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The roadmap to LISA

MFR Adoption

- Phase B1 Phase B2/C/D Phase E

Cadre, 1iere . o D ,

Jafritor Définition Définition détaillée, production, intégration, tests, validation Transfert Opérations
2022 2024 2020 2028 2030 2032 2034 2036 AIRT 2042

~ 1993: First proposal to ESA and NASA

> 2076: LISA Pathfinder (ESA+NASA) successtully demonstrates LISA-like test-mass technology

> 20717: LISA mission approved by ESA after LISA Pathtinder and the first detection of GWs.

> 2018: GRACE Follow-On (NASA+Germany): successtully demonstrates LISA-like interferometry

> 2024 success of the Mission Adoption Review and adoption by ESA: design validated and we
nave the resources to build the instrument

- Long building phase of optical assemblies (6 flight models) + spacecrafts + data processing sys
> Launch 2035
> 1.5 years of orbital transfer

~ 4.5 years of nominal mission + 6.5 years of possible extension
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A NATURAL FUTURE MHZ GW DIRECTION:

BETTER RESOLUTION!

Science key:

Accurate localization provides a permanent
connection with other astronomy info!

E.g. ’A binary merged’ —> ‘That binary e e
merged!’ Milky Way with LISA (simulated)




What is better resolution”

* Angular resolution:
-Ability to distinguish nearby points in a image
-ldeally ditfraction limited: Rayleigh criterion:

oa ~ 1.22

size
-lmage Is formed by power distribution

—>GW sensitivity ~ 1/R7.

.20 slocaasic Lt aaamogensihe,
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Basic mHz GW Mission Concept

+ Basic requirement: /. / Freefaling test-masses:.

accelerated by gravitational waves only

the relative motion of

- Extremely precise measurement:
using laser interferometry: AL/L= 10-20

 Extremely freely falling masses:
tiny non-gravitational force accelerations

- LISA solution:

L = 25 millionkm .. |
-AL ~1e-11m — Must be In space!

-9 3 B mie? s




Ways to locate sources

- Relevant for short chirps:

. 1
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—> effec

ation within the

Ive size Is arm-length

- 2 Between
(like L-V-K, not relevant for LISA alone)
—> effective size is separation distance

- Relevant for long-duration signals:

- 3 ACross
—>effectl

| ISA'S through the year

ve size Is up to ~ A.U.
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Mission design directions for
Improving sky localization

Earth
m. 9 5 million K

Iv__]:-90-230 ;

Xoo
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Sun
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Mission design directions for
Improving sky localization

LISA

Earth _
® 2.5 million k™ <

L1923 V o -Our reference point and base concept 7

1 AU (150 million km : \
( ) ) Sun -Other concepts here are understood as )
directions away from LISA that may improve
localization

A ¥

Sun ) Sun )

e. Twin LISA /ALIA f. GoBIG LISA/ALIA

b. LISA Grande




Mission design directions for
Improving sky localization

LISA-Grande
-LISA but bigger

. Grande

; : . Earth
-Better localization from larger constellation Ao V
size

-The larger size requires a modest increase
In laser power and telescope diameter

Sun

in LISA/ALIA f. GoBIG LISA /ALIA




Mission design directions for
Improving sky localization

LISA-AU

-Distribute the satellites to span Earth’s orbit

-Better localization from much larger
constellation size

-The telescope diameter is even larger than |
LISA-Grande
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Mission design directions for
Improving sky localization

Twin-LISA
Earth Earth

® 25 million ki O illion km -Make two LISA’s on different sizes of Earth

v__]::q()-2:30 ;

40° yd L. - -
N /  -Better localization from triangulation

1 AU (150 million km) ) . )Q between the constellations

b. LISA Grande “-No other changes
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Mission design directions for
Improving sky localization

Earth

GoBIG-LISA

-Send LISA-like triangles away from the Sun
on escape trajectory

-Better localization from extreme triangulation

-Also requires a second constellation N
-Communication and power questions
-Constellation size would slowly evlove

Sun

e. Twin LISA/ALIA f. GoBIG LISA/ALIA




Mission design directions for
Improving sky localization

Earth Earth A L I A

5 million km '
@2 V . -An alternative reference concept more
£19°-23°

o sensitive at higher frequency. RN

1 AU (150 million km) : . . _
) Sun -Localization study for higher freq sources )

b. LISA G»-

-Smaller constellation and a bit more
aggressive version of LISA-like technology .
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INnstrument agdaptation summary

Purpose

Telescope
Diameter

D [m]

Constellation
Armlength
L M km)]

Residual
Acceleration
[fm s~ ]

Orbital
Separation

A [AU]

LISA
LISA Grande
LISA-AU
Twin LISA
GoBIG LISA
ALIA
Twin ALIA
GoBIG ALIA

Baseline
Low Frequency/Larger Arms
Extreme arm-length
Triangulation
Extreme Triangulation
High Frequency/Smaller Arms
High Frequency Triangulation

High Frequency Extreme
Triangulation

0.3
0.5
1.0
0.3
0.3
1.0
1.0
1.0

2.9
20
2090
2.9
2.9
0.5
0.5
0.5

3

3
3
3
3

0.6
0.6
0.6

NA
NA
NA
1
30
NA
1

30




TDI sensitivity - GW Imager Concepts

memm | [SA(SCIRDV1) === ALIA

—-= LISA Grande Twin ALIA
— — LISA-AU —4— GOBIG ALIA

Twin LISA o7 Galactic foreground
—#— GOBIG LISA

Frequency [HZ]
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-localization from

-waveform inference assumed uncorrelated
( )

-only consider a 1-D sky-angle

-ignores higher modes (for now)

|

analysis:
-3 params {#,, m, 0}
-“m” 1s a temporal rescaling param -
-eliminate 7, coupling by coord choice )
—->a computable integral AN

Then separately estimate the
and contributions



Example localization estimates

LISA(SciRDLowLevV) GoBIG LISA

108 My + 108 M, @2z=1
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Then compare across a range of

sclence objective scenarios

la-1: GW distance vs EM redshift .. .
la-2: GW distance to host galaxies - -- -

la-3: GW source and galaxy distributions ....
1b-1: DM-lensed GWs .--
1b-2: Cosmology from GW lensing .--
1d-1: sMBHBs with redshift -[ NN
1d-3: SMBH & galaxy formation at cosmic dawn ---
2a-1: GW & EM emission from MBBHs ..
2b-1: MBH population masses and spins .
2b-2: MBH masses and spins in localized EMRIs ..-

26-3: 10es in ows - REREN
2e-1: Characterize WD EMRIs ---
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PATH TO FUTURE A GW MISSION

LISA ESA
Voyage 2050 .
Additional Themes:

-From temperate exoplanets
to the Milky Way
-New physical probes of the

early Universe

Formulation
&
Design

Development

| Decadal
2030

Concept/Tech

Maturation

e

Formulation
&
Design

2040

LISA to launch 2035

2050 Development

Launch/
Transit

2060‘ \




| [SA-like mHz localization summary

 Now is already time to be working on future mHz GW missions

 We present resources for exploring possibilites:

* A range of configurations to improve localization precision with




