A STUDY OF NEUTRINOS MAY EXPLAIN WHY THINGS ARE MADE OF MATTER, NOT ANTIMATTER
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EVEN by the elevated standards of particle physics neutrinos are weird beasts. They travel within a whisker of the speed of light, have no electric charge, practically no mass and precious little will to interact with anything else. Billions penetrate every square centimetre of the Earth’s surface every second without so much as a quiver. This makes them rather hard to detect. So hard that Wolfgang Pauli, the Austrian physicist who postulated their existence in 1930, wagered a case of champagne that no one would ever do so. He lost the bet in 1956. Since then, neutrinos (of which there are now known to be three fundamentally different sorts) have allowed researchers to glimpse inside the sun, study exploding stars and examine the universe’s distant past.

The latest example of neutrinos’ weirdness comes from Japan. Researchers using a detector called Super-Kamiokande think they have observed the beasts changing their fundamental nature in a way not seen before. They are not yet quite sure. Their result has a 0.7% chance of being a fluke. But if it is confirmed, it will have implications for one of the deepest mysteries of the universe—why it is made of matter.

The core of Super-Kamiokande is a tank in an old zinc mine. This tank (see above) holds 50,000 tonnes of water. When a neutrino interacts with a water molecule another particle is generated. So-called electron-neutrinos generate electrons. Muon-neutrinos generate heavier, unstable particles called muons. (The third sort, tau-neutrinos, are not involved in the experiment.) These generated particles then create patterns of light that the detectors can distinguish.

In the case of this particular experiment, known as T2K, the neutrinos come from a second laboratory, J-PARC, which is 295km (183 miles) away. They are created in a particle accelerator and beamed through the mountains to the tank (see diagram). The neutrino-manufacturing process at J-PARC smashes protons into rods of graphite to churn out muon-neutrinos. The point is to see if they are still muon-neutrinos when they arrive at Super-Kamiokande. If theory is correct, some will have changed their spots and become electron-neutrinos during the intervening journey.
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On June 15th it emerged that T2K had seen six electron-neutrinos. If no spot-changing oscillation were happening it should have seen only one or two. Six is not enough to be sure that oscillation is going on, but it is a strong hint that it might be.

The reason this matters is a number called delta. This is one of the parameters of the formula which physicists think describes oscillation. And, crucially, it also governs the description of the putative asymmetry between matter and antimatter that left matter as the dominant feature of the universe after the Big Bang. At the moment, T2K is not trying to measure delta directly. If the new result is confirmed, however, it should be able to do so. That would be a big deal for physicists. 

The T2K experiment has been suspended until December, as J-PARC was damaged in the earthquake in March. Even if it does not come up with the goods soon, though, a host of other experiments might. A detector called NOvA, in Minnesota, will soon be fed neutrinos by Fermilab, America’s main particle-physics facility, located near Chicago. Neutrino detectors in France, Hong Kong and South Korea, which receive their quarry from nuclear reactors, are also operational, or soon will be. And in a cavern in Gran Sasso in Italy, the highest part of the Apennines, an experiment is looking at another oscillation, that between muon- and tau-neutrinos.

The search for delta, then, will soon be on in earnest—and with it, the search for the reason why the universe is made of matter. The matter/antimatter question has been bugging physicists for decades. Now, perhaps, it will be answered.
