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Motivations

- (Simplified) big picture:

the ones we see 1n nature are black holes or regular black holes?




Motivations

2)In general, why studying the CH instability? Can we cure 1t?

* a)lt seems that regular black holes commonly imply the presence of the CH

* b)It1s a crucial theoretical open problem and an open problem of internal “consistency”
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CH 1nstability in a nutshell

- The CH 1s a surface of infinite blueshift

ds? = —f(r)dt? + f(r) " tdr? + r2dQ?, {t,r,0,0} (uitsc=1, ay=1)
with f(r) =1—2M(r)/r = 0 having two different roots, rgy and rcg.
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CH 1nstability and mass intlation

Incoming perturbation. portion of the originally incoming perturbation backscattered of two fluxes.
by the black hole’s curvature near the CH.

2m, e*
General Relativity and Reissner-Nordstrom f(r) = (1 e 04 "
with event horizon ry and CH 7_ and surface gravity at r_: k_ = — %aggr) >0
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Ori1 model

G,y = T:{f and a background geometry f(7)

l

Incoming perturbation: continuos flux of radiation

Outgoing perturbation: spherical shell 2 of radiation

l

1° Dynamical equation: R(U) — %f_‘ for R(U)
2

1 oM
2° Dynamical equation: (— +) — F(U) for T 4 (U)
f+ Ov )
Notation:
F(v) = (fi a;\i‘)| ., R(v) = shell position, y=dy/dv
l * M (v) = perturbed mass function

- Free parameters: mg, 5, p
- Degrees of freedom: R(v), m,(v)

- Independent variable: v

Assigning a spacetime M (r) & f(r),
and initial conditions R(v;), my (v;),
the system and its evoluton are fully determined
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Phase space for the CH (in)stability of regular black holes

Bardeen solution (also Reissner-Nordstrom) Solution from asymptotically safe collapse
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Phase space for the CH (in)stability of regular black holes

quasl - Fixed points of the dynamical system:
1° eq. R (v) =0
2° eq. m(v) =

Step 1




Repulsor and mass inflation

Ending State

2mor?
Bardeen f(r) = [1 — . ]
(7"2 il a2)3/2 m_,_(v) = +c v Pek-v

A 4 3

>
— —p ,K_V

M,(v) = *c G2 1 a2 vPe

quasi - Fixed Points:
1° eq. R(U) =0
2° eq. m(v) =0

K, (v) x p=2Pg2K-V
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Attractor and mass inflation avoidance

AS-collapse f(r) = [1 — %log (1 +
kK- =1
my =1
¢ =0.167
p =
p=12

6<my
73

M, (v)~O(my) atall v

)]

Cluster II Ending State

e
my(v) = 6—5[35(77) — 1]

Yoll+ Xn=1Ynlog™(v)]

=

x(v) =

Cluster I1

T3

M,(v) = 1—55 log(yov™")?

|

Cluster 11

K, (v) o v*P
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Singularity strength: traversability of the CH

T T,’ .
T() = J dt’ f dt”|C2(z'")| —— “Tipler weak” singularity if Tll_q}) T(7) = G0 s Ll T

diverge

T
= "IC2(t")| —— “Kroélak weak” singularity if already lim 00 ——s €Xpansion does not
220 _[ dniC) & J J T—0 Kele) S diverges negatively

‘ Bardeen solution | AS-collapse Cluster I| AS-collapse Cluster II

It should be pointed out that any classical extension
beyond the mass-inflation singularity will require an in- §
energy along the CH. This |8
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Conclusion and outlook

Results

- Mass inflation instability 1s related to the presence, in the phase space, of a repulsive tixed point
- The presence of the instability strongly depends on the specific functional form of the BH geometry

- For regular BH, an attractor in the phase space can provide a resolutive mechanism

However
- Application of the Ori model to regular BHs imply non-trivial assumptions

- In our solution with stable mass function, the Kretschmann scalar is still unstable
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Moditied action for our non-singular collapse model

Theory:

PR | e 9 A scalar function of the energy-density, which couples matter and
< HEudEhy f 2 el geometry non-minimally, with property: x(e = 0) = 87Gy

Matter Lagrangian

Matter source:

Ty = [e + p(e)]uuuv + DP9




Model of asymptotically sate gravitational collapse

Oppenheimer-Snyder collapse in General Relativity: Our model of collapse implementing the idea of an
gravitational collapse mmmmpp Schwarzschild BH asymptotically safe gravitational interaction (by means of
a modified classical theory of gravity):

gravitational collapse mmp A new regular BH

7

GR: vacuum
GR: star /

= GR: vacuum

Markov-Mukhanov Lagrangian
in the infrared (= GR): star
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M = Mstar U Mewtem'or

dsgtar = —dt? + a’(t)QdTZ s Cl(t)21"2dQ2 {t7 r, 97 (:0} 0<r<m
t2

Cciz_(i = _\/log(1+?§?o£/a3)a2 alt) ~e T, t oo

2 serior = —f(R)dT? + f(R)"'dR? + R%d0? {T,R, 0,0}

pmy=1- 2 iog (14 %06) | R RyT) =realt) > 0
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