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Overview

@ Introduce a class of metrics that:

¢ Model gravitational collapse
e Have the quantum gravity feature of singularity resolution
e Have a matter bounce like in many LQG theories

@ Study horizon formation and properties
@ Calculate BH lifetime
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Motivation

@ Spacetime itself ceases to exist at singularities

S. Hergott (York U) Model Metrics for Quantum BHs May 7, 2024 3/21



Motivation

@ Spacetime itself ceases to exist at singularities
@ Singularity theorems predict all (physical) spacetimes are singular
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Idea

@ A quantum gravity model is expected to have singularity resolution
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Idea

@ A quantum gravity model is expected to have singularity resolution
@ Design a spacetime metric that has these features built into it
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The Metric

@ Start with a generic spherically symmetric metric

ds? = —N2(r, t)dt2 + f2(r,t) (dr + N'(r, t)at)® + g2(r, ) dQ?
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The Metric

@ Start with a generic spherically symmetric metric

ds? = —N2(r, t)dt2 + f2(r,t) (dr + N'(r, t)at)® + g2(r, ) dQ?

@ Use Painleve-Gullstrand coordinates of a freely falling observer
starting from rest at r = « by setting

N(r,t)=1 f(r,t)=1

glr.y=r N (r,t) = \/W

the metric is then

ds? = — (1 - 26"’1(“ t)) d?+2 ZGMr(r’ D etor + o2 + 02
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The Mass

@ M(r,t) is the mass contained within radius r at time t and related to
density via

)
M(r, 1) :47:/ rp(r,t)dr
0
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The Mass

@ M(r,t) is the mass contained within radius r at time t and related to
density via

)
M(r, 1) :47:/ rp(r,t)dr
0

@ Ensure
lim M(I’, t) = MADM

r—oo
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The Mass

@ M(r,t) is the mass contained within radius r at time t and related to
density via

)
M(r, 1) :47:/ rp(r,t)dr
0

@ Ensure
lim M(I’, t) = MADM

r—soo

@ Ensure p(r,t) isbounded as r — 0
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The Mass

@ M(r,t) is the mass contained within radius r at time t and related to
density via

)
M(r, 1) :4n/ rp(r,t)dr
0

@ Ensure
lim M(I’, t) = MADM

r—oo

@ Ensure p(r,t) isbounded as r — 0

@ To model the collapse and the bounce, M(r,t) should initially
move toward r = 0, reverse direction at some small r, and then
move outward
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The Mass

@ The proposed mass is

o a b
M(r,t) = My [1 +tanh (rrol‘/(”)tﬂ tanh (;})
0 0
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The Mass

@ The proposed mass is

— = a b
() - (70 00 e ()
0 0

@ aand b are chosen such that
1 M
U= 2aror

is boundedas r — 0
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The Mass

@ The proposed mass is

o a b
M(r,t) = My [1 +tanh (rrov(”)tﬂ tanh (;})
0

lo

@ aand b are chosen such that

1 dM
P = G2 or

is bounded as r — 0
@ v(r,t) is a time-dependent velocity of the center of the collapsing

shell given by
A t—ty
t)= ——tanh [ ——
A= Gy (%)
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Horizons

@ Look for horizon(s) by finding the roots of g”"

~ 2GM(r,1)

@(r’t):grr:1 r
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Horizons
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Causal Structure- Region 1
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Causal Structure- Region 2
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Causal Structure- Region 3
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Causal Structure- Region 4
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Causal Structure- Region 5
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Causal Structure- Region 6
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Conformal Diagram

j+

S. Hergott (York U) Model Metrics for Quantum BHs May 7, 2024 17/21



Black Hole Lifetime

@ Interval between formation and annihilation Tgy = t; —{;

@ Recall 2 .
rt)=—— _tanh —2
vIrD =Gt ( b >
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Black Hole Lifetime

@ Find the relationship

~ nh+2pgn+1
T =~ 2" =My
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Black Hole Lifetime

@ Find the relationship

~ on+2 pgn+1
T =~ 2" =My

@ n=1, Tgy =< M? which is that of gravitational dust collapse
proposed by Husain et al. (arxiv:2109.08667)
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Black Hole Lifetime

@ Find the relationship

~ on+2 pgn+1
T =~ 2" =My

@ n=1, Tgy =< M? which is that of gravitational dust collapse
proposed by Husain et al. (arxiv:2109.08667)

@ n=2, Tgy > M® which is that of Hawking evaporation time
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Conclusion

@ Designed a spacetime metrics that

o Models gravitational matter collapse

o Resolves the singularity as expected from a theory of quantum
gravity

e Exhibits horizon formation and evaporation with a temporary event
horizon

e Provides parameter dependent formula for black hole lifetime
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