
 Measuring eccentricity in binary 
black hole mergers 

Alice Bonino, Patricia Schmidt, Geraint Pratten

 EOB@Work23: 16 October 2023

University of Birmingham



Eccentricity estimator

● Eccentricity estimator:                                                                                                                                          

● Average frequency:                                                                          (can use other definitions, important is to be 

consistent)                                                                                 

● Impact of data conditioning and numerical errors: junk radiation, waveform extraction 
(dependence on the Fixed Frequency Integration cut-off), extrapolation, noise, where the 

estimator breaks down (how many peaks we need)…                                                                                            
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[from GW frequency]
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● We calculate the eccentricity from NR simulations                      corresponding to average frequency 

and eccentricity at first apastron (                                       )

● Generate TEOB waveforms using as initial conditions 

● Read off the initial times (corresponding to the times of first apastron) of NR and TEOB: the initial 

times do not correspond!                 

Take the difference between the two times

 From the eccentricity curve read off average frequency and eccentricity at 

 Re-generate TEOB waveforms using as initial conditions the average frequency and the 

 eccentricity at                        i.e.                                             . The initial time is now ~                : 

The NR initial conditions and the TEOB initial conditions correspond now to the same 

reference time!

                               Perform a phase shift in order to have                                                                                      where                                           

  (this is equivalent to put both phases to zero at the time of first apastron)

NR vs TEOBResumS: TEOB initial conditions
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Einstein Toolkit simulations

NR vs TEOBResumS: Preliminary results
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Einstein Toolkit simulations

NR vs TEOBResumS: Preliminary results
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SXS_BBH_1359

SXS simulations

NR vs TEOBResumS-Dali: Preliminary results

SXS_BBH_1360



7

Additional plots 

Study of the first peak: Study of the last peak:

Different extraction radii: 
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Preliminary table of ETK simulations  


