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Neutrinos

Neutrinos are elementary particles of matter that are completely uncharged, and are in one of three states, many believe they oscillate or mix between the these states, and recent studies are supporting this assumption. These states form the three complementary particles to the leptons in the standard model, and are thus provided names which associate them with their complementary particle; the electron neutrino compliments the electron, the muon neutrino compliments the muon, and the tau neutrino compliments the tau.

The existence of Neutrinos were first realized in 1930, when Wolfgang Pauli claimed that the missing energy in a beta particle decay, was due to an neutral particle. It was Enrico Fermi three later, who named this particle the neutrino. 
 In 1953 Fred Reines and Clyde Cowan, set up an detection apparatus at the Hanford nuclear reactor. Because of heavy background radiation, two years later they moved their defectors to the new Savannah River nuclear reactor, where shielding was far better. The detection of the anti-neutrino proceeded as follows, when the neutrinos collided with protons of the detecting solution, CdCl2  dissolved in H2O, they reacted to produce a neutron and a positron. The positron eventually annulated with an electron producing two high energy gamma rays, while the neutron was later captured by a Cd nucleus also releasing multiple gamma rays. The gamma rays were detected by arrays of photo multipliers that sandwiched the solution. However because the neutrino was required to collide directly with an atomic nucleus, even the massive flux of neutrinos out of the reactors could not provide more than 3 neutrino collisions an hour, barely significant to their normal background radiation of 12 events per hour!

This initial experiment proved the existence of this particle, but it was still not certain whether or not the electron neutrino was the same as the muon neutrino, so in 1962 a proton beam is accelerated at a piece of matter to produce pions which decay immediately emitting among other things a steady stream of muon neutrinos, which interacts with a solution to produce primarily muons. Because these neutrinos produced muons rather than electrons, muon neutrinos must be different than electron neutrinos.

Since there is no way we have yet of producing Tau particles, there is no possible experiment that could yield detectable quantities of tau neutrinos.

Discovery’s and development’s in the discovery of neutrinos helped to spark a string of breakthroughs in the sixties and seventies, that involved bombarding nucleons with high energy neutrons and electrons, allowing better understanding of not only the nucleus, and it’s quarks but the week force in general.2

There are also developments in the study of neutrinos in solar detections stations such as Greg Davis’s Homestake Mine, half a mile below the earth’s crust, where one giant matrix of photo multipliers that enclose a volume of 600 tons of chorine based industrial solvent, and acts as it’s detector, with 6 hits of solar emitted neutrinos, it was discovered that the sun was emitting one-third of their calculated levels.

It is widely held that neutrinos have either very low mass or none whatsoever, but it is widely disputed as to weather it has no mass or almost no mass. To measure the mass of a neutrino requires interestingly enough measurement of it’s oscillation. The anti-electron-neutrino produced in the decay of beta particles is also important in the calculation of a neutrino’s oscillation, measured from antineutrinos emitted by at least two detectors are needed to be at different distances away from a fission reaction, in order to measure the change in the particles as they travel. Both experiments of the mid 80s measured no oscillation of the muon neutrino, but a study completed in 1998, reported finding an oscillation in the neutrinos, calculating for them a very small mass.

Also it was pointed out by S.P. Mikheyev and A.Y. Smirnov in 1985 that the disparity in the solar neutrino emission could be because of an oscillation induced by the MSW effect as it passed out of the sun, however it would be impossible to prove using the sun or stars.2
As we speak muon particles shot from K2K, Tsukuba, are being detected by Super-Kamiokande, over 250 km away, because the flux of the neutrino is known as it is measured from a detector in K2K, the amount of muon neutrino oscillations can be measured.
 Also under construction  and about to be completed is a detection site in the Soudan Historical mine. It is an abandoned iron mine from the late 19th century, and is almost 800 M deep where 5400 metric tons of iron will act as  a detector that could get approximately 9000 hits of Muon neutrinos all emitted from the main injector in Fermi lab Illinois, 730 kilometers away. An accurate mass out muon neutrinos can be determined by these experiments, allowing us to know a variety of things about our universe.

The understanding of a neutrino and a calculation of its mass will allow us to understand a lot more about our universe, and will be another type of matter to add to the estimation of the universe’s mass. It has even been proposed that neutrinos are dark matter, but further experiments are need to determine that.
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