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Basics of LISA
Abstract
The Laser Interferometer Space Antenna (LISA) is a configuration of three satellites that
will precisely measure the distance between each other in order to detect gravitational
waves.[1] Therefore, the stability of LISA satellite configuration will be crucial to its ability
to measure gravitational waves, as will understanding the noise introduced in the
measured gravitational wave signal from various environmental accelerations. Although
solar irradiance will certainly be a large source of noise in the desired frequency band
and will attempt to disrupt the satellite configuration, previous research has only
considered zeroth order calculations of force by irradiance in static systems. To remedy
this, we used a geometric and material based approach to calculate the force on the
satellites’ solar arrays, the only component facing the sun. Running our simulation of
LISA based on irradiance data from the VIRGO (Variability of solar IRadiance and
Gravity Oscillations) satellite, we examined the Fourier transform of force to find the
associated acceleration noise within in the LISA frequency band due to solar irradiance.
This research will help isolate the gravitational wave signal when LISA is flown.
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Background on Gravitational Waves

Methods

Gravitational waves are essentially small undulations in spacetime, manifesting
themselves by slightly oscillating the distance between objects (see Figure 1).
Gravitational waves are created whenever a system is accelrating without spherical
symmetry.[3] Common astrophysical examples of this are binary systems, spinning
non-spherical objects, and supernovae.

To calculate force, we expanded the basic equation of force by photon pressure by
componsating for geometry and materials, given by
Ef A
~
FI =
(1)
c
where Ef is the energy flux or irradiance (Watts/m2), A is area (A = πr 2 cos a, where a is
the angle between the normal and sun), and c is the speed of light.[4] Of course, we
aren’t interested in force in general but only if force oscillates for frequencies within those
within the LISA sensitivity range (10−4 − 1Hz). We can calculate force but this will
inevitably be a time-dependent quantity. This means that we must examine a Fourier
transform of force.
We used the 60 second averaged total solar irradiance data, from 1996-2014, measured
by the VIRGO (Variability of solar IRradiance and Gravity Oscillations) experiment
aboard the SOHO (Solar and Heliospheric Observatory) spacecraft, which measures
solar irradiance at the L1 (first Lagrangian) point. The major problem with our data is the
fact is that there is many missing data points, or ‘gaps’, that must be dealt with since a
fourier transform requires a complete data set. These gaps come from periods where
the instruments were not taking data, due to failure, or the data was considered to be
unreliable by the VIRGO research team. After and exhaustive study, we chose to use an
averaging filling method. This means that we took the first value from either side of the
gap and set every value in the gap to the average. Visually this looks like figure 3.
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Figure: 1: Visual representation of a gravtiational wave. The two images are the two possible polarities of
gravitational plane waves.

Although a necessary consequence of general relativity, they have only recently been
experimentally measured by the LIGO (Laser Interferometer Gravitational-Wave
Observatory) detector. The detecton GW150914 definitively showed that gravitational
waves exist and that they will yield additional astrophysical information that optical
telescopes alone cannot give, such as mass and separation distance in binary systems.
Gravitational wave detection is currently a huge focus for today’s general relativists, as
existing detectors such as LIGO and builders of future proposed detectors such as LISA
(Laser Interferometer Space Attenna) now want use gravitational waves detection as an
astrophysical tool to probe the cosmos. However, different projects like LISA and LIGO
will not be sensitive to the same frequency spectrum, and therefore will not measure the
same astrophysical sources (see Figure 2).

The LISA spacecrafts orbit in a triangular formation (constellation) around
the sun about 20◦ behind the earth with approximate distance of 5 million
km between each craft.[2] LISA will detect gravitational waves by
calculating the distance between each spacecraft, done essentially by
measuring the intensity of laser signals sent from a one craft to another.
When a signal is received the spacecraft references the position of a test
mass, free floating and located inside, and measures the phase
difference between the signal is sending out and the one it received.
Combining this information from the three arms comprises the
gravitational wave signal. Essentially the outer sections of the satellite are
created to protect and house the test mass in order to prevent any
external enviromental accelerations. Each spacecraft can compensate for
constant accelerations by firing thrusters to keep itself centered on the
test mass but even changing the center of mass will cause the test mass
to accelerate, creating noise in the signal. Therefore, it is crucial to
understand the force of the largest external influence, the sun, and
whether this force will have any periodicities within the LISA band and
what this noise will look like.

Results

Figure: 4: Total force by solar irradiation on LISA spacecraft calculated from VIRGO data from the period
of 1996 to 2014.

In the figure above, we can clearly see much of the oscillatory noise that will be affecting
LISA’s signal. Below, we can clearly see three large spikes within the desired frequency
range. This first is right around .0289Hz which is somewhat near “5-mintue oscillations”
frequency that patches of the surface of the sun will move radially in and out. The other
two higher frequencies are second and third harmonics to this frequency.

Figure: 5: Fourier transform of the year 2000 in the VIRGO data set

Figure: 3: Visual demonstration of the averaging and linear gap filling techniques.
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Figure: 2: Gravitational sources and detectors plotted against characteristic wavelength and strain ∆L/L
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