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One of several scientific justifications for returning to the Moon was given a 
number of years ago [I] ,  namely placing a neutrino detector at a lunar base and 
conducting grand-scale physics and astrophysics experiments in the Earth-Moon 
laboratory. It was argued that the Earth-Moon system provides a unique situation for 
particle physics never attempted before and which no other realistic space initiative 
could offer. This proposal was subsequently expounded upon [2], with emphasis on 
the long-baseline neutrino experiment for studying neutrino oscillations as a 
fundamental physics experiment. 

Neutrino oscillations (Figure 1) occur in theory [3] when two or more flavors 
V i  ( i j  = e, v, 7 ... lepton families) exist, giving the neutrino V i  [2] a refractive index 
n i j ,  

for N nucleons, momentum k,  and forward 
scattering amplitude f(0). This causes a 
mixing of the neutrino eigenstates when the 
flavors have different rest mass A m 2  = lm22 

- m 1 1 e v 2 ,  illustrated in Figure 1. The 
probability of neutrino survival (without 
mixing) Q is [2] 

Q = sin2 2 0  sin2 Am2 L/E (2 )  

along an oscillation length L (meters) at 
energy E (MeV), and sin2 2 0  is  the mixing v 
strength. The oscillations can occur in 
matter, in magnetic fields, and in  vacuo. The 
probability for conversion (mixing) is 

P = 1 -  Q ( 3 )  Figure 1. Neutrino eigenstate 
decomposition, illustring flavor 

Such oscillations have been proposed mixing.  
13-61 as an explanation of the solar neutrino 
puzzle, the anomously low measured value of 
the solar neutrino counts versus those 
predicted by the standard solar model. 

It was pointed out [7] that the long-baseline proposal in Ref. [2] might provide 
an important measurement of the vacuum oscillation if the neutrino beam were 
dumped tangentially from the Earth to a neutrino detector on the Earth's side of the 
Moon. This would avoid any appreciable matter interaction of Earth and Moon [Ref. 
2, Fig. 131. This proposal was presented [8,9] to the high-energy physics community, 
emphasizing that the planned TeV (1012 eV) energies and luminosity of the 
Superconducting Super Collider (SSC) could focus a neutrino beam upon a compact 
target detector at the Moon's distance, and conduct such an experiment. 

It is conceivable [8] that if the neutrinos have mass, a vacuum oscillation 
measurement (such as Figures 1 and 2) may be required in order to determine all of 
the flavor masses [9]. In such a case, this proposal represents some very interesting 
possibilities. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



Earth-to-Moon Neutrino Experiment; Wilson, T.L. 

Long-Baseline Physics Experiment 

Earth 

ILSE= Int'l Lunar SciOnce Experiment 

h d k - 9 . 5 . 1 @  i m 2  

Figure 2 

References :  

[ I ]  Wilson, T.L., "Astrophysics from a Lunar Base: New Experiments in the Earth- 
Moon Laboratory," in Proc. Symp. on the Next Supernova: Astrophysics, Particle 
Physics, and Detectors, Cline, D., et al. (UCLA, Santa Monica, Feb. 21, 1989). [2] Wilson, 
T.L., in Physics and Astrophysics from a Lunar Base, Potter, A.E., and Wilson, T.L., eds., 
AIP Conf. Proc. 202, 53 (1990). [3] Mikhayev, S.P., and Smirnov, A.Yu., in Neutrinos,  
Klapdor, H.V., ed., (Springer-Verlag, NY, 1988), 239. [4] Mikhayev, S.P., and Smirnov, 
A.Yu., Nuovo Cim. 9C, 17 (1986). [S] Wolfenstein, L., Phys. Rev. D17,  2369 (1978). [6] 
Abazov, A., et al., Phys. Rev. Lett. 67, 3332 (1991). [7]  Lande, K., in Proc. of the 
Discussion Meeting on Physics and Astronomy on the Moon, Fenyves, E.J., ed. 
(University of Texas, Dallas, Nov. 14, 1990). [8] Wilson, T.L., in 2nd Annual SSCL Spring 
C o n k  Electroweak & Flavor Physics - Implications for the Superconducting Super 
Collider, Gilman, F.J., ed. (Dallas, SSCL-SR-1173, May 20, 1991). [9] Wilson, T.L., Lande, 
K., Fenyves, E.J., and Cline, D.B., "ILSE: A New Initiative in Science at JSC," Center  
Director's Discretionary Fund Proposal (October 24, 1991). [9] Wilson, T.L., private 
communication in Ref. 8 to F.J. Gilman. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


