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Physical effects entering the GW phaseTheory:

S1 . S2L . S1/L. S2 Λ ~ Equation of State
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S1 . S2

𝛋 appears at 2PN, 3PN, 3.5PN
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𝛋 = 1, BH
𝛋 = [2-10] N.S
𝛋 = [50-100] Boson Star 

Physical effects entering the GW phaseTheory:

Omkar et al: 
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SIQM-Ecc : Population Level AnalysisData:



SIQM-Ecc 
Waveform: e0 8

for CE vs advLIGO

For higher eccentric case: 
Large number of PN cycles =>
allows eccentric binaries to 
imprint additional harmonics
over many cycles.

Additional phase information,
leading to slightly smaller 
uncertainties compared to the
circular case. 



GW Waveform (Freq. Domain)

1 PN 1.5PN
   (𝞫) 2 PN (𝞼)

Spin-Orbit: Spin-Spin:
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PN Waveform: General overview +  where SIQM 
Enters

M = Total Mass
𝞰 = symm mass-ratio

𝛋 appears at 2PN, 3PN, 3.5PN



The spinning motion of companion A creates a distortion in its mass distribution => 
creates a distortion in the gravitational field outside the star, measured by (Q A)ij

The quadrupole term, (Q A)ij, in the gravitational potential affects the orbital motion of 
the companions, and it affects also the emission of GWs.

𝛋 = 1, BH
𝛋 = [2-10] N.S
𝛋 = [50-100] Boson Star 
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Poisson ’98, Kidder ’95

Kappa: Spin-induced 
moment constant

GWs: The case for SIQM

SIQM:Testing the 
Compact binary 

nature



Inspiral Waveform: Adding Kappa-Ecc Terms*
           

*Credit: Omkar, Soham Kaushik 2024 

+

● Inspiral Waveform : an update to the 3PN eccentric phasing (Moore et al )

● Omkar et al  aligned-spin effects to the small eccentricity expanded time and freq domain phases

● For e02 valid till e0=0.3 . . .  e08  valid till e0=0.5

● Kappa errors for ET and Cosmic Explorer and compare with adv. LIGO

● Define symmetric and anti-symm combination:
                     (For BBH: 𝛋S=1, 𝛋A=0)

Aim

𝛋1, 𝛋2  

𝛋S
 = (𝛋1 + 𝛋2)/2  

𝚿ecc+kappa



SIQM-Ecc 
Waveform: 
e08 for CE 

Inspiral contributes only a 
few PN cycles before merger, 
leaving little opportunity for 
eccentricity-driven harmonics 
to accumulate in the 
waveform. 
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