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The Antineutrino Luminosity of the Moon; Thomas L. Wilson, 
NASA Johnson Space CenterISNl,  Houston, Texas 77058. 

A naturally radioactive object such as the Moon emits antineutrinos as a 
consequence of P-decay. These conflict with and background-limit antineutrino 
astronomy, which is concerned with the measurement of antineutrinos emitted by 
various astrophysical sources. Examples are diffuse Galactic and point-source cosmic 
rays, and supernova events [ I ] .  Particularly important are the diffuse spectra of all 
past supernovae in the Universe, which have been redshifted in a Friedmann- 
Robertson-Walker cosmology much like the photons of the cosmic microwave 
background radiation. The diffuse antineutrino spectra, in turn, are related to the 
frequency of supernova events over the cosmological history of the Universe. Using 
such rationale, an antineutrino detector has been proposed for a mature lunar base 
[2]. Measurement of the antineutrino flux, furthermore, is probably the only direct 
way to verify the common geological assumption that radioactivity is confined to the 
c rus t .  

Estimates of the antineutrino luminosity of the Earth have been made [3-51. A 
similar argument was presented for the Moon [ I ] ,  limited however by the paucity of 
data and controversy over the radioactivity of the bulk object. In view of the need 
for a standard model of the Moon [6], this calculation is revisited in order that it may 
be related to the "grand-unified" neutrino spectrum of Krauss [7]. 

That the Moon has an antineutrino luminosity is a conclusion which can be 
drawn from orbital measurements [8-101 of radionuclides such as uranium (U) and 
thorium (Th) deposits in the lunar regolith using an orbital gamma-ray 
sprectrometer, as well as numberous studies of the radioactivity of lunar surface 
samples returned to Earth. Not only is the Moon an abundant source of radioactivity, 
relative abundance analyses [ l l ]  indicate it has three times the relative U and Th 
content of the Earth while only one-half the relative 4 0 ~  abundance (Ref. 1 1 ,  Table 
3) .  

Krauss, Glashow, and Schramm [3]  performed an extremely important 
investigation into the possibility of studying the Earth's antineutrino luminosity by 
relating it to geophysics. Their model consisted of a radioactive lithosphere of 1/300 
Earth masses (2x1025 g) with a conservative shell depth of 30 km, from which was 
derived an antineutrino flux (Ref. 3, Eqs. 2 and 3) from standard abundances. They 
then reconsidered the Marx and Lux analysis (Ref. 5 ,  Fig. 1) and improved it 
extensively.  

That model will be adapted here to the Moon, by noting that the 4 0 ~  abundance 
fixes the peak of the antineutrino luminosity flux in Figure 1 (at 1.25 MeV), and not 
the U-Th abundance. This follows quickly from the earlier analyses. Furthermore, it 
is  impossible to determine the full spectral shape since there is insufficient data at 
the present time. Consequently, in order to adopt a model for the lunar antineutrino 
flux, we approximately halve that of Earth according to Ref. 5 ,  Table 3, use the Earth 
model of Ref. 3 with a lunar radius, and neglect lunar variations in U-Th-K 
systematics. The mass and radius of the Moon relative to Earth are Mm =0.01228 Me 
and Rm = 0.27280 Re. The relative abundance of 4 0 ~  is AK = [96ppm/170ppm] = 0.565. 
Then dimensionally the lunar antineutrino differential flux is 
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In terms of the differential (xE3) Earth flux, one obtains 

This does not take into account the mean density differences for the Earth and Moon. 
What it does establish is a terrestrial antineutrino flux model for the Moon at its 
reduced radius, mass, and 4 0 ~  abundance at 1.25 MeV. This has been identified as the 
Moon antineutrino spectrum in Figure 1. 
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Figure 1. Differential (anti-) 
neutrino flux ( x E ~ )  for medium 
energies on the Moon. The 
luminosity of the Moon and 
Earth are compared to one 
another, and to diffuse past SN. 
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