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LISA selected!

ESA’s Science Programme 
Committee, 

June 20th, 2017



LISA 2017 Proposal

• Prepared in response to ESA’s call 
for mission concepts to fulfill 
Gravitational Universe science 
theme


• Proposers


• Lead: Karsten Danzmann


• Core team of 82 scientists 
(Europe & US)


• Consortium of ~300 scientists


• Supporters ~1300 individuals



2017
• 3 spacecraft, 3 arms


• 2.5 million km arms


• Drag free test masses


• 30cm telescopes


• 2W laser

• 3 spacecraft, 3 arms


• 5 million km arms


• Drag free test masses


• 40cm telescopes


• 1W laser

1998



LIGO Changes Everything

• Eliminates nagging doubts of some


• Generates enthusiasm for GWs in 
scientific community and general public


• Covered in hundreds of newspapers 
world-wide

LIGO/Caltech/MIT

(see http://www.newseum.org/todaysfrontpages/?
tfp_display=archive-date&tfp_archive_id=021216)

http://www.newseum.org/todaysfrontpages/?tfp_display=archive-date&tfp_archive_id=021216


Discovery potential validated

• Very first detection yields a new 
scientific question - where do the 
high-mass progenitor BHs come 
from? 

• Opening additional GW wavebands 
(LISA, PTAs, CMBpol) will lead to 
additional discoveries. 

LIGO/Caltech/Sonoma State (Aurore Simonnet)



LISA Pathfinder also 
changed everything
• It is possible to transfer precision 

metrology technologies from the research 
lab to aerospace 


• New technologies on LPF


• high-mass, large-gap drag-free test 
masses


• 18 DoF kinematic control system


• non-contact UV charge control


• pico femto-meter interferometry


• precision micronewton thrusters (cold 
gas & colloidal)


• magnetic and thermal diagnostic system


• A ‘collaboration pathfinder’ as well

ESA



LPF Instruments 
U. Glasgow, U. Birmingham, U. Trento, CGS, Airbus Defense & Space, ESA, Busek, JPL, NASA



Integration of science payload, spacecraft, and 
propulsion module ESA, iABG, Airbus Defense & Space



Launch integration ESA, CNES, Airbus Defense & Space



2015-12-03 01:04:00 Kourou, French Guiana



First results: success!

• LPF requirements met “out of the box”


• Noise model validated


• no major surprises 


• some interesting effects


• Results published in PRL in June 
2016, just 3 months into science ops!

ESA



LPF continues its mission

• Performance improves with time 
(pressure) and tuning of the 
instrument


• Suite of dedicated experiments to 
validate noise model and 
characterize individual components


• End in sight


• Science operations ends this week


• Mission ops end 18 July



Why go to space? Same reasons as for EM telescopes

• Avoid terrestrial disturbances 

• Access new spectral bands

• Avoid terrestrial disturbances 

• Access new spectral bands

NASA/STScI



The Gravitational Wave  Spectrum



Advanced LIGO Noises



The LISA Science Case
Selected in 2013 as Science Theme 
for 3rd Large Mission opportunity in 
ESA’s Cosmic Visions Programme



LISA Sources and Noise See talks by N. Cornish Tuesday @ 9  
and A. Sesana Thursday @ 14:15



Galactic Binaries



Galactic Binary Science

• Demographics of compact binary 
systems in the Milky Way


• ratio of WD, NS, and BH 
components


• Astrophysics of some WD systems


• mass transfer rates 


• Structure of Milky Way in WD binaries


• Multimessenger astronomy


• GR tests


• resolve astrophysical degeneracies
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The SXS Project

BH binaries and multiband GW astronomy



Multiband GW astronomy

• LIGO has detected a population 
of heavy BH binaries that was un- 
(under?) represented in earlier 
models


• Sources not only detectable by 
LISA but individual systems could 
be measured by LISA and ground 
based observatories 

• Multiband GW astronomy


• GR tests


• Early-warning for EM 
counterparts

A. Sesana, Phys. Rev. Lett. 116, 231102

See talks by K. Inayoshi, Thursday @ 16:15 
and N. Tamanini Friday @ 15:15



Extreme mass ratio inspirals



EMRI science

• Precision test of GR - BH as test particle


• Astrophysics of compact objects in 
nuclear clusters


• Challenge: modeling GR (or non-GR) 
waveforms over the 104 - 105 cycles 
measurable by LISA.

See talks by C. Kavanagh Tuesday @ 17:45, 
M. Oltean Tuesday @ 18:10, 
M . van de Meent Wednesday @ 15:15, 
 and W. Han Wednesday @ 17:35



Massive Black Hole Binaries



Massive Black Hole 
Binary Science

• Measure masses, distances, 
spins, for 10s-100s of events


• Understand BH merger rate, 
mass function, etc.


• Use BH mergers as a tracer for 
galaxy assembly

See talks by S. Marsat Tuesday @ 15:40  
and M. Volonteri Thursday @ 15:15

105 M  x 105 M  at z = 20 (220 Gpc)



Backgrounds & 
Discovery Space

• “Unknowns, both known and unknown”


• Astrophysical


• Intermediate mass black holes


• Physics


• Inflationary GWs


• Cosmic string cusps


• vacuum transitions



Mission Concept From LISA 2017 Proposal



Mission Design

• Passively-maintained 
constellation


• Trade between cruise cost, 
comms cost, and constellation 
stability


• Stable for 5-15 years



Measurement Concept

• measurement over six one-way ‘links’


• link signal 


• laser noise + gw signal + test mass 
noise + readout noise


• Combine signals on ground (TDI)


• laser noise + gw signal + test mass 
noise + readout noise 



Payload Concept

• heterodyne interferometry


• three measurements


• local bench to local test 
mass


• local bench to far bench


• local bench to adjacent 
bench



Key technologies
• stable laser


• 2W output power


• frequency and intensity stability in mHz band


• modulated at GHz for clock transfer


• high-fidelity phase meter


• linear at 1:10
12



• stable optical bench


• picometer stability


• low-disturbance test mass


• femto-g accelerations


• Stable, low-scatter telescope


• picometer stable


• 10
-10

 scattering rejection

Straw man payload concept from 2011 design (courtesy Airbus D&S)



Status and Outlook



Near term

• Phase 0: prepare for industrial 
study

• stand up science team

• develop formal mission 

requirements

• science requirements

• mission requirements

• payload description


• Aggressively pursue remaining 
technology development

L3 Concurrent Design Facility Study,

 ESA/ESTEC (O. Jennrich)

See talk by J. Conklin Monday @ 15:40



NASA Involvement

• L3 Study Team formed late 2015


• Issued report with goals for US in 2016


• Study Office formed at GSFC in 2016


• support technology development


• support mission development activities


• Actively engaged with ESA and the 
LISA consortium


• Ongoing ESA/NASA discussions at HQ 
level

new, improved lisa.nasa.gov

L3ST & friends, Washington, DC Feb. 2017

http://lisa.nasa.gov


Long term
• 2017 ~ 2023: Design phase


• finalize design


• Complete technology development


• Finalize roles and responsibilities


• mid-2020s: Implementation Phase


• Build and test flight hardware


• Integrate spacecraft


• early-2030s: Operations Phase


• Launch, cruise, & commissioning


• 4-10 years of incredible science!

I. Thorpe, Conchas, New Mexico, USA



Questions? Thank you for your attention


