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GRAVITATIONAL WAVE FROM BINARY BLACK HOLES

The signal describes its source!

it you know how to read it..
2311072023 ird46@cam ac uk



GRAVITATIONAL WAVE
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With added uncertainties due to: noise, signal model, parameter correlations .
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NARY BIOGRAPH

to margen

70 events so far, but how do they form?
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BINARY BIOGRAPHIES

decoding binary formalion
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BINARY Bl OGRAPH

é Mw ! -but we expect all dynamical BBH to have
Both eccentricity and spin-induced precession are misaligned spins (if they are spinning), and only
signatures of dynamical formation. about 5% to be eccentric, so the fraction of the
population forming dynamically is uncertain if

the two effects are confused

4
WWNV\MW\]WWV‘W high mass =2 short signal WNWV\MIW}

See, e.q, IRy, Lasky, Thrane & Calderon Bustillo 2020; Calderon Bustillo et al 2020, 2071
23/10/2023 ird4b@cam.ac.uk G




(MIS)INTERPRET NG GRAVITATIONAL WAVES
"u,Cth or practrdion ? — gun]9052]
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Possible eccentricity |edit]

While the original LIGO/Virgo data analysis assumed a quasi-circular inspiral waveform model, subsequent publications claimed that this source could

have been significantly eccentric. Romero-Shaw et al. showed that the data iQetter describedy a non-precessing eccentric waveform with e;gg, > 0.1
than a spin-precessing quasi-circular model.!6]
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(MIS)INTERPRETING GRAVITATIONAL WAVES

cecodhicdy or precearion? - cycha

How much eccentric hypothesis
preferred over circular, precessing

hypothesis

__[rey area shows log B < 8
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ovv many orbital cycles are in the observed
BIO0Z - signal (higher mass = shorter)

€13 cycles (edge)* €10 Hz (face)

010 015 (an distinguish eccentric systems from

e Rt precessing systems if signal is long
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I highly eccentric, can distinguish

eccentric from precessing system with

eccentric non-spinning |
10 5 . only a few cycles in-band

Number of orbital cycles in band

RS, Gerosa & Loutrel 2023

irJ46@cam.ac.uk ]



(MIS)INTERPRETING GRAVITATIONAL WAVES
wcwim oA cu'ucw@cuu 2 — liarer

Non-spinning Danqers of ignoring eccentricity
Aligned-spin
- Precessing-spin

llustrated with low-mass injections
Inject circular, recover with

different circular models:

circular

Inject eccentric, recover with
ditferent circular models:

O
-
)

C

)

O

O

v

Divyajyoti et al. incl.

R in press. 2023

2311072023 irJdb@cam ac.uk



ISINTERPRETING GRAVITATIONAL WAVES
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Injected:
Binary boson star merger [

Mass 1: 40 Msol |88
Mass 2: 40 Msol ER
opin 1: 0.
opin 2: (0
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Recovered:
Binary black hole merger

Mass 1: 56 Msol
Mass Z: 40 Msol
opin 1: 07 (close to max )

opin 2: (10

Fustafyeva et al. incl. IR
in prep. 2024



ISINTERPRETING GRAVITATIONAL WAVES
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Injected:
Binary boson star merger

Mass 1: 40 Msol
Mass Z: 40 Msol

Recovered:
Binary black hole merger

Mass 1: 56 Msol
Mass Z: 40 Msol

opin 1: 07 (close to max )
opin 2: (10

opin 1: 0.
opin 2: 0

Mergers of exotic objects

.and Pt confidently infers incorrect

successfully masquerade
properties (unequal mass, high spin)

. as BBH mergers..
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Fustafyeva et al. incl. IR
in prep. 2024
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INTERPRETI NG GRAVITATIONAL WAVES
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INTERPRETING GRAVITATIONAL WAVES

oullook

* {ravitational waves must be modelled correctly to be understood.

* Incomplete or incorrect models can lead to confident inferences of incorrect physics..
e _which can lead to inferences of incorrect merger object identities..

e _and inferences of incorrect formation channels|

o Machine learning can help us find the right path - Work In Progress.
e Students, postdocs, CRs at KICC / DAMIP are working hard to deduce BBH origins!
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€13 cycles (CdgC)ﬂ €10 Hz (f&CC)
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