NEUTRINOS
1. Neutrino particle `flips to all flavours

http://www.bbc.co.uk/news/science-environment-13763641
An important breakthrough may be imminent in the study of neutrinos.

The multinational T2K project in Japan says it has seen indications in its data that these elementary particles can flip to any of their three types.

The results are provisional because experiments had to be suspended in the wake of the Tohoku earthquake in March.

But if confirmed, they would open the door to further research on where the matter in the Universe came from.

Specifically, such studies would ask why the cosmos is composed of normal matter rather than its opposite - antimatter - which theorists say must have been created in equal amounts at the Big Bang.

"It's a step on the road," explained Professor Dave Wark, of Imperial College London and the STFC's Rutherford Appleton Laboratory, which leads the UK involvement in T2K.

"We want to address this asymmetry, but first we have to show that the different 'flavours' of neutrinos can spontaneously change into each other - something we call 'neutrino oscillation'. So far, our experiments have been very positive," he told BBC News.

Detecting 'ghosts' 

Neutrinos are among the fundamental building blocks of matter. They swarm all about us.

The Sun, for example, releases them in huge quantities when it fuses hydrogen to make helium - the raw nuclear process at its core.

They are, however, very difficult to study because they interact so weakly with normal matter. Hence, their nickname - "ghost particles". 

Nonetheless, scientists have been able to discern three flavours - electron neutrinos, muon neutrinos, and tau neutrinos.

Previous research has characterised two forms of oscillations. 

The T2K experiment has now seen hints for a third transformation - that of a muon neutrino turning into an electron neutrino.

Side to side 

T2K is an extraordinary set-up built in two parts.

At one end is the Japan Proton Accelerator Research Centre (J-Parc) on the country's east coast. It generates a beam of muon neutrinos that it fires under the ground for 295 km to the mammoth Super-Kamiokande facility on the west coast.

The Super-K, as it is sometimes called, is a tank of 50,000 tonnes of ultra-pure water surrounded by sensitive optical detectors.

These photomultiplier tubes pick up the very rare, very faint flashes of light emitted when passing neutrinos interact with the water. 

In experiments this year that ran on T2K until the quake damaged equipment, scientists saw an excess of electron neutrinos turning up at Super-K. 

In other words, it appears the muon neutrinos sent from J-Parc had changed flavour in flight. 

The statistics are not big enough to claim a discovery, but it has the T2K collaboration excited and keen to get up an running again.

Symmetry violation 

"The oscillations of neutrinos are governed by three angles which you can think of like pitch, yaw and roll for an aeroplane," explained Professor Wark.

"In the past, we've measured pitch and yaw, but we had no sign that roll was different from zero. If these turn out to be real events, then we'll have shown that roll is not equal to zero."

The missing angle is actually referred to as "theta-one-three". If it really does have a non-zero quantity, it opens the possibility that the oscillations of neutrinos and their antiparticles (antineutrinos) could be different. 

That would be an example of what physicists call CP violation
 and a potential explanation for why the normal matter and antimatter created at the Big Bang did not simply annihilate each other, but instead left an excess of normal matter.

"There have to be some laws of physics we don't know about because all the laws we do know about cannot produce any significant excess of matter over antimatter. There are a number of places these laws could be hiding, and one of the most promising places to look is neutrinos," said Professor Wark.

"But the first step has to be to prove that theta-one-three is not equal to zero. If it were then neutrinos and antineutrinos would have to oscillate the same way - there just aren't enough degrees of freedom to allow them to be different."

Repairs at J-Parc should have the experiments gathering data again by the end of the year.
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You can hear Professor Wark talking on this subject at http://news.bbc.co.uk/today/hi/today/newsid_9513000/9513351.stm
2. Faster than light ?  
http://www.bbc.co.uk/news/science-environment-15017484 
Puzzling results from Cern
, home of the Large Hadron Collider, have confounded physicists - because it appears subatomic particles have exceeded the speed of light.

Neutrinos sent through the ground from Cern toward the Gran Sasso laboratory 732km away seemed to show up a tiny fraction of a second early.

The result - which threatens to upend a century of physics - will be put online for scrutiny by other scientists.

In the meantime, the group says it is being very cautious about its claims.

"We tried to find all possible explanations for this," said report author Antonio Ereditato of the Opera collaboration. 

"We wanted to find a mistake - trivial mistakes, more complicated mistakes, or nasty effects - and we didn't," he told BBC News.

"When you don't find anything, then you say 'Well, now I'm forced to go out and ask the community to scrutinise this.'"
Caught speeding? 

The speed of light is the Universe's ultimate speed limit, and much of modern physics - as laid out in part by Albert Einstein in his special theory of relativity - depends on the idea that nothing can exceed it.

Thousands of experiments have been undertaken to measure it ever more precisely, and no result has ever spotted a particle breaking the limit.

But Dr Ereditato and his colleagues have been carrying out an experiment for the last three years that seems to suggest neutrinos have done just that.

Neutrinos come in a number of types, and have recently been seen to switch spontaneously from one type to another.

The team prepares a beam of just one type, muon neutrinos, sending them from Cern to an underground laboratory at Gran Sasso in Italy to see how many show up as a different type, tau neutrinos.

In the course of doing the experiments, the researchers noticed that the particles showed up a few billionths of a second sooner than light would over the same distance.

The team measured the travel times of neutrino bunches some 15,000 times, and have reached a level of statistical significance that in scientific circles would count as a formal discovery. 

But the group understands that what are known as "systematic errors" could easily make an erroneous result look like a breaking of the ultimate speed limit, and that has motivated them to publish their measurements.

"My dream would be that another, independent experiment finds the same thing - then I would be relieved," Dr Ereditato said.

But for now, he explained, "we are not claiming things, we want just to be helped by the community in understanding our crazy result - because it is crazy".

"And of course the consequences can be very serious."

TASK 1

Summarise orally the main ideas in both articles
TASK 2
Match the following words with their meanings

I.
1. imminent




following
2. provisional




changing direction in a horizontal plane 
3. in the wake of



very large
4. asymmetry




on its own, without being acted on by something else
5. spontaneously 



move in large numbers
6. swarm 




destroy completely
7. discern





perceive, notice (a difference) 
8. mammoth




lack of similarity or correspondence

9. pitch





changing direction in a vertical plane
10. yaw





not final or definite
11. roll 





going to happen very same
12. annihilate




rotation about a longitudinal axis
II.

13. confound




careful examination
14. upend





according to a regular plan or pattern




15. scrutiny 




completely change
16. systematic




make unable to understand
TASK 3

1. What are the three types of neutrino?

2. Where does the neutrino beam used in the T2K begin and end?

3. How can the presence of neutrinos be detected?

4. What is the new kind of change in neutrinos that the T2K experiment has detected?

5. What fundamental question in physics may the new results from Japan help answer?

6. Why were the Cern scientists puzzled by their results?

7. Why have they published the results now? 
� Breaking the rukle that the characteristics of a particle should be the same as those of its anti-matter equivalent and that the laws of physics should remain the same if left and right are swapped round.


� Abbreviation for the Europen Organisation for Nuclear Research’s original French name - Conseil Européen pour la Recherche Nucléaire





