
Apparent Horizon Finder

Tiago França, Queen Mary University of London



- Short version: an apparent 
horizon (AH) is the outermost 2D 
trapped surface, where the 
“expansion”, Θ, is zero

- This is the surface where the 
area of a spherical flash of light 
rays emitted radially outwards 
will remain constant.

- Apparent horizon is inside the 
event horizon. Coincides in 
static case

- In binaries, a 3rd and 4th AH 
appear when merging



Good

Not so easy

Images from M. Alcubierre, 
Introduction to 3+1 Numerical RelativityImage from Wikipedia

GRchombo’s AHFinder discretizes the 2D AH surface and uses a quasi-Newton method 
from the PETSc library to find the zero of the expansion for star-shaped horizon, given 
some initial guess.

Numerical Methods for 
Star-shaped AHs



AHFinder Class
How to use?
1) Install PETSc and change Chombo’s Make.defs.local -> see full slides

2) Change your Example -> see full slides

3) Add parameters to ‘params.txt’ file

4) What is the output?

Quick version: consult BinaryBH / KerrBH Examples as a reference



AHFinder – How to use
3) Add parameters to ‘params.txt’ file

- params.txt: there are many AH parameters. The commented values are the default 
values. Consult AHParams.hpp for more information (meaning and default values).

...



AHFinder – How to use
4) What is the output? Part I - Command Line

- Output will be a ‘coords’ file for each AH and for each step, containing to coordinates 
of the AH surface, and a ‘stats’ file for each AH, containing convergence information 
(e.g. area and spin) for all timesteps.



AHFinder – How to use
4) What is the output? Part II - ‘coords’ files

- ‘coords’ files: contain the coordinate system information about the surface of the AH 
(spherical coordinates - theta, phi, r - above).
With the parameters ‘AH_num_write_vars = 2’ and ‘AH_write_vars = chi d1_chi’ the 
example above also outputs the value of ‘chi’ and its derivatives at each point of the 
horizon. These can be diagnostic variables and include 1st or 2nd derivatives.



AHFinder – How to use
4) What is the output? Part III - stats_AH1.dat

- ‘stats’ files: print the area, spin and center of each found AH at each timestep

- ‘origin’ is the origin of the coordinate system used in the ‘coords’ file. 

- ‘center’ is an approximate geometric center of the surface found (an approximate 
location of the puncture).

...

...



AHFinder – How to use
4) What is the output? When it goes right...



Memories



AHFinder – Extra notes

A

- Finding other geometries (e.g. cylinder, 2D AHs like a string, etc.)

- Finding other surfaces (possible to find e.g. chi=0.3 surface)

- ‘Postprocessing_tools’ repo
(if you want to use a checkpoint to find the AH after running)

- Other cools stuff

Example of AHFinder working in 
2D with a weird shape

(higher dimensional Black String)
Image credit to Chenxia Gu


