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LISA mission design

Laser Interferometer Space Antenna consists of 3 spacecraft in equilateral
triangle constellation, orbiting 20° behind Earth

4.5 year nominal mission lifetime

Sun
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Time-Delay Interferometry setup
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Colpi+2024 Fig 2.5
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LISA focuses on millihertz gravitational waves

Observatories Ground_-based
& experiments experiment
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LISA focuses on millihertz gravitational waves

Observatories Ground-based ~ Space-based observatory \ Pulsar timing array
& experiments experiment . )

N - N
Eesa ~ : \/\/

Cosmic fluctuations in the early Universe

Cosmic @ L _

sources . Compact object falling

onto a supermassive Merging supermassive black holes
Supernova Pulsar black hole

Merging neutron Merging stellar-mass black holes Merging white dwarfs
stars in other galaxies in other galaxies in our Galaxy

Colpi+2024 Fig 2.1




LISA detects complementary sources

Multiband detections

Some sources could be
detected by LISA andother

Different GW detectors
evolutionary stages
Stellar-mass binaries can be
New sources

detected prior to merger

‘ LISA can detect GWs from
massive black hole binaries

LISA mission overview - GWANW 2024 - tomwagg.com



By
A S S et
. W -

- -&\&\“““‘ .
P S S SR A L




Stellar-mass
binaries

Primary
LISA

source
classes

LISA mission overview - GWANW 2024 - tomwagg.com

Graphic: Benjamin Leather



Stellar-mass binaries landscape

Unresolvable sources
contribute to galactic
confusion noise

~25,000 WDWDs
(Korol+2017) and 10-100s
more massive binaries
(Toonen+2018,
Wagg+2022) detected

Strain Amplitude Spectral Density [1/V HZ]
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Galactic WDWD Binaries
Verification Binaries
Galactic WDNS Binaries
Galactic NSNS Binaries
Galactic BHNS Binaries
Galactic BHBH Binaries
Stellar Mass BH Binaries
——— Multiband Sources
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Colpi+2024 Fig 3.1
(with data from
Korol+2017, Toonen+2018,
Wagg+2022)
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Stellar-mass binaries: Understanding binary evolution

Rate and distributions of close LISA binaries constrain aspects of binary evolution
(e.g. Nelemans+01, Ruiter+10, Breivik+18, Lamberts+18, Wagg+22)

Supernova
Mass transfer Common-envelope natal kicks

Sources otherwise likely invisible to EM - can measure MW mass distribution
(e.g. Korol+21, Georgousi+23)
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Stellar-mass binaries: Understanding binary evolution

LEGWORK

More to come in my talk
about LEGWORK tomorrow!
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Stellar-mass binaries: Black hole formation
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LISA will identify handful of multiband sources - _ :

: : 5 : Measuring , later
can predict merger location to ~few deg? and time <BHs closk
to ~several hours (Sesana+16) to merfer

Potential EM counterparts (Perna+16, de Mink+17,
Tagawa+21) and cosmological probes (Muttoni+22,

+
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SNR

Massive black holes: Origins of SMBHs
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LISAis sensitive to SMBH
and IMBH binaries at high
redshifts with high SNRs
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Massive black holes: Origins of SMBHSs
Bonetti+19 (seeds), Wu+2022 (AGN), Yang+21 (quasars)
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Light seeds: formed from many
metal-free stars (~10-100s Msol)

Heavy seeds: formed from single
supermassive star (1e4-1e5 Msol)

Seed populations can be identified
by LISA
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Massive black holes: Evolution |
Barausse+20, Fig 1

102 o b "L, @
Dual AGN discovered...but only candidate Ei
MBHBs (de Rosa+19, Bogdanovié¢+22)
Rates + distributions inform merger histories : " Shdeaye, ot

of MBHBs and their hosts (e.g. Dayal+19) i g

-« SN-nodelays
i == SN-nodelays , total
i

Expect ~few-100 per year (e.g. Barausse+20) .
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Massive black holes: Environment

EM counterparts = perfect lab for
accretion & jet-launching in time-
varying spacetime (e.g. d’Ascoli+19)

Consequences of merger on disc? Turn
on of AGN? Multiwavelength collimated
jet? Observe with multimessenger! (e.g.
Corrales+10, Rossi+10, Yuan+21)

|
d’Ascoli+19, Fig9
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EMRIs (+IMRIs & XMRIs) landscape
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IMBH + something MBH + stellar mass Something + brown
object dwarf

IMRIs up to ~few hundred (Arca Sedda+21), EMRIs ~few-several thousands (Babak+17),
and ~10s of XMRIs (Berry+13)
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EMRIs (+IMRIs & XMRIs) landscape
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Graphic: Benjamin Leather

IMBH + something Something + brown

dwarf

IMRIs up to ~few hundred (Arca Sedda+21), EMRIs ~few-several thousands (Babak+17),
and ~10s of XMRIs (Berry+13)
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EMRIs: MBHs in quiescence o
Derdzinski+21, Fig 1

Unique probes of MBHSs in
quiescent state (no merger or
accretion) and their environment
(e.g. Derdzinski+21, Zwick+22)
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EMRIs: Tests of gravity

EMRIs encode detailed information about the
central object’s geometry (Babak+17)

Provide constraints for deviations from Kerr and
test the “no hair theorem” (Herdeiro+15)
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And so much more!

Probe expansion rate of universe with bright/dark sirens
IMBH populations with IMRIs

Stochastic GW backgrounds

GW bursts? Unforeseen sources?

Cosmic strings??
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LISA has been adopted!

As of January 25th 2024 LISA has been officially adopted & & &

Decision
milestones

Mission phase

Main actors during
this mission phase

Reviews

Final Documents

LISA

Entered Phase B2 (beginning hardware implementation!!)

Science Program Committee (SPC)

Proposal Phase

Group of
scientists

proposes the ide

to ESA

Informed

Selected for study
A

Phase 0 Phase A

| Feasibility Phase
i Two competing prime contractors
Developing first designs of the mission

Assessment Phase

i Is this mission technically
possible?

What needs to be developed?
What are the first requirements?

Proposal Mission Definition

Mission Consolidation
Selection Review (MDR) Reuiew (MCR)
Proposal CDF Report Industrial & Inst Data Packs:
(Technical & Programmatic)
JAN 2017 DEC 2017 DEC 2019

LISA mission overview -

Phase B1

{ Refinement Phase

Refine Mission Definition

i Get ready for Implementation

Choose final Design

Write the big mission document - the Red Book

Mission Formulation
Review (MFR)

Industrial & Inst Data Packs:
(Tech & Programmatic)

DEC 2021

GWANW 2024 - tomwagg.com

Science Program Committee (SPC)
Decision
Mission Adoption
A

Phase B2/C/D Phase E

i Implementation
One Prime Contractor chosen
i Now we build the mission!

Mission Adoption Launch

Review (MAR)

Data Pack:
(Tech & Programmatic)
& Red Book

2024


https://www.esa.int/Science_Exploration/Space_Science/Capturing_the_ripples_of_spacetime_LISA_gets_go-ahead

Launch aimed for 2035 on an Ariane 6

These are ESA timelines so error bars are fairly small on this date :D
There’s a stable design for the technology that’s robustly tested

Noise isolation and micronewton thrusters by LISA pathfinder - ground-based tests on
the laser receiver/emitter - laser ranging with Grace Follow-On mission
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LISA Takeaways

4700 LA

LISA will open an entirely

We’ll be inundated by ahost  LISA will help us constrain

new window into of new sources our understanding of
gravitational waves (inspiralling sBHs, MBHBs, multitude of topics - binary
EMRIs and more!) stellar evolution to testing
GR

& Set your alarms for ~10 years and get excited! &
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