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From LISA Pathfinder to 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: the brightest sources 
• Wave amplitude scales with 𝑀!×𝑀"
• Detectable “everywhere” in the universe
• Sooner or later frequency crosses LISA band : 

cosmological stratigraphy
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Detecting SMBH mergers with LISA and Athena 
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Extreme Mass 
Ratio Inspirals
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XMM-Newton 
GSN 069



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

SIF2020 16/9/20 S. Vitale 8

V
. K

or
ol

et
 a

l M
N

R
A

S 
48

3,
 5

51
8–

55
33

 (2
01

9)

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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LISA
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The LISA link
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• Laser beam propagates through GW curvature
• Beam frequency ν shifts along propagation
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• Shift is also modulated in time: time derivative directly proportional to curvature 
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Spacecraft  acceleration and Doppler effect
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• Standard Doppler effect in flat space-time also shifts frequency and mimics 
GW

• Time varying shift caused by acceleration along beam of emitter and receiver 
relative to  inertial frame
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• Spacecraft (S/C) accelerate too much because of solar radiation pressure



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
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Noise in a LISA link
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• Frequency measurements are 
noisy: interferometer readout noise

• Total noise 

Acceleration of test-masses Interferometer readout 

noise



LISA: Sub-femto-g force suppression required

• Cannot be tested 
on ground  ≲
0.1 Hz

• Not even in low 
Earth orbit: (>3) 
orders of 
magnitude better 
than any other 
space mission
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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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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



LISA acceleration requirements
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Relaxed LISA Pathfinder requirements
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Just above 1 mHz

Factor 10 more noisy



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.

• 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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• Better than 
requirement.

• Close to 
prediction 

• Except for 
interferometer 
noise at 35 
fm/√Hz instead of 
10 pm/√Hz 



Gravitational control and actuation
• Electrostatic force mostly compensates 

gravitational force
• Gravitational force canceled in dead 

reckoning with ~1.8 kg balance mass
• Specification gmax<650 pm s-2 (3 σ + 

margin)
• Actual: gmax< 25 pm s-2 (~5% probability)
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Authority 650 pm s&'
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Authority 50 pm s&'
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Brownian noise decays because of venting to space



Pressure and Brownian decay
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Authority 50 pm s&'
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The ultimate performance
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LPF: a full menu of 
experiments



LISA marching ahead
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Competitive industrial study: can’t show actual design 
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Technology
developments
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