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Overview of GW sources
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Compact binaries: isolated formation channel
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Collapse to a neutron star massive star

collapse
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iron core

in %2 sec

Foglizzo et al., arXiv:1501.01334



The fate of massive stars
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The fate of massive stars

. neutron star . significant fallback - failed explosion, BH
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Collapse to a compact object

Pair-instability supernova (PISN):

electron-positron pairs remove pressure from the star -> contraction ->
runaway oxygen/silicon burning -> disruption of the star
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Compact binaries: isolated formation channel
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Common envelope
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Compact binaries: isolated formation channel

(a) Single-single capture
)

(d)Ejected merger '

[Samsing+2020]



y [au]

Compact binaries: isolated formation channel
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Detecton of gravitatonal waves: GW150914
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Solar Masses

Masses in the Stellar Graveyard
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Abbott et al. 2019, PRX, 9, 031040; Abbott et al. 2021, PRX, 11, 021053;
Abbott et al. 2021, arXiv:2111.03606; Abbott et al. 2021, arXiv:2108.01045



Black hole populations: mass distribution
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Black hole populations: merger rate evolution
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Masses in the Stellar Graveyard
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Black holes in the lower mass gap
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Black holes in the lower mass gap

[de Sa+2023]
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Masses in the Stellar Graveyard
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BBH mergers in AGN disks?

~ AGN + gaseous disk + distribution of BHs _
Optical counterpart to

© Some BHs get trapped in the disk GW190521:
J124942.3+344929 ?
~ Torques from gas: BHs migrate within the disk and merge [Graham+2020]

~ BH can grow by gas accretion —> IMBH

[Saavik Ford+2019: Astro2020 White Paper]



The hink between stellar-mass and massive black holes?
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Massive black hole binaries My, ~ 10° = 10°M

Evolution of massive BH binaries:
grow through accretion in galactic centers
> Two galaxies that host BHs merge (10-100 kpc)
Dynamical friction of BHs with surrounding gas —> bound BH binary (kpc)

- Orbit decay through interactions with surrounding gas and stars (pc)

Emission of GW —> merger (milli-pc)
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A variety of GW sources with LISA

Astrophysics with LISA [2203.06016]
Cosmology with LISA [2204.05434]
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Extreme mass-ratio inspirals

Stellar-mass black holes orbiting massive black holes

Population models: massive black hole formation

+ capture rates of stellar-mass black holes
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Core-collapse supernovae

Need compact sources, relativistic motion LGW ~

1200

1000

800

f [He]

600

400

200 §

01 02 03 04 05 06
t— tbounce [S]

TTT T T T T T T T

[N TN NN N (NN SRR NN (NN NN (NN SNNNN Y (NN AU (NN NN MUY (NN SUNNN N (RN NN M SN N NN S N N S S S

0.0 0.1 0.2 0.3 0.4 0.5 0.6

[Radice+2019] t — tbounce [s]

e



s18np

Varying ZAMS masses
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Rotating neutron stars
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Many mechanisms lead to continuous waves from neutron stars:

oscillations, deformability due to magnetic stresses, free precession...




normalized strain

normalized strain

Incoherent superposition of deterministic signals
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Normalized strain

Combinaton of stochastic signals
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Normalized strain

Signal 1s buried in noise!
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Qaw (f)
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s18np

Varying ZAMS masses
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Rotating neutron stars

~ Rotating neutron stars with a triaxial shape

~ In magnetars: strong distortion of the shape (depending on the EOS)
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Double white dwarfs

< A few millions of double white dwarf systems in the Milky Way
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Extreme mass ratio inspirals

.~ Stellar-mass black holes Mg ~ 10° — 1()7M@
orbiting massive black holes

~ Expected to form in dense

galactic centers

© LISA detection rates: 1 — 10* yr~! [Babak+2017]
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Pulsar Timing Arrays

 Evidence for a common-spectrum process, but not the correlation expected from GW
> Consistent with signal from black hole binaries

> Consistent with cosmological signals (primordial black holes, cosmic strings...)

[Izquierdo-Villalba+ 2022]
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Gravitatonal-wave astronomy is fun!
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