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Compelling arguments have been made over the last four years concerning the advantages 
and practicality of building and operating a 5 km interferometer-type gravitational wave 
antenna on the Moon [I] similar to those being built for the 4 km Laser Interferometer 
Gravitation Wave Observatory project (LIGO) [2] and the 3 km VIRGO [3]. The technical assets 
of a Lunar-based antenna were delineated in previous papers as follows: 

The quiescent seismic environment of the Moon relative to that on the Earth diminishes a 
significant source of noise present in Earth-based antennas. There is a factor of 100 times 
less displacement spectral density over the effective range of the antenna (0.25 Hz to 3 
Hz). Furthermore, the cryogenic environment available on the Moon when shade is 
available, and the one-sixth surface gravity compared to Earth, makes practical the 
magnetic levitation of the optics by superconducting magnets without the need for cryogenic 
gases and active thermal control [4]. This would provide significantly better decoupling of 
the optics from the lunar seismic and thermal noise. Even without the magnets, the 
decreased gravity allows for finer suspension wires for the optics. 

The evacuation of enclosures around the interferometer arms is unnecessary due to the 
near vacuum on the lunar surface. This eliminates a significant expenditure over the life- 
cycle of operation of the antenna relative to the Earth-based interferometers and may 
balance the cost of launching the antenna components. In addition, because arm enclosures 
are unnecessary, the lunar surface topography could allow for much longer interferometer 
arms than are planned for Earth-based antennas, thus increasing the sensitivity. 

Mechanical decoupling of the Lunar-based antenna from the Earth-based antennas 
provides a significant "sanity check for coincidence comparisons of detection events. 

An antenna on the lunar surface, when integrated with the Earth-based detectors, 
provides a large parallax baseline which yields 50 times better angular resolution in the 
plane of the source, the Earth, and the Moon for short-burst events. This is a key factor in 
using the antennas for astronomical purposes. 

Here, we report on an additional, more compelling argument for proceeding with such a 
project. It involves the astrophysical insight that data from a Lunar LlGO antenna would provide 
when integrated with data from the Earth-based detectors. Let us consider two of the most 
promising candidates for gravitational wave sources. 

Collapsing Binaries 
A compact binary object composed of two neutron stars, which is close to the point of 

coalescence, provides a good candidate for short-burst sources. The gravitational wave (GW) 
amplitude h at the detector is given by the expression 

where M is the total mass, p is the reduced mass, M g  is the solar mass, v is the emission 
frequency, and R is the distance to the source. We note that as the emission frequency decreases, 
the demand for antenna sensitivity increases. A Lunar-based antenna will be capable of much 
greater sensitivity (h - and under) at a lower frequency range (0.25 Hz to 3.0 Hz) than 
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Earth-based antennas, thus allowing them to detect bursts from binaries with lower emission 
frequencies and at much greater distances (out to 3 Gpc). 

P u l s a r s  
The most promising source of continuous gravitational emissions is pulsars. Pulsars 

have been interpreted as neutron stars with an off-axis magnetic dipole field [5-61. Modeling 
the pulsar as a spherical shape with some ellipticity E gives an amplitude h of 
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where v is the emission frequency (twice the rotation frequency due to the quadrupole nature of 
gravitational waves). 

Gravitational wave emissions from the Vela and Crab pulsars have been estimated to have 
amplitudes of h - 3 ~ 1 0 - ~ ~ ,  and between h - and h - 2 ~ 1 0 - * ~ ,  respectively [7]. The 
fraction of pulsars in the Galaxy with gravitational wave emissions above 10 Hz, the sensitivity 
range of large Earth-based antennas, is only about 5% [3]. Therefore, in order to detect 
significantly more of them, we must be able to probe lower frequencies. The Lunar-based 
gravitational wave antenna will provide a lower frequency window for such detection. Although 
the amplitudes stated above are below the estimated sensitivity of a Lunar-based antenna 
corresponding to the LlGO model, improvements in optics, the promise of magnetically-levitated 
isolation from thermal and seismic noise, and the possibility of longer interferometer arms 
may allow sufficient sensitivity to detect emissions from these pulsars by a Lunar-based GW 
antenna. 

Conc lus i ons  
With the latest revelations from the Hubble space telescope concerning dark matter, 

there is more interest than ever in accounting for the total mass of the Universe [8-91. 
Gravitational wave astronomy could play a vital role in this effort including possibly 
determining the Hubble constant [lo]. However, to be truly effective in such a survey, the 
frequency range capability of our antenna array must be as large as possible. The Lunar-based 
antenna would provide a widened frequency window for such observations. 
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