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LISA
‣ Laser Interferometer Space Antenna 
‣ 3 spacecrafts on heliocentric orbits and distant from          

2.5 millions kilometers 
‣ Goal: detect relative distance changes of 10-21: few picometers 
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ORBIT 

20° 

Orbit parameters 

Initial displacement angle (IDA) 20 deg 

Distance to earth 50-65 million km 

Arm length of constellation 2.5 million km 

Inclination of constellation wrt 
ecliptic 60 deg 

Corner angles 60 deg 

Round trip time for comms 433 s 

Earth azimuth and elevation 
during science 

Az=360 deg; El=-
9.35±3 deg 

Arm length variation ±35000 km 

Arm length variation rate <10 m/s 

Breathing angle ±0.9 deg 

Breathing angle rate 5 nrad/s 

• Three SC required in free flight forming an equilateral triangle, 
no actuation during science mode (except drag free control) 

• Low perturbations environment required to achieve 
performances and limit the constellation deformation and fuel 

• No need to keep rigid geometry, though range rate (Doppler) 
and breathing angle (optics/mechanisms) shall be limited 

• Long mission duration, minimum of 4 years of science 
operations 

• High data volume generated, remain in the vicinity of the 
Earth 
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Science Objectives
‣ 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 dynamics of dense nuclear clusters using EMRIs 
‣ 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 
‣ SO7: Understand stochastic GW backgrounds and their 

implications for the early Universe andTeV-scale particle physics  
‣ SO8: Search for GW bursts and unforeseen sources
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Sensitivity
‣ Science Requirement Document from ESA Science Study Team

ESA UNCLASSIFIED - For Official Use !

!
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LISA data
‣ Data

GW sources 
- 10-100/yr SMBHBs 
- 10-1000/yr EMRIs 
- 60 millions Galactic binaries 
- Large number of Black Hole 
binaries 

- Cosmological backgrounds 
- Unknown sources

Corrections, calibrations

Resynchronisation (clocks)

Time-Delay Interferometry 
laser noise reduction

TDI data : 2 uncorrelated channels

GW data analysis

Catalog of GW sources 
with extracted waveforms

Phasemeters (carrier,  
sidebands, distance) 

+ Gravitational 
Reference  
Sensor  

+ Auxiliary channels 
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Sensitivity
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Figure 2.3: Interferometric measurement on one LISA satellite, exemplarily explained
for the horizontal OB. Light of a local laser (red) is used for transmission to the distant
S/C and to sense the space-time variation between for GW interaction. Simultaneously,
the light interfers on the local optical bench with the received weak light (wine red)
to form the science interferometer beatnote. The test mass motion is read out in the
TM interferometer using light (orange) from the adjacent optical bench transmitted
through a back-link fibre. The reference IFO directly compares local laser and adjacent
local laser. Moreover, the spacecraft is controlled by DFACS including TM position
readout and thruster actuation such that the S/C follows the test masses.

its variation due to GW is combined from three interferometric measurements:
TM-to-OB on the far spacecraft, OB-to-OB between sending and receiving S/C, and
OB-to-TM on the receiving spacecraft. This concept is called ‘split interferometry
configuration’ and we will come back to it in Sec. 2.5.

Laser light from the adjacent optical bench (orange) is used for the interferometric
TM readout. Since the benches are not rigidly connected to provide the angular
pointing flexibility of ±1¶ (Sec. 2.1.2), the OB-to-OB connection is established by
an extensile optical fibre. Laser light is transmitted through this so-called back-link

Noises

Sensitivity

Response of the detector to GWs
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LISA concept
‣ 3 arms, 2.5 km  

‣ Launch Ariane 6.4 

‣ Propulsion:  
• micro-prop: cold gaz 
• prop. module 

‣ Frequency band: 

‣ Noise budget: 
• Acceleration => LISAPathfinder 

• Interferometric Measurement System 15
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LISA
‣ Exchange of laser beam to form several interferometers 

‣ Phasemeter measurements on each of the 6 Optical Benches: 
• Distant OB vs local OB  
• Test-mass vs OB 
• Reference using adjacent OB 
• Transmission using sidebands 
• Distance between spacecrafts 

‣ Noises sources: 
• Laser noise : 10-13 (vs 10-21) 
• Clock noise (3 clocks)  
• Acceleration noise (see LPF) 
• Read-out noises 
• Optical path noises
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OB-to-TM on the receiving spacecraft. This concept is called ‘split interferometry
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TM readout. Since the benches are not rigidly connected to provide the angular
pointing flexibility of ±1¶ (Sec. 2.1.2), the OB-to-OB connection is established by
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Figure 2.4: Complete LISA measurement principle. Each interferometric output is
fed into an anti-alias filter to suppress mirrored noise > 20 MHz and then into an
analog-to-digital converter, which is triggered from an ultra-stable oscillator providing
a time reference. The phase of the digitised data is determined to microcycle precision
in a phasemeter, low-pass filtered and downsampled and then transmitted to Earth
for further data processing and analysis.

and limiting the overall performance. Additionally, the ADCs on each S/C contribute
inherent jitter. Therefore, the inclusion of a pilot tone, i.e., a stable sinusoidal
reference signal derived from the USO, will be used for ADC jitter correction [Bar15].
In order to suppress the di�erential clock jitter of the three onboard USOs, a clock
tone transfer chain was proposed by [BTS+10] using sideband (SB) modulations
with amplified clock noise on the outgoing light. After defining one of the clocks as
a reference, these SB modulations yield su�cient data to completely remove the
clock noise and allow for correction of relative clock drifts in post-processing with
respect to one clock chosen as the master clock [WKB+13]. We will discuss this
issue in detail in Ch. 4.

 © M. Otto, PhD thesis (2016)
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Lisa Sensitivity



Journée La Gravitation - SFP10

LPF : stabilité masse d’épreuve

• Jusqu’à quel niveau peut on isoler la masse des perturbations 
externes autres que gravitationnelles ?  
- Vent solaire, micro-météorite 


• Impact de l’environnement de mesure sur la masse.  
- Effet thermique, vide, pression de radiation, gravité locale etc…


• Peut on mesurer des déplacements de l’ordre du pm ? 
- Interférométrie hétérodyne dans l’espace.

• Masses Tests = miroirs 

• Or/platine 2kg - 4cm

• 2 masses par Satellite 



Journée La Gravitation - SFP11

LPF - Laboratoire dans 
l’espace



Réunion LISA France 12 Octobre 201712
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Résultats
Thermal noise BrownianActuation Noise + excess noise
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Quelques chiffres

13
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• Amélioration du vide 10μPa->1μPa 
Venting 
Température 22°C à 11°c 

• Stabilité en température : 50uK/sqrt(Hz) 

• Bruit Interférometrique : 35 fm/sqrt(Hz) 

• Soustraction de glitches 5/semaines => 6.5 jours à 18 jours 

• Equilibrage gravitationnel : ajout de masse de compensation (1.8kg) 
Design = 650 pm s^-2 
Mesure  = 25 pm s^-2 



Journée La Gravitation - SFP14

Mesure : interférométrie
• Laser 2W - 2.5 Millions km

• Beatnote au MHz

• 3 IFO’s pour un lien test mass/

test mass

Télescope Banc 
Optique 

Masse 
test 



Journée La Gravitation - SFP15

Mesure : interférométrie
Télescope faisceau émis + reçu Banc 

Optique 
Masse 

test 

• Bruit globale IFO < 10pm/sqrt(Hz) 
• Couplage rotation bruit sur l’axe sensible : 

       Wave front error : λ/30  
       Alignements mécanique : 20μm - 100μrad 

• Lumière parasite faisceau émise 2w - 100pW -  ? 
• Stabilité méca - 10nm/sqrt(Hz) à 1mHz - 10 nrad/sqrt(Hz) 
• Stabilité température - 10μK/sqrt(Hz) @ 2mHz
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LISA technology requirements 
‣ Free flying test mass subject to very low parasitic forces: 

✓ Drag free control of spacecraft (non-contacting spacecraft) 
✓ Low noise microthruster to implement drag-free 
✓ Large gaps, heavy masses with caging mechanism 
✓ High stability electrical actuation on cross degrees of freedom 
✓ Non contacting discharging of test-masses 
✓ High thermo-mechanical stability of S/C 
✓ Gravitational field cancellation 

‣ Precision interferometric, local ranging of test-mass and spacecraft: 
✓ pm resolution ranging, sub-mrad alignments 
✓ High stability monolithic optical assemblies 

‣ Precision million km spacecraft to spacecraft precision ranging: 
➡ High stability telescopes 
➡ High accuracy phase-meter and frequency distribution 
➡ High accuracy frequency stabilization (incl. TDI) 
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ESA Phase 0 mission
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LISA timeline 
‣ 25/10/2016  : Call for mission 
‣ 13/01/2017  : Submission of «LISA proposal» (LISA consortium)   
‣ 8/3/2017     : Phase 0 mission (CDF 8/3/17 → 5/5/17) 
‣ 20/06/2017  : LISA mission approved by SPC 
‣ 06/2017      : Phase 0 payload (CDF June → November 2017) 
‣ 2018→2020  : Competitive phase A: 2 companies compete  
‣ 2020→2022  : B1: start industrial implementation 
‣ 2022-2024    : mission adoption 
‣ During about 8.5 years : construction 
‣ 2030-2034    : launch Ariane 6.4 
‣ 1.5 years for transfert 
‣ 4 years of nominal mission GW observations !
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Summary
‣ LISA will observe GWs between 10-5 and 1 Hz: 

• Large number of sources: compact objects binaries with large range 
of masses, stochastic backgrounds, …  

• Huge scientific potential: physics, astrophysics, cosmology, … 

‣ LISAPathfinder: success  
• Performances > 7 times better than the requirements 

‣ LISAPathfinder + detections of Ground-based observatories   
=> Green light for LISA: large extension of the new window 
opened with LIGO/Virgo  
=> speed-up of the ESA planning: 
• Already done: call for mission, selection, phase 0 
• Now in phase A



MERCI

https://signup.lisamission.org/
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ESA Phase 0 mission
‣ 13 Concurrent Design Facility from March to May 2017 

‣ Conducted by ESA with few members of the consortium 

‣ Drivers: thermal stability/range, mechanical stability, mass, 
power, data rate, volume, integration, … 

‣ Several studied options: 
• Propulsion: chemical (CP) / electrical (EP & EP+) 
• Micro-propulsion: cold-gas (CP & EP)/ electrical (EP+)  
• Communication, 
• Shape, 
• Launch strategies, orbits,  
• …
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• Spacecraft dispenser 

Spacecraft (SC) 

Mission Architecture 

Sciencecraft (SCC) 
Payload module (PM) Service Module (SVM) 

Propulsion module (PM) 



        LISA -   A. Petiteau & J. Martino  -  GdR OGs Détecteurs - 20 Juin 201822

LISA
‣ Spacecraft (SC) should only be sensible to gravity:  

• the spacecraft protects test-masses (TMs) from external forces 
and always adjusts itself on it using micro-thrusters 

• Readout:  
- interferometric (sensitive axis) 
- capacitive sensing


