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Stages of Binary BH/NS Mergers

Inspiral Merger Ringdown

Inspiral Merger  Ringdown
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Credit :(Top) Kip Thorne; (Bottom) B. P. Abbott et al. [8]; adapted by APS/Carin Cain

i , https://physics.aps.org/articles/v16/29




LIGO Detections
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Figure 1 The instrumental strain data in the Livingston detector Time (s)

(blue) and Hanford detector (red), as shown in Figure 1 of [1]. Both . . .
have been bandpass- and notch-filtered. The Hanford strain has  Figure 2 A representation of the strain-data as a time-frequency

been shifted back in time by 6.9 ms and inverted. Times shownare  plot (taken from [1]), where the increase in signal frequency
relative to 09:50:45 Coordinated Universal Time (UTC) on Septem- (“Chil’p") can be traced over time

ber 14, 2015.
/ Credit: Abbot et al. [1]
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PSD for a NS Post-Merge
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FIG. 3. PSD 2l~z‘(f)f1/2 relative to the binary APR4-gq10-M1375.
Indicated with a black line is the full PSD, while the green line shows

the PSD after the application of a Tukey window, and the blue line
the PSD filtered with a high-pass Butterworth filter. Finally, shown
in red is the fit made to capture the peak frequencies fi and fs.

Credit: Takami et al. [2]
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Adding Dark
Matter Cores
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2. Theoretical Model
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Toy Model

Original Toy Model

FIG. 17. Cartoon of the mechanical toy model composed of a disk of
mass M and radius R rotating at frequency €2(t). Two spheres, each
of mass m/2 are connected to the disk, but are also free to oscillate
via a spring that connects them.

Takami et. al [2]

Extended Toy Model

FIG. 1. A schematic diagram of the mechanical model
adopted to investigate the possible effects of DM components
on the GW signal emitted by NS-NS mergers. The DM cores
(in black) move in an environment constituted of the remnant
neutron stellar core (in white) and a disk of neutron matter
enclosing the latter.

Ellis et. al [3]



Derivation of Equations of Ma
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For r;, and 7,

mni;n + Z(bn + Cn)fﬂn - (mné% + 4kn)rn + 4knan =0

For 6, and 6,,:

1 ) _ . .
("lnrn2 4 EMRZ) n 3 Z(mnnl‘rn s bdrdz. 23 Cnn'lz)en - Zbdr(%gn =0

For r; and 7y:

maty + [2(bg + cq) —mg03 — 4ky|ry + 4kgay = 0

For 6, and 6,:

mar26, + 2[mgrgiq + r2(bg + c4)]84 — 2byr36, =0

Solutions of equation (3)



Derivation of Equations of M

Code for equation (3)
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Derivation of Quadrupole Mongent

Einstein sum notation Kronecker delta

= R =
Iy, = Z (Ij.kl - §(’kl(5abfj.ab) '

j=n,d

Lk = 3mjxj ke .

Solutions of equation (5)
Ellis et. al [3]
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+ 3m,1,2(2c0526,,0,, + sin26,,0,) + 2my (73 + 1473) (2c0s%8, — sin?6,)
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Plots for the Gravitational Waveﬁ\al

Ellis et. al [3]

Plots for the i
h+ and hx
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Plot for the PSD /

Ellis et. al [3]

Plot for
the PSD
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3. Numerical Results

»



Plots of H,

Ellis et al. EXPLORE Team




PSD Plots

Ellis et al. EXPLORE Team
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4. Conclusions and
Outlook
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Summary /

Adding DM cores changes the PSD
noticeably

Can recreate Ellis et al plots using eq.
1-6

Vary parameters to other reasonable
values
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Limitations
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Mini Oscillations not replicated by EXPLORE team
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