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THE GRAVITATIONAL WAVE SPECTRUM
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» Laser Interferometer Space Antenna

» 3 spacecrafts on heliocentric orbits and distant from few
millions kilometers (2.5 Mkm in the LISA proposal)

» Goal: detect relative distance changes of 10-%!: few picometers

1- 5 millions km
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LISA

» Photon flight time measurement between free-floating objects:
e Reference masses in each spacecraft only sensitive to gravity along
measurement axis (follow geodesics)
e Exchange of laser beam between spacecraft
e Interferometry at the picometer precision

- mions Km

o Extracting GW signals in the data
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LISA

» Photon flight time measurement between free-floating objects:

e Reference masses in each spacecraft only sensitive to gravity along
measurement axis (follow geodesics)
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» Technological demonstrator for LISA

LISA -

» Measure distance along using laser
interferometry

(TMT—SCT) + (SC1—5C2) + (SC2—TM2)
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» Technological demonstrator for LISA

LISAPathfinder:
» 2 test masses / 2 inertial sensors

» Laser readout of TM1—SC and TM1—TM2
» Capacitive readout of all 6 d.o.f. of TM

» Drag-Free and Attitude Control System

» Micro-newton thrusters

LISAPathfinder & LISA - A. Petiteau - SF2J



» Basic idea: Reduce one LISA arm in one SC.

» LISAPathfinder is testing
e [nertial sensor,
e Drag-free and attitude control system

e Interferometric measurement between 2 free-falling test-masses,

e Micro-thrusters
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LISAPathfinder timeline

» 3/12/2015: Launch from Kourou
» 22/01/2016: arrived on final orbit & separation of propulsion module
» 17/12/2015 — 01/03/2016: commissioning

» 01/03/2016 — 27/06/2016: LTP operations (Europe)

» 27/06/2016 — 11/2016: DRS operations (US) + few LTP weeks

» 01/12/2016 — 31/06/2017: extension of LTP operations

| Launch:
— Vega from French Guiana
- Launch mass: : 1910 kg

——_

Last command 18/07/2017

Ellpt Iorb around Earth

Orbit
— Large orbit around L1

— 1.5 million km from Earth

— Six apogee-raising manoeuvres with the spacecraft’s -~
own pfopulsmn module (two weeks)
Propulsion module
o will be jettisoned a month
: 0’ after the last burn
Ground station:
~ Cebreros (Spain) 35 m-diameter antenna Duration of cruise to L1
after last burn: six weeks




The measurement - deltaG

Suspension (f<1mHz)
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First results

)

» Results M. Armano et al. PRL 116, 231101 (2016
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Interferometric noise
Not real test-mass motion
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LISA at ESA

» 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

» 8/3/2017 : Phase 0 payload (CDF June — November 2017)

» 2018—2020 : competitive phase A : 2 companies compete

» 2020—2021 : B1: start industrial implementation

» 2021-2022  : mission adoption

» During about 8.5 years : construction
» 2030-2034  : launch Ariane 6.4

» 1.5 years for transfert
» GW observations !
» Possible extension to 10 years

LISAPathfinder & LISA - A. Petiteau - SF2A - Paris - 4 July 2017

» 4 years of nominal mission




Lo T,

4
3 A LISA

Laser Interferometer Space Antenna

. )

A proposal in response to the ESA ¢call for L3 mission concepts

=2
$3

g
£%

14 LISAPathfinder & LISA - A. Petit

https://www.elisascience.org/

files/publications/
LISA L3 20170120.pdf

PARIS
'DIDEROT


https://www.elisascience.org/files/publications/LISA_L3_20170120.pdf

» Exchange of laser beam to form several interferometers

» Phasemeter measurements on each of the 6 Optical Benches:

Test mass interferometer

. .
e Distant OB vs local OB Dowrvlink o Earth cetoenceN\ | TEope
interferometer intbrferometer

e Test-mass vs OB

Tdlescope

geived light: 368 pW

coupler =

Phasemeter

Re
<

e Reference using adjacent OB
e Transmission using sidebands

fibere =
e Distance between spacecrafts [CEEREEs S——rrNY
Reference Micro-Newton
] interferometef > /_— thrusters
» Noises sources: Low sermos” |
. 10-13 21 »
® Laser nNoise . ]'O (VS 10 ) \ -, Received light: 300 pW
. Telescope
e Clock noise (3 clocks) Tf,nsmmd..gm-.1\
e Acceleration noise (see LPF)  [RUMINIETERE0)

e Read-out noises
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LISA

» Photon flight time measurement between free-floating objects:
e Reference masses in each spacecraft only sensitive to gravity along
measurement axis (follow geodesics)
e Exchange of laser beam between spacecraft
e Interferometry at the picometer precision

o Extracting GW signals in the data

- minions Km
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LISA data

Phasemeters (carrier,

Survey” iype observatory

%\::ﬁ sidebands, distance)

Eﬁf\ + Gravitational Referg
k Sensor
\"k+ Auxiliary channels

Gravitational wave sources

emitting between 0.02mHz
and 100 mHz
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Cullbruhons correchons
Resynchronisation (clock)

Time-Delay Interferometry
reduction of laser noise

2 data channels TDI non-correlated
. Data Analysis of GWs

Catalogs of GWs sources
. with their waveform
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» Mock LDC : 2005 — 2011
» 2017: start LDC

» Data: few sources +
simplified noises

» Challenges of increasing
complexities

» Goals :

e Check the feasibility of
LISA data analysis

e Develop data analysis

e Make the pipelines for the
mission

..plus the '
EMRIs...

21.000s
1x10-1?
m MEH ..and the

by M. Vallisneri




» Quick noise budget:

e Low-frequency: acceleration noises (reference test-masses)

e High frequency: interferometric mesurent system

e Pre-processing for reducing part of the noises (TDI)

- Received light: 300 pW

ometer > W
O
Telescope i
Transmitted light: 1 W

10 10
Frequency (H2)
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Noises
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Response of the detector to GWs
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- - Received light: 300 pW
Telescope i
Transmitted light: 1 W

S
Transmitted light: 1 W

Micro-Newton
thrusters




» Gravitational wave:

e quasi monochromatic

» Duration: permanent

» Signal to noise ratio:
e detected sources: 7 - 1000
e confusion noise from non-
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detected sources A | L]
103 102 10! 10°
» Event rate: Frequency [Hz]

e 25 000 detected sources

e more than 10 guarantied sources * s

(verification binaries)
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» Gravitational wave:

e Inspiral: Post-Newtonian,
e Merger: Numerical relativity,

e Ringdown: Oscillation of the
resulting MBH.
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» Duration: between few hours and

103 102

Several months ‘ Frequency [Hz]

» Signal to noise ratio: until few
thousands

» Event rate: 10-100/year

22 LISAPathfinder & LISA - A. P | R

Reconstructed (template)
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» Gravitational wave:

e very complex waveform

e No precise simulation at the moment
» Duration: about 1 year

» Signal to Noise Ratio: from tens to
few hundreds

» Event rate: <

from few events per =K
year to few ]

hundreds

y (AU)
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GW sources

-6 x107 galactic binaries

-10-100/year SMBHBs

-10-1000/year EMRIs
- large number of Stellar Origin

BH binaries (LIGO/Virgo)

- Cosmological backgrounds
- Unknown sources
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Resolved galactic binaries (4 yr observation time)
Verification binaries (4 yr observation time)
Galactic confusion noise

GW150914 type Black Hole Binaries

GW150914
2 big black holes at z=3
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Instrument Board
Instrument PI (D), National Pls

optical Clraiien GRS front end Phasemeter Diagnostics
Management bench Reference

Sensor electronics support System

System Charge Caging
engineering control mechanism

Quality and
product
assurance

In France:

» Data Processing Center

Phasemeter

» Participation to the payload AIVT (performance models & test benches)

» Support in system engineering

Francols Arago Centre



Conclusion

» After 1.5 years in space and a large number of experiments,

LISAPathfinder provides extremely good results

e Noises sources understood except one component at low freq.
=> green light for LISA

» LISA: 3 spacecraft exchanging laser over 2.5 Mkm to
measure relative distance changes at the picometer level.

» Will observe GW sources between 0.02 - 100 mHz: large
number of existing and potential sources

» LISA proposal accepted by ESA => LISA officially started !

e Now: phase 0 in progress until Nov. 2017

e Scientists gets quickly organise to form a solid consortium
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