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From LISA Pathfinder to LISA
a gravitational waves space-based observatory

Daniele Vetrugno

daniele.vetrugno@unitn.it

University of Trento and TIFPA, INFN

21/05/2019 GWADW 2019

1
Elba, Italy



The Gravitational waves spectrum

Binary Supermassive Black
Holes in galactic nuclei
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Freely-falling supended mirrors and “equal”’ arms

ON GROUND




“Orbiting” mirrors and no pendulum!
g p

IN SPACE

- L2 =~ 50000 km




LISA: the Laser Interferometer Space Antenna

Heliocentric orbit, Earth-
trailing

~105 km IFO, Drag-free SC

MOSA (Moving Optical
Sub-Assemby): Telescope,
Optical bench, Gravity
Reference Sensor

™ -TM

SIC-SIC . 2 W 1064 nm lasers

(L/c~83s;Av~+8m/s)

30 cm telescope

transponder instead of
reflection (100 pW at far
SC)

Split interferometry




LISA suppresses laser frequency noise by TDI

Time delay Interferometry (TDI 1.0, 2.0)

e combines time delayed observable to synthesize
equal arm pathlength (work by Tinto,
Armstrong, Estabrook et al...) at 1 m (3 ns)

level SC2
2
* Michelson combinations 4+ Sagnac + ... N
* mixes signals and introduces correlations B



Characteristic Strain

LISA metrology

Noise is composed by “IFO noise + acceleration noise”
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Force noise in LISA is in the local spacecraft

— GOCE — Grace — Microscope (preliminary) — LISA L3 Requirements
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Force noise in LISA is in the local spacecraft

— GOCE — Grace — Microscope (preliminary) — LISA L3 Requirements
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LISA Pathfinder: the LISA technology
demonstrator




LISA Pathfinder working principle

Drag-free satellite

Slow capacitive controller via
audio-frequencies AC voltages

Picometre interferometry

X1(t) = foc — w%xl + g1 Xo(t) = fs¢ + fo,oma — C‘)%xz + 9>

Ag.r [t] = A)C[f] + ’Ilf.\'l [t] o ’12fx3 [I] o le.x'l [t]
+ Cof 1, [t] + @3 Ax[t] + Aw?yx, [1].
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Need to be calibrated




SXy (ms2/vHz)

|&d Selected for a Viewpoint in Physics week ending
PRL 116, 231101 (2016) PHYSICAL REVIEW LETTERS 10 JUNE 2016

S

Sub-Femto-g Free Fall for Space-Based Gravitational Wave Observatories:
LISA Pathfinder Results
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PHYSICAL REVIEW LETTERS 120, 061101 (2018)

Editors' Suggestion Featured in Physics

Beyond the Required LISA Free-Fall Performance: New LISA Pathfinder Results
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Modeled forces do not fully explain noise
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From LPF to LISA

e In LISA all the TMs will be drag-free along their x-axis.
« Force gradients and Tilt-To-Length (TTL) need to be calibrated.
* Inertial forces in LISA could enter the signal through actuation crosstalk

* Force glitches need to be understood both as instrumental origin that for
discrimination techniques

 TDI mixes many signals and introduces correlations that makes even
instrument noise characterization non trivial

: 1
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Characteristic Strain

LISA landscape in
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the mid ’30s

Expected sources

~10+10%2 SMBHBs

~1 +10% EMRIs

~10° resolved galaxy binaries
~10% of unresolved

« LIGO/Virgo sources

e Discovery potentials

* Global fit in a huge high
dimensional space, together
with instrumental noise and
GW stochastic foreground
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LISA mission status

Timeline <g = Q\W eSa
October 2013: Selection of "The Gravitational Universe” as écience theme for the
3rd ESA flagship mission (L3)
October 2016: Call for mission proposals for L3
June 2017: Selection of LISA as L3 with an anticipated 2034 launch date
May 2018: Phase A Kick-Off
—— 2018-2020: Mission Phase A
<Mid 2020: Formulation Review (end Phase A)
>2020: Mission Phase B1
<2024: Mission Adoption
>Adoption: Mission Implementation (Phase B2/C/D)
<2034: Launch
>Launch: 6.5 years operations (+6 years potential extension)
ESA UNCLASSIFIED - For Official Use Martin Gehler | ESA-LISA-EST-MIS-HO-016 | ESTEC | 29/04/2019 | Slide 3
=0l b EE ™ - I ™= S III1 = = 55 I =SB SR im I¥ European Space Agency
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The LISA Consortium

Agencies oA scince Phase A
Study Team
ESA
NASA
| System
Office
LISA Consortium
Consortium Lead Consortium Board
Committee
Executive Board
‘Coordinator
+ Deputy Oversignt
Ex Oficio: ESA, NASA  Consortium Lead ORI

+1 or 2 leadsrs from LI, LDP and LSS
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Membership status

* We have received ~200 applications
* 199 external group applications
have been board approved

* Currently have 1122 members
» 498 full members
« FTE = 196
* median FTE = 0.3

s 524 associate members

LISA Instrument Group
LISA Data Processing Group
LISA Science Group
Diversity & Inclusion Committee
Publication Committee
Astrophysics WG
Cosmology WG
Fundamental Physics WG
Waveform WG
Simulation WG
LISA Data Challenges WG
Advocacy & Outreach WG

Measurement Science WG

237 (33)
78 (22)
260 (41)
14 (7)
15
387
258
286
153
70
179
46



Join the LISA Consortium!

https://sighup.lisamission.org/

LISA

LISA MISSION LISA PATHFINDER GRAVITATIONAL WAVE CONTEXT 2030 CONSORTIUM
ASTRONOMY

Home Consortium / Join consortium

Consortium User Guide Link

Een:oif it delofEeNCHES The LISA community welcomes all scientists who wish to contribute.

Consortium News

Join the community! Consortium membership for scientists

If you are a scientist and wish to contribute to the LISA mission, use this scientist registration form.
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https://signup.lisamission.org/
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