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Abstract:

Spacetime fluctuations can invalidate usual notions of distance, time, and even what it means to perform an experiment. This
raises  a  simple  question:  when  spacetime  fluctuates,  how  do  we  describe  what  happens?  Few  detailed
​
answers exist, even in the low-energy effective field theory of quantum gravity. In this talk, we present a study of geometric and
detector observables in perturbative quantum gravity. Geometric observables—elapsed proper time, proper distance, area, and
Shapiro time delay—can be defined in relation to observer worldlines. Proper time observables capture quantum gravity effects
in  interferometers,  leading  to  predictions  for  experiments  that  probe  the  interface  between  quantum mechanics  and  gravity.
Several  geometric  observables  display  a  quantum  version  of  memory.  Realistic  detector  observables—modelled  by  local
operators inserted along worldlines—describe measurements more directly. We compute correlators of worldline-dressed scalars
at  tree level  with an external  on-shell  graviton.  The worldline dressing is  hardly innocuous and can,  in  fact,  induce enormous
corrections. Gravitational effects can either open or close light cones, as captured by the commutator of dressed scalars. Finally,
we discuss the broader landscape of observables now within closer reach in effective field theory and holography.
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