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Spectral functions in on-shell renormalisation

The graviton is massless Ghost and tachyon free
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Include graviton scalar mode

Set up differential equation for spectral functions
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Include graviton scalar mode

Set up differential equation for spectral functions
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RG fixed points, UV-IR trajectories

p = 0 renormalisation

Fix pole location 9,17} (p” = 0)
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RG fixed points, UV-IR trajectories

p = 0 renormalisation
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Coupled spectral functions

IR: matches EFT exactly
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Transverse-traceless mode carries
on-shell dofs

UV: Normalisable spectral functions
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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

Direct Lorentzian computation
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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
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(1) UV completion of gravity
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UV complete QFT

Asymptotic Freedom:
reach free fixed point
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(1) UV completion of gravity

Naive perturbation
theory fails in d=4
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(1) UV completion of gravity | S = [ jmo-2A—k)  Lose predictivity
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Wilsonian RG

Integrate momentum shells
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Functional identity for
Quantum effective action
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Introduction to functional RG

Wilsonian RG

Integrate momentum shells

b

Functional identity for
Quantum effective action
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Evolution in theory space
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Goal: set up

| have not told you everything...
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Wick_
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Recall RG flow
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Goal: set up

| have not told you everything...

5’t,0TT/0()\) = —2Im Q%T/o (atrf(l?'])ﬁ/o + atRTT/O)

Wick_

The two-point function tensor decomposition

100 1 2 VPO 1 2 VPO
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Recall RG flow
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(2) " ) and anomalous dimensions
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Healthy Kéllén-Lehmann flows

Single mode of gauge field:
Callan-Symanzik was enough
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Healthy Kéllén-Lehmann flows

Single mode of gauge field:
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Preserving symmetry

p = 0 renormalisation
Generalise [Fehre, Litim, Pawlowski, Reichert '21]

Fix a9 =— mpt = my
Fix bp — n1t1t =19

Standard KL

Generalised KL Standard KL
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Preserving symmetry

p = 0 renormalisation
Generalise [Fehre, Litim, Pawlowski, Reichert '21]

Fix a9 =— mpt = my
Fix bp — n1t1t =19

Standard KL

Only fix ag = mrT = Mg

Generalised KL

Generalised KL Standard KL

—4m2 — m2 0 —4m2 —m2 0




Preserving symmetry

p = 0 renormalisation
Generalise [Fchre, Litim, Pawlowski, Reichert '21]

[On-shell)renormalisation
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2
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Renormalise on the graviton
mass pole

Fix a9 =— mpt = my
Fix b = nTT = 1o

Standard KL

Only fix a9 = m7pT = myg

Generalised KL

Generalised KL Standard KL
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Generalised KL Standard KL

Preserving symmetry v

_ i Fix ag =— mrT = myg
p = 0 renormalisation

Generalise [Fchre, Litim, Pawlowski, Reichert '21] Fix bp = nr1 = 1o
Standard KL {mm} {momw}
atP,(I?%/O (p2 — O) — GJTT/O o 7 1TT Mo = NTT
8,0, -T2 (p> — b
it TT/O(p ) p2—0 TT/0 Only fix a9 = m7pT = myg
Generalised KL
[On-shell)renormalisation
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— mrTT = Mo = k Slmpllfles
00,2 T30 0 (P) — 0 nrr =10 =0 computations
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Sta“dard KL [Pawlowski, Reichert, Wessely '25]

Renormalise on the graviton
mass pole



Preserving symmetry

p = 0 renormalisation
Generalise

[On-shelI]renormalisation
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Renormalise on the graviton
mass pole

Fix ag =— m1t = myg
Fix bp = nrT = no

Standard KL

Only fix a9 = m7pT = myg

Generalised KL
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