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Motivation

Investigate quantum black hole models interesting for quantum gravity 

Many people contribute:
[Ashtekar, Alonso-Bardaji, Bojowald, Brizuela, Modesto, Cartin, Khanna, Boehmer, Vandersloot, Chiou, Campiglia,, 

Gambini, Pullin, Sabharwal, Brannlund, Kloster, De Benedictis, Olmedo, Dadhich, Joe, Singh, Haggard, Rovelli, Vidotto, 
Corichi, Saini, Cortez, Cuervo, Morales-Técotl, Ruelas, Pawlowski, Bianchi,, Christodoulo, D’Ambrosio, Alesci, Bahrami, 

Pranzetti, Husain, Kelly, Santacruz, Wilson-Ewing, Lewandowski, Zhang, Ma, Song, Bodendorfer, Mele, Münch, 
Navascués, Mena Marugán, García-Quismondo, Perez, Speziale, Viollet, Han, K.G.,Liu, Li, Vera, Weigl,,...] 

Recent reviews: [Gambini,Olmedo,Pullin ’22], [Ashtekar, Olmedo, Singh ’23]

Dynamical formulation of gravitational collapse: consider spherically 
spherically symmetric models with dust
 LTB models, Oppenheimer-Snyder collapse also special case of vacuum 
solution
Here we will consider effective models to formulate such models which 
involve (LQG inspired) quantum corrections
Aim: Develop formalism that allows to investigate a broad class of effective 
models [seminal work by Bojowald, Harada, Reyes, Tibrewala ’08 ’09]



  
I.   Classical LTB models and vacuum solutions



I. Classical LTB models

LTB:  Spherically symmetric solution with dust 

We consider Ashtekar-Barbero variables for spherical symmetry

Reduced phase space including dust:
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After implementing the Gauss constraint: [Bojowald Kastrup '00], [Bojowald, Swiderski’03]
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I. Classical LTB models: LTB condition

Consider the form of the LTB metric

General spherically symmetric metric 

<latexit sha1_base64="ZadCjJ/tMAHOr6hwp3ugyLGJAg4="></latexit>

ds2 = �dt2 +

�
(Ex)0

�2

4 |Ex| (1 + E(x))dx
2 + |Ex| d⌦2

<latexit sha1_base64="7O2A2uusGEf/XsK5SIbJlpp4lew="></latexit>

ds2 = �N(x, t)2dt2 +

�
E�

�2

|Ex| (dx+Nxdt)2 + |Ex| d⌦2

[Lemaître '33], [Tolman '34], [Bondi '47]
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I. Classical Vacuum Solutions

We can rewrite EOMs in form of Friedmann equation

Gravitational contribution to the scalar constraint, conserved quantity

Classical vacuum solution: choose dust mass profile
using that M is conserved:       integration constant
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II.   Effective models

Phys.Rev.D 110 (2024) 10, 104017 arXiv:2308.10949 + arXiv:2405.03554

1. Can we construct polymerised vacuum solutions in a similar way?
2. Given a Schwarzschild-like metric can we reconstruct the associated 

polymerised model?



II. How to construct solutions here?

Class II: Compatible LTB condition exists + conserved energy density

Dynamics of effective model:

restricts possible polymerisation functions and form of LTB condition

General effective LTB condition: 
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II.Can we still  construct a solution for      ?

We need the inverse of F:

Class II important: LTB 
condition only depends 
on      and likewise  

Why label      ?
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II. Now we can construct the solution

Given the inverse          we obtain for the EOM and its solution: 

with

Form of the solution in Schwarzschild-like coordinates
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II. Reconstruction algorithm

So far we chose some polymerisation determined          and from solution

In particular interesting for regular black holes like Bardeen and Hayward

Can we also obtain the polymerised model given some choice of      ?

Reconstruction: special case of class II with classical compatible LTB 
condition+no inverse triad corrections, then factorisation in M
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III.   Examples



(i). Standard LQC polymerisation

Polymerised vacuum solutions with a symmetric bounce: (no inverse triad corr.)

Then we obtain in Schwarzschild-like coordinates

Since         is real, minimal radius  
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(i). Standard LQC polymerisation

We can further extend the solution to the marginally bound case LTB solution:

Curvature scalars for generic dust profile M(x)
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(ii). Non-standard LQC polymerisation

Polymerised vacuum solutions with an asymmetric bounce: (no inverse triad corr.)

Then we obtain in 
Schwarzschild-like 
coordinates

<latexit sha1_base64="MnOSH7tFbjYwX419ny/3hMnCzxY="></latexit>

g(↵) = g� = 1LTB condition

Here example of two different         :   
<latexit sha1_base64="7OCW66jr1ALDhjFfnJ5XqpCGnik="></latexit>

G(r)

Taking            as starting point one reconstruct 

Next: underlying effective spherically symmetric model (+mimetic Lagrangian)

effective Hamiltonian

[Dapor-Liegener '17], [Ying, Ding, Ma ’09]

<latexit sha1_base64="Q7HanAK5dPgJ2EGuujYEHgQjoOM="></latexit>

F̃ (b) =
sin2 (↵�b�)

�
1�

�
�2 + 1

�
sin2 (↵�b�)

�

(↵��)
2

<latexit sha1_base64="1hp1GXF9BaVBXZgMrfWnA3X7u50="></latexit>
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(ii). Non-standard LQC polymerisation

Modified FRW eqn defined for each segments 

In this case the marginally bound LTB solution reads:

for vacuum case

Central singularity is resolved, shell crossing singularity still present 

[Dapor-Liegener '17], [Ying, Ding, Ma ’09]
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(iii). Bardeen and Hayward

Polymerised vacuum solutions with a symmetric bounce: (no inverse triad corr.)

shell crossing singularities: situation like in GR: can be avoided by choosing 
suitable dust profile M(x) and s(x), e.g. 

<latexit sha1_base64="D0sHxDsktkYQfqVuDxCfl5JRwqg="></latexit>

M 0(x) � 0 and s0(x) � 0



IV. Summary & Conclusions

 

1.) start with a given polymerisation in the LTB sector determine the 
underlying gauge-unfixed spherically symmetric model 

Next steps: 

Formalism allows to investigate a broad class of effective models with 
different kind of polymerisation

Here we considered examples for bounded and unbounded polymerisations

The formalism can be used in different ways:

2.) For regular black holes: start with a modified Schwarzschild-metric and 
derive the corresponding effective model or vice versa.

Saw that gauge fixing and/or coordinate choice is more subtle in effective 
models in general underlying covariant mimetic model helpful.

Investigate non-marginally bound case in a similar manner

Investigate more in detail shock solutions and whether we can construct 
polymerised model without the presence of shell-crossing singularities



Thank you for your time!



 Underlying covariant Lagrangian  
Extended mimetic gravity

mimetic field    ,      is a Lagrange multiplier for the mimetic condition, 2+1 dof
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(Smooth) mimetic field defines foliation into spacelike hyper surfaces 
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 Underlying covariant Lagrangian  

Now for models with have no inverse triad corrections + compatible with 

Higher derivative couplings can be expressed in terms of X,Y and relate 
to extrinsic curvature 

Underlying covariant model allows to gauge-unfix temporal gauge with 
respect to mimetic field and consider coordinate taros in (t,x)
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µ -scheme we can relate the choice of the mimetic potential to specific 
choices of polymerisation function [Achour, Lamy, Liu, Noui ’18], [Han, Liu ’22] 

]
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Interpretation: effective model has different clock than classical model
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