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LISA ADOPTION ON THE 25TH OF JANUARY 2024

“ LISA PROPOSED TO
FIRST IDEAS TO / ESA AS M3 MISSION
MEASURE GW IN TO DETECT GWs AND
SPACE OBSERVE THE
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A 10 years journey together Eesa

P/Ls Development
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Mission
Operations Centre

SCIENCE MANAGMENT PLAN (SMP)

ESA
LISA Project Team

Industrial
Prime Contractor

Instrument Providers

Science Operations Centre

Distributed Data NASA Science

Processing Centre Ground Segment

Science Ground Segment

() ESALISA Project (") NASA Contributions

@ ESA Science Team C:) Combined ESA MS and NASA

Q Member State Contributions C) Non-LISA project activities

SCHEME DURING MPLEMENTATION PHASE

LISA
Science Team

LST
Working Groups

LISA
Consortium

Science Community




SCIENCE MANAGMENT PLAN (SMP)

ESA LISA Science Operations Centre

Distributed Data NASA Science
Processing Centre Ground Segment

Mission
Operations Centre

ESA Performance
: and :
P&O Team

Instrument Providers LR
Tel LA CMD

SCIENCE OPERATIONS PHASE

LISA
Science Team

LST Science Topical Panel

Working Groups Chairs/co-Chairs

LISA
Consortium

Science Community




HRYAN

® | [SA is a constellation of three drag-free spacecraft at the corners of an
equilateral triangle, each side 2.5 million km long

® | [SA is on an Earth trailing heliocentric orbit between 50 and 65 million km from
Earth - Baseline of 2AU

® Sensitivity - 0.1 mHz - 0.1 Hz : best sensitivity at 0.01 Hz corresponding to ~ 0.1 AU
and periods of days-hours-minutes

® | [SA measures the temporal change in the proper distance of free-falling test
masses protected by the spacecraft from non gravitational disturbances

® |ifetime - 4.5 years mission at ~ 82% availabllity - extendable to 10 years
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UNDERSTAND THE ASTROPHYSICS OF STELLAR-MASS BLACK HOLES FAR FORM MERGER
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Galactic WDWD Binaries

() Verification Binaries
vV  Galactic WDNS Binaries
<> Galactic NSNS Binaries
0 Galactic BHNS Binaries
oY :; © Galactic BHBH Binaries
o < Stellar Mass BH Binaries
0 @O@DO ] — Multiband Sources
* CAN WE DISTINGUISH FORMATION
CHANNELS?
» Dynamical formation channel
» Eccentricity measurement with acguracy -
0.01%
® MULTIBAND SOURCES - THE LONGEST
INSPIRAL SIGNAL !
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Frequency [Hz]




INSPIRAL

UNIVERSE

Years after the Big Bang

The Big Bang
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TRACE THE ORIGINS, GROWTH AND MERGER HISTORIES OF MASSIVE BLACK HOLES-THE TRANSIENT UNIVERSE
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TRACE THE ORIGINS, GROWTH AND MERGER HISTORIES OF MASSIVE BLACK HOLES

LISA HORIZON FOR MASSIVE BLACK HOLE BINARIES IS THE UNIVERSE

14

12

10

SNR
Redshift

10 \/ .

_____________________

___________________

___________________

____________________

__________________

__________________

__________________

10 10%

10°

""" - Cosmicdawn
............ Reionization..

____________________________________

____________________________

105 107 108 109 10%0
Total mass [M]

= LISA. Signal dominated
sources

= Discover the population of
massive black hole binaries

= Mass-Spin: shaped by
accretion and mergers
measured with high
accuracy

= Rate: ten(s) of mergers per

ear



TRACE THE ORIGINS, GROWTH AND MERGER HISTORIES OF MASSIVE BLACK HOLES

LISA DISCOVERY SPACE AGAINST OBSERVATIONS OF AGN

10*

103

SNR

10 -

Redshift

___________________

___________________

10 .

__________________

High-z quasars |

______________

_____________

————————————————————————————————————————————————————

___________________________________________________

__________________________________________________

_________________________________________________

______________________________________________

Total mass [M]

= LISA, exploring the low-mass
tail of the MBH mass function,
extends knowledge on the way

supermassive black holes
outshining as quasars and AGN
formed and grew




LINKING STELLAR BLACK HOLES TO THE GIANT THROUGH THE FORMATION OF SEEDS
BLACK HOLE UNIVERSALITY OVER 10 ORDERS OF MAGNITUDE IN MASS?

1 Stellar black holes

< Primordial black holes

Cosmic string loops

redshift
=

First star

remnants
Runaway and

hierarchical
mergers

Massive black holes

Direct *
GW190521 collapse >gri

NGC 205




IDENTIFY THE ELECTROMAGNETIC COUNTERPARTS OF MASSIVE BLACK HOLE BINARY COALESCENCES

* HOW DOES ACCRETION PROCEED IN THE VIOLENTLY CHANGING SPACETIME OF A MERGER?
®* EM PERIODIC SIGNATURES IN THE PRECURSOR - JETTED-AGN EMISSION POST-MERGER EMISSION?

- - N CERARTLGTE,
Only binaries of 10 Mg at O OB At merger localisation within "'
z~0.5 can be localised ~0.1 deg? or betteris possible | .
_ within 10 deg? for EM alerts \_ ) u for the LISA binaries out to z~3 K T, J
A
103_
c'\g) 102
R s ==l P E PSS PP L L Rubin FoV
a 1(3(1 L ______________ —— — — Athena FoV
3 107!
U M=3x10°My,z=0.3
1077
: : : : : >
1T month 1 week 3 days [eEYY 10h 5h Th merger




SCIENCE OBSERVATIONS: LOW LATENCY ALERTS FOR A MULTIMESSENGER OBSERVATION

: ALERTS & MULTI-MESSENGER o
* 4+

é A o O e ©
;*—————— Protected Period

§ AVA'AV‘V"‘VAV VAAY V‘V‘V‘V‘v" ""

% First alert, é

+ Determining protected period

- 3 months -10 days -6 hours merger

» Realtime in 8/24 h of data exchange » Multi-messenger will be done “online”
with alerts but also “offline” for long lived

» Protected periods sources (Galactic binaries, Stellar BH)



EXPLORE THE FUNDAMENTAL NATURE OF GRAVITY AND BLACK HOLES

®* ARE THE MASSIVE OBJECTS THAT MERGE AND THEIR REMNANTS KERR BLACK HOLES?
®* DO HORIZONLESS ULTRACOMPACT OBJECTS EXIST IN NATURE?

INSPIRAL NIN[EIBI@LIN

Black hole “spectroscopy”: quasi-normal
modes and damping times - function of M and

spin only - “no hair conjecture”

GR deviations measured with precision of 10%
to 1%

EXOTIC COMPACT OBJECTS ?




Extreme Mass-Ratio Inspiral
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EXPLORE THE FUNDAMENTAL NATURE OF GRAVITY AND BLACK HOLES

Normalized strain

AN

2000 4000 6000 8000 10000
t/s

- Non-dispersive GW

Dispersive GW
D, = 0.50 Gpc

Normalized strain

Probe dynamical relaxation
processes in galactic nuclei
and star formation in extreme
conditions near a massive

black holes

Probe of the geometry of a
stationary spacetime

No-hair conjecture

Redshifted mass of the
primary with accuracy ~
0.001%

Spin of the primary with
absolute error~10->

Quadrupole Moment (M,spin)
- fractional accuracy of 10-5



UNDERSTAND STOCHASTIC GW BACKGROUNDS AND THEIR IMPLICATIONS FOR THE EARLY UNIVERSE AND TEV SCALE PARTICLE PHYSICS

®* WHAT IS THE AMPLITUDE AND SPECTRAL SLOPE OF ASTROPHYSICAL BACKGROUNDS?
®* ISTHERE A COSMOLOGICAL SGWB?

10-6 ] [
i i sBHB (DWDs ) astrophysical
E tochastic Gravitational \Wave Backgrounds background
10-8 i i A TDI channel
| i Amplitude determined with
i error ~%
é,% 10-10 §~ \ \I _‘ Cosmological background
L - : encompassing the TeV energy
i i scale
10-12 E i irst Order Phase ransition:
i L \ benchmark signal
3 i \\ Fractional error on log @
10-14 L I | , ~0.45%
104 103 102 101

Frequency [HZz]



LISA - LASER INTERFEROMETER SPACE ANTENNA

%
&0 SCIENCE *

DATA PROCESSING

Global Fit
Alerts

Waveforms




