SINGULARITY RESOLUTION OF QUANTUM
BLACK HOLES IN (A)DS

Based on arXiv:2502.10104 by Steffen Gielen & Sofie Ried
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Infinite d.o.f. one d.o.f.
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UNIMODULAR GRAVITY

Add Henneaux-Teitelboim term (Henneaux & Teitelboim 1989):
1

SEH = Ef [V—9R — ZA(\/TQ — auT“)]d4X

2 J,A=0,0,TH =/—g
2 mpo= A

Unimodular time T, (t) = fz(t) n,THd3x

%(to)
Ta(t;) — Tp(ty) = 4-volume between hypersurfaces
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QUANTISATION

Classical Hamiltonian constraint: 0 = H = —iznnng — n—lz + A

]
l Quantisation

Wheeler-De Witt equation: ind;y = (:—z 0s0p — n—lz) Y & Ha
Use T as clock

— Relational notion of time: what value does A have when T has
value Ty?

- Unitarity in T evolution « H; self-adjoint < A quantum observable
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RESULT 1: Resolution of the singularity
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- 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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Wheeler-de Witt equation: id -y = Hqy
- Problem: H; a priori not self-adjoint
- Solution: Self-adjoint extensions infroduce free function y(k)

>Key result: Symmetry of Hg reduces this to one parameter g,
where sgn(f) determines sgn(mass) for all semiclassical states

[V]Either only positive or negative mass semiclassical BHs exist!
[VJNo unstable vacuum (Horowitz & Myers 1995)
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variables by expectation values, assuming g, < k. & A, = 0:

k? k2T (r)2dr?

d52=—<1—ﬁ C>d22+ (1) —~ +r2dQ?
\ 21 | il Bk

gi2 | 21

5= 2GM~-> g,, unchanged

dr?
— 2 4 2 2
+ —F(r)dt- + ) + r<dQ)

With T/ (r) ~ f(1 _ S )

k. 20416



SUMMARY arXiv:2502.10104

Sey == f [V=9gR — 2A(y=g — 9,T*)]d*x

2 - 0y = Hey
ds® = — I\I(I;Lt)(tlf)l(tf)dt2 §8d + n(t)2dQ? ) o ’

->Quantize + make Hs self-adjoint

1. Singularity is resolved

2. Either only positive or negative mass semiclassical black
holes exist

3. Analytical guantum metric that can be studied



