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Abstract:

Many  researchers  in  quantum  gravity  favour  the  notion  of  a  quantum  foam,  coined  by  Wheeler  70  years  ago  to  capture
"whatever becomes of spacetime at the Planck scale". The underlying idea is that the quantum fluctuations of spacetime are so
large  that  a  description  based  on  smooth  metrics  is  no  longer  adequate.  Equally  popular  is  the  notion  that  spacetime  as  we
know it should "emerge" from this primordial quantum foam, alongside interesting quantum-gravitational effects.  

These  ideas  are  enticing,  but  remain  speculative  unless  backed up  by  quantitative  analysis  and modelling  within  a  coherent,
nonperturbative formulation of quantum gravity. Fully nonperturbative computational tools are available in the form of 'lattice
quantum gravity  2.0',  based on  causal  dynamical  triangulations.  The  power  and beauty  of  this  methodology  lies  in  its  use  of
curved, dynamical lattices, incorporating the principles of quantum field theory and general relativity from the outset. This has
produced  quantitative  blueprints  of  both  quantum  foam  and  spacetime  emergence,  and  a  concrete  perspective  on  what  it
means to “solve" quantum gravity. [arXiv:2501.17972]
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