
  

Collapse of axisymmetric Gravitational Waves in vacuum  

Isabel Suárez Fernández

CENTRO MULTIDISCIPLINAR 
DE ASTROFÍSICA

CENTRA

In collaboration with:
Daniela Cors Agulló, Sarah Renkhoff, Prof. David Hilditch & Prof. Bernd Brügmann

16th September, 2021
Spanish-Portuguese Relativity Meeting EREP2021



  

Collapse of axisymmetric Gravitational Waves in vacuum  

Absence 
of matterFamilies of solutions of the 

Einstein Equations with axial 
symmetry

Curvature blows up
A Black Hole is born

Critical phenomena  



  [1] Gundlach, C., Martín-García, J.M. Critical Phenomena in Gravitational Collapse. Living Rev. Relativ. 10, 5 (2007)
[2] M. Choptuik. Universality and scaling in gravitational collapse of a massless scalar field Phys. Rev. Lett. 70, 9. (1993)

   What are Critical Phenomena?  

Universality 

Self-similar behavior

Power law behavior near the threshold



  

   Roadmap of the talk  

Axisymmetric Gravitational Waves as Initial Data  →  Brill Waves

Evolution of different families with the pseudospectral code BAMPS

Use of Adaptive Mesh Refinement (AMR)

Bisection search

Apparent horizon finder, Ahloc3d

Study of critical phenomena

Scaling of the Kretsmann scalar, topology of the Apparent Horizon, lapse collapse...



  

   Initial data → Brill Waves 

Prolate

Oblate

Axisymmetric Brill Waves 
 

Families 
 

Non-linear vacuum solution to Einstein’s constraint equations → solving elliptic equation

Arbitrary seed function q(ρ,z) →  typically a Gaussian profile



  

   Evolution with BAMPS

[3] Hilditch, Weyhausen, Brügmann. Pseudospectral method for gravitational wave collapse. Phys. Rev. D93 (2016)

Pseudospectral code

Adaptive Mesh Refinement

(AMR)



  

   Adaptive Mesh Refinement (AMR)



  

   Bisection search: Subcriticality

[4] Sarah Renkhoff, Muninn, (2020) git repository https://git.tpi.uni-jena.de/srenkhoff/muninn



  

   Bisection search: Supercriticality

Ahloc3d → Apparent horizon finder

x

z

[5] Sarah Renkhoff, Ahloc3d, (2020) git repository https://git.tpi.uni-jena.de/srenkhoff/ahloc3d



  

   Study of Critical Phenomena: Context

[6] Evolutions of centered Brill waves with a pseudospectral method, David Hilditch, Andreas Weyhausen, and 
Bernd Brügmann, Phys. Rev. D 96, 104051

Evolution of one family of centered, prolate brill waves with BAMPS, and no AMR



  

   Study of Critical Phenomena: Context

[7] Universality of curvature invariants in critical vacuum gravitational collapse, Tomáš Ledvinka, Anton 
Khirnov, arXiv:2102.09579

Evolution of different families of axisymmetric GW → Only centered families

“For different families of initial data we observe universal ‘echoes’ in the form of irregularly repeating approximate 
scaled copies of the same piece of spacetime.”

“We did not observe a universal and regularly self-similar solution in A → A  limit and we find the ∗ dimensionless 
characteristics of near-critical behavior [...], depend on the ID family.”



  

   Results: Oblate                      
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   Results Prolate
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   Results



  

   Conclusions

We were able to reproduce previous 
results [6] with prolate, centered Brill 
Waves and we are already pushing 
forward.

Less computational resources due to 
the use of AMR.

[8] I. Suárez Fernández, R. Vicente and D.Hilditch. Phys. Rev. D 103, 044016 (2021)

 Hints to new topologies, in agreement with [8].

Looking forward to create and extend the scaling 
Kretsman scalar plot.
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Thank you
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