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Outlines

1. Introduction
○ Gravitational waves from merging black holes and neutron stars (three phases of the merger)
○ Mention LIGO detections
○ Peaks in the power spectral density (PSD) for a neutron star merger
○ Neutron stars with dark matter cores

2. Theoretical model
○ Toy model from Ellis et. al 
○ Derivation of the PSD:

i. Equations of motion
ii. Quadrupole moment

○ Plots for the Gravitational wave signal
○ Plot for the PSD

3. Numerical results
○ Our plots h+ and hx in comparison to Ellis et al.
○ Our plots for the PSD for different values of the free parameters

4. Conclusions and outlook
○ Summary
○ Open problems: Cannot reproduce oscillations in the PSD that Ellis et al. have
○ Realistic values for the free parameters, e.g., the dark matter mass fraction (see https://arxiv.org/abs/2303.04089)



1. Introduction



Stages of Binary BH/NS Mergers

Credit :(Top) Kip Thorne; (Bottom) B. P. Abbott et al. [8]; adapted by APS/Carin Cain 
https://physics.aps.org/articles/v16/29



LIGO Detections

Credit: Abbot et al. [1]



PSD for a NS Post-Merger

Credit: Takami et al. [2]



Adding Dark 
Matter Cores

Credit: Ellis et al. [2]



2. Theoretical Model



Toy Model

Original Toy Model Extended Toy Model

Ellis et. al [3]Takami et. al [2]



Derivation of Equations of Motion 

Solutions of equation (3)Ellis et. al [3]



Derivation of Equations of Motion 

Code for equation (3)Ellis et. al [3]



Derivation of Quadrupole Moment 

Ellis et. al [3]
Solutions of equation (5)

Kronecker deltaEinstein sum notation



Derivation of Quadrupole Moment 

Code for equation (5)
Ellis et. al [3]



Plots for the Gravitational Wave Signal 

Ellis et. al [3]

Plots for the 
h+ and hx



Plot for the PSD 

Ellis et. al [3]

Plot for 
the PSD



3. Numerical Results



Plots of H+

Ellis et al. EXPLORE Team



PSD Plots

Ellis et al. EXPLORE Team



Change of Radius (Rinitial=10) Change of θ (θinitial=0.2)
Decrease, R = 5 Decrease, θ = 0

Increase R = 15 Increase, θ = 2



Change of dt (dtinitial=0.02) Change of tmax (tmaxinitial=300)
Decrease, dt = 0.002 Decrease, tmax = 150

Increase dt = 0.2 Increase, tmax = 450



4. Conclusions and 
Outlook



Summary
● Adding DM cores changes the PSD 

noticeably
● Can recreate Ellis et al plots using eq. 

1-6
● Vary parameters to other reasonable 

values



Mini Oscillations not replicated by EXPLORE team

Limitations
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