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LISA mission
‣Laser Interferometer Space Antenna


‣3 spacecrafts on heliocentric orbits separated by 2.5 millions km


‣Goal: detect strains of 10-21 by monitoring arm length changes 
at the few picometre level
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LISA data

Gravitational wave sources 
emitting between 0.02mHz 

and 1 Hz
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LISA data

Calibrations corrections 
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Ground Segment
‣Organisation of the ground segment: Communication: 


•8h per day

•～1 GBytes per day 
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Ground Segment
‣Organisation of the ground segment: Communication: 


•8h per day

•～1 GBytes per day 

Large computation for producing L2 
data: extraction of GWs

Development by 
DDPC and NSGS, 
execution by SOC
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DDPC
‣Responsibility of France


‣Work Break Down structure
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DDPC

~2 FTE per DCC provider

‣Responsibility of France


‣Work Break Down structure



LISA -   A. Petiteau  -  Journées PNHE - IAP - 6th  september 20235

DDPC

~2 FTE per DCC provider

TBD

‣Responsibility of France


‣Work Break Down structure
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Timeline 

‣ 1993: first proposal ESA/NASA

‣ 20/06/2017: LISA mission approved by ESA Science Program Committee

‣ End 2021: success of the ESA Mission Formulation Review

‣ Now: accelerated phase B1 with ESA Adoption 25/01/2024 

‣ Long building phase of multiple MOSAs: 6 flight models + test models

‣ Building of some subsystem models already started

‣ Launch 2035

‣ 1.5 years of transfer, 4.5 years nominal mission, 6.5 years extension

Phase A Phase B1 Phase B2/C/D Phase E

Scope, 1st 
definition Definition Detailled definition, production, integration, tests, validation L Transfer C Operations

2022 2024 2026 2028 2030 2032 2034 2036 2038 2042

Adoption Launch
Commissioning

…

…

…

…

…

…

MFR
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Timeline
‣End of phase B1 and adoption:


• I-SRR: Instrument System Requirement Review => passed 

• MAR: Mission Adoption Review

• Adoption

• Selection of the prime (ITT)



LISA -   A. Petiteau  -  Journées PNHE - IAP - 6th  september 20238

Example of Data Release Scenario

‣ Commissioning in 2 phases: 

- transfert

- commissioning


‣ Current envisaged data policy: 

- DR1 (first data release) after 18 months for                                                                                                   

L0 to L3 of 6 months of data at least

- Then Data Release every year 

Transfert & early commissioning commis
sioning

Nominal science operations

Acq. data DR1 Acquisition for data DR2
Direct analysis of the acquired data

Reanalysis 
& prep DR1

Re-analysis 
& prep DR2

Re-analysis 
& prep DR3

2036 2037 2038 2039 2040

©ESA,CREMA

Dec-2035: 

launch 

Oct-2037

Start operations 

Oct-2037

Start commissioning 

Mar-2039

Data Release 1

Mar-2041

DR3

Mar-2040

DR2

©ESA,CREMA
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Mission configuration for adoption
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GW sources in the mHz band
‣Binaries: large range of                                                              

masses and mass ratios:

• SuperMassive BH Binaries

• Extreme Mass Ratio Inspiral

• Stellar mass BH Binaries

• Double White Dwarfs

• Double Neutron Stars

• Intermediate Mass Ratio Inspiral

• Intermediate Mass BH Binaries


‣Stochastic backgrounds: 

• First order phase transitions, cosmic string networks, …


‣Bursts: cosmic strings, …

‣Unknown?
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Science Objectives
Defined in the Science Requirements Doc.:

‣ SO1: Study the formation and evolution of compact binary stars in the Milky Way 

Galaxy.


‣ SO2: Trace the origin, growth and merger history of massive black holes across 
cosmic ages.


‣ SO3: Probe the properties and immediate environments of black holes in the local 
Universe using EMRIs and IMRIs. 


‣ SO4: Understand the astrophysics of stellar origin black holes.


‣ SO5: Explore the fundamental nature of gravity and black holes.


‣ SO6: Probe the rate of expansion of the Universe with standard sirens.


‣ SO7: Understand stochastic GW backgrounds and their implications for the early 
Universe and TeV-scale particle physics.


‣ SO8: Search for GW bursts and unforeseen sources. Cosmology

Fundamental 
physics

Astrophysics
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Binaries observed by LISA

ESA Redbook
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Binaries observed by LISA

ESA Redbook

Sources SNR Duration Event rate
Galactic binaries 10 – 

500
permanente
s

10000 – 30000 
detectables + 
background

Verification 
binaries

7 - 100 permanent
 20 (today)

Stellar mass 
black hole 
binaries

7 - 30 1 à 10 years 1 to 20 

EMRIs 7 - 60 1 year 1 to 2000 / year
Massive Black 
Hole binaries

10 - 
3000

Hours - 
months

10 to 1000 / year
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Science Objectives
‣SO1 : Study the formation and evolution of 

compact binary stars in the Milky Way Galaxy:

• Formation and evolution pathways of dark 

compact binary stars in the Milky Way and in 
neighbouring galaxies;


• The Milky Way mass                                                                     
distribution;


• The interplay between                                
gravitational waves                                          
and tidal dissipation.


‣Link to:


• Multimessanger

• Population modelling

• SN1a

ESA Redbook
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Science Objectives
‣SO2 : Trace the origin, growth and merger history of 

massive black holes across cosmic ages:

• Discover seed black holes at cosmic dawn;

• Study the growth mechanism and merger history of massive 

black holes from the epoch of the earliest quasars;

• Identify the electromagnetic counterparts of massive black hole 

binary coalescences.
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Science Objectives
‣SO3: Probe the properties and                                                                        

immediate environments of black                                                          
holes in the local Universe using                                                      
EMRIs and IMRIs:

• Study the properties and immediate environment of Milky Way-like 

MBHs using EMRIs;

• Study the IMBH population using IMRI.


‣Link to Tidal                                                                      
Disruption Event
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Science Objectives
‣SO4 : Understand the astrophysics of 

stellar origin black holes :

• Study the statistical properties of 

sBHs far from merger;

• Detecting high mass sBHBs and 

probing their environment;

• Enabling multiband and 

multimessenger observations at the 
time of coalescence. 10°3 10°2 10°1
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10°20

10°19

h
c

ø < 2.5yr

2.5yr < ø < 5yr

5yr < ø < 10yr

10yr < ø

8 10 12 14 16 18
SNR
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LISA / HE
‣Multi-messenger: observation of the same event (alerts, live update)


• Interacting galactic binaries,

• Massive BH Binaries,

• EMRIs?

• IMRIs?

• Tidal Disruption Events?


‣Populations:

• Galactic sources (i.e. X-ray binaries, cataclismic variables, …),

• Massive BHs,

• Other sources


‣LISA and High Energy observatories observe same category of objects.

More in LISA astrophysics white paper:

arXiv:2203.06016 / LRR, 26-1
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LISAFrance
‣Responsibilities:


• DDPC

• AIVT Inteferometric Detection System + Optical Test System

• Performances management


‣LISAFrance collaboration:

• 219 members / 153 full members

• 15 laboratories / 6 institutes

• Telecon every 2 weeks / LISAFrance day every year (next: 20th Nov)

• PIs: Antoine Petiteau & Astrid Lamberts  


‣SNO LISA accepted in 2023


‣How to join: 

• Possible to join the current Consortium (just note the reorganisation in 1.5y)

• In future:


- French contribution: DDPC and/or instrument 

- ESA LISA Science Team, its working group and Science Topical Panel

- Consortium

Total number of members

USA
370

Unknown
1 %

UK
155

Turkey
1

Taiwan
5

Switzerland
55

Sweden
10

Spain
80

South Corea
2

Singapore
5

Russia
1

Romania
18

Portugal
53

Poland
28

Pakistan
4

Norway
11

New Zealand
27

Netherlands
89

Kuwait
3

South Corea
2

Japan
18

Italy
152

Israel
3

Ireland
13

India
9

Hungary
3

Greece
32

Germany
147

France
219

Finland
20

Estonia
9

ESA
28

Denmark
32

Czech Republic
24

China
18

Chile
6

Canada
22

Bulgaria
4

Brasil
1

Belgium
25

Australia
9

Total

Nombre total de membres

SYRTE - SYstèmes de Référence Temps Espace
6 %

Orléans for LISA (LPC2E-MAPMO-LIFO)
1 %

LUTH
5 %

LPC2E Astro PTA-LISA
1 %
LPC Caen

4

LAM Marseille
15

L2IT
10

IRFU
37

IRAP
9

IPhT - Institut de Physique Théorique
9

IP2I-LMA
3

Institut d’Astrophysique de Paris
18

IF - Institut Fresnel
5

CPPM
7

CNES
19

CC-IN2P3
2

ARTEMIS
23

APC
29
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Conclusion
‣ LISA is a large space mission to observe Universe with gravitational wave;


‣ Planning: adoption in January 2024, launch 2035


‣ ESA led mission with contributions from NASA and member states in particular 
France : Distributed Data Processing Center, AIVT Interferometric Detection 
System, performances


‣ Huge science case with many links to High                                                        
Energy astronomy:


• Multi-messenger (Interacting galactic binaries,                                                           
MBH Binaries, …)


• Populations (galactic sources, MBHs, …)


‣ LISAFrance:

• SNO LISA

• Next "journée LISAFrance":                                                                                              

20th November 2023 at CNES
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LISA data
‣What kind of data will we measure?


• Fractional frequency deviations (relative doppler shits) from 27 interferometers 

• Times series sampled at 4 Hz, observed over 4+ years with 82% duty cycle

• Dominated by laser noise

• After pre-processing, obtain 3 time-delay interferometry (TDI) data streams 

(X, Y, Z)
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LISA data
‣What kind of data will we measure?


• Fractional frequency deviations (relative doppler shits) from 27 interferometers 

• Times series sampled at 4 Hz, observed over 4+ years with 82% duty cycle

• Dominated by laser noise

• After pre-processing, obtain 3 time-delay interferometry (TDI) data streams 

(X, Y, Z)

VGBs + EMRI + Galaxy
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Science Objectives
‣SO5 : Explore the fundamental nature of gravity and black 

holes :

• Use ringdown characteristics observed in MBHB coalescences to 

test whether the post-merger objects are the MBHs predicted by 
GR;


• Use EMRIs to explore the multipolar structure of MBHs and 
search for the presence of new light fields;


• Test the presence of beyond-GR emission channels;

• Test the propagation properties of GW.
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Science Objectives
‣SO6 : Probe the rate of expansion of the Universe :


• Estimation of cosmological parameters via the observation of 
standard sirens: observations of binaries :


• GWs ➪ “luminosity distance”, D

• Electromagnetic observations ➪ redshift, z                                             
➪ constraint on the relation D(z) depending on the geometry of 
the Univers ➪ measurement of cosmological parameters

S. Noble - NASA
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Fig. 6.— Collective figures of merit of our experiment. In each panel, corresponding to a different setup of our experiment as labelled in
figure, the red solid curve corresponds to the data, i.e. the sum of the posterior distributions of w over all realizations. The blue dashed
curve is a Gaussian fit with parameter given in the legend of each plot.
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Fig. 7.— Mean values and standard deviations resulting from
the Gaussian fit of the posterior P (w). The setup of each panel
correspond to the one adopted in the panel of figure 6 labelled by
the same letter).

Here and in the next subsections we make use of 20
selected realizations, which we found to be sufficient to
depict the relevant trends of the analysis. We took 15
“good” (mean values close to the true and small rms
errors) and 5 “bad” cases from the fiducial setup.
In this subsection we study the effect of the prior p0(w)

on the posterior distribution. We considered an extreme
case: a Gaussian N (w0 = −0.2,σ = 0.3). As shown in
panel (c) of figure 6, the global posterior distribution is
still centered at the true value w = 0. This demonstrates
that the final conclusion is basically unaffected by the
choice of the prior (as long as the prior covers the true
value) and GW observations, in principle, could be used
as an independent mean of estimating w.

5.4. Using deeper surveys

Here we study the dependence of our results on the
depth of the follow up spectroscopic survey: i.e. on the

observability threshold. We considered the same 20 real-
izations as in the previous section, but now with different
limits on the apparent magnitude of observable galaxies:
mr = 24, 25, 26. The case mr = 26 is given in panel (d)
of figures 6 and 7. The results are comparable to the
fiducial case. They show a small improvement in sigma
and slightly larger bias for the combined distribution.
We also notice that 4 out of 5 “bad” cases remain bad.
We should say few words about the number of galaxies

used here. As mentioned above, the typical number of
galaxies for the fiducial case (mr = 24) is less than few
thousand for events at z < 1 and less than few tens of
thousands for the high redshift event. For the improved
observational limit (mr = 26), these numbers are 2 to 10
times larger. The fact that our results are not sensitive to
the depth of the survey reflects the self-similarity of the
spatial distribution of galaxies in different mass ranges.

5.5. Improving the sky localization and the luminosity
distance estimation

In our fiducial setup, the assumed source sky localiza-
tion and luminosity distance error are rather conserva-
tive. In this subsection we consider the effect of improv-
ing such measurements. So far, we considered only the
inspiral part of the GW signal; the inclusion of merger
and ringdown will improve the localization of the source
by at least a factor of two (McWilliams et al. 2010), due
to the large gain in SNR. We artificially reduced the sky
localization error coming from the inspiral by a factor of
two (factor of four in the area), assuming that this will
be the case if we take the full GW signal. We reanalyzed
the same 20 realizations with this new error on the sky.
Because the size of the error box is smaller, the number
of potential counterparts is reduced by a factor of ∼ 4
compared to the fiducial case. The results are presented
in panel (e) of figure 6. We see that the main effect of
a better GW source localization is to reduce the number
of outliers and to remove the non-Gaussian tails in the
combined probability. As it is clear form panel (e) of
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curve is a Gaussian fit with parameter given in the legend of each plot.
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Fig. 7.— Mean values and standard deviations resulting from
the Gaussian fit of the posterior P (w). The setup of each panel
correspond to the one adopted in the panel of figure 6 labelled by
the same letter).

Here and in the next subsections we make use of 20
selected realizations, which we found to be sufficient to
depict the relevant trends of the analysis. We took 15
“good” (mean values close to the true and small rms
errors) and 5 “bad” cases from the fiducial setup.
In this subsection we study the effect of the prior p0(w)

on the posterior distribution. We considered an extreme
case: a Gaussian N (w0 = −0.2,σ = 0.3). As shown in
panel (c) of figure 6, the global posterior distribution is
still centered at the true value w = 0. This demonstrates
that the final conclusion is basically unaffected by the
choice of the prior (as long as the prior covers the true
value) and GW observations, in principle, could be used
as an independent mean of estimating w.

5.4. Using deeper surveys

Here we study the dependence of our results on the
depth of the follow up spectroscopic survey: i.e. on the

observability threshold. We considered the same 20 real-
izations as in the previous section, but now with different
limits on the apparent magnitude of observable galaxies:
mr = 24, 25, 26. The case mr = 26 is given in panel (d)
of figures 6 and 7. The results are comparable to the
fiducial case. They show a small improvement in sigma
and slightly larger bias for the combined distribution.
We also notice that 4 out of 5 “bad” cases remain bad.
We should say few words about the number of galaxies

used here. As mentioned above, the typical number of
galaxies for the fiducial case (mr = 24) is less than few
thousand for events at z < 1 and less than few tens of
thousands for the high redshift event. For the improved
observational limit (mr = 26), these numbers are 2 to 10
times larger. The fact that our results are not sensitive to
the depth of the survey reflects the self-similarity of the
spatial distribution of galaxies in different mass ranges.

5.5. Improving the sky localization and the luminosity
distance estimation

In our fiducial setup, the assumed source sky localiza-
tion and luminosity distance error are rather conserva-
tive. In this subsection we consider the effect of improv-
ing such measurements. So far, we considered only the
inspiral part of the GW signal; the inclusion of merger
and ringdown will improve the localization of the source
by at least a factor of two (McWilliams et al. 2010), due
to the large gain in SNR. We artificially reduced the sky
localization error coming from the inspiral by a factor of
two (factor of four in the area), assuming that this will
be the case if we take the full GW signal. We reanalyzed
the same 20 realizations with this new error on the sky.
Because the size of the error box is smaller, the number
of potential counterparts is reduced by a factor of ∼ 4
compared to the fiducial case. The results are presented
in panel (e) of figure 6. We see that the main effect of
a better GW source localization is to reduce the number
of outliers and to remove the non-Gaussian tails in the
combined probability. As it is clear form panel (e) of

GW ➪ D

Photons ➪ z
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Science objectives
‣SO6 : Probe the rate of expansion of the Universe :


• Cosmology from bright sirens: massive black hole binaries;

• Cosmology from dark sirens: extreme mass ratio inspirals and 

stellar-origin black hole binaries;

• Cosmology at all redshift:                                                           

combining local and                                                                                           
high-redshift                                                                
LISA standard sirens                                                                    
measurements.
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Science Objectives
‣SO7: Understand stochastic GW backgrounds and their 

implications for the early Universe and TeV-scale particle 
physics :

• Characterise the astrophysical SGWB;

• Measure, or set upper limits on, the spectral shape of the 

cosmological SGWB;

• Characterise the large-scale                                                            

anisotropy of the SGWB.
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Science Objectives
‣SO8: Search for GW bursts and unforeseen sources :


• Search for cusps and kinks of cosmic strings;

• Search for unmodelled sources.


