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LISA

A giant interferometer in space 

3 Spacecraft 2.5 Million-km arm-lengths

Picometre laser interferometry between TMs

Test masses in sub-femto-g free fall  
(10-15 m/s2/√Hz)



Acceleration noise on test masses

~fm/s 2/√Hz

Interferometer shot noise
~10pm/√Hz total

Attenuation by arm-length

2.5 million km

LISA sensitivity
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Squeezing the LISA arm

CQG 26 094015 (2009)
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<3×10-14 ms-2Hz-1/2 at 1mHz



Achieving femto-g accelerations

Vacuum control
1.96kg, 46mm TMs, 
2.8-4mm gaps
Launch lock and release
Charge control
<pm Interferometry
Mass control
Magnetic control
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Journey to L1



Mission timeline

Science mission 1 Mar 2016 – 30 June 2017
Share of nominal mission timeline :

Noise: 197.13 days
Calibration: 5.68 days
Crosstalk: 6.48 days
Thruster: 3.50 days
Electrostatics: 21.50 days
Laser: 8.35 days
Thermal: 24.79 days
Magnetic: 5.50 days



Out of the box performance

Simplest analysis:
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Noise performance

Gravitational balancing
= lower actuation
Cross-talk from other 
degrees of freedom 
due to test mass 
misalignment
Centrifugal 
acceleration

PRL 116, 231101 (2016)



Known Noise Sources

Thermal gradients

Magnetic fields

Electrostatic (TM charge)
PRL 118 171101 (2018)

Actuation stability



contributor in the frequency range 20–100 Hz has not yet
been identified.
The narrowband features in the sensitivity plots shown in

Fig. 5 are caused by power lines (60 Hz and harmonics),
suspension mechanical resonances, and excitations that are
deliberately added to the instrument for calibration and
alignment purposes. These very narrow lines are easily

excluded from the data analysis, while the broadband noise
inevitably limits the instrument sensitivity. The latter is
therefore a more important topic of investigation.

A. Seismic and thermal noises

Below 10 Hz, there is significant displacement noise
from residual seismic motion. On average, at both the
Livingston and Hanford sites, the ground moves by
∼10−9 m=

ffiffiffiffiffiffi
Hz

p
at 10 Hz—ten orders of magnitude larger

than the Advanced LIGO target sensitivity at this fre-
quency. To address this difference, seismic noise is filtered
using a combination of passive and active stages. The test
masses are suspended from quadruple pendulums [24].
These passive filters have resonances as low as 0.4 Hz and
provide isolation as 1=f8 in the detection bandwidth. The
pendulums are mounted on multistage active platforms
[41,42]. These systems use very-low-noise inertial sensors
to provide the required isolation in the detection band and
at lower frequencies (below 10 Hz). This isolation is crucial
for bringing the interferometer into the linear regime and
allowing the longitudinal control system to maintain it on
resonance. The active platforms combine feedback and
feedforward control to provide one order of magnitude of
isolation at the microseism frequencies (around 0.1 Hz) and
three orders of magnitude between 1 Hz and 10 Hz. Most of
the suspension resonances are located in this band, where
ground excitation from anthropogenic noise and wind is
significant.
Fluctuations of local gravity fields around the test

masses—caused by ground motion and vibrations of the
buildings, chambers, and concrete floor—also couple to the
gravitational wave channel as force noise [43] (gravity
gradient noise). The coupling to the differential arm length
displacement is given by

LðfÞ ¼ 2
NgravðfÞ
ð2πfÞ2

NgravðfÞ ¼ βGρNseiðfÞ; ð8Þ

where Ngrav is the fluctuation of the local gravity field
projected on the arm cavity axis, the factor of 2 accounts for
the incoherent sum of noises from the four test masses,G is
the gravitational constant, ρ≃ 1800 kgm−3 is the ground
density near the mirror, β≃ 10 is a geometric factor, and
Nsei is the seismic motion near the test mass. Since the
ground near the test masses moves by ≃10−9 m=

ffiffiffiffiffiffi
Hz

p
at

10 Hz, local gravity fluctuations at this frequency are
Ngrav ≈ 10−15 ms−2=

ffiffiffiffiffiffi
Hz

p
and the total noise coupled

into the gravitational wave channel at 10 Hz is
L ≈ 5 × 10−19 m=

ffiffiffiffiffiffi
Hz

p
. Gravity gradient noise is one of

the limiting noise sources of the Advanced LIGO design
in the frequency range 10–20 Hz. However, the typical
sensitivity measured during O1 is still far from this
limitation.

(a) LIGO Livingston Observatory

(b) LIGO Hanford Observatory

FIG. 5. Noise budget plots for the gravitational wave channels
of the two LIGO detectors. The strain sensitivities are similar
between the two sites. Plot (a) shows the low-frequency curves
for L1, whereas Plot (b) shows the high-frequency curves for H1
detector. Quantum noise is the sum of the quantum radiation
pressure noise and shot noise. Dark noise refers to electronic
noise in the signal chain with no light incident on the readout
photodetectors. Thermal noise is the sum of suspension and
coating thermal noises. Gas noise is the sum of squeezed film
damping and beam tube gas phase noises. The coupling of the
residual motion of the Michelson (MICH) and signal recycling
cavity (SRCL) degrees of freedom to gravitational wave channel
is reduced by a feedforward cancellation technique. At low
frequencies, there is currently a significant gap between the
measured strain noise and the root-square sum of investigated
noises. At high frequencies, the sensitivity is limited by shot noise
and input beam jitter.
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Low-frequency noise runs 
take a long time

Only ~3400 cycles at 0.1mHz 
since start of mission
Compare with VIRGO/LIGO 
~1hr of 1Hz data

LISA band extends to 20µHz
Need long runs
Glitches!

Low(er) frequency noise



Glitches

Δg impulses limit noise run length

Origin unknown

Fit by simple, consistent model

Removed to compare underlying 
noise



Long runs

• Noise performance

PRL 120, 061101 (2018)



Prospects for LISA 

SMBH science reliant on LISA  
low-frequency performance
Measured on LISA Pathfinder 
and compatible with all 
science goals
Challenges remain:

Noise characterization via time-
delay interferometry
Unknown noise
Impact of glitches
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Prospects for LISA 

LISA selected as European Space Agency ‘L3’ mission

arXiv 1702.00786

Major contribution from NASA

Phase-A industrial study (how to build it) started

Launch 2030-2034
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LISA Pathfinder 
Contributions


