
Excess of Electron Neutrinos 

 

A pair of researchers with the Niels Bohr Institute in Denmark has come up with a possible 

explanation for the excess of electron neutrinos detected by researchers at the IceCube Neutrino 

Observatory. [18] 

The largest liquid-argon neutrino detector in the world has just recorded its first particle tracks, 

signaling the start of a new chapter in the story of the international Deep Underground Neutrino 

Experiment (DUNE). [17] 

While these experiments seem miniature in comparison to others, they could reveal 

answers about neutrinos that have been hiding from physicists for decades. [16] 

In a paper published today in the European Physical Journal C, the ATLAS Collaboration 

reports the first high-precision measurement at the Large Hadron Collider (LHC) of the 

mass of the W boson. [15]  

A team of researchers at the University of Michigan has conducted a thought experiment 

regarding the nature of a universe that could support life without the weak force. [14] 

The international T2K Collaboration announces a first indication that the dominance of 

matter over antimatter may originate from the fact that neutrinos and antineutrinos 

behave differently during those oscillations. [13]  

Neutrinos are a challenge to study because their interactions with matter are so rare. 

Particularly elusive has been what's known as coherent elastic neutrino-nucleus 

scattering, which occurs when a neutrino bumps off the nucleus of an atom. [12]  

Lately, neutrinos ɀ the tiny, nearly massless particles that many scientists study to better 

understand the fundamental workings of the universe ɀ have been posing a problem for 

physicists. [11]  

Physicists have hypothesized the existence of fundamental particles called sterile 

neutrinos for decades and a couple of experiments have even caught possible hints of 

them. However, according to new results from two major international consortia, the 

chances that these indications were right and that these particles actually exist are now 

much slimmer. [10]  

The MIT team studied the distribution of neutrino flavors generated in Illinois, versus 

those detected in Minnesota, and found that these distributions can be explained most 

readily by quantum phenomena: As neutrinos sped between the reactor and detector, 
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they were statistically most likely to be in a state of superposition, with no definite flavor 

or identity. [9]  

A new study reveals that neutrinos produced in the core of a supernova are highly 

localised compared to neutrinos from all other known sources. This result stems from a 

fresh estimate for an entity characterising these neutrinos, known as wave packets, 

which provide information on both their position and their momentum. [8]  

It could all have been so different. When matter first formed in the universe, our current 

theories suggest that it should have been accompanied by an equal amount of antimatter 

ɀ a conclusion we know must be wrong, because ×Å ×ÏÕÌÄÎȭÔ ÂÅ ÈÅÒÅ ÉÆ ÉÔ ×ÅÒÅ ÔÒÕÅȢ .Ï× 

the latest results from a pair of experiments designed to study the behaviour of neutrinos 

ɀ particles that barely interact with the rest of the universe ɀ ÃÏÕÌÄ ÍÅÁÎ ×ÅȭÒÅ ÓÔÁÒÔÉÎÇ 

to understand why. [7]  

In 2012, a tiny flash of light was detected deep beneath the Antarctic ice. A burst of 

neutrinos was responsible, and the flash of light was their calling card. It might not 

sound momentous, but the flash could give us tantalising insights into one of the most 

energetic objects in the distant universe.  

The light was triggered by the universe's most elusive particles when they made contact 

with a remarkable detector, appropriately called IceCube, which was built for the very 

purpose of capturing rare events such as this. [6]  

Neutrinos and their weird subatomic ways could help us understand highenergy 

particles, exploding stars and the origins of matter itself. [5]  
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Collider near Geneva, Switzerland, hint at a new particle that could end 50 years of 

thinking that nature discriminates between left and righthanded particles. [4]  

The Weak Interaction transforms an electric charge in the diffraction pattern from one 

side to the other side, causing an electric dipole momentum change, which violates the CP 

and Time reversal symmetry.  

The Neutrino Oscillation of the Weak Interaction shows that it is a General electric dipole 

change and it is possible to any other temperature dependent entropy and information 

changing diffraction pattern of atoms, molecules and even complicated biological living 

structures.   
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Possible explanation for excess of electron neutrinos detected by 

IceCube Neutrino Observatory   
A pair of researchers with the Niels Bohr Institute in Denmark has come up with a possible explanation for 

the excess of electron neutrinos detected by researchers at the IceCube Neutrino Observatory. In their 

paper published in the journal Physical Review Letters, Peter Denton and Irene Tamborra describe their 

ideas and how they arrived at them. 

The IceCube Neutrino Observatory is located on and below the ice in Antarcticaτunlike other 

observatories, it is pointed downwards. This allows for detecting cosmic particles after they have passed 

all the way through the Earth. This approach means that the Earth can be used to filter out unwanted noise. 

It also provides a way to track the behavior of the particles after they pass through the planet or after they 

have collided with other particles. In this new effort, the researchers have offered a possible explanation for 

an anomaly detected at the observatory. 

Neutrinos at the observatory are studied in two different ways. In the first, researchers study the tracks 

they make as they move through a detector. In the second, they study particles that cause light to be 

emitted when they smash into ice particles. Scientists studying the neutrinos have found an apparent 

anomaly, one that is in need of an explanation. The anomaly involves the ratio of neutrino types that are 

detected at the observatory. Prior research has found that there are three kinds of neutrinosτelectron, 

muon and tauτand that they should be found in equal numbers. But the detector consistently detects 

many more electron neutrinos than the other two types. Denton and Tamborra suggest this discrepancy 

can be explained by tau and muon neutrinos decaying into a different particle called a majoron. And this is 

where it gets truly interesting because majorons are a proposed dark matter particle. 

Majorons have been proposed as a dark matter particle that could allow a neutrino to have mass. If so, 

that would help explain experiments that have shown that neutrinos actually do have mass. If it can be 

shown that muon and tau neutrinos decay to them, that would not only explain the anomaly, but it would 

also offer more credence to theories surrounding dark matter. [18] 

 

First particle tracks seen in prototype for international neutrino 

experiment   
The largest liquid-argon neutrino detector in the world has just recorded its first particle tracks, signaling 

the start of a new chapter in the story of the international Deep Underground Neutrino Experiment (DUNE). 

DUNE's scientific mission is dedicated to unlocking the mysteries of neutrinos, the most abundant (and 

most mysterious) matter particles in the universe. Neutrinos are all around us, but we know very little 

about them. Scientists on the DUNE collaboration think that neutrinos may help answer one of the most 

pressing questions in physics: why we live in a universe dominated by matter. In other words, why we are 

here at all. 
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The enormous ProtoDUNE detectorτthe size of a three-story house and the shape of a gigantic cubeτwas 

built at CERN, the European laboratory for particle physics, as the first of two prototypes for what will be a 

much, much larger detector for the DUNE project, hosted by the U.S. Department of Energy's Fermi 

National Accelerator Laboratory in the United States. When the first DUNE detector modules record data in 

2026, they will each be 20 times larger than these prototypes. There will be four modules in total. 

It is the first time CERN is investing in infrastructure and detector development for a particle physics project 

in the United States. 

 

Inside the first ProtoDUNE detector, before it was filled with liquid argon. Credit: CERN 

The first ProtoDUNE detector took two years to build and eight weeks to fill with 800 tons of liquid argon, 

which needs to be kept at temperatures below minus 184 degrees Celsius (minus 300 degrees Fahrenheit). 

The detector records traces of particles in that argon both from cosmic rays and a beam created at CERN's 

accelerator complex. Now that the first tracks have been seen, scientists will operate the detector over the 

next several months to test the technology in depth. 

"Only two years ago we completed the new building at CERN to house two large-scale prototype detectors 

that form the building blocks for DUNE," said Marzio Nessi, head of the Neutrino Platform at CERN. "Now 

we have the first detector taking beautiful data, and the second detector, which uses a different approach 

to liquid-argon technology, will be online in a few months." 

https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/hires/2018/1-firstparticl.jpg


The technology of the first ProtoDUNE detector will be the same to be used for the first of the 

DUNE detector modules in the United States, which will be built a mile underground at the Sanford 

Underground Research Facility in South Dakota. More than 1,000 scientists and engineers from 32 countries 

spanning five continentsτAfrica, Asia, Europe, North America and South Americaτare working on the 

development, design and construction of the DUNE detectors. The groundbreaking ceremony for the 

caverns that will house the experiment was held in July 2017. 

"Seeing the first particle tracks is a major success for the entire DUNE collaboration," said DUNE co-

spokesperson Stefan Soldner-Rembold of the University of Manchester, UK. "DUNE is the largest 

collaboration of scientists working on neutrino research in the world, with the intention of creating a 

cutting-edge experiment that could change the way we see the universe." 

When neutrinos enter the detectors and smash into the argon nuclei, they produce charged particles. Those 

particles leave ionization traces in the liquid, which can be seen by sophisticated tracking systems able to 

create three-dimensional pictures of otherwise invisible subatomic processes. 

"CERN is proud of the success of the Neutrino Platform and enthusiastic about being a partner in DUNE, 

together with institutions and universities from its member states and beyond," said Fabiola Gianotti, 

director-general of CERN. "These first results from ProtoDUNE are a nice example of what can be achieved 

when laboratories across the world collaborate. Research with DUNE is complementary to research carried 

out by the LHC and other experiments at CERN; together they hold great potential to answer some of the 

outstanding questions in particle physics today." 

DUNE will not only study neutrinos, but their antimatter counterparts as well. Scientists will look for 

differences in behavior between neutrinos and antineutrinos, which could give us clues as to why the visible 

universe is dominated by matter. DUNE will also watch for neutrinos produced when a star explodes, which 

could reveal the formation of neutron stars and black holes, and will investigate whether protons live 

forever or eventually decay. Observing proton decay would bring us closer to fulfilling Einstein's dream of a 

grand unified theory. [17] 

 

 

 

Neutrino experiments look to reveal big answers about how these 

fundamental particles interact with matter   
Except in horror movies, most scientific experiments don't start with scientists snooping around narrow, 

deserted hallways. But a tucked-away location in the recesses of the Department of Energy's (DOE) Oak 

Ridge National Laboratory (ORNL) provided exactly what Yuri Efremenko was looking for. 

Efremenko, an ORNL researcher and University of Tennessee at Knoxville professor, is the spokesperson for 

the COHERENT experiment, which is studying neutrinos. The team uses five particle detectors to identify a 

specific interaction between neutrinos and atomic nuclei. The most abundant particles in the universe, 

neutrinos are extremely light and have no electric charge. They interact very little with other particles. In 

fact, trillions pass through the Earth every second, leaving no impression. Needless to say, they're 

notoriously difficult to detect. 
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At first, the team surveyed a bustling area near the Spallation Neutron Source (SNS), a DOE Office of Science 

user facility at ORNL in Tennessee. The neutrons the SNS produces drive 18 different instruments that 

surround the SNS like spokes on a wheel. The SNS also produces neutrinos, which fly off in all directions 

from the particle accelerator's target. But putting the neutrino detectors on the same floor as the SNS 

would expose the devices to background particles that would increase uncertainties. 

"We were really fortunate to go into the basement one day," said David Dean, ORNL's Physics Division 

Director. After moving some water barrels to the side and conducting background tests, they were in 

business. The basement location would protect the machines from exposure to background particles. 

Once scientists installed the experiment's detectors, they nicknamed the hallway "Neutrino Alley." 

The experiment, called COHERENT, poses a stark contrast to most other neutrino experiments. To catch a 

glimpse of these miniscule particles, most experiments use incredibly large machines, often in remote 

locations. One is located at the South Pole, while another shoots neutrino beams hundreds of miles to a far 

detector. Besides its mundane location, COHERENT's main detector is barely bigger than a milk jug. In fact, 

it's the smallest working neutrino detector in the world. 

But COHERENT and a sister experiment at ORNL, PROSPECT, are showing that neutrino experiments don't 

have to be enormous to make big discoveries. These two modest experiments supported by DOE's Office of 

Science are poised to fill some major gaps in our understanding of this strange particle. 

The Mysteries of the Neutrino 

While neutrinos are some of the smallest particles in the universe, investigating them may reveal massive 

insights. 

"Neutrinos tell us a tremendous amount about how the universe is created and held together," said 

Nathaniel Bowden, a scientist at DOE's Lawrence Livermore National Laboratory and co-spokesperson for 

PROSPECT. "There's no other way to answer a lot of the questions that we find ourselves having." 

Understanding how neutrinos interact may even help us understand why matterτand everything made out 

of itτexists at all. 

But neutrinos haven't made answering these questions easy. There are three different types of neutrinos, 

each of which behaves differently. In addition, they change type as they travel. Some scientists have 

proposed a not-yet-seen particle called the sterile neutrino. Physicists theorize that if sterile neutrinos 

exist, they would interact with other particles even less than regular ones do. That would make them nearly 

impossible to detect. 

But that's a big "if." A sterile neutrino would be the first particle not predicted by the Standard Model, 

physicists' summary of how the universe functions. 

"Neutrinos may hold the clue to discovering particle physics beyond the Standard Model," said Karsten 

Heeger, a Yale University professor and co-spokesperson for PROSPECT. 

Searching for a Coherent Answer with COHERENT 

A team of scientists from ORNL, other DOE national laboratories, and universities designed the COHERENT 

experiment to identify a specific interaction between neutrinos and nuclei. While physicists had predicted 

this interaction more than 40 years ago, they had never detected it. 
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Most neutrinos only interact with individual protons and neutrons. But if a neutrino's energy is low enough, 

it should interact with an entire nucleus rather than its individual parts. Theorists proposed that when a 

low-energy neutrino approaches a nucleus, the two particles exchange an elementary particle called a Z 

boson. As the neutrino releases the Z boson, the neutrino bounces away. As the nucleus receives the Z 

boson, the nucleus recoils slightly. That interaction is called coherent elastic neutrino-nucleus scattering. 

Because most nuclei are much bigger than individual protons or neutrons, scientists should see this type of 

interaction more frequently than interactions driven by higher energy neutrinos. By "seeing" the tiny recoil 

energy, COHERENT's gallon-sized detectors make it possible for scientists to study neutrino properties. 

 

Bjorn Scholz (left) from the University of Chicago and Grayson Rich of the University of North Carolina at 

Chapel Hill and the Triangle Universities Nuclear Laboratory show off the world's smallest neutrino 

detector, which is part of the Χmore 

"It's kind of cool that you could actually see an interaction of neutrinos with something you can hold in your 

hand," said Kate Scholberg, a Duke University professor and collaborator on COHERENT. 

But none of this would be possible without ORNL's SNS. The neutrinos the SNS produces pass through 

concrete and gravel to reach ORNL's basement. They have just the right energy to induce this particular 

interaction. The SNS's pulsed beam also allows scientists to filter out background "noise" from other 

particles. 
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"There's quite a flux of neutrinos that was being wasted, at the SNS, so to speak. It is the perfect source for 

coherent scatteringτthe cat's pajamas," said Juan Collar, a University of Chicago professor and collaborator 

on COHERENT. 

After running for 15 months, COHERENT caught neutrinos in the act of handing off Z bosons 134 times. 

Looking over his graduate student's shoulder as he crunched the data, Collar was thrilled to see that the 

results came out exactly as expected. "When we finally looked at the processed, full dataset, we went 

'wheeeeeee!'" he said. 

Measuring this phenomenon ς neutrino-nucleus elastic scattering ς gives physicists a new and versatile tool 

to understand neutrinos. 

"It's opened our window to look for the physics beyond the Standard Model," said Efremenko. 

Using this interaction, scientists may be better able to understand how supernovae explode and produce 

neutrinos. 

While these detectors are mainly used for fundamental research, their tiny size could also be useful for 

other applications. Nuclear reactors produce different types and amounts of neutrinos, depending on 

whether they produce energy or weapons-grade material. A detector as small as COHERENT's could make 

the effort to monitor nuclear facilities much easier. 

Finding Precision with PROSPECT 

While COHERENT looked for a specific phenomenon, the PROSPECT experiment will focus on making 

incredibly precise measurements of neutrinos from a nuclear reactor as they change type. Past nuclear 

reactor experiments have resulted in measurements that depart from theory. The PROSPECT team has 

designed an experiment that can explore any discrepancies, eliminate possible sources of error, or even 

discover the sterile neutrino. 

Compared to previous neutrino reactor experiments, PROSPECT will be able to more accurately measure 

the number and type of neutrinos, the distance they travel from the reactor, and their energy. PROSPECT 

differs from other experiments in that its detector has multiple sections instead of one single chamber. This 

allows scientists to measure and compare various neutrino oscillation lengths ς that is, how far from the 

reactor neutrinos are changing type. 

If sterile neutrinos exist, this detector design may also enable scientists to observe regular neutrinos 

transitioning into sterile neutrinos. In theory, this new form of neutrinos should appear at a specific 

distance from the detector core. 

The High Flux Isotope Reactor (HFIR), a DOE Office of Science user facility at ORNL, will provide PROSPECT 

with its neutrinos. Commercial nuclear reactors use a variety of uranium and plutonium fuels with different 

combinations of isotopes. This results in a broad spectrum of neutrino energies. That makes it difficult to 

pinpoint which isotopes are producing which neutrinos. As a research reactor, HFIR only uses one isotope of 

uranium: uranium-235. By measuring the antineutrinos from that single isotope, the PROSPECT team can 

better understand how all nuclear reactors produce neutrinos. 

Scientists in the PROSPECT collaboration recently finished building a detector at Yale University's Wright 

Laboratory. While the active detector region is much bigger than COHERENT's milk-jug sized detector, it's 
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still only four feet wide and weighs about five tons. Compared to detectors that weigh thousands of tons, 

this experiment too runs on the small side. Once PROSPECT is completed and in place, it will take data for 

three years. 

While these experiments seem miniature in comparison to others, they could reveal answers 

about neutrinos that have been hiding from physicists for decades. It may just be a matter of scientists 

knowing where and how to look, even if that's down a seemingly ordinary storage hallway. [16] 

 

 

 

First high -precision measurement of the mass of the W boson at the LHC  
In a paper published today in the European Physical Journal C, the ATLAS Collaboration reports the first 

high-precision measurement at the Large Hadron Collider (LHC) of the mass of the W boson. This is one of 

two elementary particles that mediate the weak interaction ς one of the forces that govern the behaviour 

of matter in our universe. The reported result gives a value of 80370±19 MeV for the W mass, which is 

consistent with the expectation from the Standard Model of Particle Physics, the theory that describes 

known particles and their interactions. 

The measurement is based on around 14 million W bosons recorded in a single year (2011), when the LHC 

was running at the energy of 7 TeV. It matches previous measurements obtained at LEP, the ancestor of the 

LHC at CERN, and at the Tevatron, a former accelerator at Fermilab in the United States, whose data made 

it possible to continuously refine this measurement over the last 20 years. 

The W boson is one of the heaviest known particles in the universe. Its discovery in 1983 crowned the 

success of CERN's Super proton-antiproton Synchrotron, leading to the Nobel Prize in physics in 1984. 

Although the properties of the W boson have been studied for more than 30 years, measuring its mass to 

high precision remains a major challenge. 

"Achieving such a precise measurement despite the demanding conditions present in a hadron collider such 

as the LHC is a great challenge," said the physics coordinator of the ATLAS Collaboration, Tancredi Carli. 

"Reaching similar precision, as previously obtained at other colliders, with only one year of Run 1 data is 

remarkable. It is an extremely promising indication of our ability to improve our knowledge of the Standard 

Model and look for signs of new physics through highly accurate measurements." 

The Standard Model is very powerful in predicting the behaviour and certain characteristics of 

the elementary particles and makes it possible to deduce certain parameters from other well-known 

quantities. The masses of the W boson, the top quark and the Higgs boson for example, are linked by 

quantum physics relations. It is therefore very important to improve the precision of the W boson mass 

measurements to better understand the Higgs boson, refine the Standard Model and test its overall 

consistency. 

Remarkably, the mass of the W boson can be predicted today with a precision exceeding that of direct 

measurements. This is why it is a key ingredient in the search for new physics, as any deviation of the 

measured mass from the prediction could reveal new phenomena conflicting with the Standard Model. 
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The measurement relies on a thorough calibration of the detector and of the theoretical modelling of the W 

boson production. These were achieved through the study of Z boson events and several other ancillary 

measurements. The complexity of the analysis meant it took almost five years for the ATLAS team to 

achieve this new result. Further analysis with the huge sample of now-available LHC data, will allow even 

greater accuracy in the near future. [15] 

 

 

 

Imagining the possibility of life in a universe without the weak force  
A team of researchers at the University of Michigan has conducted a thought experiment regarding the 

nature of a universe that could support life without the weak force. In their paper uploaded to 

the ArXiv preprint server, the researchers suggest life could be possible in such an alternative universe, but 

it would definitely be different from what we observe in ours. 

Physicists have debated the possibility of the existence of alternate universes for some time, though there is 

no evidence they exist. In this new thought experiment, the team at UM wondered if one or more of the 

laws of physics that we have discovered in this universe might not exist in othersτif they do exist. Because 

it would be hard to imagine a universe that could exist without gravity and the strong and electromagnetic 

forces, the team instead focused on the weak forceτthe one behind such things as neutrons decaying into 

protons. 

The team wondered what a universe without the weak force would look like. To visualize it, they created a 

simulation of such a universe starting from the Big Bang. In the simulation, matter was still created and 

condensed into stars, but from there on, things would be different, because in our universe, the weak force 

is responsible for the creation of the heavier elements. In a universe without the weak force, the 

existence of anything other than stars would require more free protons and fewer neutrons (because they 

could not decay). In such a universe, neutrons and protons could link up to make deuterium. 

Stars fueled by deuterium instead of hydrogen, the researchers note, would still shine, they would just look 

differentτlikely redder and larger. But such stars could also serve as the source of all of the elements in the 

periodic table prior to iron, and the stellar winds could carry them out into space. If planets happened to 

form, they further note, they could hold water made from deuterium rather than hydrogenτand it is not 

impossible to imagine, they suggest, life forms made with deuterium water. [14] 

 

 

 

Possible explanation for the dominance of matter over antimatter in the 

Universe  
An electron-neutrino interaction observed by the T2K experiment. The neutrino interacts with a 

water molecule in the detector volume producing an electron which in turn emits Cherenkov light 

while travelling across the detector. This light is collected by special photo-sensors and converted 

into a measurable electric signal.  
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Credit: © Albert Einstein Center for Fundamental Physics (AEC), Laboratory for High Energy Physics  

Neutrinos and antineutrinos, sometimes called ghost particles because difficult to detect, can 

transform from one type to another. The international T2K Collaboration announces a first 

indication that the dominance of matter over antimatter may originate from the fact that 

neutrinos and antineutrinos behave differently during those oscillations. This is an important 

milestone towards the understanding of our Universe. A team of particle physicists from the 

University of Bern provided important contributions to the experiment.  

The Universe is primarily made of matter and the apparent lack of antimatter is one of the most 

intriguing questions of today's science. The T2K collaboration, with participation of the group of 

the University of Bern, announced today in a colloquium held at the High Energy Accelerator 

Research Organization (KEK) in Tsukuba, Japan, that it found indication that the symmetry between 

matter and antimatter (so called "CP-Symmetry") is violated for neutrinos with 95% probability.  

Different Transformation of Neutrinos and Antineutrinos  

Neutrinos are elementary particles which travel through matter almost without interaction. They 

appear in three different types: electron- muon- and tau-neutrinos and their respective antiparticle 

(antineutrinos). In 2013 T2K discovered a new type of transformation among neutrinos, showing 

that muon-neutrinos transform (oscillate) into electron-neutrinos while travelling in space and 

time. The outcome of the latest T2K study rejects with 95% probability the hypothesis that the 

analogous transformation from muon-antineutrinos to electron-antineutrinos takes place with 

identical chance. This is a first indication that the symmetry between matter and antimatter is 

violated in neutrino oscillations and therefore neutrinos also play a role in the creation of the 

matterantimatter asymmetry in the universe.  

"This result is among the most important findings in neutrino physics over the last years," said Prof. 

Antonio Ereditato, director of the Laboratory of High Energy Physics of the University of Bern and 

leader of the Bern T2K group, "and it is opening the way to even more exciting achievements, 

pointing to the existence of a tiny but measurable effect." Ereditato added: "Nature seems to 

indicate that neutrinos can be responsible for the observed supremacy of matter over antimatter 

in the Universe. What we measured justifies our current efforts in preparing the next scientific 

enterprise, DUNE, the ultimate neutrino detector in USA, which should allow reaching a definitive 

discovery."  

In the T2K experiment a muon-neutrino beam is produced at the Proton Accelerator Research 

Complex (J-PARC) in Tokai on the east coast of Japan and is detected 295 kilometres away by the 

gigantic Super-Kamiokande underground detector ("T2K" stands for "Tokai to Kamiokande"). The 

neutrino beam needs to be fully characterized immediately after production, that means before 

neutrinos start to oscillate. For this purpose, the ND280 detector was built and installed close to 

the neutrino departing point.  

Researchers from the University of Bern, together with colleagues from Geneva and ETH Zurich, 

and other international institutions, contributed to the design, realization and operation of ND280. 

The group of Bern, in particular, took care of the large magnet surrounding the detector and built 

and operated the so-called muon monitor, a device needed to measure the intensity and the 



energy spectrum of the muon particles produced together with neutrinos. The Bern group is 

currently very active in determining the probability of interaction of neutrinos with the ND280 

apparatus: an important ingredient to reach high-precision measurements such as the one 

reported here. [13]  

World's smallest neutrino detector observes elusive interactions of 

particles  
In 1974, a Fermilab physicist predicted a new way for ghostly particles called neutrinos to interact 

with matter. More than four decades later, a UChicago-led team of physicists built the world's 

smallest neutrino detector to observe the elusive interaction for the first time.  

Neutrinos are a challenge to study because their interactions with matter are so rare. Particularly 

elusive has been what's known as coherent elastic neutrino-nucleus scattering, which occurs when 

a neutrino bumps off the nucleus of an atom.  

The international COHERENT Collaboration, which includes physicists at UChicago, detected the 

scattering process by using a detector that's small and lightweight enough for a reseacher to carry. 

Their findings, which confirm the theory of Fermilab's Daniel Freedman, were reported Aug. 3 in 

the journal Science.  

"Why did it take 43 years to observe this interaction?" asked co-author Juan Collar, UChicago 

professor in physics. "What takes place is very subtle." Freedman did not see much of a chance for 

experimental confirmation, writing at the time: "Our suggestion may be an act of hubris, because 

the inevitable constraints of interaction rate, resolution and background pose grave experimental 

difficulties."  

When a neutrino bumps into the nucleus of an atom, it creates a tiny, barely measurable recoil. 

Making a detector out of heavy elements such as iodine, cesium or xenon dramatically increases 

the probability for this new mode of neutrino interaction, compared to other processes. But 

there's a trade-off, since the tiny nuclear recoils that result become more difficult to detect as the 

nucleus grows heavier.  

"Imagine your neutrinos are ping-pong balls striking a bowling ball. They are going to impart only a 

tiny extra momentum to this bowling ball," Collar said.  

To detect that bit of tiny recoil, Collar and colleagues figured out that a cesium iodide crystal doped 

with sodium was the perfect material. The discovery led the scientists to jettison the heavy, 

gigantic detectors common in neutrino research for one similar in size to a toaster.  

No gigantic lab  

The 4-inch-by-13-inch detector used to produce the Science results weighs only 32 pounds (14.5 

kilograms). In comparison, the world's most famous neutrino observatories are equipped with 

thousands of tons of detector material.  

"You don't have to build a gigantic laboratory around it," said UChicago doctoral student Bjorn 

Scholz, whose thesis will contain the result reported in the Science paper. "We can now think 



about building other small detectors that can then be used, for example to monitor the neutrino 

flux in nuclear power plants. You just put a nice little detector on the outside, and you can measure 

it in situ."  

Neutrino physicists, meanwhile, are interested in using the technology to better understand the 

properties of the mysterious particle.  

"Neutrinos are one of the most mysterious particles," Collar said. "We ignore many things about 

them. We know they have mass, but we don't know exactly how much."  

Through measuring coherent elastic neutrino-nucleus scattering, physicists hope to answer such 

questions. The COHERENT Collaboration's Science paper, for example, imposes limits on new types 

of neutrino-quark interactions that have been proposed.  

The results also have implications in the search for Weakly Interacting Massive Particles. WIMPs 

are candidate particles for dark matter, which is invisible material of unknown composition that 

accounts for 85 percent of the mass of the universe.  

"What we have observed with neutrinos is the same process expected to be at play in all the WIMP 

detectors we have been building," Collar said.  

Neutrino alley  

The COHERENT Collaboration, which involves 90 scientists at 18 institutions, has been conducting 

its search for coherent neutrino scattering at the Spallation Neutron Source at Oak Ridge National 

Laboratory in Tennessee. The researchers installed their detectors in a basement corridor that 

became known as "neutrino alley." This corridor is heavily shielded by iron and concrete from the 

highly radioactive neutron beam target area, only 20 meters (less than 25 yards) away.  

This neutrino alley solved a major problem for neutrino detection: It screens out almost all 

neutrons generated by the Spallation Neutron Source, but neutrinos can still reach the detectors. 

This allows researchers to more clearly see neutrino interactions in their data. Elsewhere they 

would be easily drowned out by the more prominent neutron detections.  

The Spallation Neutron Source generates the most intense pulsed neutron beams in the world for 

scientific research and industrial development. In the process of generating neutrons, the SNS also 

produces neutrinos, though in smaller quantities.  

"You could use a more sophisticated type of neutrino detector, but not the right kind of neutrino 

source, and you wouldn't see this process," Collar said. "It was the marriage of ideal source and 

ideal detector that made the experiment work."  

Two of Collar's former graduate students are co-authors of the Science paper: Phillip Barbeau, 

AB'01, SB'01, PhD'09, now an assistant professor of physics at Duke University; and Nicole Fields, 

PhD'15, now a health physicist with the U.S. Nuclear Regulatory Commission in Chicago.  

The development of a compact neutrino detector brings to fruition an idea that UChicago alumnus 

Leo Stodolsky, SM'58, PhD'64, proposed in 1984. Stodolsky and Andrzej Drukier, both of the Max 

Planck Institute for Physics and Astrophysics in Germany, noted that a coherent detector would be 



relatively small and compact, unlike the more common neutrino detectors containing thousands of 

gallons of water or liquid scintillator. In their work, they predicted the arrival of future neutrino 

technologies made possible by the miniaturization of the detectors.  

Scholz, the UChicago graduate student, saluted the scientists who have worked for decades to 

create the technology that culminated in the detection of coherent neutrino scattering.  

"I cannot fathom how they must feel now that it's finally been detected, and they've achieved one 

of their life goals," Scholz said. "I've come in at the end of the race. We definitely have to give 

credit to all the tremendous work that people have done before us." [12]  

In search of 'sterile' neutrinos  
Lately, neutrinos ς the tiny, nearly massless particles that many scientists study to better 

understand the fundamental workings of the universe ς have been posing a problem for physicists.  

They know that these particles are produced in immense numbers by nuclear reactions such as 

those taking place within our sun. They also know that neutrinos don't interact very often with 

matter; billions of them passed through your hand in the time it took you to read this sentence.  

But in a host of experiments around the world, researchers are finding a deficit in the number of 

neutrinos they see versus what they expect to see, based on theory. And this has nothing to do 

with the shifting back and forth between the three flavors of neutrino that physicists also already 

know about.  

One possible explanation is that there is a fourth kind of neutrino that hasn't been detected. It's 

referred to as a sterile neutrino. And NIST scientists will begin looking for it next year as part of the 

Precision Oscillation and Spectrum Experiment (PROSPECT), a collaboration involving 68 scientists 

and engineers from 10 universities and four national laboratories.  

"This is potentially a discovery experiment," says NIST's Pieter Mumm, who is a co-founder and 

cospokesperson for the project, along with Karsten Heeger at Yale University and Nathaniel 

Bowden at Lawrence Livermore National Laboratory. Discovering a new particle would be "super 

exciting," he continues, because a new type of neutrino is not part of the Standard Model of 

physics, the wellvetted explanation for the universe as we know it.  

To find the new particle or definitively disprove its existence, the PROSPECT collaboration is 

preparing to build a first-of-its-kind detector for short-range neutrino experiments, using a nuclear 

reactor as the neutrino source.  

The work could not only shed light on new physics, but it could also give researchers a new tool to 

monitor and safeguard nuclear reactors.  

PROSPECTing for Neutrinos  

Unlike other neutrino experiments, which typically look at the oscillations between the three 

known flavors over distances of kilometers or hundreds of kilometers, PROSPECT will look at 

neutrino oscillations over just a few meters, the space of a small room. The distance is too short to 



see oscillations between the known flavors. But it is exactly the right scale for the hypothesized 

sterile neutrino oscillations.  

This setup "gives you a signature that's absolutely iron-clad," Mumm says. "If you see that 

variation, that characteristic oscillation, there is only one explanation for it. It has to be sterile 

neutrinos."  

The detector itself will be about 4.5 meters cubed and will be composed of an 11-by-14 array of 

long skinny "cells" stacked on each other [see diagram], with an expected spatial resolution of 

about 10 cubic centimeters. As its source for neutrinos, PROSPECT will use the High Flux Isotope 

Reactor at Oak Ridge Laboratory in Tennessee. The experiment will be placed as close as possible 

to the reactor core itself ς only 7 meters (about 20 feet) away.  

PROSPECT will not see the sterile neutrinos directly. Rather, it will detect a particular kind of 

neutrino that is regularly produced in nuclear reactors: the electron-type antineutrino.  

To identify an electron antineutrino, the researchers will look for a particular signal in light. Each 

cell in the detector is filled with a scintillating material. That means that energy is converted to 

light, which is amplified and picked up by a pair of photomultiplier tubes on each cell.  

When a neutrino hits a proton in the liquid filling the cells, it creates new particles that deposit 

energy within the detector. These daughter particles form a signature that tells researchers that a 

neutrino was once there (see diagram above).  

"What we're actually sensing is the light emitted by the liquid scintillator," Mumm says. The signal 

that they are looking for is "something that looks like a positron, followed at the appropriate time 

[tens of microseconds, or millionths of a second] by something that looks like a neutron capture."  

Next Steps  

So far, the collaboration has created a series of prototypes, including a pair of cells built to scale, 

and is running simulations to validate the models they are using to separate the signal from the 

high backgrounds they expect. Thanks to grants from the U.S. Department of Energy and the 

HeisingSimons Foundation this summer, they have begun to physically build the detector.  

PROSPECT should answer the question of whether there are sterile neutrinos or not within three 

years, Mumm says. Meanwhile, the collaboration's work has some potentially game-changing 

spinoffs for reactor physics. For example, scientists could potentially use this technology to 

engineer a device to monitor reactor operations remotely.  

"You can imagine, at least it seems to me, that this could be a pretty powerful tool in the right 

circumstances," Mumm says. "You can't shield neutrinos. There's no way to spoof it." [11]  

As hunt for sterile neutrino continues, mystery deepens  
Physicists have hypothesized the existence of fundamental particles called sterile neutrinos for 

decades and a couple of experiments have even caught possible hints of them. However, according 

to new results from two major international consortia, the chances that these indications were 

right and that these particles actually exist are now much slimmer.  



In the 1990s, particle physicists at Los Alamos National Laboratory noticed something puzzling in 

one of their experiments. Their results disagreed with other experiments that discovered neutrino 

oscillationsτthe surprising ability of neutrinos to morph from one flavor to anotherτand 

ultimately led to last year's Nobel Prize for physics. An experiment at Fermi National Accelerator 

Laboratory (Fermilab) that was designed to confirm or refute the results from Los Alamos only 

added to the mystery by producing mixed results.  

To resolve the disagreement, theorists proposed the existence of an as-yet-undiscovered 

fundamental particleτa sterile neutrino. Physicists speculated that the hypothesized particles 

might hold a key to better understanding of the evolution of the universe and why it is mostly 

made of matter and not antimatter.  

Based on the Los Alamos and Fermilab results, scientists predicted a range of possible physical 

properties, such as mass, that sterile neutrinos could have.   

Several large research projects have been hunting for the elusive particles within that range.  

Now in this latest study, by combining results from a different experiment at Fermilab, called the  

Main Injector Neutrino Oscillation Search (MINOS), and another in China, called the Daya Bay 

Reactor Neutrino Experiment, scientists have ruled out a large portion of the range of possible 

properties the hypothesized particles were predicted to be hiding in.  

"So the plot thickens," says Karol Lang, a professor of physics at The University of Texas at Austin 

and co-spokesperson for the MINOS experiment. "But it's still possible that new experiments being 

developed at Fermilab might reveal some exciting new physics to explain these very different 

results."  

The results are being published this week as three separate letters in the journal Physical Review 

Letters (see links below).  

A team of researchers from UT Austin played many roles in producing the MINOS results, including 

graduate students Dung Phan, Simon De Rijck and Tom Carroll, and postdoctoral fellows Adam 

Schreckenberger, Will Flanagan and Paul Sail.  

"It is very exciting to work on one of the pioneering experiments and have such a big impact on the 

field," says De Rijck.  

Neither the MINOS nor Daya Bay results alone could be directly compared to the Los Alamos 

measurements, but combined, they could.  

"It's not common for two major neutrino experiments to work together this closely," says Adam 

Aurisano of the University of Cincinnati, one of the MINOS scientists.  

A resolution to the mystery of sterile neutrinos might come soon. Researchers in Fermilab's 

ShortBaseline Neutrino Program have already begun collecting data specifically targeting particles 

in the narrow mass range where sterile neutrinos might yet be hiding. Meanwhile, Lang and his 

colleagues in MINOS and Daya Bay have more data that they plan to analyze in the coming year, 

which might narrow the possible range of physical properties even further.  



"A sterile neutrino, if found, would be a game changer for particle physics," says Phan. [10]  

Weird quantum effects stretch across hundreds of miles  
In the world of quantum, infinitesimally small particles, weird and often logic-defying behaviors 

abound. Perhaps the strangest of these is the idea of superposition, in which objects can exist 

simultaneously in two or more seemingly counterintuitive states. For example, according to the 

laws of quantum mechanics, electrons may spin both clockwise and counter-clockwise, or be both 

at rest and excited, at the same time.  

The physicist Erwin Schrödinger highlighted some strange consequences of the idea of 

superposition more than 80 years ago, with a thought experiment that posed that a cat trapped in 

a box with a radioactive source could be in a superposition state, considered both alive and dead, 

according to the laws of quantum mechanics. Since then, scientists have proven that particles can 

indeed be in superposition, at quantum, subatomic scales. But whether such weird phenomena can 

be observed in our larger, everyday world is an open, actively pursued question.  

Now, MIT physicists have found that subatomic particles called neutrinos can be in superposition, 

without individual identities, when traveling hundreds of miles. Their results, to be published later 

this month in Physical Review Letters, represent the longest distance over which quantum 

mechanics has been tested to date.  

A subatomic journey across state lines  

The team analyzed data on the oscillations of neutrinosτsubatomic particles that interact 

extremely weakly with matter, passing through our bodies by the billions per second without any 

effect.  

Neutrinos can oscillate, or change between several distinct "flavors," as they travel through the 

universe at close to the speed of light.  

The researchers obtained data from Fermilab's Main Injector Neutrino Oscillation Search, or 

MINOS, an experiment in which neutrinos are produced from the scattering of other accelerated, 

highenergy particles in a facility near Chicago and beamed to a detector in Soudan, Minnesota, 735 

kilometers (456 miles) away. Although the neutrinos leave Illinois as one flavor, they may oscillate 

along their journey, arriving in Minnesota as a completely different flavor.  

The MIT team studied the distribution of neutrino flavors generated in Illinois, versus those 

detected in Minnesota, and found that these distributions can be explained most readily by 

quantum phenomena: As neutrinos sped between the reactor and detector, they were statistically 

most likely to be in a state of superposition, with no definite flavor or identity.  

What's more, the researchers found that the data was "in high tension" with more classical 

descriptions of how matter should behave. In particular, it was statistically unlikely that the data 

could be explained by any model of the sort that Einstein sought, in which objects would always 

embody definite properties rather than exist in superpositions.  



"What's fascinating is, many of us tend to think of quantum mechanics applying on small scales," 

says David Kaiser, the Germeshausen Professor of the History of Science and professor of physics 

at MIT. "But it turns out that we can't escape quantum mechanics, even when we describe 

processes that happen over large distances. We can't stop our quantum mechanical description 

even when these things leave one state and enter another, traveling hundreds of miles. I think 

that's breathtaking."  

Kaiser is a co-author on the paper, which includes MIT physics professor Joseph Formaggio, junior 

Talia Weiss, and former graduate student Mykola Murskyj.  

A flipped inequality  

The team analyzed the MINOS data by applying a slightly altered version of the Leggett-Garg 

inequality, a mathematical expression named after physicists Anthony Leggett and Anupam Garg, 

who derived the expression to test whether a system with two or more distinct states acts in a 

quantum or classical fashion.  

Leggett and Garg realized that the measurements of such a system, and the statistical correlations 

between those measurements, should be different if the system behaves according to classical 

versus quantum mechanical laws.  

"They realized you get different predictions for correlations of measurements of a single system 

over time, if you assume superposition versus realism," Kaiser explains, where "realism" refers to 

models of the Einstein type, in which particles should always exist in some definite state.  

Formaggio had the idea to flip the expression slightly, to apply not to repeated measurements over 

time but to measurements at a range of neutrino energies. In the MINOS experiment, huge 

numbers of neutrinos are created at various energies, where Kaiser says they then "careen through 

the Earth, through solid rock, and a tiny drizzle of them will be detected" 735 kilometers away.  

According to Formaggio's reworking of the Leggett-Garg inequality, the distribution of neutrino 

flavorsτthe type of neutrino that finally arrives at the detectorτshould depend on the energies at 

which the neutrinos were created. Furthermore, those flavor distributions should look very 

different if the neutrinos assumed a definite identity throughout their journey, versus if they were 

in superposition, with no distinct flavor.  

"The big world we live in"  

Applying their modified version of the Leggett-Garg expression to neutrino oscillations, the group 

predicted the distribution of neutrino flavors arriving at the detector, both if the neutrinos were 

behaving classically, according to an Einstein-like theory, and if they were acting in a quantum 

state, in superposition. When they compared both predicted distributions, they found there was 

virtually no overlap.  

More importantly, when they compared these predictions with the actual distribution of neutrino 

flavors observed from the MINOS experiment, they found that the data fit squarely within the 

predicted distribution for a quantum system, meaning that the neutrinos very likely did not have 

individual identities while traveling over hundreds of miles between detectors.  



But what if these particles truly embodied distinct flavors at each moment in time, rather than 

being some ghostly, neither-here-nor-there phantoms of quantum physics? What if these 

neutrinos behaved according to Einstein's realism-based view of the world? After all, there could 

be statistical flukes due to defects in instrumentation, that might still generate a distribution of 

neutrinos that the researchers observed. Kaiser says if that were the case and "the world truly 

obeyed Einstein's intuitions," the chances of such a model accounting for the observed data would 

be "something like one in a billion."  

"What gives people pause is, quantum mechanics is quantitatively precise and yet it comes with all 

this conceptual baggage," Kaiser says. "That's why I like tests like this: Let's let these things travel 

further than most people will drive on a family road trip, and watch them zoom through the big 

world we live in, not just the strange world of quantum mechanics, for hundreds of miles. And 

even then, we can't stop using quantum mechanics. We really see quantum effects persist across 

macroscopic distances." [9]  

Surprising neutrino decoherence inside supernovae  
Neutrinos are elementary particles known for displaying weak interactions. As a result, neutrinos 

passing each other in the same place hardly notice one another. Yet, neutrinos inside a supernova 

collectively behave differently because of their extremely high density. A new study reveals that 

neutrinos produced in the core of a supernova are highly localised compared to neutrinos from all 

other known sources. This result stems from a fresh estimate for an entity characterising these 

neutrinos, known as wave packets, which provide information on both their position and their 

momentum.  

These findings have just been published in EPJ C by Jörn Kersten from the University of Bergen,  

Norway, and his colleague Alexei Yu. Smirnov from the Max Planck Institute for Nuclear Physics in 

Heidelberg, Germany. The study suggests that the wave packet size is irrelevant in simpler cases.  

This means that the standard theory for explaining neutrino behaviour, which does not rely on 

wavepackets, now enjoys a more sound theoretical foundation.  

One of the laws governing particles at the quantum scale - called the uncertainty principle - tells us 

that we cannot simultaneously know a particle's position and momentum (which is the product of 

their mass times their velocity) with arbitrary precision. Particles like neutrinos are therefore 

described by a mathematical entity, called wave packets, the size of which determines the 

uncertainty in the neutrino's position and momentum.  

The authors find that neutrino wave packets in supernovae are unusually small in size. This implies 

that each individual neutrino displays decoherence. Kersten and Smirnov, however, show that this 

decoherence effect does not have any impact on the experimental measurement of the oscillation 

probability for each neutrino flavour; they only demonstrate this result in cases that are similar to, 

albeit simpler, than what happens in a supernova, where collective effects occur.  

In this study, the authors thus provide a theoretical motivation to the use of the standard 

description of supernova neutrinos, which does not rely on wave packets.   



Indeed, their findings suggest that collective effects are also unaffected by the neutrino wave 

packet size, a premise that has yet to be proven. [8]  

.ÅÕÔÒÉÎÏÓ ÈÉÎÔ ÁÔ ×ÈÙ ÁÎÔÉÍÁÔÔÅÒ ÄÉÄÎȭÔ ÂÌÏ× ÕÐ ÔÈÅ ÕÎÉÖÅÒÓÅ  
It could all have been so different. When matter first formed in the universe, our current theories 

suggest that it should have been accompanied by an equal amount of antimatter ς a conclusion we 

ƪƴƻǿ Ƴǳǎǘ ōŜ ǿǊƻƴƎΣ ōŜŎŀǳǎŜ ǿŜ ǿƻǳƭŘƴΩǘ ōŜ ƘŜǊŜ ƛŦ ƛǘ ǿŜǊŜ ǘǊǳŜΦ bƻǿ ǘƘŜ ƭŀǘŜǎǘ ǊŜǎǳƭǘǎ ŦǊƻƳ ŀ 

pair of experiments designed to study the behaviour of neutrinos ς particles that barely interact 

with the rest of the universe ς ŎƻǳƭŘ ƳŜŀƴ ǿŜΩǊŜ ǎǘŀǊǘƛƴƎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǿƘȅΦ  

Neutrinos and their antimatter counterparts, antineutrinos, each come in three types, or flavours: 

electron, muon and tau. Several experiments have found that neutrinos can spontaneously switch 

between these flavours, a phenomenon called oscillating.  

The T2K experiment in Japan watches for these oscillations as neutrinos travel between the J-PARC 

accelerator in Tokai and the Super-Kamiokande neutrino detector in Kamioka, 295 kilometres 

away. It began operating in February 2010, but had to shut down for several years after Japan was 

rocked by a magnitude-9 earthquake in 2011.  

  

Puff of radiation  

In 2013, the team announced that 28 of the muon neutrinos that took off from J-PARC had become 

electron neutrinos by the time they reached Super-Kamiokande, the first true confirmation that 

the metamorphosis was happening.  

They then ran the experiment with muon antineutrinos, to see if there was a difference between 

how the ordinary particles and their antimatter counterparts oscillate.   

An idea called charge-parity (CP) symmetry holds that these rates should be the same.  

CP symmetry is the notion that physics would remain basically unchanged if you replaced all 

particles with their respective antiparticles. It appears to hold true for nearly all particle 

interactions, and implies that the universe should have produced the same amount of matter and 

antimatter in the big bang.Matter and antimatter destroy one another, so if CP symmetry holds, 

ōƻǘƘ ǎƘƻǳƭŘ ƘŀǾŜ Ƴƻǎǘƭȅ ǾŀƴƛǎƘŜŘ ƛƴ ŀ ǇǳŦŦ ƻŦ ǊŀŘƛŀǘƛƻƴ ŜŀǊƭȅ ƻƴ ƛƴ ǘƘŜ ǳƴƛǾŜǊǎŜΩǎ ƘƛǎǘƻǊȅΣ ǿŜƭƭ 

ōŜŦƻǊŜ ƳŀǘǘŜǊ ǿŀǎ ŀōƭŜ ǘƻ ŎƻƴƎŜŀƭ ƛƴǘƻ ǎƻƭƛŘ ǎǘǳŦŦΦ ¢ƘŀǘΩǎ ŎƭŜŀǊƭȅ ƴƻǘ ǿƘŀǘ ƘŀǇǇŜƴŜŘΣ ōǳǘ ǿŜ ŘƻƴΩǘ 

know why. Any deviation from CP symmetry we observe could help explain this discrepancy.  

ά²Ŝ ƪƴƻǿ ƛƴ ƻǊŘŜǊ ǘƻ ŎǊŜŀǘŜ ƳƻǊŜ ƳŀǘǘŜǊ ǘƘŀƴ ŀƴǘƛƳŀǘǘŜǊ ƛƴ ǘƘŜ ǳƴƛǾŜǊǎŜΣ ȅƻǳ ƴŜŜŘ ŀ ǇǊƻŎŜǎǎ ǘƘŀǘ 

ǾƛƻƭŀǘŜǎ /t ǎȅƳƳŜǘǊȅΣέ ǎŀȅǎ tŀǘǊƛŎƛŀ ±ŀƘƭŜΣ ǿƘƻ ǿƻǊƪǎ ƻƴ bƻ±!Σ ŀ ǎƛƳƛƭŀǊ experiment to T2K that 

ǎŜƴŘǎ ƴŜǳǘǊƛƴƻǎ ōŜǘǿŜŜƴ Lƭƭƛƴƻƛǎ ŀƴŘ aƛƴƴŜǎƻǘŀΦ ά{ƻ ǿŜΩǊŜ ƎƻƛƴƎ ƻǳǘ ŀƴŘ ƭƻƻƪƛƴƎ ŦƻǊ ŀƴȅ ǇǊƻŎŜǎǎ 

ǘƘŀǘ Ŏŀƴ ǾƛƻƭŀǘŜ ǘƘƛǎ /t ǎȅƳƳŜǘǊȅΦέ  

  



Flavour changers  

We already know of one: the interactions of different kinds of quarks, the constituents of protons 

and neutrons in atoms. But their difference is not great enough to explain why matter dominated 

so completely in the modern universe. Neutrino oscillations are another promising place to look for 

deviations.  

This morning at the Neutrino conference in London, UK, we got our first signs of such deviations. 

Hirohisa Tanaka of the University of Toronto, Canada, reported the latest results from T2K. They 

have now seen 32 muon neutrinos morphing into the electron flavour, compared to just 4 muon 

antineutrinos becoming the anti-electron variety.  

This is more matter and less antimatter than they expected to see, assuming CP symmetry holds.  

Although the number of detections in each experiment is small, the difference is enough to rule 

out CP symmetry holding at the 2 sigma level ς in other words, there is only around a 5 per cent 

chance that T2K would see such differences if CP symmetry is preserved in this process.  

Particle physicists normally wait until things reach the 3 sigma level before getting excited, and 

ǿƻƴΩǘ ŎƻƴǎƛŘŜǊ ƛǘ ŀ ŘƛǎŎƻǾŜǊȅ ǳƴǘƛƭ р ǎƛƎƳŀΣ ǎƻ ƛǘΩǎ ŜŀǊƭȅ Řŀȅǎ ŦƻǊ ƴŜǳǘǊƛƴƻǎ ōǊŜŀƪƛƴƎ /t ǎȅƳƳŜǘǊȅΦ 

But at the same conference, Vahle presented the latest results from NoVA that revealed the two 

experiments were in broad agreement about the possibility.  

The extent of CP violation rests on a key parameter called delta-/tΣ ǿƘƛŎƘ ǊŀƴƎŜǎ ŦǊƻƳ л ǘƻ нˉΦ 

.ƻǘƘ ǘŜŀƳǎ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜƛǊ ǊŜǎǳƭǘǎ ǿŜǊŜ ōŜǎǘ ŜȄǇƭŀƛƴŜŘ ōȅ ǎŜǘǘƛƴƎ ǘƘŜ ǾŀƭǳŜ Ŝǉǳŀƭ ǘƻ мΦрˉΦ ά¢ƘŜƛǊ 

data really does prefer the same value that ¢нY ŘƻŜǎΣέ ǎŀȅǎ !ǎƘŜǊ YŀōƻǘƘΣ ǿƘƻ ǿƻǊƪǎ ƻƴ ¢нYΦ ά!ƭƭ 

of the preferences for the delta-/t ǎǘǳŦŦ ŀǊŜ ǇƻƛƴǘƛƴƎ ƛƴ ǘƘŜ ǎŀƳŜ ŘƛǊŜŎǘƛƻƴΦέ  

NoVA plans to run its own antineutrino experiments next year, which will help firm up the results, 

and both teams are contƛƴǳƛƴƎ ǘƻ ƎŀǘƘŜǊ ƳƻǊŜ ŘŀǘŀΦ LǘΩǎ ǘƻƻ ǎƻƻƴ ǘƻ ǎŀȅ ŘŜŦƛƴƛǘƛǾŜƭȅΣ ōǳǘ ƻƴŜ ƻŦ ǘƘŜ 

mysteries of why we are here could be on the road to getting solved. [7]  

What the universe's most elusive particles can tell us about the 

universe's most energetic objects  
In 2012, a tiny flash of light was detected deep beneath the Antarctic ice. A burst of neutrinos was 

responsible, and the flash of light was their calling card.  

It might not sound momentous, but the flash could give us tantalising insights into one of the most 

energetic objects in the distant universe.  

The light was triggered by the universe's most elusive particles when they made contact with a 

remarkable detector, appropriately called IceCube, which was built for the very purpose of 

capturing rare events such as this.  

The team of international researchers now suspects the event may have originated from a quasar, 

which is the active nucleus of a galaxy billions of light-years away.  

The flash also potentially opens up a new era of neutrino astrophysics and may help unravel the 

mystery of neutrino production in the universe.  



The antisocial particle that came in from the cold  

Neutrinos are elementary particles and one of the smallest building blocks of the universe. Despite 

being one of the most abundant and energetic particles, neutrinos have a reputation of being 

notoriously hard to detect.  

This is because they very rarely interact with normal matter. In fact, billions of them pass through 

your body every minute without even causing a tickle.  

 What the universe's most elusive particles can tell us about the universe's most energetic objects 

¢ƘŜǊŜΩǎ ŀ ƭƻǘ ƳƻǊŜ ƻŦ ǘƘŜ LŎŜ/ǳōŜ ƴŜǳǘǊƛƴƻ ŘŜǘŜŎǘƻǊ ōŜƭƻǿ ǘƘŜ ƛŎŜΦ /ǊŜŘƛǘΥ 9Ǌƛƪ .ŜƛǎŜǊΣ LŎŜ/ǳōŜκb{C 

So how do you find such an antisocial particle?  

It might not look it from the frosty surface of Antarctica, but Ice Cube is one of the world's largest 

telescopes, and the largest for detecting neutrinos.  

IceCube occupies a cubic kilometre of clear ice, which provides the best medium for thousands of 

sensors to capture that elusive burst of light created when a high energy neutrino collides with an 

ice particle.  

Although the probability of a collision is minuscule, there are so many neutrinos that pass through 

the detector that eventually some will interact with the ice.  

The trick then is to determine where the neutrinos originated. Neutrinos are produced by the 

nuclear reactions going on at the centre of stars and in other highly energetic cosmic processes.  

So when trying to find origin of the 2012 neutrino burst, Professor Sergei Gulyaev, the director of 

Auckland University of Technology's Institute for Radio Astronomy and Space Research told The 

Conversation that there was no shortage of candidates. The sky was literally the limit.  

"Out of millions of astronomical objects, which one was responsible?"  

Nucleus of a galaxy  

A network of New Zealand, Australian and African radio telescopes searched the skies for what 

might have triggered the 2012 flash.  

But one candidate stood out. Radio astronomers were able to create an image of a distant object 

that appeared to change dramatically after the neutrino burst was registered in South Pole.  

 What the universe's most elusive particles can tell us about the universe's most energetic objects  

The IceCube detector contains 5,160 individual sensors that go down to a depth of nearly 2.5 

kilometres beneath the ice. Credit: IceCube Collaboration  

From this, they decided that the most likely source of the neutrinos was a quasar, called PKS 

1424418, located 9.1 billion light years away ς nearly at the edge of the visible universe.  

A quasar is the active nucleus of a primordial galaxy with a supermassive black hole at its core.  



"We knew before that huge fluxes of very energetic particles came from space. We call them 'cosmic 

rays'. Neutrinos are part of them. But we had no idea which astronomical objects are responsible for 

this."  

Gulyaev emphasised that they had to be cautious before drawing any conclusions about the source 

of the neutrinos.  

"We were very careful, but combining radio astronomical and gamma-ray observations made by 

NASA's Fermi gamma-ray space telescope, we now know where or what it is. Given the huge 

increase in energy, shape change and activity, we are 95% sure that a quasar was responsible for 

the event registered by IceCube."  

Gulyaev added that this particular quasar was active while the universe was very young.  

"Quasars are like dinosaurs. They became extinct a long time ago," said Gulyaev. "But because 

astronomy is like a time machine, we were able to study this quasar."  

The study may also open a new window into the distant universe. Whereas most astronomy is 

conducted by studying electromagnetic radiation, such as light or radio waves, these can be 

obscured or distorted as they travel through space.  

But because neutrinos pass through most matter, and aren't influenced by magnetic fields, they 

can pass through vast stretches of the cosmos uninterrupted. If we can detect them reliably, we 

might be able to observe things we can't normally see.  

An exciting problem  

Professor Ron Ekers, an astrophysicist from CSIRO, said the study presents tantalising possibilities 

of an extragalatic origin of the high energy neutrino burst.  

However, the true test of time will be if the model can eventually predict future detections 

alongside more precise measurements of neutrino positions that would be possible in the future.  

Ekers said that although the model presents a possible origin, a crucial step would be to increase 

the level of accuracy in neutrino detection instruments to more precisely pinpoint and narrow 

down possible sources.  

"Current position errors for these neutrinos are quite large and there are many possible objects 

which could be the source."  

Ekers added that both IceCube and the Mediterranean Neutrino Array (KM3NeT) have future plans 

to greatly improve positional accuracy to fulfil that need.  

"Finding out where the high energy neutrinos come from is one of the most exciting problems in 

astrophysics today. Now we have a possible identification we desperately need to improve the 

directional accuracy of the neutrino detections. " [6]  



Neutrinos: Ghosts of the Universe  
Why, after millions of years of steadily lighting the cold darkness, does a supergiant star suddenly 

explode in a blinding blaze of glory brighter than 100 billion stars?   

What exotic objects in deep space are firing out particles at by far the highest energies in the 

universe? And perhaps most mind-bending, why does the universe contain any matter at all? These 

mysteries have vexed astrophysicists and particle physicists for decades. The key to solving all 

three deep conundrums is itself one of the greatest enigmas of physics: the neutrino.  

The universe is awash in these peculiar, nearly massless, subatomic particles. Created in tremendous 

numbers right after the Big Bang, and constantly churned out in stars and other places by radioactive 

decay and other reactions, trillions of these ghostly particles sail right through stars and planets, 

including our own.  

Carrying no electrical charge, neutrinos are attracted neither to protons nor electrons, so they 

ŘƻƴΩǘ ƛƴǘŜǊŀŎǘ ǿƛǘƘ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ŦƛŜƭŘǎΦ ¢ƘŜȅ ŀƭǎƻ ŘƻƴΩǘ ŦŜŜƭ ŀ ǇƻǿŜǊŦǳƭ ŦƻǊŎŜ ǘƘŀǘ ƻǇŜǊŀǘŜǎ ƻƴ 

tiny scales, known simply as the strong force, which binds protons and neutrons together in an 

ŀǘƻƳΩǎ ƴǳŎƭŜǳǎΦ  

Neutrinos are more aloof than supermodels, rarely interacting meaningfully with one another or 

with anything else in the universe. Paradoxically, it is their disengaged quality that earns them a 

crucial role both in the workings of the universe and in revealing some of its greatest secrets.   

Neutrino physics is entering a golden age. As part of one experiment, neutrinos have recently 

opened a new window on high-energy sources in deep space, such as black holes spewing out 

particles in beams trillions of miles long.  

Another astronomy experiment deep underground in a Japanese mine will use neutrinos to learn 

the average temperature and energy of ancient supernovae to better understand their typical 

ōŜƘŀǾƛƻǊΦ !ƴŘ ǇƘȅǎƛŎƛǎǘǎ ŀǊŜ ǳǎƛƴƎ ŎƻƳǇǳǘŜǊ ƳƻŘŜƭƛƴƎ ǘƻ ŎƭƻǎŜ ƛƴ ƻƴ ǘƘŜ ƴŜǳǘǊƛƴƻΩǎ ŎǊƛǘƛŎŀƭ ǊƻƭŜ ƛƴ 

triggering the kind of supernovae that distribute essential elements like oxygen and nitrogen.  

Beyond expanding the role of neutrinos in astronomy and uncovering their role in astrophysics, 

ǇƘȅǎƛŎƛǎǘǎ ŀǊŜ ǎǘƛƭƭ ǘǊȅƛƴƎ ǘƻ ŘƛǎŎƻǾŜǊ ǎƻƳŜ ƻŦ ǘƘŜ ƴŜǳǘǊƛƴƻΩǎ ōŀǎƛŎ ǇǊƻǇŜǊǘƛŜǎΦ {ƻƳŜ ǊŜǎŜŀǊŎƘŜǊǎΣ ŦƻǊ 

ƛƴǎǘŀƴŎŜΣ ŀǊŜ ǘǊȅƛƴƎ ǘƻ Ǉƛƴ Řƻǿƴ ǘƘŜ ǇŀǊǘƛŎƭŜΩǎ ǇƻǎǎƛōƭŜ ƳŀǎǎŜǎΦ ¢Ƙŀǘ ŦǳƴŘŀƳental information 

would influence theories that explain the masses of other particles.  

By determining yet another elusive fundamental property of neutrinos, researchers also hope to 

ŀƴǎǿŜǊ ƻƴŜ ƻŦ ǘƘŜƻǊŜǘƛŎŀƭ ǇƘȅǎƛŎǎΩǎ ƎǊŜŀǘ ǊƛŘŘƭŜǎΥ ǿƘȅ ŀƭƭ ǘƘŜ ƳŀǘǘŜǊ ŀƴŘ antimatter created by the 

.ƛƎ .ŀƴƎ ŘƛŘƴΩǘ ŎŀƴŎŜƭ ŜŀŎƘ ƻǘƘŜǊ ƻǳǘ ŀƴŘ ƭŜŀǾŜ ƴƻǘƘƛƴƎ ōǳǘ ŜƴŜǊƎȅΦ !ǘ ǘƘŜ Řŀǿƴ ƻŦ ǘƘŜ ǳƴƛǾŜǊǎŜΣ 

for every particle of matter, such as an electron, there was an anti-electron; for every quark (a 

fundamental constituent of matter), there was an antiquark, explains physicist Chang Kee Jung of 

Stony Brook University. When these opposites meet, they should annihilate each other, creating 

pure energy.  

So why is any matter left? The most plausible solution, leading physicists like Jung say, hinges on 

ǘƘŜ ǘƘŜƻǊȅ ǘƘŀǘ ǘƻŘŀȅΩǎ ƴŜǳǘǊƛƴƻǎΣ ǿƘƛŎƘ ƘŀǾŜ ōŀǊŜƭȅ ŀƴȅ ƳŀǎǎΣ ƻƴŎŜ ƘŀŘ ǎǳǇŜǊƘŜŀǾȅ ǇŀǊǘƴŜǊǎΦ 

These neutrino cousins, 100 trillion times more massive than a proton, formed in the tremendous 



heat that existed right after the Big Bang. They had the special androgynous ability to decay into 

either matter or antimatter counterparts. One such overweight particle might have decayed into a 

neutrino plus some other particle τ like an electron, for instance τ while another superheavy 

neutrino might have decayed into an antineutrino and another particle.   

For this theory to explain why matter exists, those early superheavy neutrinos would have had to 

decay more frequently into particles than antiparticles. Physicists at neutrino detectors such as 

NOvA in Minnesota, in addition to trying to determine the masses of the neutrino, are studying 

ǿƘŜǘƘŜǊ ǘƻŘŀȅΩǎ ƭƛƎƘǘŜǊ ƴŜǳǘǊƛƴƻǎ ǎǿƛǘŎƘ ŦǊƻƳ ƻƴŜ ǘȅǇŜ όƻǊ άŦƭŀǾƻǊέύ ǘƻ ŀƴƻǘƘŜǊ ŀǘ ŀ ŘƛŦŦŜǊŜƴǘ ǊŀǘŜ 

than antineutrinos. The same theory that could explain this behaviƻǊ ƛƴ ǘƻŘŀȅΩǎ ƭƛƎƘǘ ƴŜǳǘǊƛƴƻǎ 

could also explain the inclinations of superheavy neutrinos at the dawn of time. If the superheavy 

ƴŜǳǘǊƛƴƻ ǘƘŜƻǊȅ ƛǎ ŎƻǊǊŜŎǘΣ ǘƘŜƴ ǘƘŜǎŜ ǇǊƛƳƻǊŘƛŀƭ ǇŀǊǘƛŎƭŜǎ ŀǊŜ ǘƘŜ άǎǳǇǊŜƳŜ ŀƴŎŜǎǘƻǊέ ŦǊƻƳ ǿƘƛŎƘ 

every particle in the cosmos descended.   

Neutrino-related discoveries have already earned three Nobel prizes, and the path-breaking 

experiments underway could well earn more tickets to Stockholm. The seemingly superfluous 

ƴŜǳǘǊƛƴƻ ŎƻǳƭŘƴΩǘ ōŜ ƳƻǊŜ ŜǎǎŜƴǘƛŀƭ ǘƻ ƻǳǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘe cosmos, or less concerned with its 

profound importance.  

The Ice Telescope Cometh  

  

Computers at the IceCube Laboratory at the Amundsen-Scott South Pole Station collect raw data 

and analyze results from the underground neutrino detector.  

Scientists who want to detect neutrinos must build their detectors deep underground or 

underwater to filter out the cosmic rays that constantly bombard Earth.   

(Neutrinos travel through matter, regardless of how dense.) Francis Halzen, a physicist at the 

University of Wisconsin-Madison, realized decades ago that Antarctica was an ideal spot because 

the ice was thick enough to bury thousands of light sensors more than a mile deep.  

When a neutrino chances to slam into an atomic nucleus in the ice, an electron or muon (a heavier 

cousin of the electron) is created, releasing a trace of light. That trace of light can be picked up by 

IceCube, an underground telescope and particle detector at the South Pole. Halzen is one of nearly 

250 people involved with the project.   

In May 2012, IceCube physicists discovered the light footprints of two neutrinos with an incredible  

1,000 times more energy than any neutrino ever detected before on Earth. Christened Bert and 

Ernie after the Sesame Street characters, they spurred IceCube scientists to re-examine the data at 

that energy level. Sure enough, they found 26 more high-energy neutrinos. When the scientists 

looked at more recent data through May 2013, they found nine more high-energy neutrinos, one 

of which had the energȅ ƻŦ .ŜǊǘ ŀƴŘ 9ǊƴƛŜ ŎƻƳōƛƴŜŘΦ άLǘΩǎ ƴŀƳŜŘ .ƛƎ .ƛǊŘΣ ƻŦ ŎƻǳǊǎŜΣέ ǎŀȅǎ IŀƭȊŜƴΦ   

Some neutrinos almost certainly hail from beyond our galaxy, and they could help solve a 

centuryold mystery on the source of incredibly high-energy cosmic rays.   



That source also is thought to produce high-energy neutrinos. Some possible scenarios: incredibly 

massive black holes erupting in jets of matter, galaxies colliding or star-producing factories known 

as starburst galaxies.  

άLŎŜ/ǳōŜ ƛǎ Ŧƛƴŀƭƭȅ ƻǇŜƴƛƴƎ ŀ ƴŜǿ ǿƛƴŘƻǿ ƻƴ ǘƘŜ ǳƴƛǾŜǊǎŜΣέ ǎŀȅǎ ǇƘȅǎƛŎƛǎǘ WƻƘƴ .ŜŀŎƻƳ ƻŦ hƘƛƻ 

{ǘŀǘŜ ¦ƴƛǾŜǊǎƛǘȅΦ ά!ƭƭ ǘƘŜǎŜ ȅŜŀǊǎ ǿŜ ƘŀǾŜ ōŜŜƴ ŘƻƛƴƎ ŀǎǘǊƻƴƻƳȅ ǿƛǘƘ ƭƛƎƘǘ όƴƻǘ Ƨǳǎǘ ǾƛǎƛōƭŜ ƭƛƎƘǘύΣ 

ǿŜ ƘŀǾŜ ōŜŜƴ ƳƛǎǎƛƴƎ ŀ ōƛƎ ǇŀǊǘ ƻŦ ǘƘŜ ŀŎǘƛƻƴΦέ   

  

Neutrino Mysteries   

  

Shape-Shifting  

  

Neutrinos are notorious shape-shifters. Each one is born as one of three types, or flavors τ 

electron, muon and tau τ but they can change flavor in a few thousandths of a second as they 

ǘǊŀǾŜƭΣ ŀǎ ƛŦ ǘƘŜȅ ŎŀƴΩǘ ƳŀƪŜ ǳǇ ǘƘŜƛǊ ƳƛƴŘ ǿƘŀǘ ǘƻ ōŜΦ bŜǳǘǊƛƴƻǎΣ ƭƛƪe other subatomic particles, 

sometimes behave like waves. But as the neutrino travels, the flavor waves combine in different 

ways. Sometimes the combination forms what is mostly an electron neutrino and sometimes 

mostly a muon neutrino.   

Because neutrinos are quantum particles, and by definition weird, they are not one single flavor at 

a time, but rather always a mixture of flavors. On the very, very rare occasion that a neutrino 

interacts with another particle, if the reaction appears to produce an electron, then the neutrino 

was an electron flavor in its final moments; if it produces a muon, the neutrino was muon-flavored. 

LǘΩǎ ŀǎ ƛŦ ǘƘŜ ǎƘȅ ƴŜǳǘǊƛƴƻΩǎ ƛŘŜƴǘƛǘȅ ŎǊƛǎƛǎ Ŏŀƴ ƻƴƭȅ ōŜ ǊŜǎƻƭǾŜŘ ǿƘŜƴ ƛǘ Ŧƛƴŀƭƭȅ ƛƴǘŜǊŀŎǘǎ ǿƛǘƘ ŀƴƻǘƘŜǊ 

particle.   

  

Heavyweight Competition  

  

tƘȅǎƛŎƛǎǘǎ ƘƻǇŜ ǘƻ ǳǎŜ ƴŜǳǘǊƛƴƻǎΩ ǎǘǊŀƴƎŜ ǎƘŀǇŜ-shifting behavior to unlock several mysteries.  

Scientists know the mass of every other fundamental particle, such as the electron, but the 

neutrino τ at least a million times as light as the electron τ is far more elusive because of its 

transformative ways.  

  

The discovery of neutrino masses would influence the fundamental theory of how particles and 

forces interact, the so-called standard model of particle physics.   

Physicists already know the theory is incomplete because it incorrectly predicts neutrinos have no 

ƳŀǎǎΦ άLǘ Ƴŀȅ ƘŜƭǇ ǳǎ ǘƻ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǊŜŀǎƻƴǎ ōŜƘƛƴŘ ǘƘŜ ƳŀǎǎŜǎ ƻŦ ŀƭƭ ǇŀǊǘƛŎƭŜǎΣέ ǎŀȅǎ 

²ƛƭƭƛŀƳ [ƻǳƛǎ ƻŦ [ƻǎ !ƭŀƳƻǎ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊȅΦ ά! ƧƛƎǎŀǿ ǇǳȊȊƭŜ ƛǎ ƳǳŎƘ ŜŀǎƛŜǊ ǘƻ Ǉut together 

ƻƴŎŜ ŀƭƭ ƻŦ ǘƘŜ ǇƛŜŎŜǎ ŀǊŜ ŀǾŀƛƭŀōƭŜΦέ  



The difficulty in pinning down neutrino masses lies in the Heisenberg uncertainty principle, a 

cornerstone of quantum physics. It states that certain properties of subatomic particles are linked 

such that the more precisely you know one, the less precisely you can know the other. For 

ƛƴǎǘŀƴŎŜΣ ƛŦ ȅƻǳ ƪƴƻǿ ŜȄŀŎǘƭȅ ǿƘŜǊŜ ŀ ǇŀǊǘƛŎƭŜ ƛǎΣ ǘƘŜƴ ȅƻǳ ŎŀƴΩǘ ƪƴƻǿ ƛǘǎ ƳƻƳŜƴǘǳƳΦ !ƴŘ ƻƴŎŜ 

ȅƻǳΩǾŜ ǇƛƴƴŜŘ Řƻǿƴ ǘƘŜ ǇŀǊǘƛŎƭŜΩǎ ƳƻƳŜƴǘǳƳΣ ȅƻǳ ŎŀƴΩǘ ŀōǎƻƭǳǘŜƭȅ ƪƴƻǿ ƛǘǎ ƭƻŎŀǘƛƻƴΦ ! ƴŜǳǘǊƛƴƻΩǎ 

flavor and mass are linked in a similar way, says Indiana University physicist Mark Messier. You 

ŎŀƴΩǘ ƪƴƻǿ ōƻǘƘ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΦ CƻǊ ǘƘŀǘ ǊŜŀǎƻƴΣ ƘŜ ǎŀȅǎΣ ά²Ŝ ŀƭǿŀȅǎ ƳŜŀǎǳǊŜ ǎƻƳŜ 

ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ƳŀǎǎŜǎΦ Χ Lǘ ŘƻŜǎ ƴƻǘ ŜǾŜƴ ƳŀƪŜ ǎŜƴǎŜ ǘƻ ŀǎƪ what the mass is for a single flavor of 

ƴŜǳǘǊƛƴƻΦέ  

!ǎ ŦŀǊ ŀǎ ǎŎƛŜƴǘƛǎǘǎ Ŏŀƴ ǘŜƭƭΣ ŜŀŎƘ ƴŜǳǘǊƛƴƻ ƛǎ ŀ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǘƘǊŜŜ ƳŀǎǎŜǎΣ ōǳǘ ǘƘŜȅ ŎŀƴΩǘ ƭŜŀǊƴ 

that combination without taking a measurement. Two of those masses are likely to identify as 

electron neutrinos a significant portion of the time, and one mass only infrequently comes up as 

electron neutrino, says Messier. Physicists are not sure if the greatest, or heaviest, of the three 

masses is most likely to be an electron neutrino or least likely to be an electron neutrino.   

  

When Lefties Turn Right  

  

All matter has a mirror image, called antimatter. For an electron, which has a negative charge, the 

antimatter twin τ the positron τ is identical except that it has a positive charge. If matter meets 

antimatter, they destroy each other in a burst of energy.  

For each of the three flavors of neutrino, there is also a corresponding antineutrino called, sensibly 

enough, electron antineutrino, muon antineutrino and tau antineutrino.  

Because neutrinos are neutral, their antiparticles cannot have opposite charges. Instead, their 

άǎǇƛƴέ ƛǎ ǊŜǾŜǊǎŜŘΦ όbŜǳǘǊƛƴƻǎ ŀǊŜ ǘƻƻ ǎƳŀƭƭ ǘƻ ǊŜŀƭƭȅ ǎǇƛƴ ƭƛƪŜ ŀ ǇƭŀƴŜǘΤ ǘƘŜ ǘŜǊƳ ǎǇƛƴ ǊŜŦŜǊǎ ǘƻ ŀ 

ǇǊƻǇŜǊǘȅ ǘƘŀǘ ƛǎ ƛƴ ǎƻƳŜ ǿŀȅǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ǎǇƛƴΦύ bŜǳǘǊƛƴƻǎ ŀǊŜ άƭŜŦǘ-ƘŀƴŘŜŘέ τ they always spin 

ǘƻ ǘƘŜ ƭŜŦǘΣ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜƛǊ ŘƛǊŜŎǘƛƻƴ ƻŦ ƳƻǘƛƻƴΦ !ƴǘƛƴŜǳǘǊƛƴƻǎ ŀǊŜ άǊƛƎƘǘ-ƘŀƴŘŜŘΦέ ¢ƘŜ ŜŎŎŜƴǘǊƛŎ 

Sicilian theorist Ettore Marjorana suggested that since neutrinos are neutral, they may be their 

own antiparticle τ meaning that under certain circumstances, a neutrino could act like an 

antineutrino. If that were true, it would satisfy one necessary condition for the supreme ancestor 

neutrino theory that explains why we and all matter in the universe exist.   

  

Cracked Mirror?  

  

If you apply the laws of physics to antimatter, everything works out the same, just reversed. A 

magnetic field would push on an electron and a positron with exactly the same force: For example, 

if the electron were pushed right, the positron would be pushed left. Physicists hope that neutrinos 

ŘƻƴΩǘ ƴŜŎŜǎǎŀǊƛƭȅ Ŧƻƭƭƻǿ ǘƘƛǎ ƳƛǊǊƻǊ ŜŦŦŜŎǘΣ ŀƴŘ ǘƘŀǘ ǘƘŜȅ Ƴŀȅ ƻƴŎŜ ŀƎŀƛƴ ōŜ ǘƘŜ ƻŘŘōŀƭƭǎ ǘƘŀǘ ƭŜŀŘ 

to a new understanding of nature.  



In experiments in the U.S. and Japan, researchers are trying to determine if the metamorphosis of 

neutrinos into different flavors happens at a different rate than the antineutrino transformations. 

So rather than, say, a 10 percent chance of an electron neutrino turning into a muon neutrino, for 

example, physicists wonder if the odds are lower that an electron antineutrino turns into a muon 

ŀƴǘƛƴŜǳǘǊƛƴƻΦ ¢ƘŜȅΩǾŜ ǎŜŜƴ ǇǊŜŎŜŘŜƴǘǎ ŦƻǊ ǎǳŎƘ άŀǎȅƳƳŜǘǊƛŎŀƭέ ōŜƘŀǾƛƻǊ ƛƴ ŀ ŦŜǿ ƻǘƘŜǊ ǇŀǊǘƛŎƭŜǎΣ 

and certain theories predict that behavior in neutrinos.  

LŦ ƴŜǳǘǊƛƴƻǎ Řƻ ƛƴŘŜŜŘ ǘǊŀƴǎŦƻǊƳ ƛƴǘƻ ƻǘƘŜǊ ŦƭŀǾƻǊǎ ŀǘ ŀ ŘƛŦŦŜǊŜƴǘ ǊŀǘŜ ŦǊƻƳ ŀƴǘƛƴŜǳǘǊƛƴƻǎΣ ƛǘΩǎ ƭƛƪŜƭȅ 

that this matter/antimatter difference in neutrinos was present in their superheavy ancestors at 

the dawn of time, too.  

  

Seeing Stars  

Astrophysicist Hans-Thomas Janka and his team use a bank of supercomputers to create 3-D 

models of the heat that builds in a neutrino-driven explosion of a star.   

Leonhard Scheck and H.-Thomas Janka (Max Planck Institute for Astrophysics)  

Somewhere in the universe, at least once a second, a massive star goes supernova, blowing to 

ǎƳƛǘƘŜǊŜŜƴǎ ǿƛǘƘ ǘƘŜ ƛƴǘŜƴǎƛǘȅ ƻŦ ŀƴ ŜƴǘƛǊŜ ƎŀƭŀȄȅΩǎ ǿƻǊǘƘ ƻŦ ǎƘƛƴƛƴƎ ǎǘŀǊǎΦ !ŦǘŜǊ рл ȅŜŀǊǎ ƻŦ 

investigation, no one knows exactly why supernovae occur. But to astrophysicist Hans-Thomas 

WŀƴƪŀΣ ƛǘΩǎ ŎƭŜŀǊ ǘƘŜ ƴŜǳǘǊƛƴƻ ƛǎ ŀ ƳŀƧƻǊ ŎǳƭǇǊƛǘ ƛƴ ǘƘƛǎ ƳȅǎǘŜǊȅΦ   

Working from the Max Planck Institute for Astrophysics in Munich, Janka has enlisted dozens of the 

ǿƻǊƭŘΩǎ Ƴƻǎǘ ǇƻǿŜǊŦǳƭ ŎƻƳǇǳǘŜǊǎ ƻƴ ŀ ŘŜŎŀŘŜǎ-long quest to understand the incredibly complex 

mechanism of a supernova. Advances in computing power and physics have helped him build 

sophisticated models, spun from hundreds of thousands of lines of computer code, that capture 

ǘƘŜ ƴǳŀƴŎŜǎ ƻŦ ǘƘŜ ǎǘŀǊǎΩ ǎƘŀǇŜ ǿƘƛƭŜ ǘŀƪƛƴƎ ƛƴǘƻ ŀŎŎƻǳƴǘ ŜǾŜǊȅǘƘƛƴƎ ŦǊƻƳ ǎǘŀǊǎΩ Ǌƻǘŀǘƛƻƴ ŀƴŘ 

ƴǳŎƭŜŀǊ ǊŜŀŎǘƛƻƴǎ ǘƻ 9ƛƴǎǘŜƛƴΩǎ ǘƘŜƻǊȅ ƻŦ ƎǊŀǾƛǘȅΦ bƻǿΣ ŦƻǊ ǘƘŜ ŦƛǊǎǘ ǘƛƳŜΣ WŀƴƪŀΩǎ ƭŀǘŜǎǘ ƳƻŘŜƭǎ Ŧǳƭƭȅ 

ŘŜǎŎǊƛōŜ ǘƘŜ ōŜƘŀǾƛƻǊ ƻŦ ƴŜǳǘǊƛƴƻǎ ǳƴŘŜǊ ǘƘŜ ƘŜƭƭƛǎƘ ŎƻƴŘƛǘƛƻƴǎ ƻŦ ŀ ǎǘŀǊΩǎ ŘŜƳƛǎŜΦ  

In 1982, James Wilson of Lawrence Livermore National Laboratory first showed how neutrinos 

might trigger the explosion. Wilson knew that when a massive star burns up the last of its fuel after 

ǎƻƳŜ мл Ƴƛƭƭƛƻƴ ȅŜŀǊǎΣ ƛǘǎ ŎƻǊŜ ǊŀǇƛŘƭȅ ƛƳǇƭƻŘŜǎΣ ǇǳƭƭƛƴƎ ŀƭƭ ƻŦ ǘƘŜ ǎǘŀǊΩs matter inward. The 

implosion begins to turn into an explosion, and a shock wave forms. But within a few thousandths 

ƻŦ ŀ ǎŜŎƻƴŘΣ ƛǘ ǎǘƻǇǎ ŎƻƭŘΦ ¢ƘŜƴ ǎƻƳŜǘƘƛƴƎ ŎŀǳǎŜǎ ǘƘŜ ǎƘƻŎƪ ǿŀǾŜ ǘƻ άǊŜǾƛǾŜέ ŀƴŘ ǘǊƛƎƎŜǊ ǘƘŜ 

explosion, leaving behind a dense neutron star.  

Through rudimentary computer modeling, Wilson discovered that that something was neutrinos, 

generated in copious amounts τ on the order of 1 followed by 58 zeroes τ when the electrons 

and protons in the core turn into neutrons. Because those neutrons are packed so tightly τ a 

teaspoon would weigh 100 million tons τ the neutrinos would get trapped there, bouncing off and 

interacting with the other particles (mostly neutrons, but some protons and electrons) trillions of 

times.   

The neutrinos would be delayed in the core only for a second, but Wilson suspected that enough 

heat would be generated to trigger the supernova explosion.   



[ƛƳƛǘŜŘ ōȅ ǘƘŜ ŜǊŀΩǎ ŎƻƳǇǳǘŜǊǎ ŀƴŘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǇƘȅǎƛŎǎΣ ²ƛƭǎƻƴΩǎ ƳƻŘŜƭ ǊŜƭƛŜŘ ƻƴ 

simplifications τ such as the star being a perfect sphere τ and incorrect assumptions about the 

ōŜƘŀǾƛƻǊ ƻŦ ǾŜǊȅ ŘŜƴǎŜ ƳŀǘǘŜǊ ŀƴŘ Ƙƻǿ ƴŜǳǘǊƛƴƻǎ ƳƻǾŜ ŦǊƻƳ ǘƘŜ ŎƻǊŜΩǎ ƛƴǘŜǊƛƻǊ ǘƻ ǘƘŜ ŎǊǳŎƛŀƭ 

outer parts where the heating of the shock wave occurs. The model did not work. Janka learned 

about WilsonΩǎ ƳƻŘŜƭ ŦƻǳǊ ȅŜŀǊǎ ƭŀǘŜǊΣ ŀǎ ŀ ƎǊŀŘǳŀǘŜ ǎǘǳŘŜƴǘ ŀǘ ¢ŜŎƘƴƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅ aǳƴƛŎƘΦ IŜ 

thought the theory sounded plausible and developed a new way to describe neutrino physics in 

supernovae, working on newly available $25 million supercomputers at the Max Planck Institute, 

one of the few places in Europe where the computers were available for unclassified research. 

Janka seemed to work nonstop, his ferocious drive coexisting with a persistent fear: Because he 

was one of only a handful working in what was then a limited field of study, Janka worried that by 

ǘƘŜ ǘƛƳŜ ƘŜ ŎƻƳǇƭŜǘŜŘ Ƙƛǎ ŘƻŎǘƻǊŀǘŜΣ ƘŜΩŘ ōŜ ŀ ол-something with few job prospects.   

But the heavens intervened. In 1987, the first supernova visible to the naked eye since 1604 

appeared in the Large Magellanic Cloud, our closest neighboring galaxy. Of the trillions of neutrinos 

the blast emitted, detectors on Earth captured 24, suddenly inaugurating a new field of particle 

ŀǎǘǊƻǇƘȅǎƛŎǎΦ άLǘ ǿŀǎ ŀƴ ƛƴƛǘƛŀƭ ōƻƻǎǘ ǘƘŀǘ ŀŦŦŜŎǘŜŘ ŀƭƭ Ƴȅ ŎŀǊŜŜǊΣέ ǎŀȅǎ WŀƴƪŀΦ ά¢Ƙŀt was the reason 

that a big neutrino astrophysics research program was started in Munich and that I got a 

ǇŜǊƳŀƴŜƴǘ Ƨƻō ǘƘŜǊŜ ƛƴ мффрΦέ   

That 1987 supernova confirmed the basic picture of a collapsed core of a massive star spewing an 

enormous blast of neutrinos. Janka eagerly started building computer models, but like Wilson, he 

had to assume the star was spherical, an oversimplification dictated by the high costs of computing 

power. When Janka ran the models, the star did not explode. Over the next decade, he 

collaborated with Ewald Mueller of the Max Planck Institute for Astrophysics to create more 

complex models. They fleshed out how neutrinos interact and how they leak out of the core of a 

ŎƻƭƭŀǇǎŜŘ ǎǘŀǊΦ άIŜ ōǳƛƭǘ ǳǇ Ƙƛǎ ŜȄǇŜǊǘƛǎŜ ǾŜǊȅ ǎȅǎǘŜƳŀǘƛŎŀƭƭȅ ŀs he attacked different pieces of the 

ǇǳȊȊƭŜΣέ ǎŀȅǎ ǇƘȅǎƛŎƛǎǘ ¢ƘƻƳŀǎ .ŀǳƳƎŀǊǘŜ ƻŦ .ƻǿŘƻƛƴ /ƻƭƭŜƎŜΣ ǿƘƻ Ƙŀǎ ƪƴƻǿƴ Wŀƴƪŀ ŦƻǊ ŀōƻǳǘ нл 

years.   

By 2005, Janka had developed more sophisticated code for a model that more accurately 

represented the shape of the star, though it was still an approximation. In this model, called a 

twodimensional type, Janka refined the physics of how neutrinos moved in connection with the 

flow of the other matter in the star. But he lacked computer power to test the model.   

Then in 2006, fortune struck again. The managing director of the Max Planck Institute asked Janka 

if he could do anything with 700,000 euros, at the time equal to $875,000. Janka bought 96 

мΦнунƎƛƎŀƘŜǊǘȊ ǇǊƻŎŜǎǎƻǊǎΣ ǘƘŜ ŦŀǎǘŜǎǘ ŀǾŀƛƭŀōƭŜΦ ά¢ƘŜ ŎƻƳǇǳǘŜǊǎ ǿƻǊƪŜŘ ƻƴ the problem 

continuously for the next three years to get one second of evolution τ from supernova core 

ŎƻƭƭŀǇǎŜ ǘƻ трл ƳƛƭƭƛǎŜŎƻƴŘǎ ŀŦǘŜǊ ǘƘŜ ƴŜǳǘǊƻƴ ǎǘŀǊ ŀǘ ǘƘŜ ŎŜƴǘŜǊ ōŜƎƛƴǎ ǘƻ ŦƻǊƳΣέ Wŀƴƪŀ ǎŀȅǎΦ ¢Ƙƛǎ 

work led to the first sophisticated 2-D model of a giant star in extremis τ and this time, the model 

star exploded.  

WŀƴƪŀΩǎ ƎǊƻǳǇ ƘŀŘ ǿƻǊƪŜŘ ƻǳǘ ƘƛƎƘƭȅ ŎƻƳǇƭŜȄ ǇƘȅǎƛŎŀƭ Ŝǉǳŀǘƛƻƴǎ ǘƻ ŘŜǎŎǊƛōŜ ƴŜǳǘǊƛƴƻ ƛƴǘŜǊŀŎǘƛƻƴǎ 

ŀƴŘ Ƙƻǿ ǘƘŜ Ǝŀǎ ƻŦ ǘƘŜ ǎǘŀǊ Ŧƭƻǿǎ ŀƴŘ ōǳōōƭŜǎΣ ǘǳǊƴƛƴƎ ²ƛƭǎƻƴΩǎ ǘƘŜƻǊŜǘƛŎŀƭ Ǿƛǎƛƻƴ ƛƴǘƻ ŀ ŦŀǊ more 

detailed and sophisticated simulation.  



{ƛƴŎŜ Wŀƴƪŀ ǎƛƳǇƭƛŦƛŜŘ ǘƘŜ ǎǘŀǊΩǎ ǎƘŀǇŜΣ Ƙƛǎ ƳƻŘŜƭ ŘƛŘƴΩǘ ŎƻƳǇƭŜǘŜƭȅ ǎƻƭǾŜ ǘƘŜ ƳȅǎǘŜǊȅΦ Iƛǎ ƎǊƻǳǇ ƛǎ 

ƴƻǿ ƛƴŎƻǊǇƻǊŀǘƛƴƎ ǿƘŀǘΩǎ ōŜŜƴ ƭŜŀǊƴŜŘ ŀōƻǳǘ ƴŜǳǘǊƛƴƻ ƛƴǘŜǊŀŎǘƛƻƴǎ ƛƴǘƻ ƴŜǿΣ ǎǘŀǘŜ-of-the-art 

ƳƻŘŜƭǎ ǘƘŀǘ ŘƻƴΩǘ ƛŘŜŀƭƛȊŜ ŀ ǎǘŀǊΩǎ ǎƘŀǇŜΦ !ǘ WŀƴƪŀΩǎ ŘƛǎǇƻǎŀƭ ƛǎ ŀ ŦŀƛǊ ǎƘŀǊŜ ƻŦ ǘƘŜ ǇǊƻŎŜǎǎƻǊǎ ƻŦ ǘǿƻ 

huge supercomputers, one in Paris and one in Munich, with the power of 32,000 workstations: 

Together, they can calculate more than 100 trillion operations per second. But Janka finds himself 

once again at the outer limit of computing power. These 3-D models, he says, are in their infancy 

ŀƴŘ ŘƻƴΩǘ ȅŜǘ ŜȄǇƭƻŘŜΦ WŀƴƪŀΩǎ ƎǊƻǳǇ ǊŜŎŜƴǘƭȅ ǿƻƴ ŀ ŦƛǾŜ-year, $4 million grant to give the 3-D 

model higher resolution and to push the ǎƛƳǳƭŀǘƛƻƴ άōŀŎƪǿŀǊŘ ƛƴ ǘƛƳŜΣ ŀƴŘ ŀƭǎƻ ŦƻǊǿŀǊŘΣ ƭƛƴƪƛƴƎ 

ǘƘŜ ƳƻŘŜƭ ǘƻ ƻōǎŜǊǾŜŘ ǎǳǇŜǊƴƻǾŀ ǊŜƳƴŀƴǘǎΣέ ƘŜ ǎŀȅǎΦ  

Wŀƴƪŀ άƛǎ ŘƻƛƴƎ ǘƘŜ ƭŜŀŘƛƴƎ ǿƻǊƪέ ƛƴ ǘƘƛǎ ƘƛƎƘƭȅ ŎƻƳǇŜǘƛǘƛǾŜ ŦƛŜƭŘΣ ǎŀȅǎ ǎǳǇŜǊƴƻǾŀ ǇƛƻƴŜŜǊ {ǘŀƴŦƻǊŘ  

Woosley of the University of California, Santa Cruz. Groups at Princeton University and Oak Ridge 

bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊȅΣ ƘŜ ǎŀȅǎΣ ŀǊŜ ŀƭǎƻ ǿƛǘƘƛƴ ǊŜŀŎƘΦ ά±ƛŎǘƻǊȅ ǿƛƭƭ Ǝƻ ǘƻ ǘƘŜ ƻƴŜ ǿƘƻ ƎŜǘǎ ǘƘŜ о-D 

model of a 15-solar-Ƴŀǎǎ ǎǘŀǊ ώǘƘŜ ǎƛȊŜ ƻŦ мр ǎǳƴǎϐ ǘƻ ŜȄǇƭƻŘŜ ǿƛǘƘ ǘƘŜ ǊƛƎƘǘ ŜƴŜǊƎȅΣέ ǎŀȅǎ ²ƻƻǎƭŜȅΣ 

since ǘƘŀǘΩǎ ǘƘŜ ǎƛȊŜ ƻŦ ǎǘŀǊ ǘƘŀǘ Ŏŀƴ ǎȅƴǘƘŜǎƛȊŜ ŜƭŜƳŜƴǘǎ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ƭƛŦŜΦ  

¢ƘŀǘΩǎ ǳƭǘƛƳŀǘŜƭȅ ǘƘŜ ŀƭƭǳǊŜ ƻŦ ǘƘŜǎŜ ŦƛŜǊȅ ŜƴƛƎƳŀǎΦ ά¢ƘŜ ƻȄȅƎŜƴ ǿŜ ōǊŜŀǘƘŜΣ ǘƘŜ ƛǊƻƴ ƛƴ ƻǳǊ ōƭƻƻŘΣ 

the carbon in plants, the silicon in the sand τ all the matter that makes up you and the Earth is 

ƳŀŘŜ ŀƴŘ ŘƛǎǘǊƛōǳǘŜŘ ōȅ ǎǳǇŜǊƴƻǾŀŜΣέ Wŀƴƪŀ ǎŀȅǎΦ ²Ŝ ŀǊŜ ŀƭƭ ǎǘŀǊ ŘŜǎŎŜƴŘŀƴǘǎΣ ŦƻǊƎŜŘ ŦǊƻƳ ƳŀǘǘŜǊ 

created hundreds to thousands of light-years away in a titanic explosion where a reticent ghost 

particle finally, violently, made its presence felt.  

  

Double Trouble  

  

Several major experiments around the world are designed to catch the elusive neutrino in the act 

of not showing up. In a radioactive metamorphosis called single beta decay, a neutron (a neutral 

particle) in the nucleus of an unstable atom spontaneously turns into a proton (a positive particle) 

and emits an electron and an antineutrino τ the antimatter twin of a neutrino.  

In double beta decay, the interaction is doubled: Two neutrons simultaneously decay into two 

protons. However, instead of producing two electrons and two antineutrinos, as one might expect, 

physicists such as Giorgio Gratta of Stanford University suspect that in some instances, no 

antineutrinos are emitted. That can happen only if neutrinos are their own antiparticle, in which 

case an antineutrino would be emitted by a neutron and then τ presto! τ absorbed as a neutrino 

by a neutron.  

¢ƘŜ ŘƛǎŎƻǾŜǊȅ ƻŦ ǘƘŜ ƴŜǳǘǊƛƴƻΩǎ ŘƻǳōƭŜ ŀƴǘƛ-identity, although expected by many physicists, would 

contradict the standard model of particle physics, the current mainstream understanding of the 

way particles and fundamental forces behave, necessitating a paradigm-shifting extension. If the 

decay of an unstable atom produces two electrons but no antineutrinos, physicists will have found 

decisive evidence for this elusive, eccentric behavior.   



Experiments in the United States, such as the Enriched Xenon Observatory 200 (EXO-200) in New 

Mexico, as well as ones in Japan and Europe, are trying to catch a glimpse of this fantastically rare 

interaction.  

άtŜƻǇƭŜ ƘŀǾŜ ōŜŜƴ ǘǊȅƛƴƎ ǘƻ ŦƛƴŘ ǘƘƛǎ ŎǊƛǘƛŎŀƭ ŘŜŎŀȅ ŦƻǊ ŀ ƭƻƴƎ ǘƛƳŜΣέ ǎŀȅǎ DǊŀǘǘŀΣ ǘƘŜ ƭŜŀŘ ǎŎƛŜƴǘƛǎǘ ŀǘ 

EXO.   

The Super-K's detector houses 13,000 photomultipliers that help detect the smallest trace of light 

from neutrino interactions.  

Built in a zinc mine near Hida, Japan, the Super-Kamiokande (Super-K) experiment has been 

searching for telltale flashes of light in a 50,000-ton tank of the purest water on Earth since 1996.  

When a low-energy neutrino or antineutrino from a supernova collides with a water molecule in 

the tank, the resulting light signal is recorded by about 100 of 13,000 photomultipliers, 

ultrasensitive light-detecting devices that turn a tiny flash of light into a larger recordable burst of 

electricity. But sometimes, false positives occur: Radioactive decays in the detector also create 

light, as do neutrinos produced in the atmosphere when they collide with the water.  

Now, Super-K scientists plan to silence the false positives using a method suggested by physicists 

Johƴ .ŜŀŎƻƳ ŀƴŘ aŀǊƪ ±ŀƎƛƴǎ ǘƘŀǘ ŦƻŎǳǎŜǎ ƻƴ ǘƘŜ ŀƴǘƛƴŜǳǘǊƛƴƻǎ ǘƘŀǘ ǎǳǇŜǊƴƻǾŀŜ ǇǊƻŘǳŎŜΦ ¢ƘŜȅΩƭƭ 

add 50 tons of the rare earth metal gadolinium to the water in Super-K, allowing them to tell the 

difference between encounters with antineutrinos and other light-emitting pretenders.   

When an antineutrino knocks into a proton in the Super-K water, that proton turns into a neutron 

and instantly emits a positively charged particle that gives off blue light as it rapidly moves through 

the water. The gadolinium would cŀǇǘǳǊŜ ǘƘŜ ƴŜǳǘǊƻƴ ŀōƻǳǘ нл ƳƛŎǊƻǎŜŎƻƴŘǎ ŀŦǘŜǊ ƛǘΩǎ ŎǊŜŀǘŜŘΣ 

taking it into its own nucleus and leading to the immediate burst of gamma rays. The 

photomultipliers capture the whole sequence. No other particle interaction would lead to that 

ƻƴŜǘǿƻ άƘŜŀǊǘōŜŀǘΦέ ¢ƘŜ ƭƛƎƘǘ ƛƴ ŜŀŎƘ ōŜŀǘ ǊŜǾŜŀƭǎ ǘǿƻ ǘƘƛƴƎǎΥ ¢ƘŜ ŦƛǊǎǘ ŦƭŀǎƘ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ŜƴŜǊƎȅ 

of the antineutrino; the second confirms that the particle was an antineutrino.  

ά/ǳǊǊŜƴǘƭȅΣ {ǳǇŜǊ-Kamiokande can detect neutrinos from supernova explosions anywhere in our 

ƻǿƴ aƛƭƪȅ ²ŀȅ ƎŀƭŀȄȅΣέ ǎŀȅǎ ±ŀƎƛƴǎΣ ƻŦ ǘƘŜ YŀǾƭƛ LƴǎǘƛǘǳǘŜ ŦƻǊ ǘƘŜ tƘȅǎƛŎǎ ŀƴŘ aŀǘƘŜƳŀǘƛŎǎ ƻŦ ǘƘŜ 

¦ƴƛǾŜǊǎŜΦ ά!ŘŘƛƴƎ ƎŀŘƻƭƛƴƛǳƳ ǿƛƭƭ ƳŀƪŜ ǘƘŜ ŘŜǘŜŎǘƻǊ Ǿŀǎǘƭȅ ƳƻǊŜ ǎŜƴǎƛǘƛǾŜΣ ǿƘƛŎƘ ǿƛƭƭ ŜƴŀōƭŜ 

SuperK to begin collecting antineutrinos from supernova explosions anywhere within half the 

ƪƴƻǿƴ ǳƴƛǾŜǊǎŜΦέ ¢Ƙŀǘ ǿƻǳƭŘ ƛƴŎƭǳŘŜ ƭƻǿŜǊ-energy, harder-to-detect antineutrinos created by 

ƳŀǎǎƛǾŜ ǎǘŀǊǎ ǘƘŀǘ ŜȄǇƭƻŘŜŘ ōƛƭƭƛƻƴǎ ƻŦ ȅŜŀǊǎ ŀƎƻΦ !ŘŘƛƴƎ ƎŀŘƻƭƛƴƛǳƳ ǿƻǳƭŘ άŀƭƭƻǿ ǳǎ ǘƻ ŘŜǘŜǊƳƛƴŜ 

the total  

energy and temperature of an average supernova, two key inputs in all kinds of cosmological and 

ǎǘŜƭƭŀǊ ŜǾƻƭǳǘƛƻƴ ƳƻŘŜƭǎΣέ ǎŀȅǎ ±ŀƎƛƴǎΦ   

Called GADZOOKS! τ for Gadolinium Antineutrino Detector Zealously Outperforming Old 

Kamiokande, Super! τ the enriched detector, expected to go online in 2017, will also have a better 

ŎƘŀƴŎŜ ƻŦ ŎŀǘŎƘƛƴƎ ǘƘŜ ōƛǊǘƘ ƻŦ ŀ ōƭŀŎƪ ƘƻƭŜ ƛƴ ǘƘŜ ǊŜƳƴŀƴǘǎ ƻŦ ŀƴ ŜȄǇƭƻŘƛƴƎ ǎǘŀǊΦ bŜǳǘǊƛƴƻǎ ŎŀƴΩǘ 

escape from black holes, and the supersensitive Super-K will be able to detect a telltale stream of 

neutrinos that suddŜƴƭȅ ǎƘǳǘǎ ŘƻǿƴΦ ά{ǳǇŜǊ-K would be able to see a black hole form minutes or 



ŜǾŜƴ ƘƻǳǊǎ ŀŦǘŜǊ ǘƘŜ ƛƴƛǘƛŀƭ ŎƻǊŜ ŎƻƭƭŀǇǎŜΦ Χ ²ƛǘƘƻǳǘ ƎŀŘƻƭƛƴƛǳƳΣ ƛǘ ǿƛƭƭ ōŜ ƭƛƳƛǘŜŘ ǘƻ мл ǎŜŎƻƴŘǎ ƻǊ 

ǎƻΣέ ǎŀȅǎ ±ŀƎƛƴǎΦ   

  

Flying High  

  

The balloon-borne experiment ANITA (Antarctic Impulsive Transient Antenna) heads to the 

heavens at the end of this year. It will try to detect the sources of the highest-energy neutrinos in 

the universe. These neutrinos are thought to result from ultrahigh-energy cosmic rays crashing into 

the low-energy invisible photons left over from the Big Bang that still suffuse all of space.   

What sort of phenomenon creates and launches the cosmic ray sources of these neutrinos? 

Perhaps a hypernova τ ŀ άǎǳǇŜǊƴƻǾŀ ƻƴ ǎǘŜǊƻƛŘǎέ τ or a rapidly spinning black hole or, more 

likely yet, a supermassive black hole, says physicist Peter Gorham of the University of Hawaii, the 

ǇǊƻƧŜŎǘΩǎ ƭŜŀŘ ƛƴǾŜǎǘƛƎŀǘƻǊΦ  

The NASA-funded balloon will be 35,000 meters over the Antarctic ice cap. Circling the South Pole, 

!bL¢!Ωǎ ŀƴǘŜƴƴas will scan a million cubic kilometers of ice at a time, looking for the telltale radio 

waves emitted when an ultrahigh-ŜƴŜǊƎȅ ƴŜǳǘǊƛƴƻ Ƙƛǘǎ ŀ ƴǳŎƭŜǳǎ ƛƴ ƛŎŜΦ Lǘ ǿƛƭƭ ōŜ !bL¢!Ωǎ ǘƘƛǊŘ 

voyage.  

Last year, physicists began shooting 150 trillion neutrinos per second from the Fermi National 

Accelerator Laboratory, west of Chicago, to a detector in Minnesota τ a 503-mile underground 

trip that will take them just 2.7 milliseconds.   

Called the NuMI Off-axis Electron Neutrino Appearance experiment, or NOvA, the project relies on 

a 15,400-ton detector containing 3 million gallons of a liquid solution with a material known as a 

scintillator. Scintillators absorb the energy of incoming particles and emit that energy in the form 

of light. Of the torrent of particles Fermilab sends, only about 10 neutrinos interact with the 

ǎŎƛƴǘƛƭƭŀǘƻǊ ŜŀŎƘ ǿŜŜƪΦ .ǳǘ ǘƘŜ ǊŜǎǳƭǘ ǿƛƭƭ ōŜ ŀ ƭƛƎƘǘ ǎƛƎƴŀǘǳǊŜ ǘƘŀǘ ǊŜǾŜŀƭǎ ǘƘŜ ƴŜǳǘǊƛƴƻΩǎ ŦƭŀǾƻǊ ŀƴŘ 

energy.   

More ǘƘŀƴ нлл ǎŎƛŜƴǘƛǎǘǎΣ ŜƴƎƛƴŜŜǊǎ ŀƴŘ ǘŜŎƘƴƛŎƛŀƴǎ ƘŜƭǇŜŘ ŘŜǎƛƎƴ ŀƴŘ ōǳƛƭŘ CŜǊƳƛƭŀōΩǎ ŦƭŀƎǎƘƛǇ 

experiment over the past 12 years. Physicist Mark Messier of Indiana University, one of the 

ŜȄǇŜǊƛƳŜƴǘΩǎ Ŏƻ-ƭŜŀŘǎΣ ǎŀȅǎ bhǾ! άƘŀǎ ǘƘŜ ōŜǎǘ ǎƘƻǘ ŀǘ ǘŀƪƛƴƎ ǘƘŜ ƴŜȄǘ ōƛg step in uncovering new 

ǇǊƻǇŜǊǘƛŜǎ ƻŦ ƴŜǳǘǊƛƴƻǎΦέ  

hƴŜ ƻŦ bhǾ!Ωǎ ƎƻŀƭǎΣ aŜǎǎƛŜǊ ǎŀȅǎΣ ƛǎ ǘƻ ƘŜƭǇ ŦƛƎǳǊŜ ƻǳǘ ǿƘƛŎƘ ƻŦ ǘƘŜ ǘƘǊŜŜ ƳƛȄŜǎ ƻŦ ƴŜǳǘǊƛƴƻ ŦƭŀǾƻǊǎ 

is heaviest and which is lightest τ their so-called mass ordering. Mass is a fundamental but 

mysterious property of neutrinos that affects many physics theories because the origin of neutrino 

masses is still unknown.   

The NOvA neutrinos will start off as muon flavor, but then do their typical transforming act into 

electron neutrinos. Electron-flavor neutrinos are special because they can interact with the Earth: 

They alone can meaningfully interact with electrons in atoms. The key for NOvA is that the greater 

the mass of the electron neutrino flavor, the more likely the beam of neutrinos will interact with 



ǘƘŜ ƘǳƴŘǊŜŘǎ ƻŦ ƳƛƭŜǎ ƻŦ ƳŀǘǘŜǊ ǘƘŜȅ ŎǊƻǎǎ ƻƴ ǘƘŜ ǿŀȅ ǘƻ ǘƘŜ ŘŜǘŜŎǘƻǊΦ ά.ŜŎŀǳǎŜ ǘƘŜ ŜƭŜŎǘǊƻƴǎ ƛƴ 

ǘƘŜ 9ŀǊǘƘ ΨŘǊŀƎΩ ƻƴ ǘƘŜ ŜƭŜŎǘǊƻƴ ƴŜǳǘǊƛƴƻǎΣ ǘƘŀǘ ŜŦŦŜŎǘƛǾŜƭȅ ƎƛǾŜǎ ǘƘŜ ŜƭŜŎǘǊƻƴ ƴŜǳǘǊƛƴƻǎ ǎƻƳŜ 

ŀŘŘƛǘƛƻƴŀƭ ƳŀǎǎΣέ ǎŀȅǎ aŜǎǎƛŜǊΦ   

That effect determines the neǳǘǊƛƴƻΩǎ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ǊŀǘŜΦ LŦ ŜƭŜŎǘǊƻƴ ƴŜǳǘǊƛƴƻǎ ǘŜƴŘ ǘƻ ƘŀǾŜ ǘƘŜ 

lightest mix of masses, the added heaviness from its earthly interactions would make it change to 

Ƴǳƻƴ ƴŜǳǘǊƛƴƻǎ ŀǘ ŀ ƘƛƎƘŜǊ ǊŀǘŜ ōŜŎŀǳǎŜ ƛǘ ǿƻǳƭŘ άƳƛȄέ ƻǊ άƻǾŜǊƭŀǇ ƳƻǊŜέ ǿƛǘƘ ǘƘŜ Ƴǳƻƴ Ƴŀsses, 

as Messier puts it, referring to the wavelike behavior of these particles. On the other hand, if the 

electron neutrinos contain the heaviest masses, then the additional Earth-induced mass would 

make them mix less with those of the other two neutrino flavors.   

NOvA is also doing the experiment with antineutrinos, which offer a valuable comparison, Messier 

says. And it might give a hint of whether neutrinos and antineutrinos morph at different rates, yet 

another unusual neutrino property that would not be totally unexpected.  

  

Neutrino Gold  

  

1988: Leon Lederman, Melvin Schwartz and Jack Steinberger win the Nobel Prize in Physics for 

developing a way to generate beams of neutrinos in a particle collider and for discovering the 

muon neutrino.  

1995: Frederick Reines wins a Nobel for detecting neutrinos for the first time in a 1953 experiment 

dubbed Project Poltergeist. Clyde Cowan, his collaborator, had died 21 years earlier.  

2002: Ray Davis earns the prize for detecting neutrinos from the sun using 600 tons of dry-cleaning 

fluid in a giant underground tank in South Dakota. Davis shared the Nobel with Masatoshi Koshiba, 

ǿƘƻ ǳǎŜŘ ǘƘŜ ƎƛƎŀƴǘƛŎ YŀƳƛƻƪŀƴŘŜ ŘŜǘŜŎǘƻǊ ƛƴ WŀǇŀƴ ǘƻ ŎƻƴŦƛǊƳ 5ŀǾƛǎΩ ǊŜǎǳƭǘǎ ŀƴŘ ǘƻ ŎŀǇǘǳǊŜ 

neutrinos from a supernova that exploded in a neighboring galaxy. [5]  



Possible new particle hints that universe may not be left -handed  

  

Mirroring the universe (Image: Claudia Marcelloni/CERN)  

Like your hands, some fundamental particles are different from their mirror images, and so have an 

iƴǘǊƛƴǎƛŎ ƘŀƴŘŜŘƴŜǎǎ ƻǊ άŎƘƛǊŀƭƛǘȅέΦ .ǳǘ ǎƻƳŜ ǇŀǊǘƛŎƭŜǎ ƻƴƭȅ ǎŜŜƳ ǘƻ ŎƻƳŜ ƛƴ ƻƴŜ ƻŦ ǘƘŜ ǘǿƻ 

ƘŀƴŘŜŘƴŜǎǎ ƻǇǘƛƻƴǎΣ ƭŜŀŘƛƴƎ ǘƻ ǿƘŀǘΩǎ ŎŀƭƭŜŘ άƭŜŦǘ-ǊƛƎƘǘ ǎȅƳƳŜǘǊȅ ōǊŜŀƪƛƴƎέΦ  

In particular, W bosons, which carry the weak nuclear force, are supposed to come only in 

lefthanded varieties. The debris from smashing protons at the LHC has revealed evidence of 

unexpected right-handed bosons.  

After finding the Higgs boson in 2012, the collider shut down for upgrades, allowing collisions to 

resume at higher energies earlƛŜǊ ǘƘƛǎ ȅŜŀǊΦ !ǘ ǘǿƻ ƻŦ ǘƘŜ [I/Ωǎ ŜȄǇŜǊƛƳŜƴǘǎΣ ǘƘŜ ƭŀǘŜǎǘ ǊŜǎǳƭǘǎ 

appear to contain four novel signals. Together, they could hint at a W-boson-ƭƛƪŜ ǇŀǊǘƛŎƭŜΣ ǘƘŜ ²ΩΣ 

with a mass of about 2 teraelectronvolts. If confirmed, it would be the first boson discovered since 

the Higgs.  

The find could reveal how to extend the successful but frustratingly incomplete standard model of 

particle physics, in ways that could explain the nature of dark matter and why there is so little 

antimatter in the universe.  

The strongest signal is an excess of particles seen by the ATLAS experiment  

(arxiv.org/abs/1506.00962), at a statistical significance of 3.4 sigma. This falls short of the 5 sigma 

ǊŜƎŀǊŘŜŘ ŀǎ ǇǊƻƻŦ ƻŦ ŜȄƛǎǘŜƴŎŜ όǎŜŜ άtŀǊǘƛŎƭŜ-ǎǇƻǘǘƛƴƎ ŀǘ ǘƘŜ [I/άύΣ ōǳǘ ǇƘysicists are intrigued 

because three other unexpected signals at the independent CMS experiment could point to the 

same thing.  



ά¢ƘŜ ōƛƎ ǉǳŜǎǘƛƻƴ ƛǎ ǿƘŜǘƘŜǊ ǘƘŜǊŜ ƳƛƎƘǘ ōŜ ǎƻƳŜ ŎƻƴƴŜŎǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜǎŜΣέ ǎŀȅǎ .ƻƎŘŀƴ  

Dobrescu at Fermilab in Chicago. In a paper posted online last month, Dobrescu and Zhen Liu, also 

at Fermilab, showed how the signals could fit naturally into modified versions of left-right 

symmetric models (arxiv.org/abs/1507.01923). They restore left-right symmetry by introducing a 

suite of ŜȄƻǘƛŎ ǇŀǊǘƛŎƭŜǎΣ ƻŦ ǿƘƛŎƘ ǘƘƛǎ ǇƻǎǎƛōƭŜ ²Ω ǇŀǊǘƛŎƭŜ ƛǎ ƻƴŜΦ  

Another way to fit the right-ƘŀƴŘŜŘ ²Ω ƛƴǘƻ ŀ ōƛƎƎŜǊ ǘƘŜƻǊȅ ǿŀǎ ǇǊƻǇƻǎŜŘ ƭŀǎǘ ǿŜŜƪ ōȅ .ƘǳǇŀƭ 5ŜǾ 

at the University of Manchester, UK, and Rabindra Mohapatra at the University of Maryland. They 

invoke just a few novel particles, then restore left-right symmetry by giving just one of them special 

properties (arxiv.org/abs/1508.02277).  

Some theorists have proposed that these exotic particles instead hint that the Higgs boson is not 

fundamental particle. Instead, it could be a composite, and some of its constituents would account 

for the observed signals.  

άLƴ Ƴȅ ƻǇƛƴƛƻƴΣ ǘƘŜ Ƴƻǎǘ ǇƭŀǳǎƛōƭŜ ŜȄǇƭŀƴŀǘƛƻƴ ƛǎ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ŎƻƳǇƻǎƛǘŜ IƛƎƎǎ ƳƻŘŜƭǎΣέ ǎŀȅǎ 

!ŘŀƳ Cŀƭƪƻǿǎƪƛ ŀǘ /9wbΦ άLŦ ǘƘƛǎ ǎŎŜƴŀǊƛƻ ƛǎ ǘǊǳe, that would mean there are new symmetries and 

ƴŜǿ ŦƻǊŎŜǎ Ƨǳǎǘ ŀǊƻǳƴŘ ǘƘŜ ŎƻǊƴŜǊΦέ  

άLŦ ǘƘŜ IƛƎƎǎ ƛǎ ǊŜŀƭƭȅ ŀ ŎƻƳǇƻǎƛǘŜ ǇŀǊǘƛŎƭŜΣ ǘƘŀǘ ǿƻǳƭŘ ƳŜŀƴ ƴŜǿ ŦƻǊŎŜǎ Ƨǳǎǘ ŀǊƻǳƴŘ ǘƘŜ ŎƻǊƴŜǊέ  

The next step is for the existence of the right-ƘŀƴŘŜŘ ²Ω ōƻǎƻƴ ǘƻ ōŜ Ŏƻƴfirmed or ruled out. 

Dobrescu says that should be possible by October this year. But testing the broader theories could 

take a couple of years.  

Other LHC anomalies have disappeared once more data became available. That could happen 

again, but Raymond Volkas at the University of Melbourne, Australia, says this one is more 

interesting.  

ά¢ƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜ Řŀǘŀ Ƙƛƴǘ ŀǘ ŀ ǾŜǊȅ ǎŜƴǎƛōƭŜ ŀƴŘ ǿŜƭƭ-motivated standard model extension that 

has been studied for decades perhaps is reason to take this one a bit more seǊƛƻǳǎƭȅΣέ ƘŜ ǎŀȅǎΦ ώпϐ  

Asymmetry in the interference occurrences of oscillators  
The asymmetrical configurations are stable objects of the real physical world, because they cannot 

annihilate. One of the most obvious asymmetry is the proton ς electron mass rate Mp = 1840 Me 

while they have equal charge. We explain this fact by the strong interaction of the proton, but how 

remember it his strong interaction ability for example in the H ς atom where are only 

electromagnetic interactions among proton and electron.   

This gives us the idea to origin the mass of proton from the electromagnetic interactions by the 

way interference occurrences of oscillators. The uncertainty relation of Heisenberg makes sure that 

the particles are oscillating.   

The resultant intensity due to n equally spaced oscillators, all of equal amplitude but different from 

one another in phase, either because they are driven differently in phase or because we are 

looking at them an angle such that there is a difference in time delay:  



(1) I = I0 sin2 n /2 /  sin2 /2  

If  is infinitesimal so that sin =   than  

(2)  =  n2 0     

This gives us the idea of  

(3) Mp = n2 Me  

  
Figure 1.) A linear array of n equal oscillators  

There is an important feature about formula (1) which is that if the angle  is increased by the 

multiple  of 2  it makes no difference to the formula.  

So   

(4) d sin  = m  and we get m-order beam if  less than d. [6]  

If d less than  we get only zero-order one centered at  = 0. Of course, there is also a beam in the 

opposite direction. The right chooses of d and  we can ensure the conservation of charge.  

For example  

(5) 2 (m+1) = n  

Where 2(m+1) = Np number of protons and n = Ne number of electrons.  



In this way we can see the H2 molecules so that 2n electrons of n radiate to 4(m+1) protons, 

because de > e for electrons, while the two protons of one H2 molecule radiate to two electrons of 

them, because of de < e for this two protons.  

To support this idea we can turn to the Planck distribution law, that is equal with the Bose ς 

Einstein statistics.  

  

Spontaneously broken symmetry in the Planck distribution law  
The Planck distribution law is temperature dependent and it should be true locally and globally. I 

think that Einstein's energy-matter equivalence means some kind of existence of electromagnetic 

oscillations enabled by the temperature, creating the different matter formulas, atoms molecules, 

crystals, dark matter and energy.  

Max Planck found for the black body radiation  

As a function of wavelength (ɚ), Planck's law is written as:  

  
  

   



 
  

Figure 2. The distribution law for different T temperatures  

We see there are two different 1 and 2 for each T and intensity, so we can find between them a d 

so that 1 < d < 2.  

We have many possibilities for such asymmetrical reflections, so we have many stable oscillator 

configurations for any T temperature with equal exchange of intensity by radiation. All of these 

configurations can exist together. At the max is the annihilation point where the configurations are 

symmetrical. The max is changing by the Wien's displacement law in many textbooks.  

(7)    

where ɚmax is the peak wavelength, T is the absolute temperature of the black body, and b 

is a constant of proportionality called Wien's displacement constant, equal to 

2.8977685(51)×10ī3 m·K (2002 CODATA recommended value).  



By the changing of T the asymmetrical configurations are changing too.  

  

The structure of the proton  
We must move to the higher T temperature if we want look into the nucleus or nucleon arrive to 

d<10-13 cm. If an electron with e < d move across the proton then by (5)   2 (m+1) = n with m = 0 

we get n = 2 so we need two particles with negative and two particles with positive charges. If the 

proton can fraction to three parts, two with positive and one with negative charges, then the 

reflection of oscillators are right. Because this very strange reflection where one part of the proton 

with the electron together on the same side of the reflection, the all parts of the proton must be 

quasi lepton so d > q. One way dividing the proton to three parts is, dividing his oscillation by the 

three direction of the space. We can order 1/3 e charge to each coordinates and 2/3 e charge to 

one plane oscillation, because the charge is scalar. In this way the proton has two +2/3 e plane 

oscillation and one linear oscillation with -1/3 e charge. The colors of quarks are coming from the 

three directions of coordinates and the proton is colorless. The flavors of quarks are the possible 

oscillations differently by energy and if they are plane or linear oscillations. We know there is no 

possible reflecting two oscillations to each other which are completely orthogonal, so the quarks 

never can be free, however there is an asymptotic freedom while their energy are increasing to 

turn them to the orthogonally.  If they will be completely orthogonal then they lose this reflection 

and take new partners from the vacuum. Keeping the symmetry of the vacuum the new oscillations 

are keeping all the conservation laws, like charge, number of baryons and leptons. The all features 

of gluons are coming from this model. The mathematics of reflecting oscillators show Fermi 

statistics.  

Important to mention that in the Deuteron there are 3 quarks of +2/3 and -1/3 charge, that is three 

u and d quarks making the complete symmetry and because this its high stability.  

The Pauli Exclusion Principle says that the diffraction points are exclusive!  

   

The Weak Interaction  
The weak interaction transforms an electric charge in the diffraction pattern from one side to the 

other side, causing an electric dipole momentum change, which violates the CP and time reversal 

symmetry.  

Another important issue of the quark model is when one quark changes its flavor such that a linear 

oscillation transforms into plane oscillation or vice versa, changing the charge value with 1 or -1. 

This kind of change in the oscillation mode requires not only parity change, but also charge and 

time changes (CPT symmetry) resulting a right handed anti-neutrino or a left handed neutrino.  

The right handed anti-neutrino and the left handed neutrino exist only because changing back the 

quark flavor could happen only in reverse order, because they are different geometrical 

constructions, the u is 2 dimensional and positively charged and the d is 1 dimensional and 

negatively charged. It needs also a time reversal, because anti particle (anti neutrino) is involved.  



   

The neutrino is a 1/2spin creator particle to make equal the spins of the weak interaction, for 

example neutron decay to 2 fermions, every particle is fermions with ½ spin. The weak interaction 

changes the entropy since more or less particles will give more or less freedom of movement. The 

entropy change is a result of temperature change and breaks the equality of oscillator diffraction 

intensity of the MaxwellςBoltzmann statistics. This way it changes the time coordinate measure 

and  

 makes possible a different time dilation as of the special relativity. 

The limit of the velocity of particles as the speed of light appropriate only for electrical charged 

particles, since the accelerated charges are self maintaining locally the accelerating electric force. 

The neutrinos are CP symmetry breaking particles compensated by time in the CPT symmetry, that 

is the time coordinate not works as in the electromagnetic interactions, consequently the speed of  

 neutrinos is not limited by the speed of light. 

The weak interaction T-asymmetry is in conjunction with the T-asymmetry of the second law of 

thermodynamics, meaning that locally lowering entropy (on extremely high temperature) causes 

the  

  weak interaction, for example the Hydrogen fusion. 

Probably because it is a spin creating movement changing linear oscillation to 2 dimensional 

oscillation by changing d to u quark and creating anti neutrino going back in time relative to the 

proton and electron created from the neutron, it seems that the anti neutrino fastest then the 

velocity of the photons created also in this weak interaction?  

   

A quark flavor changing shows that it is a reflection changes movement and the CP- and T- 

symmetry breaking. This flavor changing oscillation could prove that it could be also on higher level 

such as atoms, molecules, probably big biological significant molecules and responsible on the 

aging of the life.  

  

Important to mention that the weak interaction is always contains particles and antiparticles, 

ǿƘŜǊŜ ǘƘŜ ƴŜǳǘǊƛƴƻǎ όŀƴǘƛƴŜǳǘǊƛƴƻǎύ ǇǊŜǎŜƴǘ ǘƘŜ ƻǇǇƻǎƛǘŜ ǎƛŘŜΦ Lǘ ƳŜŀƴǎ ōȅ CŜȅƴƳŀƴΩǎ 

interpretation that these particles present the backward time and probably because this they seem 

to move faster than the speed of light in the reference frame of the other side.  

  

Finally since the weak interaction is an electric dipole change with ½ spin creating; it is limited by 

ǘƘŜ ǾŜƭƻŎƛǘȅ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ǿŀǾŜΣ ǎƻ ǘƘŜ ƴŜǳǘǊƛƴƻΩǎ ǾŜƭƻŎƛǘȅ Ŏŀƴƴƻǘ ŜȄŎŜŜŘ ǘƘŜ ǾŜƭƻŎƛǘȅ ƻŦ 

light.  

  

The General Weak Interaction  
The Weak Interactions T-asymmetry is in conjunction with the T-asymmetry of the Second Law of 

Thermodynamics, meaning that locally lowering entropy (on extremely high temperature) causes 

for example the Hydrogen fusion. The arrow of time by the Second Law of Thermodynamics shows 

the increasing entropy and decreasing information by the Weak Interaction, changing the 



temperature dependent diffraction patterns. A good example of this is the neutron decay, creating 

more particles with less known information about them.   

The neutrino oscillation of the Weak Interaction shows that it is a general electric dipole change 

and it is possible to any other temperature dependent entropy and information changing 

diffraction pattern of atoms, molecules and even complicated biological living structures.  

We can generalize the weak interaction on all of the decaying matter constructions, even on the 

biological too. This gives the limited lifetime for the biological constructions also by the arrow of 

time. There should be a new research space of the Quantum Information Science the 'general 

neutrino oscillation' for the greater then subatomic matter structures as an electric dipole change. 

There is also connection between statistical physics and evolutionary biology, since the arrow of 

time is working in the biological evolution also.   

The Fluctuation Theorem says that there is a probability that entropy will flow in a direction 

opposite to that dictated by the Second Law of Thermodynamics. In this case the Information is 

growing that is the matter formulas are emerging from the chaos. So the Weak Interaction has two 

directions, samples for one direction is the Neutron decay, and Hydrogen fusion is the opposite 

direction.  

   

Fermions and Bosons  
The fermions are the diffraction patterns of the bosons such a way that they are both sides of the 

same thing.  

The Higgs boson or Higgs particle is a proposed elementary particle in the Standard Model of 

particle physics. The Higgs boson's existence would have profound importance in particle physics 

because it would prove the existence of the hypothetical Higgs field - the simplest of several 

proposed explanations for the origin of the symmetry-breaking mechanism by which elementary 

particles gain mass. [3]  

  

The fermions' spin  
The moving charges are accelerating, since only this way can self maintain the electric field causing 

their acceleration. The electric charge is not point like! This constant acceleration possible if there 

is a rotating movement changing the direction of the velocity. This way it can accelerate forever 

without increasing the absolute value of the velocity in the dimension of the time and not reaching  

  the velocity of the light.  

The Heisenberg uncertainty relation says that the minimum uncertainty is the value of the spin: 1/2 

h = d x d p or 1/2 h = d t d E, that is the value of the basic energy status.  

What are the consequences of this in the weak interaction and how possible that the neutrinos' 

velocity greater than the speed of light?  

¢ƘŜ ƴŜǳǘǊƛƴƻ ƛǎ ǘƘŜ ƻƴŜ ŀƴŘ ƻƴƭȅ ǇŀǊǘƛŎƭŜ ŘƻŜǎƴΩǘ ǇŀǊǘƛŎƛǇŀǘŜ ƛƴ ǘƘŜ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ƛƴǘŜǊŀŎǘƛƻƴǎ ǎƻ   

we cannot expect that the velocity of the electromagnetic wave will give it any kind of limit. 



The neutrino is a 1/2spin creator particle to make equal the spins of the weak interaction, for 

example neutron decay to 2 fermions, every particle is fermions with ½ spin. The weak interaction 

changes the entropy since more or less particles will give more or less freedom of movement. The 

entropy change is a result of temperature change and breaks the equality of oscillator diffraction 

intensity of the MaxwellςBoltzmann statistics. This way it changes the time coordinate measure and  

makes possible a different time dilation as of the special relativity. 

The source of the Maxwell equations  
The electrons are accelerating also in a static electric current because of the electric force, caused 

by the potential difference. The magnetic field is the result of this acceleration, as you can see in 

[2].  

The mysterious property of the matter that the electric potential difference is self maintained by 

the accelerating electrons in the electric current gives a clear explanation to the basic sentence of 

the relativity that is the velocity of the light is the maximum velocity of the matter. If the charge 

could move faster than the electromagnetic field than this self maintaining electromagnetic 

property of the electric current would be failed.   

Also an interesting question, how the changing magnetic field creates a negative electric field?  The 

answer also the accelerating electrons will give. When the magnetic field is increasing in time by 

increasing the electric current, then the acceleration of the electrons will increase, decreasing the 

charge density and creating a negative electric force. Decreasing the magnetic field by decreasing 

the electric current will decrease the acceleration of the electrons in the electric current and 

increases the charge density, creating an electric force also working against the change.  In this way 

we have explanation to all interactions between the electric and magnetic forces described in the 

Maxwell equations.   

The second mystery of the matter is the mass. We have seen that the acceleration change of the 

electrons in the flowing current causing a negative electrostatic force. This is the cause of the 

relativistic effect - built-in in the Maxwell equations - that is the mass of the electron growing  

with its acceleration and its velocity never can reach the velocity of light, because of this growing 

negative electrostatic force. The velocity of light is depending only on 2 parameters: the 

magnetic permeability and the electric permittivity.   

There is a possibility of the polarization effect created by electromagnetic forces creates the 

negative and positive charges. In case of equal mass as in the electron-positron pair it is simply, but 

on higher energies can be asymmetric as the electron-proton pair of neutron decay by week 

interaction and can be understood by the Feynman graphs.   

Anyway the mass can be electromagnetic energy exceptionally and since the inertial and 

gravitational mass are equals, the gravitational force is electromagnetic force and since only the 

magnetic force is attractive between the same charges, is very important for understanding the 

gravitational force.  

The Uncertainty Relations of Heisenberg gives the answer, since only this way can be sure that the 

particles are oscillating in some way by the electromagnetic field with constant energies in the 

atom indefinitely. Also not by chance that the uncertainty measure is equal to the fermions spin, 

which is one of the most important feature of the particles. There are no singularities, because the 

moving electron in the atom accelerating in the electric field of the proton, causing a charge 



distribution on delta x position difference and with a delta p momentum difference such a way that 

they product is about the half Planck reduced constant. For the proton this delta x much less in the 

nucleon, than in the orbit of the electron in the atom, the delta p is much higher because of the 

greatest proton mass.  

  

The Special Relativity  
  

The mysterious property of the matter that the electric potential difference is self maintained by 

the accelerating electrons in the electric current gives a clear explanation to the basic sentence of 

the relativity that is the velocity of the light is the maximum velocity of the matter. If the charge 

could move faster than the electromagnetic field than this self maintaining electromagnetic 

property of the electric current would be failed.  

The Heisenberg Uncertainty Principle  
Moving faster needs stronger acceleration reducing the dx and raising the dp. It means also mass 

increasing since the negative effect of the magnetic induction, also a relativistic effect!  

The Uncertainty Principle also explains the proton ς electron mass rate since the dx is much less 

requiring bigger dp in the case of the proton, which is partly the result of a bigger mass mp because 

of the higher electromagnetic induction of the bigger frequency (impulse).  

  

The Gravitational force  
The changing magnetic field of the changing current causes electromagnetic mass change by the 

negative electric field caused by the changing acceleration of the electric charge.   

The gravitational attractive force is basically a magnetic force.  

The same electric charges can attract one another by the magnetic force if they are moving parallel 

in the same direction. Since the electrically neutral matter is composed of negative and positive 

charges they need 2 photons to mediate this attractive force, one per charges. The Bing Bang 

caused parallel moving of the matter gives this magnetic force, experienced as gravitational force.  

Since graviton is a tensor field, it has spin = 2, could be 2 photons with spin = 1 together.  

You can think about photons as virtual electron ς positron pairs, obtaining the necessary virtual 

mass for gravity.  

The mass as seen before a result of the diffraction, for example the proton ς electron mass rate Mp 

= 1840 Me. In order to move one of these diffraction maximum (electron or proton) we need to 

intervene into the diffraction pattern with a force appropriate to the intensity of this diffraction  

 maximum, means its intensity or mass. [1] 



The Big Bang caused acceleration created radial currents of the matter, and since the matter is 

composed of negative and positive charges, these currents are creating magnetic field and 

attracting forces between the parallel moving electric currents. This is the gravitational force 

experienced by the matter, and also the mass is result of the electromagnetic forces between the 

charged particles.  The positive and negative charged currents attracts each other or by the 

magnetic forces or by the much stronger electrostatic forces!?  

  

The gravitational force attracting the matter, causing concentration of the matter in a small space 

and leaving much space with low matter concentration: dark matter and energy.   

There is an asymmetry between the mass of the electric charges, for example proton and electron, 

can understood by the asymmetrical Planck Distribution Law. This temperature dependent energy 

distribution is asymmetric around the maximum intensity, where the annihilation of matter and 

antimatter is a high probability event. The asymmetric sides are creating different frequencies of 

electromagnetic radiations being in the same intensity level and compensating each other. One of 

these compensating ratios is the electron ς proton mass ratio. The lower energy side has no 

compensating intensity level, it is the dark energy and the corresponding matter is the dark matter.  

   

The Graviton  
In physics, the graviton is a hypothetical elementary particle that mediates the force of gravitation 

in the framework of quantum field theory. If it exists, the graviton is expected to be massless 

(because the gravitational force appears to have unlimited range) and must be a spin-2 boson. The 

spin follows from the fact that the source of gravitation is the stress-energy tensor, a second-rank 

tensor (compared to electromagnetism's spin-1 photon, the source of which is the four-current, a 

first-rank tensor). Additionally, it can be shown that any massless spin-2 field would give rise to a 

force indistinguishable from gravitation, because a massless spin-2 field must couple to (interact 

with) the stress-energy tensor in the same way that the gravitational field does. This result 

suggests that, if a massless spin-2 particle is discovered, it must be the graviton, so that the only 

experimental verification needed for the graviton may simply be the discovery of a massless spin-2 

particle. [3]  

  

What is the Spin?  
  

So we know already that the new particle has spin zero or spin two and we could tell which one if 

we could detect the polarizations of the photons produced. Unfortunately this is difficult and 

neither ATLAS nor CMS are able to measure polarizations. The only direct and sure way to confirm 

that the particle is indeed a scalar is to plot the angular distribution of the photons in the rest 

frame of the centre of mass. A spin zero particles like the Higgs carries no directional information 

away from the original collision so the distribution will be even in all directions. This test will be 

possible when a much larger number of events have been observed. In the mean time we can 

settle for less certain  



 indirect indicators. 

The Casimir effect  
  

The Casimir effect is related to the Zero-point energy, which is fundamentally related to the 

Heisenberg uncertainty relation. The Heisenberg uncertainty relation says that the minimum 

uncertainty is the value of the spin: 1/2 h = dx dp or 1/2 h = dt dE, that is the value of the basic  

 energy status.  

The moving charges are accelerating, since only this way can self maintain the electric field causing  

their acceleration. The electric charge is not point like! This constant acceleration possible if there 

is a rotating movement changing the direction of the velocity. This way it can accelerate forever 

without increasing the absolute value of the velocity in the dimension of the time and not reaching 

the velocity of the light. In the atomic scale the Heisenberg uncertainty relation gives the same 

result, since the moving electron in the atom accelerating in the electric field of the proton, causing 

a charge distribution on delta x position difference and with a delta p momentum difference such a 

way that they product is about the half Planck reduced constant. For the proton this delta x much 

less in the nucleon, than in the orbit of the electron in the atom, the delta p is much higher 

because of the greater proton mass. This means that the electron is not a point like particle, but 

has a real  

 charge distribution.  

Electric charge and electromagnetic waves are two sides of the same thing; the electric charge is 

the   diffraction center of the electromagnetic waves, quantified by the Planck constant h.  

The Fine structure constant  
  

The Planck constant was first described as the proportionality constant between the energy (E) of a 

photon and the frequency (˄) of its associated electromagnetic wave. This relation between the 

energy and frequency is called the Planck relation or the PlanckςEinstein equation:  

  

  

Since the frequency , wavelength ˂, and speed of light c are related by ˂  ˄= c, the Planck relation 

can also be expressed as  

  

Since this is the source of Planck constant, the e electric charge countable from the Fine structure 

constant. This also related to the Heisenberg uncertainty relation, saying that the mass of the 

proton should be bigger than the electron mass because of the difference between their 

wavelengths.  




