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Panoramica

» (Osservazione astrofisica con onde gravitazionali:

Potenzialita delle basse frequenze e obiettivi HOMEPAGE » COMUNICAZIONE »

COMUNICATISTAMPA  »

= Il concetto di LISA e requisiti di performance SD';TCXQESXE';'Z;IALE

» Panoramica: strumentazione e stato attuale della missione EUROPEA ALLE MISSIONI
LISA E ENVISION

= Il contributo di LISA Pathfinder

Si tratta del piti importante osservatorio spaziale per le
onde gravitazionali e di una sonda che studiera i tanti
misteri ancora nascosti del pianeta Venere. | due

/3 ===l progetti vedono una forte partecipazione italiana con

INFN Istituto Nazionale di Fisica Nucleare

I'’Agenzia Spaziale Italiana, I'lstituto Nazionale di Fisica
Nucleare e I'Universita di Trento
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SCIENCE & EXPLORATION

AFORO VERDE DALLAGENZIA SPAZIALE EUROPEA ALLE MISSIONI LISA E

ISION 25 Gennaio 2024

Capturing the ripples of =]

spacetime: LISA gets go-ahead
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LISA: stato della missione

Phase © Phase A Phase B1 Phase B2 Phase C/D Phase E
o Preliminary Preliminary Detailed definition and .
Concept Feasibility definition definition production Operation
2018-2021 2022-202 2028-2035 2035++
[ [ A A
Mission Definition Mission Formulation
Review Review
Adoption Launch
‘ Y ’ (2035)
Development ‘ v |
Implementation
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LISA: componenti e integrazione

e 4
GRS Frequency - IDS Interferometric Detection Susbsystem
Electronics Reference GRS Gravitational Reference Sensor
— ; GRS SDS Science Diagnostics Subsystem
GRS © - PAAM Point Ahead Alignment Mechanism
NASA FSU Fibre Swtiching Unit
il BAM Beam Alignment Mechanism
> ESA/Prime QPR Quadrant .Photorec‘eilv.er
GRS CAS Constellation Acquisition Sensor
ULu v b | - PMON  Power Monitor
\ oB Optical Bench
MOSA Moving Optical Sub-Assembly
> MCU Mechanism Control Unit
ULU Ultra-violet Light Unit
DACU Diagnostics Acquisition and Control Unit
PMS Phasemeter Measurement System
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Potenzialita delle basse frequenze

THE SPECTRUM OF GRAVITATIONAL WAVES @esa

Observatories Ground-based " Space-based observatory \ Pulsar timing array Cosmic microwave
& experiments experiment ' ‘ background polarisation

Science Objectives

» Study the formation and evolution of compact binary stars and the structure of the Milky Way Galaxy
= Trace the origins, growth and merger histories of massive Black Holes across cosmic epochs

= Probe the properties and immediate environments of Black Holes in the local Universe using extreme mass-ratio
inspirals and intermediate mass-ratio inspirals

= Understand the astrophysics of stellar-mass Black Holes A | Nasq

= Explore the fundamental nature of gravity and Black Holes lisa

= Probe the rate of expansion of the Universe with standard sirens

= Understand stochastic gravitational wave backgrounds and their implications
for the early Universe and TeV-scale particle physics

» Search for gravitational wave bursts and unforeseen sources
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Potenzialita delle basse frequenze
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—15 |
N 1075 10"Mo Stellar Mass BH Binaries
I i T 6 = __ Multiband Sources
k 1 5 x 10 MQ =—— Extreme Mass-Ratio Inspiral
™~ =16 : .
—. 10 E === |Massive BH Binaries
1 v '

2 !

0 _\

=

A 10717

e ]

p—

e |

D —18

5. 101

wm ]

° 1

o ]

2 10~19

5 10775

= ]

< |

=

= 10724

e ] Observatory

wn Sensitivity

1 = Galactic Foreground
10721 4 === Total

w04 w0 10?10t 1e°
Frequency [HZ]

LIS A osi) s (INFN

6 CONSORTIUM



Il concetto di LISA

1 AU (150 million km)
Sun
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Il concetto di LISA ’

é

%ﬁ

L asers 2 per spacecraft o 2\W output power e wavelength 1064 nm e frequency stability
300 Hz/vHz
Optical Bench 2 per spacecraft e double-sided use ¢ high thermal stability (Zerodur)
Interferometry h(itr(;rodyne interferometry e 15 pm/VHz precision e Inter-spacecraft ranging to
Telescope 2 per spacecraft e 30 cm off-axis telescope e high thermal stability
I 2 per spacecraft e acceleration noise <3fm/(s? VHz) e 46 mm cubic AuPt test
Gravitational Reference System . . Lo
mass e Faraday cage housing e electrostatic actuation in 5 degree of freedom

2.5 Million km
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» Misura di variazioni “Doppler shift” di frequenza
tra fascio laser emesso e ricevuto.

» Misura interferometrica end-to-end, “heterodyne detection”
laser 1064nm, 2W, braccio 2.5 Mkm

» Test mass Au-Pt da 2 kg, in caduta libera nominale lungo asse laser.
Controllo feedback loop lungo altri gradi di liberta.

» Micro-Newton thrusters = circuito di controllo drag-free

/
e //v'ﬁ\/\

Characteristic Requirement
Forze esterne

Free-fall purity 8,(1mHz) <3x 10" ms=2/vHz
|| Displacement sensitivity 8,(1mHz) < 15x 1072 m/vVHz

ac(ty — L/c) — ar(ty) GW measurement band 100pHz < fow < 1Hz
¢ Larm ~ 2.5 x 10% km

. _ . L
= (h(tr - L/c) - h(tr)) ~—h(t) g0+
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LISA Pathfinder -

7‘ .
~Qe)| lisa pathfinder

W

~Lancio verso L1: Dicembre 2015
- Termine operazioni: Luglio 2017

Electrode Housing
Interferometric IFO
readout: Ax(t)

Optical Bench,
four interferometers  capacitive (GRS)
readout, 6 DOF
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LISA Pathfinder:

= Rumore in accelerazione residuo (@ 1mHz): fm s2 Hz'1/2
PRL 120,061101 (2018), PRL 116,231101 (2016)

- < ' ,,,/‘: ”
A 1 4 - X " ..,"
> 3 > X E A\ X 1
o T\l _ & &
107131 LPF Reqi y PO R s 5 o l :
equiremen ts J ’ L v o\ h "y 3 g ;
I : - - P 7 g (I SO I
N RO A liffesies_ E7 /////////////
< > ' # N
D I - (] A &_‘
g [} \\ i <
- -14 | )
=3 10 3 LISA Requirements !
w0 [ o
[}
I‘ -
x
= P
SN 1 b
§ LPFFebl7 !
10715 T T — y
10> 1074 1073 1072 107!

Frequency [Hz]

LIS A si) i (INFR

12 CONSORTIUM




el | < L

= Rumore in accelerazione residuo (@ 1mHz): fm s2 Hz'1/2
PRL 120,061101 (2018), PRL 116,231101 (2016) ol

= || primo interferometro sub-picometrico nello spaz
PRL 126,131103 (2021)
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= Rumore in accelerazione residuo (@ 1mHz): fm s2 Hz'1/2
PRL 120,061101 (2018), PRL 116,231101 (2016) : * g, _
= || primo interferometro sub-picometrico nello spazio P - P o 2 .”
PRL 126,131103 (2021) [ e X '

= Sistema di scarica UV contact-free (interazione raggi cosmici), ‘&= o o | N///’W/u
PRL 118,171101 (2017) \ 4 “ s
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LISA Pathfinder:

= Rumore in accelerazione residuo (@ 1mHz): fm s2 Hz'1/2
PRL 120,061101 (2018), PRL 116,231101 (2016)

= || primo interferometro sub-picometrico nello spazio
PRL 126,131103 (2021)

= Sistema di scarica UV contact-free (interazione raggi cosmici),
PRL 118,171101 (2017)

= Attuazione elettrostatica con sensibilita sub-femtoNewton.

= Controllo drag-free per LISA.
= Grabbing-Positioning-Release Mechanism
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Testing facility @ UniTrento / INFN
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GRS (Gravitational Reference System)

L Agenzia
s’ Spaziale
- Italiaona

INFN
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GRSH 1 FEEH MCU 1 — ULUN MCU 2 FEEH GRSH 2

— TM 1 —  SAU1 — FOH N/R —  SAU 2 L ™ 2 1 D H
ITALILA
] We.Create.Space.
- EH 1 — PCU1 —  ULUR — PCU2 — EH 2
HESYYE || SAU/PCU || SAU/PCU L cum 2
Harness 1 Harness 2
|| GPRM 1 || SAU/GRSH || SAU/GRSH || GPRM 2
Harness 1 Harness 2
— VC 1 HSU 1 HSU 2 — VC 2
- VD 1 L VD 2
— BMs 1 — BMs 2
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Una caduta libera quasi-geodetics__ et

I PRL 120, 061101 (2018), LPF noise performance I
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Sorgenti di rumore

I Sorgenti di rumore in forza:

PRL 120, 861101 (2018) - Attuazione elettrostatica
- Caricamento da raggi cosmici +2.4
10>\.\ » =—Campi etettrici parassiti 32'0_1'7 fm/\/m
1N\ » - Pressione di radiazione laser PRL 126, 131103 (2021)
' : - Effetti termici
» =Forze di gradiente

- €. 1n preparation, 2024
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