Studies on Variation in Cosmic Ray Intensity during a day

                        Cosmic Enthusiasts of PAN2012

Historical Perspective:

During the year 1912, Victor Hess, a German Scientist,  detected cosmic radiations using a cosmic ray detector on a balloon flight at 17,500 ft. 

Since then immense efforts have been focused towards determining the energy, nature of radiations, and mechanism of generation of these radiations. The rate at which these particles impinge on the surface of the Earth varies significantly with their energy. Low energy cosmic radiations are 

abundant (thousand per square meter/s). The highest energy cosmic rays are very rare (less than one hit per square kilometer).

Composition of Cosmic Rays:

Studies based on satellite and high-altitude balloons suggest that majority of cosmic rays are protons with a small fraction of heavy atomic nuclei extending all the way up to uranium. About 0.1% of cosmic rays are photons in the form of gamma- rays. These photons play a key role in determining  the origin of cosmic rays because  they are neutral and arrive the surface of the  Earth undeflected by the galactic magnetic field. 

What are Air Showers? 

When the high energy cosmic rays impinge on the surface of the Earth about 20km up they lose about half of their energy by creating a jet of particles which travel in the same direction as the cosmic rays. The particles in the jet (called extensive shower) collide with atmospheric  oxygen and nitrogen molecules  and create more particles. The jet keeps on growing until the particles in the shower run out of energy and are absorbed in the atmosphere. The initial particles that initiate the shower are called the primary cosmic rays and the particles created in the air shower are known as secondary cosmic rays.  A single cosmic ray can generate showers with a large number of particles depending on the initial energy of the particle.  The smaller air shower are absorbed near the top of the atmosphere and do not reach ground level. At higher energy the air showers contain billions of secondary particles that can travel all the way to the ground where they can be detected by detectors. Occasionally, primary cosmic rays can reach the ground and can be detected.

How are  Cosmic Rays  Detected?

Cosmic rays can be studied in a numerous ways depending on the energy of the rays.

This is illustrated schematically in the diagram below.

Cosmic Ray Detector:

The cosmic ray detector is a Scintillator detector made up of a special piece of plastic called a “scintillator.” When fast moving, charged particles, such as cosmic rays pass through the scintillator they excite the atoms in the plastic by imparting them energy and thus slowing down the cosmic particles. The excited atoms then lose this energy by emitting some photons of light. The light is detected by a sensitive array of phototubes known as “photomultiplier.” The scintillator and the photomultiplier are enclosed in a dark box so that the only signal that is detected is caused by cosmic rays. This kind of detector is schematically shown in the figure below. 

Sources of  Cosmic Rays:

The origin of cosmic rays is a holy grail of high energy astrophysics. The trajectories of cosmic ray particles are bent by inter-galactic magnetic fields. Therefore, it is difficult to

 infer the origin of sources of cosmic rays from the modified trajectories. However, a wealth of information on the origin of gamma rays  can be extracted from gamma ray observations that are not deflected by the Earth’s magnetic field. Whipple observatory has detected  gamma rays originating from Crab Nebula and more exotic objects such as Active Galactic Nuclei. Very high energy cosmic rays are less deflected by the Earth’s magnetic field due to their high momentum. However, these particles are very rare and and a giant air shower array such as the proposed in Pierre Auger Observatory might be able to detect them. The high energy cosmic rays can provide immense information on the source region of cosmic rays because their trajectories are not modified. 

How and Where are  they Produced?

The high energy cosmic rays with energy 1015 eV are proposed to be produced by binary star systems or supernova remnants. However, the mechanism for production of energy higher than this is still unknown. These studies may shed light on the new physical laws

valid at the early Universe. The places where these rays are generated will have high magnetic fields  to trap them. Hence they must be extra-galactic in origin. However, the extra-galatic cosmic rays coming from distant sources may lose energy by collision with microwave radiations permeating the Universe. This effect is known as “GKZ cut-off.”

