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Introduction Results Conclusion
The Advanced Laser Interferometer Gravitational-Wave Observatory (LIGO) _ _ Indeed, it Is now apparent that the presented analysis wonderfully characterizes
detectors have revealed, in great detail, the Universe's immense abundance for Model o Priors This analysis concerns e ) Result 1 the distributions for BBH in GWTC-3. Let’s highlight a few key points:
Gravitational Wave Sources. These waves are born from immense distortions Primary Mass Model Parameters Itself with the underlying = —_
In space and time, created by the largest rotating objects in our universe: Black B-Spline Primary | » smooth(t, o, 1, 1) distribution of Black  Non-parametric and data-driven models, speficially Basis Splines, can be
Holes. - T 10 Hole Mass, Mass Ratio, | used with great success in analysis for populations of Black holes.
i i Spin Magnitude, Spin
: ot : 20, 50, 80 i i i _ L . . .
Observations of these gravitational wave sources have greatly shifted our - Orlentathlon,band Rgflshn‘t * B-Splines highlight the danger in parametric models when data Is scarce.

universe. Figure 4 shows

as novel measurementg of cosmc_)loglcal parameters._Thesg observations also B-Spline Ratio ] smooth(t, o, 1, n) e o \I/:vii?ﬁrteh::BTg; Mass Ratio Distibution inered quite rare, the uncertainty for these model’s is quite large; this isn’t seen in
greatly exposed their tendencies; that is, the way in which they behave . Iy i€ primary mass varametric models.
themselves. Here, we present our "Analysis from Analyses," across a catalog of - o d'Strl'Bbgt"I)_” '”I:c/‘ler[je‘? L1t R — - Result 2
) our B-Spline Mode _ - _ o _
125 Black Hole Events (GWTC-3). Redshift Model P . considering several  Changes to priors, specifically in the mass regime, is mostly immune to
easni odel Farameters

analytical changes in the fits, but is capable of hiding exaggerations in the

- different constraints. Our |,
B-Spl P a normal (0,3 : _ T
Research Question T | BSplinemodel s - pesks of our models
i peaks at both 12 M and | ~ N o |
n 50 32 M, further agreeing | . * Binary Black Holes, within mergers, tend to exist in our universe at around

Polynomial splines have been applied successfully across several different Spin Magnitude Model Parameters with those reported In - 75 ml~12 Mg tom2 ~ 32 Mg
areas of GW astronomy (namely noise & detector calibrations), but rarely in B-Spline Magn. |2 smooth(z,a,r,n) | 1 1€ LIGO collaboration  knots linearly spaced from 0'to 1. | |
the Hierarchical case. In this investigation, we deploy the use of Basis Spline T 1 elf.il' (2.0215])2' ; 1 1 1 | =R Result 3 g’h_eile afr_e,_o; qutjrzst% Onl.y : fﬁiw n(t).tabtl.e Ccicndtl;]s.lons im(?ngﬂr]n alr.ll}(" II t? hld@ }O
: - - L Ikewise, the mass ratio riefly finish with the original motivation for this analysis: the likelihood of a
(Brrslgllsnes)pmo:ﬁ:js rlgdzﬁﬁ:fsdtigt:: Luusttir;t]i g?vr\r/]é)rr;ncg r;)ir;]:rrizse ];I]I%?/r\]/t-%r_%?r\(j\?s " n > sees a shallow slope 7 certai>r: Binary Black Holg Formation scenarios. By usiyng our non-parametric
constrain a few parameters, then ask: to what extent do our results, Spin Tilt Model Parameters fromg~0.41t0q~0.9 // model, we were able to find two most-common masses for Binary Black Hole
distributions over all observed events, explain the underlying formation B-Spline Tilt a smooth(t,,r,n) | With persistently large Mergers. However, due to the still large uncertainties that exist in these
channels of Binary Black Holes. T 25 unge,rtalnty thrqugh most | | model’s, this analysis has no grounds to make any real alignments with
- = of it’s range (Figure 1) i theorized formation scenarios Godfrey and Farr (Godfrey, Farr et al. 2023)3 .
Figure 3: Merger Rate as a function of redshift. Result 4
MethOdS | - It Is here that | must make a hopeful assertion: with more detections, and thus
BEH Primary Mass Distribution .. .
107 ; e greater growth of the catalog, the uncertainties will greatly reduce, and the
] 90% Credible Region analysis’s ability to make assertions on BBH formation will greatly increase.

B-spline variated smoothing

The future in this analysis is with time and luckily time likes to proceed and
Black Holes like to smash.

For a comprehensive data-driven |n the Hierarchical case, we consider

characterization of Binary Black 3 marginalized likelihood that looks
Holes (plural), one must employ like so:

Bayesian inference as their working
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gravitational-wave events are e e, References
detecte_d, Itis |_ncreasmgly MOre \With J indices, k posterior samples,
interesting to employ the and 7z( 6, z) as our prior; the
Hierarchical case. posterior samples from each [1] Edelman, B., Farr, B. and Doctor, Z., 2023. Cover Your Basis: Comprehensive Data-driven
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distribution: Subsequently, we model both the Figure 4: Marginal mass distribution for the primary Black Hole inferred with B-spline using — during the first and second observing runs.” Physical Review X 9, no. 3 (2019): 031040.
(6 | d) mass and Spln distributions US|ng - 25 knots placed linearly from 5 M to 100 M, . -
P splines. A Spline function Is a piece- Indeed, Figure 2 is especially important as it pertains to spin. The
However, in order to probe the wise polynomial of order k stitched B-Spline model shows results in disagreement with work done by | o o ik Ao 4 | |
properties of an ensemble of events,  together from defined knots. They Edelman and Farr (Edelman, Farr et al. 2023)?, in which my clear | ACkn()WledgementS
we make the prior for 8 conditional provide a very nice way to peak is absent. However, it is found that 90% of BBH spins exist 0 20000 da 60007 &000
on a set Of “hyper_parameters” A: InterpOIate SmOOth funCtlonS from beIOW a~ 075 (WhICh IS in ag reement)' Furthermore’ the RedShlft Figure 5! Trace pIOt (') for SenSitiVity to tau (the SmOOthing prior This research has made use of data, software and/or web tools obtained from the Gravitational Wave Open Science Center (https:
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Now, a key goal of this Hierarchical high uncertainty (sparse data), but a continuation of power-like
’ behavior.

Inference Is to estimate the posterior
distribution for our hyper-
parameters.
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Figure 6: Trace plot (ii) for the smoothing prior used in the
primary mass.

Lastly, with discussion to the adjustments made in the smoothing
priors for mass, Figure 4 demonstrates that changes to the current
priors exhibit similar features, but less exaggerated peaks.
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