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< 2)uisA>») The gravitational waves in a nutshell

= What is a gravitational wave ? ORI
= Elastic deformation of space-time metrie™™ " et

& Observable as a fluctuation of the dlstance
between inertial masses

= A hew window on the Unlv
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= The grawtatlonal waves in 3 equatlo'
@ GraV|tat|onaI system Compact |




Quantum fluctuations in early universe

usa’»)  GW astronomy has begun !
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usa’y) LISA a new class of instrument

< LISA = giant spaceborne interferometer
< 3 arms, 2.5 Mkm long

<~/ x Earth - Moon distance

< 2 inertial masses per spacecraft
< Drag-free system to compensate the solar
pressure (and other disturbances)

600

< Metrology noise $10 pm/VHz a 10 mHz
< = Sensitivity of ~1 pm/Mkm (10-21)
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LISA Sensitivity
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LISA@ Formation and evolution of compact binaries
< in our Galaxy

=15

« White dwarfs, Neutron stars and stellar
black holes

< Estimated population : ~107
< Galactic foreground
< ~104 individually detectable
< A few 10s verification binaries
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LlSA@

< Super massive black holes at the
center of Galaxies
< 104 to 107 Mo
< Detectable up to z~12
< Potential EM counterparts up to z~3

= Nature and origin of seed BH at
cosmic reionisation
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Origins, growth and fate of massive Black
Holes
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LISA@ Properties and environments of Black Holes

« ‘Small’ Black Hole (102- 105 M)

orbiting a super-massive one ] precessionof orial plne son | modulatan e o precesionof el lane
(>106 Mo) . o |
< Highly relativistic trajectory and 3 . E o W M | m NJ wﬂ Al "~\”
GW signal . Z : SO e 1 B R
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= Properties of massive
BH (spin, mass) g
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environments of 5107
massive BH (gas, .
stars, etc.) A
= Constraints on <
formation channels for ; 10727 Jpu- Ovsematr
such binary systems oo S
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< Ground detectors observed BH up to ~140 Mo

< ~10 000 detections, up to z~1, expected at LISA
observation time

« Detectable years before coalescence in LISA

< Some will be observed while drifting into the
ground detector bandwidth

LISA@ Study of the stellar-

[Sesana, 2017]
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= Stellar-mass BH
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= Properties of the
environment of
these BH
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= Alerts for ground
based detectors and
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< QObservation of intertidal trajectories in strong
gravitational fields (e.g. EMRIs)

< Coalescence and ringdown of massive Black
Holes

< Mapping of the spacetime metric close to the
Black Hole

102
1 AKK
= Are massive BH correctly 1 [ AKS
described by the Kerr solution ?
1072

= Existence of horizonless compact
sources ? 3 107

= New light fields and « no hair » 107°
theorem

1078

= GW beyond the standard model 10-10

and GR ? M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12
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< Black Holes binaries as standard ‘sirens’
< In conjunction with EM observations or statistical

inference 100y
_ 10+

< Astrophysical backgrounds, galactic and extra- 2
galactic s 1f
0.1+

« Cosmological background from the early Universe

001 0.1 1 10
N. Tamanini J. Phys. CF 2016 Z

= Expansion rate of the universe at high

- Signal, noise and foreground reconstruction (2 bins)
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Data
--- Bin extrema

= The Early Universe beyond standard ~ sowe
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Main LISA sources

< More infos ?
Read the LISA ‘Red Book’ : https://www.cosmos.esa.int/web/lisa/lisa-redbook
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https://www.cosmos.esa.int/web/lisa/lisa-redbook

d-esa AIRBUS Taesnena (@ R IEI=E 1 heam
« 3rd ESA ‘Large’ Mission C\)
< Following LISA Pathfinder 2015-2017 » B
« Selected in June 2017

< Adopted in January 2024
< Expected launch in 2035
< ~1900 Consortium Members

< 3 major contributions for France
< Distributed Data Processing Center
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< Ground test and validation of the LISA .
metrOIOQy ‘Core, /\k\ fromlaZSr;c: [ri]he?;;i?gr?g;ts l
< ‘Performance & Operations’ | = Ilalselrcommli oA
Telescope \ ¢ ggt]igal TSC ;‘,]|
« 17 French research institutes on LISA f TN e | =
< APC, ARTEMIS/OCA, CNES, CPPM, ST e
Fresnel, IAP, IP21, IPhT, IRAP, IRFU, L2IT, / =75
LAM, LPCC, LPC2E, LUTH, ONERA, b — |
1 Laser source Reference | #
SYRTE/OBSPM Th\t/>/ 1 A\ ;
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@ LISA@ Overview of the French contributions

< Broad and continuous coverage from instrument
development to G\W science

AIVT /| R&D Performance Data Processing GW Science

f AIVT \ / gData Processing \ 4 GW Science\

Instrumentation
Prei-proc\ € DDPC A
(£DI)
T
g Performance
: &
Operations .
4 s f
Metrology benches for b E2E Simulation 1 Data k
ground tests Figuresiof merit Analysis
N A |
- % < S 7
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LISA ground segment

End-to-end Pipeline

Decommutation

LO.5 Initial Noise L1
Reduction —

- .
SEEIE and unit-level

Telemetry . . | o |
calibration | Pipeline |
| |
) I I
Constellation : :
| L1 |
e - :
r - |
I I
| I
|
i -— |
| |
I I
I |
- _
<+ SC — LO < Calibrated and noise-corrected TDI streams
< Packets extraction, removal of corrupted data, time- < Processed by ESA with TDI algorithms from the
ordering ... scientific community
< Processed by ESA w1 L2
<0 - L0.5 < ‘Global fit' : Sources parameters extraction
< Calibrated, de-biased, synchronized data < Processed by the scientific Data Processing Center
< Processed by ESA with support of instruments <12 5 L3

teams
<« Catalogs of consolidated data + L1 residuals

< L0.5 — L1 <« Processed by the scientific Data Processing Center
< Released by ESA
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From LISA Data Challenges to DDPC
deliverables

< Challenges

< LISA Data Challenges :
< LDC 1a Radler/ 1b Yorsh

< Foster R&D on this challenging signal
dominated analysis < Beginner’s data set with individual sources
< Support ESA reviews on that topic < LDC 2a Sangria | |
< Get cost estimate and DDPC design drivers < 2/3 global-fit prototypes for first enchilada
(GB+MBHB) challenge

< LDC 2b Spritz

< Dealing with gaps and glitches

4 x10~1 4 _ A .
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~ Verification binaries
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Testing LISA on ground
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LISA@

Performances obtenues
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LISA@ Main LISA development milestones

Event From To Comment

Phase 0 (Concept study) Jul 2017 Nov 2017 Completed

Mission Definition review (MDR) 27 Nov 2017 Successful

Phase A (Feasibility study) June 2018 Oct 2020 Completed

Mission Consolidation review (MCR) 22 Oct. 2019 Successful

Extended Phase A Oct 2020 Dec 2021 Completed

Mission Formulation review (MFR) End 2021 Successful

Phase B1 (Preliminary Definition with concurrent Prime Contractors) Jan 2022 Dec 2023 Completed

Mission adoption review (MAR) Nov. 2023 Successful

Mission adoption (by ESA SPC) Jan. 2024 Successful

Phase B2 (Preliminary Definition with a single Prime Contractor) Q171 2024 April 2027 Starting

Mission Preliminary Design review April 2027

Phase C (Detailed Definition) Q3 2027 Q4 2030

Mission Critical Design review (CDR) Jan. 2031

Phase D (production and Verification) Q1 2031 2034/2035

Flight Acceptance Review (FAR) and Launch 2034/2035

Transfer & commissioning 1.5/0.5 years

Operations 4.5 years

Extended mission Up to 3 more s O fnciisesr;gﬁ
years
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&4)-=a>»  Time Delay Interferometry
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| ocal Laser N0|se

o

Hubert Halloin

< Combination of delayed recorded data streams to
cancel out propagated laser noises

Delayed Received ~8.3 s
L N
aser 0|se /BW Signal \

W < Requires accurate knowledge of the S/C to S/C distance

< Noise reduction factor ~7 orders of magnitude

< Numerically and experimentally demonstrated
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