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Gravity as a regulator
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Gravity as a regulator of (mathematical) divergences [1]:

1. Planck length (mass) as a geometric minimum length (maximum energy) ~ spacetime crystal / lattice

2. Planck scale as an emergent / dynamical regulator (from non-linearity and quantum) [2,3]



EFT metric corrections 

EFT of gravity [4]:

Field redefinition  �   effective massive(less) GW ↦

[4] L.E. Parker, D. Toms, QFT in curved spacetime: quantised fields and gravity (Cambridge University Press, 2009) 
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Geometric length [2,5]:

Length scale [6]:
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EFT metric corrections 

GR
μνρσ(x, y) = ∑
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Geometric length � : metric ~ geodesics ~ (free) retarded (GW) propagator(ℓin−in ∈ ℝ)

Length scale: metric ~ graviton scatterings ~ Feynman propagator

�  effective massive(less) GW: i = 1,…

ℓ2 = ημν dxmu dxνBackground length: 
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Minimum length scale:

Scattering processes (measurements) cannot probe below �  [2]ℓp

EFT minimum lengths 

Free propagation not affected by �  [2]ℓp

[2] R.C., I. Kuntz, EPJ C 80 (2020) 958 [arXiv:2006.08450]

Coincidence limit �dxμ ∼ ℓ → 0
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Heisenberg microscope [7] / uncertainty relation modified to GUP [8]:
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N.B. (much) larger minimum length scales still possible in many-body systems [9]



Gravity as a regulator

Planck scale as an emergent / dynamical regulator in non-renormalisable theories [3]:
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Possibly fundamental (“complete”) theories with no minimum scale

Minimum scale makes theory finite (not just effective!)
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Momentum-dependent propagators in loops [12]:

GF(k) ⟹ GF
p1+p2−k(k) ∼ Ω(p1 + p2 − k) GF(k)

GF(p1 + p2 − k) ⟹ GF
k (p1 + p2 − k) ∼ Ω(k) GF(p1 + p2 − k)

Non-linearity  ~  beyond background field approx

Possibly fundamental (“complete”) theories with no minimum scale

Minimum scale makes theory finite (not just effective!)
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Thank you!


