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Analysis of the LISA Pathfinder mission results towards the end of the mission
(red line) compared with the first results published shortly after the spacecraft
began science operations (blue line). The initial requirements (top, wedge-shaped
area) and that of the future gravitational-wave observatory LISA (middle, striped
area) are included for comparison, and show that LISA Pathfinder far exceeded
expectations. Credit: ESA
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The final results from the ESA satellite LISA Pathfinder (LPF) have
been published today. Using data taken before the end of the mission in
July 2017, the LPF team – including researchers from the Max Planck
Institute for Gravitational Physics in Hannover and Leibniz Universität
Hannover – significantly improved first results published in mid 2016.
LPF now has exceeded the requirements for key technologies for LISA,
the future gravitational-wave observatory in space, by more than a factor
of two over the entire observation band. LISA is scheduled to launch
into space in 2034 as an ESA mission and will "listen" to low-frequency
gravitational waves from merging supermassive black holes in the entire
Universe and tens of thousands of binary stars in our galaxy.

A sight to behold

"LISA Pathfinder beautifully demonstrated the key technologies for
LISA, the future gravitational-wave observatory in space: the perfect
undisturbed free fall of two cubic test masses inside the spacecraft," says
Prof. Karsten Danzmann, director at the Max Planck Institute for
Gravitational Physics (Albert Einstein Institute, AEI) and director of the
Institute for Gravitational Physics at Leibniz Universität Hannover, who
also is the Co-Principal Investigator of the LISA Technology Package.
"We were blown away by the results in the first weeks of the mission,
but our final results using more and better data and a deeper
understanding of our space laboratory LPF really are a sight to behold."

While the first LPF results already exceeded the LISA requirements at
high frequencies (above 0.01 Hz), the new publication shows that the
requirements are beaten by more than a factor of two all the way down
to 0.00002 Hz – the entire LISA frequency band.

Two gold-platinum cubes in the quietest place in
space
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LISA Pathfinder has demonstrated core elements of a spaceborne gravitational-
wave observatory. Credit: ESA–C.Carreau

A combination of several effects allowed the LPF researchers to further
improve the initial results, reduce the remaining noise sources, and
create and even quieter environment for the two cubic gold-platinum test
masses:

After several more months of venting the test mass vacuum
chambers to space, their residual gas pressure – which previously
limited the measurements – dropped by a factor 10.
The availability of more data improved the understanding of the
small inertial force acting on the cubes caused by the spacecraft's
orbit and how it was oriented in space. Improved control in LISA
will eliminate this effect further.
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A more accurate calculation of the electrostatic forces of the
onboard electrical systems and magnetic fields has also now
eliminated a systematic source of low-frequency noise.
Statistical analysis has allowed scientists to remove the effects of
additional sporadic events ("glitches") to measure the noise at
even lower frequencies than expected.

This demonstration of near-perfect free fall of two test masses over a
wide frequency band is a critical benchmark for the LISA mission and
future multi-messenger astronomy in collaboration with other
(electromagnetic-wave) observatories.

The first-ever laser interferometer in space

In addition, the laser interferometer, the first ever in space, performed
more than 100 times better than its requirements, and 30 times better
than ever in ground-based laboratories. It enabled the detailed
investigation of subtle tiny noise sources and artefacts, thus further
accumulating experience and building confidence in the laser
interferometry for LISA. The construction of the precise optical
measurement system was led by scientists of the Max Planck and
Leibniz Universität researchers in Hannover.
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The proposed LISA mission will detect gravitational waves in space using a trio
of satellites, separated by millions of kilometers. Lasers will be employed to
measure the minute changes in their relative distance induced by impinging
gravitational waves. Credit: AEI/MM/exozet; GW simulation: NASA/C. Henze

The future of gravitational-wave astronomy with LISA

LISA is scheduled for launch into space in 2034 as a mission of the
European Space Agency (ESA). It is supported by many ESA member
states as well as NASA and many scientists working together across the
Atlantic.

LISA will consist of three satellites spanning an equilateral triangle with
each side 2.5 million kilometers long. Gravitational waves passing
through the formation flight in space change these distances by a
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trillionth of a meter.

LISA will measure low-frequency gravitational waves with oscillation
periods ranging from 10 seconds to more than half a day, which cannot
be observed with detectors on the earth. These are emitted by events
such as supermassive black holes with millions of times the mass of our
sun merging at the centers of galaxies, the orbital motions of tens of
thousands of binary stars in our galaxy, and possibly exotic sources such
as cosmic strings.

  More information: M. Armano et al. Beyond the Required LISA Free-
Fall Performance: New LISA Pathfinder Results down to 20 μHz, 
Physical Review Letters (2018). DOI: 10.1103/PhysRevLett.120.061101

Provided by Max Planck Society

Citation: Final results from LISA Pathfinder satellite (2018, February 6) retrieved 24 April 2024
from https://phys.org/news/2018-02-results-lisa-pathfinder-satellite.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

6/6

https://phys.org/tags/supermassive+black+holes/
http://dx.doi.org/10.1103/PhysRevLett.120.061101
https://phys.org/news/2018-02-results-lisa-pathfinder-satellite.html
http://www.tcpdf.org

