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• Eccentric CBC inspirals are most relevant to populations formed by 
  stellar dynamics and those formed with strong supernova kicks

• GW search/PE use “circular” templates. Eccentricity changes the 
phase of inspiral GW waveform from a circular case. This affects PE 
accuracy of intrinsic parameters such as masses (Favata 2013) 

• 2nd and 3rd G detectors can be capable of observing “eccentric” CBC 
inspirals. Low frequency band (fgw= 10 – 30 Hz) is important.

• This work: MCMC PE for GW151226-like BBH inspirals assuming 
different eccentricities (e=0.0001 - 0.2)

Motivation



 Circular templates are ok
 for CBCs like known NS-NS mergers. 
 e < 10-5 at 10 Hz or higher
 (e.g. Hulse-Taylor binary) 

Some exotic CBCs may be “eccentric”
O(0.1%) – O(1%) of disk population
(Kowalska, Bulik, et al. 2011)

We examine systematic error in eta 
(systematic mass ratio) due to “eccentricity”

CBC inspirals and eccentricity



Systematic bias in the symmetric mass ratio 
due to neglecting eccentricity [Fisher Matrix study]

eta (       ) : symmetric mass ratio 

systematic error becomes 
larger than statistical error 
in eta measurement for CBCs
with e > 0.002 at 10Hz (aLIGO)
with e >~ 0.0004 (ET)

Marc Favata PRL(2013) 
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• Waveform model: TaylorF2 (restricted, 
  non-spinning) [Favata et al. in prep]

• Phase term = 3.5pN SPA  
     + 3.0pN secular phase corrections 
        for eccentricity

• We implemented eccentricity corrections
   to TaylorF2 (in LALSuite/LALSimulation).  
   No spin, No amplitude corrections.

GW frequency (Hz) 
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“eccentric” GW waveform (inspiral)



phase corrections

phaseEcc depends on 
e0, v0 and eta

e0 : eccentricity@f0

M=m1+m2

f0 is set to be 10Hz

     

v0 = (πMf0)
1/3

TaylorF2 phase = SPA + phaseEcc + etc.



Software injection simulation

GW151226 mass parameters 
m1= 15.6 Msun , m2= 8.2 Msun , eta= 0.2258

Assign eccentricity @ 10 Hz,  overlap calculation fgw=[25 Hz, ISCO]

To examine PE accuracy,
we consider a single detector (aLIGO) ; 
set SNR ~ 20 (distance = 500 Mpc)

PE for GW151226-like BBH [preliminary]



Systematic error in “eta” due to eccentricity 
“Eccentric” templates are necessary for e >~ 0.2 (@10Hz) 

eta eta

eccentric injection
circular templates

eccentric injection 
eccentric templates

Injection: 
e=0.2, 

eta=0.2258 

Detector:
aLIGO (single IF)

flow=25Hz

prior for e:
uniform

e=[0.0, 1.0]



Can we constrain eccentricity from CBC inspirals? 

injection 
e=0.2

MCMC PE constraint  
degrades if e < 0.04 

[preliminary]  

With aLIGO (25Hz low cut-off frequency), e~O(0.01) can be constrained. 
Search/PE for small e inspirals are expected to be computationally 
expensive 

[eccentric injection vs eccentric templates]



Summary

• We implemented up to 3.0 pN phase corrections due to eccentricity 
  for TaylorF2 in LALSuite (local branch). 
  LALSimulation, LALInference_mcmc can utilize this waveform model

• We examine PE accuracy for symmetric mass ratio and eccentricity 
   for GW151226-like BBH inspiral assuming different eccentricities 
  (0.0001 < e < 0.2 @ 10Hz)

• With aLIGO, inspirals with e~O(0.04-0.1) can be interesting for PE 
purposes (flow=25 Hz)

• MCMC PE results are roughly consistent with the Fisher matrix 
   prediction 

preliminary

preliminary



Future work
• We will extend MCMC PE for “eccentric” CBCs varying masses and 
   low cut-off fgw = [10, 30] Hz (computationally expensive, though)

• Eccentric taylorF2 inspiral waveform will be included in KAGALI

CBC PE for KAGALI

• Additioning pN corrections for amplitude, eccentricity (TaylorF2)

• CBC PE for software AND hardware injection

• KGWG DAS members: Hyung Won Lee, Jeongcho Kim,
                                     Chunglee Kim

   Yeong-Bok Bae (new postdoc at KASI) will join from 2016.09 


