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Major benefits in the field of gravitational wave astronomy may be derived 
from the construction of a gravitational wave detector on the Moon to supplement an 
array of Earth-based antennas. Two strategies for the construction of a lunar 
gravitational wave detector have been presented in the literature. The first strategy 
is to build a laser interferometer antenna similar to the CaltechIMIT laser- 
interferometer gravitational wave observatory (LIGO)[l-41, a design which derives 
from earlier work on L-shaped configurations 131. The second strategy involves 
using an array of sensitive seismometers or gravimeters on the lunar surface to 
detect quadmpole excitations of the entire Moon induced by gravitational waves 
[5,6]. A minimum of six seismometers appears to be necessary for a truly omni- 
directional antenna. 

Gravitational wave astronomy is concerned with the determination of spectra 
from astrophysical sources emitting gravitational radiation. Such radiation alters 
the energy budgets of these objects and thereby influences their behavior and 
evolution. Sources of interest include coalescing neutron star binaries, supernova 
explosions, coalescence of black hole-neutron star and black hole-black hole 
binaries, pulsars, gravitational spindown of neutron stars, and stellar collapse. An 
analysis of the angular resolution which may be obtained from an Earth-based 
antenna array detecting burst or short duration signals with moderate signal-to- 
noise ratios, is approximately one degree [7]. The localization is obtained by 
comparing the times of the excitation event at the various antennas in the array. A 
factor of approximately 50-times better angular resolution may be obtained in the 
plane of the source, the Moon, and the Earth, for burst or short duration signals, due 
to the addition of a lunar-based antenna. Furthermore, for signals which recur 
several times during the period of a week or more, and are out of the ecliptic plane, 
the accuracy of source localization may be improved. 

Obtaining a sufficient signal-to-noise ratio is a significant technical difficulty 
in developing any type of gravitational wave antenna. The primary sources of noise 
for both terrestrial and lunar detectors are photon shot noise, seismic background 
(ground movement), gravity gradient disturbances (coupling to local mass motions), 
cosmic ray disturbances, and thermal noise [4,6,7]. Note that for interferometer 
antennas, these noise sources affect the endpoints of the interferometer. Therefore, 
the signal-to-noise ratio may be increased by lengthening the arms of the 
interferometer array. 

Above 3 Hz a lunar gravitational wave detector has no advantages from a noise 
standpoint over terrestrial antennas [8]. However, geophysical experiments placed 
on the Moon by the Apollo missions identified four classes of seismic events [4,7]: (1) 
Small moonquakes due to tidal forces which occur at great depths, (2) Large 
moonquakes near the surface which occur a few times per year, (3)  Meteoroid 
impacts (rare, but up to 100 times larger than deep moonquakes and lasting 4-5 
hours), and (4) Small high-frequency signals due to thermoelastic signals of 
equipment at the site, small meteoroid impacts within 10 km of the seismometer, and 
local micromoonquakes. The deep moonquakes, surface moonquakes, and the 
meteoroid impacts have identifiable seismic signatures and may be vetoed from the 
data. Weak moonquakes may be isolated if they are separated in time. However, the 
weakest moonquakes form a seismic background (due to the large number of them) 
with an rms displacement spectral density of about 1 x 1 0 - l l m l d z .  The spectrum is 
essentially flat over the bandwidth between 0.25 and 1.0 Hz. Terrestrial backgrounds, 
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at reasonably quiet locations, have displacement spectral densities 100 times this 
amount, and the noise increases rapidly at the low end of the band. The Earth has 
unique sources of atmospheric noise, seismic noise due to tidal phenomena, and 
acoustic disturbances which complicate the seismic noise at these frequencies [9].  
Therefore, for gravitational waves between 0.25 Hz. and about 3 Hz., the lunar 
antenna should offer advantages over a similar terrestrial antenna. 

Estimates of gravity gradient disturbances due to seismic waves trapped in the 
Moon's thin surface layer are that these effects are small. The lack of large moving 
masses on the lunar surface makes the Moon's gravity gradient noise smaller than 
the typical terrestrial level [4]. Estimates of the photon shot noise tends to be a factor 
of three times worse for lunar (interferometer) antennas above about 30 Hz. Cosmic 
rays, a noise source unique to the lunar antennas, should not cause significant noise 
levels except during large solar flares. Thermal noise remains a significant limit on 
antenna sensitivity for both types of antennas, in the terrestrial or  lunar 
environment. Care must be taken to insulate thermally the antenna hardware. 

The prospect of placing gravitational wave detection hardware on the Moon 
will initially be more expensive than setting up antennas on Earth, due primarily to 
space transportation and operations costs. However, there are some simplifications 
which occur in their  setup and maintenance: (1) Unlike the terrestrial 
interferometer antennas, a vacuum does not have to be artificially maintained in the 
interferometer arms which over a 30-year period generates an astronomical life- 
cycle cost for such Earth-based programs as LIGO; and (2) There are a number of 
topographical advantages offered by the lunar landscape (no political boundaries, no 
large bodies of water, ...) which avail themselves for optimal placement of 
seismometers and L-shaped arrays across large craters, canyons, and rilles. 

A complement of Earth-based and Moon-based detectors and antennas would 
clearly advance the science of gravitational wave astronomy. This, in turn, would 
enhance the search for and possible detection of gravitational radiation. 
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