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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.

LISA mission concept
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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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The way to LISA
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What will happen next?
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What will LISA “hear”?

 

Everything everywhere all at 
once



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 

Science objective:
Study the formation and evolution of compact object 
binaries in the Milky Way and the physical processes 
leading to extreme orbital configurations, including 
poorly understood processes such as 
common-envelope evolution, neutron star and black 
hole formation, and natal kicks.
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Stellar-mass black hole binaries at low redshift 

LISA Definition Study Report, Colpi et al. /w Korol 2024

Science objective:
Study the properties of stellar-mass 
black hole binaries far from merger to 
understand their formation channels (via 
measurements of eccentricity) and origin 
(via environmental effects), and to 
enable multi-band observations with 
ground-based detectors.



Massive mass black hole binaries 

LISA Definition Study Report, Colpi et al. /w Korol 2024

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.
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Not enough time to grow 
from stellar-mass black 
holes

“Seed” black holes of 10² 
to 10⁴ are needed

Studying the origin of massive black holes



Studying the grows mechanism and merger history of MBHs

Figure credit: Silvia Bonoli & Alessandro Lupi ↑, Elisa Bortolas→
LISA Astrophysics white paper, Amaro-Seoane et a.l (2023)



Black hole binaries with extreme mass ratios (EMRIs)

LISA Definition Study Report, Colpi et al. /w Korol 2024

Science objective:
Probe the properties and immediate 
environments of Milky Way–like black 
holes in the local Universe, as well as 
uncover intermediate-mass black holes.



Probing the properties and immediate environments 
of black holes in the local Universe 

Gair 2008
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