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More on October 19
Relativity seminar @ ITP, Troja 
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1D potential barrier
● reflects left
● continues right
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● Gravitational 
collapse

Standard 
illustration
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2 possible outcomes
● (Assuming spherical symmetry)

           Minkowski   – Schwarzschild singularity

infinity
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2 possible outcomes
● Minkowski   

                                 mass                                                    2m/r                                             redshift                               psi = r*phi

Schwarzschild
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Choptuik  (1993)
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Critical solution

  mass                                             phi                                       2m/r
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Critical behavior
● MBH = (A-A*)°   for initial data with amplitude A
● MBH can be arbitrarily small
● Exponent ° independent on the initial data shape
● oscillating fields
● periods of oscillation, fields, etc. are discretely self-symmetric with 

scale ratio  e 
¢ 

● also field configuration etc. are independent on initial data shape 
● °    and ¢         depend on the field type (e.g. Young-Mills vs scalar)
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Critical collapse of GW
● No GW in spherical symmetry (3+1 gravity)

Computationaly more demanding

● Numerical relativity “workhorse“ failed

(coordinate singularities appear)

● Also some irreproducible results ...
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Initial data for evolution equations
● For a simple wave eq. □u = 0 one needs initial u(x),  ∂ u(x)/  ∂ t at  t=0

● In GR we need more quantities than DOF

● Non-linear constraints

● Evolution of vacuum spacetime with GW

● BH may appear in strong initial data
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Initial data
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Conclusions
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Thank you
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