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Masses in the Stellar Graveyard
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Accelerating Growth
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The signal

orbiting each other Merger: two black holes combining

/" inspit X R
Ringdown: a single perturbed
black hole ringing

‘nspiral: two distinct black holes
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Black hole Masses

LLVC w/ KC (arxiv:2508.18085)
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Where do LIGO’s black holes come from?

[solated binary evolution | .
Dynamical formation

O Main sequence stars

Star + black hole VS

Two black holes




Slide adapted from Mike Zevin & Lieke Van Son

Actually...
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Where do LIGO’s black holes come from?

[solated binary evolution | .
Dynamical formation

O Main sequence stars

Star + black hole VS

Two black holes




Black hole Spins

Aligned spi
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Where do LIGO’s black holes come from?

Isolated binary evolution

O Main sequence stars

Dynamical formation
' \—tia black hole VS

X <> >

Mandel+ (arxiv:1806.05820)
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Conclusions

Gravitational waves carry information about the spins of merging black holes that
can reveal their astrophysical properties.

The imprint of spins on signals is extremely subtle and sensitive to the system
configuration, especially for the majority of signals that are merger-dominated.

Spin inference is strongly affected by noise imperfections




Measurement precision

Masses >> Aligned spins >> Precessing spins

(Frequency >> Length >>Modulation)




Observations
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Aligned spin

Some are spinning

but they are the exception

rather than the rule
Chirp mass M [M)]
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Forward models
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GW190521: A heavy black hole binary at 150 M

low frequency <-> short signal <-> merger-dominated <-> high mass
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Uninformative prior,
what we get for (almost)
every other event

Aligned spin
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Spin measurement
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GW23511235: The heaviest black hole binary at 240 M |

Hanford
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Spin measurement

¢S1/(Gm?) cS2/(Gm3)

90°

high mass+spin->
cluster/hierarchical
origin?
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Inference

K. Chatziioannou

, |
VUL ) FLI L |
VIO Ll I

Robust inference includes understanding the
morphological imprint of precession on the signal




Precession Morphology

Miller+ w/KC (arxiv:2310.01544)
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whitened strain h [o]

The precession constraint is
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suppression of the final pre-merger cycle
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Conclusions

The imprint of spins on signals is extremely subtle and sensitive to the system
configuration, especially for the majority of signals that are merger-dominated.
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Subtle measurements vs Systematics
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. Detector glitches
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Payne+w/KC (arxiv:2206.11932)

Normalized energy GW2 O Ol 2 ;
: : 10.0 12,5 15.0

0.0 2.5 5.0 7.5
1 n N n | |
LIGO Hanford 1 V! '

100 3 | .

10

LIGO Livingston

100 7 g3

|
4
e
» }te‘
.3 3
&
i

Frequency [Hz]

10

100 3

LVK w/KC (arxiv:2111.03606)
Hannam-+ (arxiv:2112.11300)

K. Chatziioannou



GW200129

Analysis by Sophie Hourihane
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GW191109
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| Targeted glitch odel GW1911 09
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Conclusions

Gravitational waves carry information about the spins of merging black holes that
can reveal their astrophysical properties.

The imprint of spins on signals is extremely subtle and sensitive to the system
configuration, especially for the majority of signals that are merger-dominated.

Spin inference is strongly affected by noise imperfections




No aligned spin

Black hole population:
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Black hole population:

: : Spin magnitude
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Do most black holes have zero spin?

NASA/Chandra

- BLMACK
HOLE

Stellar evolution predicts vanishingly small black hole spins.
Alternative: inefficient angular momentum transport, hierarchical mergers...

Fuller+ (arxiv:1907.03714)
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Do most black holes have zero spin?

10 Analysis by Sl:nona Miller
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‘ c f Black hole population:
~— @ ~— Spin direction
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Conclusions

Most black holes have low spins with a range of misalignments, but combining many
weakly informative measurements is subject to hard-to-diagnose model dependence
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The next steps

LVC (G2002127 Tech Doc)
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