Future projects

The Center for High Energy and Particle Astrophysics expects to continue expanding the projects with which it is involved.  Possible research projects include the International Linear Collider (ILC) and the Underground Nucleon Decay and Neutrino Observatory (UNO).

The ILC is not yet in operation, but it will be 35 kilometers long.  The collider will crash electrons and their antimatter particles, positrons, into one another at speeds close to that of light (3.0x108 meters per second, or more than 671 million miles per hour).  The result will be thousands of new particles that scientists hope will help them better understand many mysteries of high-energy particle physics, including the natures of the elusive dark matter and dark energy.

The UNO detector is also in the planning stages, but it is expected to improve upon the technology pioneered by the T2K project.  With the detector, which will be much more sensitive than any previous detector, physicists will attempt to discover and observe proton decay, a stepping-stone toward the so-called Grand Unification in which all the fundamental forces are indistinguishable.

Also, the increased sensitivity of the detector will allow scientists to detect neutrinos released from supernovae in very remote locations, as far as the Andromeda galaxy.  Information on these neutrinos could allow physicists to observe the formation of a black hole and provide insight into the core collapse mechanism that leads to supernovae.

Colorado State University’s outstanding scientific minds are helping to develop these exciting projects.  A myriad of revolutionary concepts drive these proposed research endeavors, and the scientific community is poised to gain a wealth of understanding once the goals of these projects are realized.
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For further information on the projects, please contact the researcher or refer to the Center’s packet, available in the Physics Department 

(Engineering Building, D-Wing).
Bruce Berger: Bruce.Berger@colostate.edu

John Harton: harton@lamar.colostate.edu

Walter Toki: toki@lamar.colostate.edu

Robert Wilson: wilson@lamar.colostate.edu

http://www.physics.colostate.edu
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projects
t2k
Located in Japan, the T2K project utilizes a proton accelerator to generate an intense beam of particles, known as neutrinos, which then travels a distance of 295 kilometers, or about 183 miles, across the country (from Tokai to Kamioka).  Scientists hope to gain a greater understanding of neutrino theory.
A neutrino is a chargeless, nearly massless particle created by radioactive decay or nuclear reactions.  In a vacuum, neutrinos travel at speeds close to that of light, and they pass through matter with little interaction.  The neutrinos produced en route from Tokai speed through the Earth’s crust and are detected by apparatus located underground in the Kamioka mine. 
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There are three types of neutrinos, known as ‘flavors’: electron-, muon-, and tau-neutrinos.  It was only recently proven that neutrinos have mass at all; flavor oscillations, or the change of one flavor of neutrino to another, occur only to massive particles.  T2K hopes to observe the yet undocumented oscillation of muon- to electron-neutrinos.

Since neutrinos have mass and are so numerous, they likely comprise a significant portion of the universe’s mass.  The universe exists as we know it, with mass, only because there is more matter than antimatter in existence (all matter has corresponding antimatter; thus, they should exist in equal amounts).  Neutrinos may have played a role in this unbalance.  Previously ignored in mass calculations, scientists now suspect that neutrinos represent the dominant mass of the visible universe.

The T2K Collaboration involves approximately 100 physicists from Japan and the United States, including CSU professors Walter Toki and Robert Wilson.  The research of the parent collaboration, Super-K, proving that neutrinos have mass required the Standard Model of the Atom to be revised, a ground-breaking achievement.
Kamland

Also based in Japan, on the island Honshu, the KamLAND (Kamioka Liquid Scintillator Anti-Neutrino Detector) collaboration is working toward a greater understanding of neutrino theory.  Scientists hope to determine the mass of neutrinos by observing flavor oscillations, or the change of one flavor (type) of antineutrino to another.  They hunt for new flavors in ‘appearance searches’ and observe changes in the flux (concentration of antineutrinos) in ‘disappearance tests’.
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The detector is located underground in the Kamioka mine to provide adequate shielding from cosmic ray events that could interfere with the measurements of rare neutrino interactions.  It detects antineutrinos from many of the nuclear power plants located in Japan (antineutrinos are formed during radioactive decay), but the flux of antineutrinos is so small that only about three events can be detected each day. 

While the detector is being used to study the antineutrinos from the power plants, a recent upgrade should allow scientists to detect neutrinos from the sun.  Solar neutrinos have been detected previously and there is always a deficit in the expected neutrino flux.  Scientists theorize that flavor oscillations cause this deficit, and they hope that understanding the necessary parameters for oscillations will aid in conclusively determining the mass of neutrinos and antineutrinos, one of the most sought-after goals in particle physics.

Professor Bruce Berger of the CSU physics department, along with some 80 other scientists representing 12 institutions in the United States and Japan, is involved in this fascinating research.
Pierre auger observatory

Among the many groups investigating some of the most elusive questions of modern physics, the Pierre Auger Collaboration is at the forefront of particle astrophysics research.  Named for a twentieth century French physicist, the observatory is located in Argentina on the Pampa Amarilla, a plain east of the Andes Mountains.

The Auger Observatory is attempting to unravel one of the great mysteries of physics, and indeed, of science.  Very high-energy particles, known as cosmic rays, are of particular interest to astrophysicists because no one understands how cosmic rays are accelerated to such astoundingly high speeds or how they come to be so highly energetic.  

Contrary to the name, cosmic rays are actually not rays but rather charged particles such as protons, helium nuclei, and electrons. Cosmic rays collide with molecules in the Earth’s atmosphere, producing lighter particles that fall toward the Earth in ‘air showers’.
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The observatory employs detectors covering an area of about 3000 square kilometers (1160 square miles).  The detectors track particles from air showers to determine the direction and energy of the parent cosmic ray.  The Auger Collaboration announced on November 8, 2007 that there is striking evidence that the highest-energy cosmic rays originate from active galactic nuclei (AGN), compact regions at the centers of some galaxies powered by supermassive black holes.  This amazing discovery provides direction for future research: now that there is a specific candidate source, scientists can concentrate on unraveling the mystery of how exactly AGNs impart such high energies to cosmic rays. 

The collaboration plans to build another observatory in southeast Colorado.  Colorado State University’s own Professor John Harton is one of nearly 400 physicists involved in the project.

