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Black Holes @ Extremes
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Extending the sensitivity down to ~ Hz in frequency will let us
detect extreme systems with a network of 3G detectors

unigue probe for transformational science
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Black Holes - Universe
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Black Holes in the High Redshift Universe - POP lllrelics - “LIGHT SEEDS”
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star formation in pristine dark matter halos




Black Holes - new, yet unseen objects - “HEAVY SEEDS”
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Direct monolithic collapse of Pop Il supermassive stars in
atomic cooling halos illuminated by UV radiation
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Black Holes: collisional runaway of stars, Pop Il clusters @z~10
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Formation of runaway stars in the
stellar clusters

Katz 2018
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Fundamental, unanswered guestions

How did supermassive black holes form and evolve?

Did they form from light or heavy seeds, or both?

Do light seeds exist?

Objectives

Discover “earliest most massive black hole binaries” a few hundred suns
on their way to grow massive at the largest z as possible

Observe intermediate mass black holes of thousand suns @ low z
Observe intermediate mass ratio inspirals @ low z

-OBSERVE THE FIRST MOMENT OF MASSIVE BLACK HOLE GROWTH -
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Black Holes in the Cosmological Framework
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Black holes forming in pristine halos and pairing during halo-halo mergers
“cosmologically-driven mergers”
.... remember that also in situ mergers can occur !

Valiante + 2018



Black Holes in the Cosmological Framework
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Black Holes in the Gravitational Universe
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Waterfall plot for non spinning black holes: PhenomC
ET_D sensitivity curve + LISA
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Delays enable to detect coalescences at lower z but rates get lower
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PARAMETER ESTIMATION

TMobs =— (1 + Z)msource

® GW sighals are week

How well can we infer the intrinsic masses of coalescing black
holes at the edges of the sensitivity curve?

Can we distinguish, from the weak GW signals, if the binary hosts
a pair of intermediate mass black holes at a given redshift z from
a pair of stellar black holes at a much higher redshift?

Can we separate the two populations?



EXAMPLE SIGNAL: 100 M, - 100 M, at z=10
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EXAMPLE SIGNAL: 100 M - 100 M at z=10

= * Observe essentially all
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EXAMPLE SIGNAL: 100 M - 100 M at z=10

* Even with accurate sky location, degeneracy between distance
and inclination leads to uncertainty in distance -> redshift -> mass

* Need to understand if higher harmonics and/or precession will
help signiticantly



EXAMPLE SIGNAL: 100 My - 100 Mg at z=10
 Wavetorm length and SNR highly dependent on spin

* Will measure spins - infer formation scenarios
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Distinguishing mass ratios

Both systems have the same (observed) chirp mass
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Distinguishing mass ratios

Don’t expect precision
measurement of mass ratio,
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500

into the realm of the “extremes”

(100Ms, 100Mg) @ z = 10 B,

~ fraction L odiandzz | 10%dzz 1% dz/z
... getected .

{CE+1ET+1V 091 5
{ET+2CE  0.986
3ET 1

'
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------




(200M,200My) @ 2 =7 L

measured redshift: z = 7f;

fraction — odiandz/iz = 10% dz/z 1% dz/z
... Getected
{CE+1ET+1V 0112 0.269 0.16
1ET+2CE 0.177 0275 0157
3ET 1 0.0538 0.0377

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------




500

measured redshift: z =4 4+ 0.52

Mg(Mo)

fraction — odiandz/iz = 10% dz/z 1% dz/z
... Getected
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(1000M, 1000M)@z = 2.7
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Despite uncertainties we can distinguish between
stellar black holes and “heavy black holes (light seeds)”



summary

- Light seed black holes are uniquely observable by 3rd
Generation GW detectors

« Synergy with LISA that will see the heavy seeds and
supermassive black holes

- Give an (indirect) view of the formation and evolution
of the first (pop Ill) stars

» Observations critically dependent upon low-frequency
sensitivity

« Despite significant degeneracy between mass and
redshift measurement, expect to be able to distinguish
seed BH from stellar BH
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