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From Adoption to S/C Prime Contractor Kick-off

Mission Adopted                          25/01/24

Invitation to Tender published       28/03/24

Closing date                                 02/08/24  

Prime proposals evaluation           Aug / Oct

Selection of Prime Contractor        October 

Negotiation with Prime Contractor  Dec / Jan 25     

Industrial Contract Kick Off            January 25

Courtesy of  Bill Weber

KICK OFF OF THE DDPC       JUNE 2024



Courtesy of Bill Weber
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Figure 1: Overview of the LISA management scheme during the Implementation phase.  
 

 

 

 
Figure 2: Overview of the LISA management scheme during the science operations 
phase.  

Note: the Science Topical Panels’ tenure ends at Data Release 1. 

 

The overarching responsibility for all aspects of the LISA mission rests with ESA’s Directorate 
of Science and its director.  

ESA is responsible for the LISA mission, and in particular for: 

SCHEME DURING MPLEMENTATION PHASE
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LISA•LISA is a constellation of three drag-free spacecraft at the corners of an 
equilateral  triangle, each side 2.5 million km long  

•LISA is on an Earth trailing heliocentric orbit between 50 and 65 million km from 
Earth -   Baseline of 2AU  

•Sensitivity - 0.1 mHz - 0.1 Hz : best sensitivity at 0.01 Hz corresponding to ~ 0.1 AU 
and periods of days-hours-minutes 

•LISA measures the temporal change in the proper distance of free-falling test 
masses protected by the spacecraft from non gravitational disturbances 

•Lifetime -  4.5 years mission at ~ 82% availability - extendable to 10 years

• LISA is a constellation of three drag-free spacecraft at the corners of an 
equilateral  triangle, each side 2.5 million km long  

• Sensitivity - 0.1 mHz - 0.1 Hz : best sensitivity at 0.01 Hz corresponding to ~ 0.1 
AU and periods of days-hours-minutes 

• LISA is on an Earth trailing heliocentric orbit between 50 and 65 million km 
from Earth -   Baseline of 2AU  

• Time Delay Interferometry will measure displacements at the pm level 

• Lifetime -  4.5 years science orbit at 82% of availability  extendable to 10 
years 

ESA UNCLASSIFIED - Releasable to the Public LISA Definition Study Report - ESA-SCI-DIR-RP-002

Figure 6.3: LISA orbits for the three individual spacecraft. The centre of mass of the constellation follows a
heliocentric, circular orbit with no inclination. The orbits of the spacecraft have a small eccentricity e = ⌘/(2

p
3 and

an inclination of ◆ = arcsin(⌘/2) where ⌘ = L/1AU⇡ 0.017 (L/2.5 ⇥ 106 km) is the armlength measured in AU. The
60° inclination of the constellation results in a backwards rotation of the constellation (blue arrow).

constellation, i. e. the angle between two arms, also called corner angles. Changes here require active
pointing of the laser beams and thus active mechanical parts that could impact the measurement. Also
here a compromise is made by limiting the corner angle excursions to within a 1.5° half-cone.
All of the parameters also depend on the injection accuracy, i. e. the deviation of the initial conditions
from the nominal case, once the spacecraft are inserted into their final orbits. Monte-Carlo analyses
with initial conditions drawn from the achievable injection accuracy were performed have shown that
the orbits are compliant with the requirements even under the injection accuracy.

6.2.2 Decommissioning and Disposal
In compliance with applicable space debris mitigation guidelines, the mission will be passivated
before the final switch-off command is sent. Passivation includes the de-pressurisation of all tanks,
discharging of batteries and disconnecting of power lines in order to achieve a safe state of the
spacecraft. No manoeuvres are planned, as the spacecraft are on orbits that are calculated to not
approach the Earth within the next 100 years.

6.3 Constellation and Spacecraft Design
6.3.1 Spacecraft Overview
LISA will consist of three spacecraft that are nominally identical up to as-built deviations from
the design. To accommodate all instrument units and spacecraft subsystems, a custom platform
design was necessary. Each spacecraft has a mass of about 2500 kg and occupies more than 2/3 of
the volume of a standard 20 ft shipping container. An overview of the key parameters is given in
Table 6.2.
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LISA, targeting 
super-massive Black Holes

LISA L3 Mission Concept Proposal

! Place free masses in space; use interferometry to 
sense path length changes due to passing GW

! 2.5x106 km arms: best sensitivity  0.01 Hz, 
target masses to 106 solar masses

! ‘Servo’ the shield satellites to follow the test 
masses, protecting against solar wind etc. 

! Orbit scans sky; sources last years, viewed from 
2AU baseline

 LISA



Confusion Noise  
Galactic Foreground

Resolved Sources

STUDY THE FORMATION AND EVOLUTION OF COMPACT BINARY STARS AND THE STRUCTURE OF THE MILKY WAY GALAXY 



UNDERSTAND THE ASTROPHYSICS OF STELLAR-MASS BLACK HOLES FAR FORM MERGER 

• CAN WE DISTINGUISH FORMATION 
CHANNELS?

▸ Dynamical formation channel  

▸ Eccentricity  measurement with           accuracy -  
0.01%  

• MULTIBAND SOURCES - THE LONGEST 
INSPIRAL SIGNAL  !



UNIVERSE

INSPIRAL MERGER RINGDOWN



TRACE THE ORIGINS, GROWTH AND MERGER HISTORIES OF MASSIVE BLACK HOLES-THE TRANSIENT UNIVERSE

~ 1 month in the LISA band

~ 1 year in the LISA band

~ 10 hours in the LISA band

~ 1 day  in the LISA band



LISA HORIZON FOR MASSIVE BLACK HOLE BINARIES IS THE UNIVERSE
TRACE THE ORIGINS, GROWTH AND MERGER HISTORIES OF MASSIVE BLACK HOLES 

➡ LISA. Signal dominated 
sources  

➡Discover the population of 
massive black hole binaries  

➡Mass-Spin: shaped by 
accretion and mergers 
measured with high 
accuracy 

➡Rate: ten(s) of mergers per 
year

Cosmic dawn

Reionization

Cosmic  
noon

merger



LISA DISCOVERY SPACE  AGAINST OBSERVATIONS OF AGN
TRACE THE ORIGINS, GROWTH AND MERGER HISTORIES OF MASSIVE BLACK HOLES 

➡LISA, exploring the low-mass 
tail of the MBH mass function, 
extends knowledge on the way 
supermassive black holes 
outshining as quasars and AGN 
formed and grew 

accretion

merger
GN-z11
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also been advocated to be sites of SMS formation. Such 
collisions temporarily enhance the rate of central gas 
inflow by removing angular momentum via strong tidal 
torques, possibly preventing cooling in the centremost 
regions32, although no ab-initio cosmological simulation 
including all required physics has shown the occurrence 
of this process.

In summary, low-mass seeds are common, but high- 
mass seeds are rare and depend on processes that have 
not been observed yet.

Runaway stellar mergers in young, dense clusters. 
This channel foresees the birth of seeds from the collapse 
of very massive stars (VMSs) of ~200−103 M⊙ forming 
in dense, metal-poor stellar clusters undergoing core 
collapse on timescales shorter than the life of the most 
massive stars33. The dramatic, albeit temporary, growth 

of the central density (up to values of 105−7 M⊙ pc−3) 
sparks violent few-body interactions among single 
massive stars (or even protostars) and stellar binaries, 
ending with the formation of a VMS through runaway 
collisions33–35. The large cross-section that binaries offer 
and the excitation of large eccentricities during the stel-
lar encounters lead to the physical collision of stars that 
repeats in a stochastic fashion until the encounter time 
becomes longer than a few Myr and the VMS collapses 
into a black hole of comparable mass35,36. VMSs can fur-
ther form in gas clouds mildly polluted with metals by 
competitive accretion onto few central massive stars or 
stellar mergers37–39.

Dense, young clusters as well as more massive, com-
pact nuclear star clusters in high-redshift galaxies appear 
to be ideal grounds to nurture VMSs40–44, although the 
effect of mass loss at collision in determining the true 
mass of a VMS is not fully quantified. Seeds with birth 
masses around 102−103 M⊙ may start forming ~300 Myr 
after the Big Bang45. Collisions between dark matter 
halos of a few 105 M⊙ can also provide the conditions 
needed to form massive clusters with a VMS42. Overall, 
the requirement to have mild metal pollution to spark 
fragmentation inside ultra-compact clusters where 
VMSs form leaves a wider time window for seed for-
mation to happen, as long as the metallicity remains 
sufficiently low that stellar winds are weak and the col-
lapse of the star results in a black hole of similar mass.  
Metallicity becomes unimportant if a stellar black hole 
grows into a seed through runaway tidal capture of 
stars46, extending seed formation to lower redshifts.

Hierarchical black hole mergers. Black hole relics of 
massive stars in stellar clusters of 104 up to 107 M⊙ may 
undergo repeated mergers to grow to the intermediate 
scale47. Owing to their larger mass compared with the 
mean mass of stars, they sink by dynamical friction at 
the centre of the cluster where, owing to the higher den-
sities, they pair via binary–single dynamical encounters, 
building a nested core of binary and single black holes. 
Then, through repeated flybys and exchanges, the bina-
ries reduce their separation and may reach coalescence. 
However, as gravitational binding energy is traded for 
kinetic energy in a dynamical encounter, such interactions 
can eject binaries before they merge, thus aborting the 
process of growth48. Their retention and merger rate 
depend on their mass at birth with the heaviest, with 
masses in excess of 50 M⊙, being the most favoured for 
the growth via repeated mergers with other black holes49. 
A remaining obstacle to grow a seed by multiple gener-
ation mergers is the GW-induced recoil that the coales-
cence product receives50. Despite this, many studies51,52 
show that the hierarchical growth is possible in nuclear  
star clusters with escape velocities in excess of 102 km s−1.

Major gas inflows in a metal-poor, dense star cluster 
can further help in triggering a chain of multiple mergers, 
as inflows deepen the gravitational potential well, lead-
ing to the formation of seeds with masses up to 103 M⊙  
(REFS53,54). In dense, gas-rich nuclear star clusters, a single 
stellar black hole can also grow to become a seed if in its 
motion it captures low-angular-momentum gas so that 
quasi-spherical accretion can proceed unimpeded55.

Box 1 | Massive black hole formation processes
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Parsec, a unit of length used  
in this Review that corresponds 
to 3.0857 × 1018 cm.

Dynamical encounter
Here we refer to the close 
interaction of a single object 
(either a star or a black hole) 
with a binary (either a star and 
a black hole, or a double black 
hole binary). In a close fly-by, 
the incoming object extracts 
gravitational energy from the 
binary, reducing its semi-major 
axis. In an exchange, the 
lightest member of the binary 
is kicked off by the incoming 
heavier object, and a new 
heavier binary forms.

NATURE REVIEWS | PHYSICS

REV IEWS

LINKING STELLAR BLACK HOLES TO THE GIANT THROUGH THE FORMATION OF SEEDS 
BLACK HOLE UNIVERSALITY OVER 10 ORDERS OF MAGNITUDE IN MASS?

LISA

• SUPERMASSIVE BLACK HOLES CAME INTO BEING FROM “SEEDS” FORMING AT HIGH 
REDSHIFTS, AND GROWING THROUGH MERGERS AND ACCRETION EPISODES 

ET



MULTI MESSENGER WITH LISA 
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IDENTIFY THE ELECTROMAGNETIC COUNTERPARTS OF MASSIVE BLACK HOLE BINARY COALESCENCES

• HOW DOES ACCRETION PROCEED IN THE VIOLENTLY CHANGING SPACETIME OF A MERGER? 
• EM PERIODIC SIGNATURES IN THE PRECURSOR  - JETTED-AGN EMISSION  POST-MERGER EMISSION?

▸ Only  binaries of  at 
z~0.5 can be  localised 
within 10 deg2  for EM alerts

105 M⊙

Precursor emission
▸ At merger localisation  within 

~0.1 deg2  or better is possible 
for the LISA binaries out to z~3

Afterglow emission

Rubin FoV



SCIENCE OBSERVATIONS: LOW LATENCY ALERTS FOR A MULTIMESSENGER OBSERVATION

▸ Realtime in 8/24 h of data exchange 

▸ Protected periods 

▸ Multi-messenger will be done “online”  
with alerts but also “offline” for long lived 
sources (Galactic binaries, Stellar BH)

ALERTS & MULTI-MESSENGER



EXPLORE THE FUNDAMENTAL NATURE OF GRAVITY AND BLACK HOLES

USE THE RINGDOWN SIGNAL TO TEST THE KERR NATURE OF BLACK HOLES

▸ Black hole “spectroscopy”: quasi-normal 
modes and damping times - function of M and 
spin only - “no hair conjecture” 

▸ GR deviations measured with precision of 10% 
to 1%  

▸ EXOTIC COMPACT OBJECTS ?

• ARE THE MASSIVE OBJECTS THAT MERGE AND THEIR REMNANTS KERR BLACK HOLES?   
• DO HORIZONLESS ULTRACOMPACT OBJECTS EXIST IN NATURE? 

INSPIRAL MERGER RINGDOWN



EXTREME MASS RATIO INSPIRALS



EXPLORE THE FUNDAMENTAL NATURE OF GRAVITY AND BLACK HOLES 

EMRIS TO EXPLORE THE MULTIPOLAR STRUCTURE OF MBHS AND SEARCH FOR NEW FIELDS

▸ Redshifted mass of the 
primary with  accuracy ~ 
0.001%  

▸ Spin  of the primary with 
absolute error~10-5 

▸ Quadrupole Moment (M,spin) 
- fractional accuracy of 10-5 

➡ Probe dynamical relaxation 
processes in galactic nuclei 
and star formation in extreme 
conditions near a massive 
black holes 

➡ Probe of the geometry of a 
stationary spacetime  

➡ No-hair conjecture



• WHAT IS THE AMPLITUDE AND SPECTRAL SLOPE OF ASTROPHYSICAL BACKGROUNDS? 
• IS THERE A COSMOLOGICAL SGWB?

FIRST ORDER PHASE TRANSITION AT THE ELECTROWEAK SCALE BEYOND THE STANDARD MODEL
UNDERSTAND STOCHASTIC GW BACKGROUNDS AND THEIR IMPLICATIONS FOR THE EARLY UNIVERSE AND TEV SCALE PARTICLE PHYSICS

▸ sBHB  (DWDs ) astrophysical 
background  

- Amplitude determined with  
error ~% 

▸ Cosmological background 
encompassing the TeV energy 
scale  

▸ First Order Phase Transition: 
benchmark signal 

- Fractional error  on  log Ω 
~0.45% 

A  TDI channel

Stochastic Gravitational Wave Backgrounds



LISA - LASER INTERFEROMETER SPACE ANTENNA

SCIENCE

INSPIRAL MERGER RINGDOWN
INSPIRAL

MERGER
RINGDOWN

DATA PROCESSING
Global Fit 

Alerts 
Waveforms


