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   What are Critical Phenomena?  

Universality 

Self-similar behavior

Power law behavior near the threshold
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   Collapse of Gravitational Waves in vacuum  
Evidence of different threshold solutions



  

   Why different critical solutions?

[5] M. F. Perez Mendoza and T. W. Baumgarte. Critical phenomena in the gravitational collapse of electromagnetic dipole and quadrupole 
waves. Phys. Rev. D 103, 124048

In [4] they study the collapse of 
electromagnetic waves

Dipoles (l=1)

Quadrupoles (l=2)

Absence of spherical solution, as GW

Different critical solutions

Speculation about the different multipoles 
of the initial data



  

   Comparison of linear Brill and Teukolsky waves

[6] I. Suárez Fernández, T. W. Baumgarte and D. Hilditch. Comparison of linear Brill and Teukoslky waves. arXiv:2111.04752

Brill Wave Teukolsky Wave

Multipolar

More numerically unstable

Easy to obtain as ID, (just 
solving a elliptic equation)

q(t,r)

Fully nonlinear

Quadrupolar

More numerically stable

More difficult to obtain as ID (solving 
Hamiltonian constraint)

F(t,r)

Linear before solving H constraint



  

   Teukolsky waves

[6] I. Suárez Fernández, T. W. Baumgarte and D. Hilditch. Comparison of linear Brill and Teukoslky waves. arXiv:2111.04752

f
ij  

 → Angular functions 

A, B, C → Coefficients depending on 
F(t,r) and derivatives

F(t,r) → Seed function

Metric ansatz

Chosen seed function

Coefficients



  

  Brill waves

[6] I. Suárez Fernández, T. W. Baumgarte and D. Hilditch. Comparison of linear Brill and Teukoslky waves. arXiv:2111.04752

q(t,r) → Seed function

Ψ → Conformal factor

Metric ansatz

Linear Hamiltonian constraint



  

   The special case of Holz data

[6] I. Suárez Fernández, T. W. Baumgarte and D. Hilditch. Comparison of linear Brill and Teukoslky waves. arXiv:2111.04752

Holz seed function

Centered gaussian

The most common choice

Purely quadrupolar!



  

   Comparison → Gauge transformation

[6] I. Suárez Fernández, T. W. Baumgarte and D. Hilditch. Comparison of linear Brill and Teukoslky waves. arXiv:2111.04752

We write Brill Waves in the Transverse Traceless (TT) gauge

Metric perturbation Coefficients



  

   Comparison → Gauge transformation
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   Comparison → Gauge invariant Moncrief formalism
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Moncrief function



  

   Comparison → Gauge invariant Moncrief formalism
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   Comparison →Kretschmann scalar

[6] I. Suárez Fernández, T. W. Baumgarte and D. Hilditch. Comparison of linear Brill and Teukoslky waves. arXiv:2111.04752



  

   Conclusions

The Holz data, the most common choice, is purely dipolar, as Teukolsky.

Compare in 3 different ways Brill and Teukolsky waves with coherent results

Brill Waves in TT can be expressed as Teukolsky waves, but we are missing F(t,r)

The Moncrief function and the Kretschmann scalar are very similar qualitatively

The different multipoles of Brill Waves coupling to different parts of the Einstein equations 
does not seem the reason of the differences between Teukolsky and Brill waves behavior.
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Thank you


