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Gravitational wave spectrum
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Gravitational wave spectrum

Cosmic microwave Pulsar timing array Ground-based
background polarisation experiments
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Gravitational wave spectrum

Cosmic microwave Pulsar timing array Space-based observatory Ground-based
background polarisation experiments
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LISA mission concept

/Laser interferometry in space \

As a gravitational wave passes, it slightly changes the
distance between LISA's spacecraft — by less than the size
of an atom.

LISA will detect these tiny shifts by measuring changes in
separation across its 2.5 million kilometre arms.

o e ® o

QQOOO OO O /




LISA mission concept @ h

Drag-free control
Each LISA spacecraft carries two test masses kept in free fall.

The spacecraft continuously adjusts its position to stay centred on the mass,
shielding it from external forces like solar radiation and micrometeorites.

¢ Tested with the LISA Pathfinder mission 2015-2017
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What will happen next?
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What will LISA “hear”?
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How is LISA different from LIGO?

If LIGO is capturing isolated violin solos, one piece at a time.

LISA will listen to an orchestra tuning in —
a chaotic blend of different instruments, each

playing out of tune and out of tempo, layered
over the background hum from the audience.

LISA data analysis team will have to order the scores of this concert.
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Stellar-mass black hole binaries in the Milky Way

Galactic WDWD Binaries
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Stellar-mass black hole binaries at low redshift
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Massive mass black hole binaries
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Science objective:

Trace the origins, growth, and
merger histories of massive
black holes across the Universe
by measuring the masses and
spins of merging black holes and
their luminosity distances.



Studying the origin of massive black holes
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Studying the grows mechanism and merger history of MBHs

Credit: Lupl etal. (2019)

Mpcs:
The large scale structure

Influence of the large
scale environment on:
black hole seeding,
frequency of mergers,
galaxy transformation

Figure credit: Silvia Bonoli & Alessandro Lupi 1, Elisa Bortolas—

Credit: Capelo et al. (2015)

1-100s kpcs:
Galaxy
interactions/merger

Details of the merger
have influence on: black
hole growth via gas
accretion, formation of a
black  hole  binary,
galaxy transformation

Credit: Souza Lima et al. (2017)

1-10s pc:
Formation of a bound
binary

The host properties have
influence on: hardening
of the binary, accretion
episodes

LISA Astrophysics white paper, Amaro-Seoane et a.l (2023)

Credit: Bowen et al. 2017
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<1 pc:
Hardening of the binary

The host properties have
influence on: timescale
of hardening

Effect of circumbinary
disc

Three-body interactions
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Black hole binaries with extreme mass ratios (EMRIs)
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Probing the properties and immediate environments
of black holes in the local Universe
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Gravitational waves for everyone
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