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LISA



LISA: the quest for low-frequency GW
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Low frequency GW astronomy
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Super-massive sources

• Binaries are nearly Keplerian,  frequency 
of wave twice frequency of revolution
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Supermassive BH mergers: the brightest sources 
• Wave amplitude scales with 𝑀!×𝑀": detectable “everywhere” in the 

universe

EGO-Pisa 13/10/2021 S. Vitale 4
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Non-transient GW astronomy
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• GW-binary astronomy of local 
group

• BH multi-band astronomy



The high ℛ end: the GW Milky Way
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T. Littemberg et al arXiv:2004.08464

• Tens of thousand of discernible sources 
• Plus a stochastic foreground

Kupfer T, et alhttps://doi.org/10.1093/mnras/sty1545



Expectations
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Multi-band GW astronomy
and fundamental physics
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Joint observation greatly 
improves measurement of 
deviation from GR 

S. Datta et al arXiv:2006.12137v1 [gr-qc] 22 Jun 2020
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Detecting gravitational 
wave in space

• Waves of space-time 
curvature that propagate at 
speed of light

• Doppler tracking of free 
orbiting bodies modulated 
at period of gravitational 
wave

Δ𝜈̇
𝜈!

≃ 𝑐𝑅 " # "
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Curvature
tensor

Separation between  bodies



LISA
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The LISA link
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L Receiver (rec)Emitter (em)

• Propagating throughout GW curvature, beam accumulates a time modulated 
frequency shift  #%̇

%@
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' 𝐿

• Acceleration of spacecraft via standard Doppler effect also shifts frequency 
and mimics GW #%̇
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• Spacecraft (S/C) accelerate too much because of solar radiation pressure

Curvature
tensor

Size of 
detector



Coping with S/C acceleration
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• Free-floating test-masses (TM) are carried inside S/C
• No contact between TM and S/C, “drag-free” along the beam
• Measure S/C-to-TM acceleration and correct signal for Doppler

• Residual noise due to acceleration of TM relative to local inertial frame
Δ𝜈̇
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LISA interferometry
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• The LISA arm: two counter-propagating 
links.

• LISA 3 arms: 6 single-link frequency 
signals, 100 pW interferometry, ≃
10 𝑝𝑚/ 𝐻𝑧 equivalent test-mass 
displacement.

• To beat laser noise, data processing 
requires knowledge of light travel time 
within 3 ns/1 m. Done with internal 
“laser GPS”

• LISA core instrument: the link terminal



• Best stabilized laser frequency 
noise off scale:
– Required≼ 1 𝜇𝐻𝑧/ 𝐻𝑧
– Available ≼ 1 𝑘𝐻𝑧/ 𝐻𝑧

• Ground based interferometers 
beat noise comparing beams 
emitted at same time (equal arms)

• LISA: arms are unequal (ΔL ≃
10+𝑘𝑚) and time varying over 
the year.

• Combine single-link signals to 
mimic   light beams that have 
traveled equal lengths
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Laser frequency noise & time delay 
interferometry



Requires high accuracy measurement of phase
• Demonstrated in lab by many teams
• For instance
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10E − 10FF dynamic range



LISA link nstrument
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• The Gravitational 
Reference Sensor with 
the test-mass 

• The Optical Bench 
with:
– Local interferometer
– Spacecraft to 

spacecraft 
interferometer, 
including telescope

EGO-Pisa 13/10/2021 S. Vitale 17

LISA link 
Instrument



The optical bench
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The full complement
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C O N S O R T I U M



Acceleration noise and LISA science
• LISA sensitivity limited at low frequency by acceleration of test-masses
• LISA is a low frequency instrument: much of SNR for most interesting 

sources accumulated ≼ 10 mHz
• Acceleration noise ≤ 𝑓𝑒𝑚𝑡𝑜 𝑔/ 𝐻𝑧
• Cannot be demonstrated on ground or in LEO
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Acceleration of test-masses

Interferometer 

noise



LISA Pathfinder

• Force disturbance is 
local. Test does not 
require million km size
•One LISA link inside a 

single spacecraft (no 
million km arm)
• 2 TMs, 
• 2 Interferometers (Ifo) 
• Satellite chases one test-

mass
•Contrary to LISA, second 

test-mass forced to 
follow the first at very 
low frequency by 
electrostatics 
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LTP ST7



The LTP
• Test masses gold-platinum, 

highly non-magnetic, very 
dense
• Electrode housing: 

electrodes are used to exert 
very weak electrostatic 
force
• UV light, neutralize the 

charging due to cosmic 
rays
• Caging mechanism: holds 

the test-masses and avoid 
them damaging the 
satellite at launch
• Vacuum enclosure to 

handle vacuum on ground
• Ultra high mechanical 

stability optical bench for 
the laser interferometer
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The real H/W
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From instrument integration to orbit



Requirements and expected performance
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• Electrostatic actuation 
noise:
– For a given voltage 

source noise, the 
larger the needed 
force you set, the 
larger the force noise.

– Required force set 
by accuracy of 
gravitational balance

• Brownian noise from 
residual gas:
– The larger the 

pressure surrounding 
the test-mass the 
larger the noise

• Interferometer readout 
noise: ≃ 10 𝑝𝑚/ 𝐻𝑧
as for LISA



First day of operations: March 1st 2016
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• Close to 
prediction 

• Except for 
interferometer 
noise at 35 
fm/√Hz instead of 
10 pm/√Hz  we 
could show on 
ground!



The magic interferometer
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First day of operations: March 1st 2016
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Improving performance

• Gravitation 
suppression: 
predicted worst 
case ±65 𝑝𝑔. 
Actual 2 𝑝𝑔!

• Brownian noise 
decreases with 
pressure as the 
system is 
vented to outer 
space
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LISA requirements met with 
some margin
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Brownian  noise (pressure) vs time
throughout the mission



Consolidating the noise model: LPF full menu of experiments
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Understanding the (remarkably stable) residual 
noise
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Preliminary



Transferring knowledge to LISA Performance
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LISA marching ahead
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Ongoing 
while we 

speak
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LISA currently in phase A→B1
• Phase-A study competitive: cannot show much!
• A rather stable concept, working out the details



Including non trivial data reduction
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Technology developments
(TRL 6 by adoption)
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Technology developments
(TRL6 by adoption)
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Charge management

Laser

Telescope



The International Collaboration
• The LISA Consortium (1437 

members)
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Beyond LISA
• Planning for the future
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