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From LISAPathFinder to LISA:




Let me walk you through...







From General Relativity...

e Einstein’s theory of General Relativity describes
gravity as manifestation of curved spacetime

e [his s described by t
mass-energy content

ne metric tensor, related to

by Einstein’s equation:




. to gravitational waves

e Analytical solutions are notoriously hard to find

e Linearisation of Einstein’s equation for small
deformations (..m == ~7_.-7) of the metric
tensor yields a propagation equation:
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Effect of gravitational waves







Virgo detector Cacscina, ltalie
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GW170814 and GW170817

e Three-detector observation of a binary black-hole
coalescence by LIGO and Virgo on August, 14th

e Binary neutron star merger observed on Aug., 17th

Strain from GW170814 as measured by 3 ,1‘ LTI .| \
LIGO and Virgo on August, 14 2017 v\M d |

Physical Review Letters






Gravitational spectrum

Extreme Mass- Supernovae,
Ratio Inspirals Rotating NS

Quantum
fluctuations of Supermassive
early Universe Black Holes Galactic Binaries




Gravitation from space
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LISAPathFinder: a proof of concept

e Proof-of-concept ESA mission
aunched in December 2015

e An LISA arm iIs shrunk down
to 38 cm between two test
masses that are kept drag-free
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LISAPathFinder: a proof of concept

e [he first results announced last June exceeded
requirements in the LISAPathFinder frequency band
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LPF and LISA requirements, and
amplitude spectral density of residual
differential acceleration (black), after
centrifugal force corrections (red), after
spacecraft motion corrections (blue).

Physical Review Letters, 10 June 2016






French contribution

e ESA selected LISA as the L3 mission earlier this
year, phase A starts beginning 2017

e Scientific consortium i1s being organized and national
contributions are being decided

e Foreseen French contributions: integration of the
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Simulating data

e Develop the mission enc
realistic data from wave

-to-end simu
‘orms to the

Instrument, under variou

ator to produce

response of the

s configurations

- prepare for data analysis, prove that scientific
objectives as defined Iin the mission proposal can be

reached in the framework of LISA Data Challenges



Pre-processing steps

e LISA Is a complex system, pre-processing necessary
nefore scientific analysis (a.k.a. source extraction
and parameter estimation):




Offline recombinaison
TIME-DELAY INTERFEROMETRY




Pre-processing steps

e LISA Is a complex system, pre-processing necessary
nefore scientific analysis (a.k.a. source extraction
and parameter estimation):

- Time-delay interferometry: offline linear combinaison of
several measurements to cancel out uncorrelated laser




The truth about LISA @, Ay

e |deals orbits do not exist!

e Distance between spacecrafts not constant,
a shift in phase and Doppler effect that moc

passing gravitational wave
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Pre-processing steps

e LISA Is a complex system, pre-processing necessary
nefore scientific analysis (a.k.a. source extraction
and parameter estimation):

- Time-delay interferometry: offline linear combinaison of
several measurements to cancel out uncorrelated laser
nolises




Graph-based simulator

e Offer a few simple nodes that can product or act on
data, and be chained to form a simulation graph

e Nodes can be grouped Inside subgraphs to create
pstraction, and divide the
bsystems
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Spacecraft

Telemetry

Low-Frequency Channels:
Science
Reference
Test-mass
Ranging info.

lncorgggn:aster Outgggsng—asef On-Board Computer
(OBC)

High-Frequency
Channels

Photodiode
Signals Phasemeter

Test-Mass Position
and Attitude

l

-t

Actuation Actuation
commands

Moveable Optical Sub-Assembly
(MOSA)

Control System (DFACS)

Outgoing Laser Incoming Laser
Beam Beam

Photodiode
Signals

Moveable Optical Sub-Assembly
(MOSA)

Local
Laser Beam

Laser Assembly

Test-Mass EM

/ commands Drag-Free Attitude and .

Laser Assembly
Test-Mass EM

Position and Attitude

Outgoing Incoming
Ref. Beam Ref. Beam
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Backling

Position and Attitude

Outgoing

Incoming Ref. Beam

Ref. Beam

Model of a spacecraft in LISA




Ongoing studies

e Use noise sources and distributions extrapolated
from LISAPathFinder investigations and findings

e Effect of ADC clock jitter on the phase
measurement, antialiasing filtering before downlink

e Laser intensity noise coupling into phase meas.







