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• Colliding binary neutron stars don’t always 
immediately form a black hole; sometimes, they 
form a hot, rapidly rotating, hyper-massive 
remnant

• Post-merger remnants emit kilohertz 
gravitational waves that can tell us about the 
behavior of matter under extreme conditions

• Next-generation gravitational wave detectors 
(Einstein Telescope) will be able to probe these 
conditions with unprecedented sensitivity

• They need robust data analysis pipelines and 
accurate waveform templates

• Goal: Evaluate the efficacy of the NRPMw 
template in recovering the parameters of 
postmerger signals generated by Soultanis (et al.) 
analytic model (and vice versa)

Post Merger Characteristics [1]
• Frequency range: 2000 Hz -  4000 Hz

Bayesian Inference [2]

• Goal is posterior distribution: 𝑃 𝜃 𝑑 =
𝐿 𝑑 𝜃 𝜋 𝜃

𝑍

•  ln 𝐿(𝑑|𝜃) ∝ −(1/2)⟨𝑑 − ℎ(𝜃)|𝑑 − ℎ(𝜃)⟩ , where 

𝐴 𝐵 = 4ℜ 𝑓𝑚𝑖𝑛׬

𝑓𝑚𝑎𝑥 𝐴 𝑓 𝐵∗ 𝑓

𝑆𝑛 𝑓
𝑑𝑓 ; analogous to 

gaussian noise 𝑃 𝑛 ∝ 𝑒
−

𝑛2

2𝜎2

• 𝑍 ≡ ׬ L(d|θ)π(θ)dθ  (fully marginalized 
likelihood function)

Analysis Pipeline [3]
• Injected signal (Data): 𝑑 = ℎ𝑆𝑜𝑢𝑙𝑡𝑎𝑛𝑖𝑠 𝜃
• Recovery Template: ℎ𝑁𝑅𝑃𝑀𝑤 f, 𝜃
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Soultanis (et al.) Model [4]
• The Soultanis model uses a sum of exponentially decaying 

sinusoids to reconstruct the four distinct frequency components 
of a post merger signal (𝑓𝑝𝑒𝑎𝑘 , 𝑓𝑠𝑝𝑖𝑟𝑎𝑙 , 𝑓2−0, 𝑓2+0)

• Results in a waveform that looks like a real supercomputer 
simulation without massive computational cost

Outcome
• Injection lies slightly outside the 90% credible intervals of the 

reconstructed waveform (caused by NRPMw averaging over 
rapid oscillations around 𝑓𝑝𝑒𝑎𝑘 that arise due to fast amplitude 

modulations in the time-domain waveform)

Fig 1. PM BNS Toy Model Fig 2. Toy Model PSD 

d, h(θ), π(θ) Bajes 𝑃 𝜃 𝑑

• Developed working pipeline for post-merger 
analysis using Soultanis model and NRPMw

• Convergence achieved (have subsequently 
performed runs with 𝑛𝑙𝑖𝑣𝑒 ≈ 5000 and more 
MCMC iterations and results still converge)

• NRPMw signal reconstruction is robust
• Injected PM SNR ≈ 10 (80 Mpc); (𝑛𝑙𝑖𝑣𝑒 =

2500) 
• Recovered Network SNR (mf) = 8.715        

(+1.291, -2.547); (𝑛𝑙𝑖𝑣𝑒 = 2500) 
• Missed injection at the 90% confidence level
• Next steps: Implement Soultanis (et al.) 

model into bajes to perform inverse 
inference and adjust NRPMw parameters 
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Fig 5. Corner Plot (𝑛𝑙𝑖𝑣𝑒 = 1000) Fig 6. PSD Reconstruction 
(𝑛𝑙𝑖𝑣𝑒 = 1000)

Fig 7. Corner Plot (𝑛𝑙𝑖𝑣𝑒 = 2500) Fig 8. PSD Reconstruction 
(𝑛𝑙𝑖𝑣𝑒 = 2500)

Fig 3. Soultanis ℎ× strain Fig 4. Soultanis ℎ× PSD (𝐺 = 𝑐 = 1)
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