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Abstract: In the quest to understand the fundamental structure of spacetime (and subsystems) in quantum gravity, it may be worth exploring the
ultimate consequences of non-perturbative canonical quantization, carefully taking into account the constraints and gauge invariance of general
relativity. As the reduced phase space (or even the pre-phase space) of gravity lacks a natural linear structure, a generalization of the standard
method of quantization (based on global conjugate coordinates) is required. One such generalization is Isham's method based on transitive groups of
symplectomorphisms, which we test in some simple examples. In particular, considering a particle that lives on a sphere, in the presence of a
magnetic monopole flux, we algebraically recover Dirac's charge quantization condition from a "Casimir matching principle", which we propose as
an important tool in selecting natural representations. Finally, we develop the non-perturbative reduced phase space quantization of causal diamonds
in (2+1)-dimensional gravity. By solving the constraints in a constant-mean-curvature time gauge and removing all the spatial gauge redundancy,
we find that the phase space is the cotangent bundle of $Diff^+(S^1)/PSL(2, \mathbb{R})$. Applying Isham's quantization we find that the Hilbert
space of the associated quantum theory carries a (projective) irreducible unitary representation of the $BMS_3$ group. From the Casimir matching
principle, we show that the states are realized as wavefunctions on the configuration space with internal indices in unitary irreps of $SL(2,
\mathbb{R})$. A surprising result is that the twist of the diamond boundary loop is quantized in terms of the ratio of the Planck length to the
boundary length.

Papers on quantization of causal diamonds:
https://arxiv.org/abs/2308.11741
https://arxiv.org/abs/2310.03100

---

Zoom link https://pitp.zoom.us/j/98636934234?pwd=THBCcFpYWHYzWmY0YjViY3Q1a3VYdz09
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