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Unimodular time TΛ(𝑡) = ∫
Σ(t)

𝑛𝜇𝑇
𝜇d3𝑥

𝚺(𝒕𝟏)
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𝑇Λ 𝑡1 − 𝑇Λ 𝑡0 = 4-volume between hypersurfaces 
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Result 1: Resolution of the singularity

→Generic for theories in which clock 𝑇 reaches singularity in 

finite time (Gotay & Demaret 1983/1997, Gielen & Menéndez-Pidal 2020/2022)
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→ Problem: ෡𝐻𝑆 a priori not self-adjoint

→Solution: Self-adjoint extensions introduce free function 𝜒 𝑘

→Key result: Symmetry of ෡𝐻𝑆 reduces this to one parameter 𝛽, 
where sgn 𝛽 determines sgn(mass) for all semiclassical states

✅Either only positive or negative mass semiclassical BHs exist!

✅No unstable vacuum (Horowitz & Myers 1995)
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Summary

𝑆𝐸𝐻 =
1
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∫ [ −𝑔𝑅 − 2Λ −𝑔 − 𝜕𝜇𝑇

𝜇 ]d4x
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→Quantize + make ෡𝐻𝑆 self-adjoint

1. Singularity is resolved
2. Either only positive or negative mass semiclassical black

holes exist
3. Analytical quantum metric that can be studied

𝑖𝜕𝑇𝜓 = ෡𝐻𝑆𝜓
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