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History:

The history of Synchrotron Radiation research can be traced back to the classical treatment of the emission of electromagnetic radiation by accelerated charged particles.  Early theoretical work on the radiation by emitted by electrons in circular orbits was motivated by pre-Bohr attempts to develop atomic models and explain atomic spectra.  Such work was made obsolete by Bohr’s model and forgotten.

Interest in this problem was revived by the advent of electron accelerators with closed orbits.  In the early 1940’s synchrotron radiation was identified as the key factor limiting the energy achievable with accelerators such as the betatron.  Thus, synchrotron radiation first appeared in science as a theoretical problem in accelerator Physics.  Considering the high velocity of the electrons circulating in an accelerator, the theoretical treatment of the problem required a relativistic approach.

From the experimental point of view, the electromagnetic radiation emitted by a synchrotron was first seen in 1946 at the General Electric laboratories in USA.  The observation was made at the 70 MeV electron synchrotrons in Schenectady, USA.

In the late 1950’s synchrotron radiation was already potentially regards as, in Paratt’s words “a boon in many aspects of X-ray Physics”.  The actual boon, however, required many more years of hard work.  Two main obstacles had to be overcome.  First, many potential users of synchrotron radiation had a “small science” background.  Most of their experiments were performed by a small team that had complete control of the experimental system.  The second obstacle was the shared use of the electrons between synchrotron radiation and elementary particle research.  In its early years, synchrotron was not considered important enough to justify electron accelerators entirely dedicated to its production.  Thus, synchrotron could only be obtained as a by-product from accelerators built and operated for elementary research.  In addition elementary particles experiments were given priority when determining the mode and schedule of use of the accelerators.  The accelerators were optimized for elementary particles experiments, and their parameters were not ideal for synchrotron radiation use.  In 1966, the University of Wisconsin-Madison in USA began to operate its 240 MeV electron storage ring Tantalus as dedicated synchrotron radiation source.  The advantage of a dedicated source became evident, which stimulated the allocation of resources to build a second generation of storage ring through the world, entirely dedicated to synchrotron radiation research.

Until the late 1970’s only, “bending magnet” synchrotron radiation was used.  This is the radiation emitted by electrons when their trajectories are bent by dipole magnets.  The trajectories bending are necessary to keep the electron in a closed orbit.  The trajectory bending by dipole magnets is not the best to produce synchrotron radiation for all kinds of applications.  Radiation with interesting characteristics is produced by periodic arrays of magnets which cause oscillations of otherwise straight electron trajectories.  Depending on the magnitude of the induced oscillations, these devices are called “Wigglers or Undulators”.

Introduction:

Synchrotron radiation is the name given to the electromagnetic radiation produced when electrons and positrons moving at relativistic energies are constrained to follow a circular path.  This radiation represents the main energy loss mechanism for particles so constrained.  Even for non-relativistic angularly accelerated charged particles, energy is lost as radiation, but at relativistic velocities the radiation is highly directional in the plane of rotation.  At relativistic energies this pattern becomes sharply peaked in the direction of motion of the electron.

In synchrotron and storage rings, the charged particles follow curved trajectories which are usually defined by dipole magnets.  As the particles pass between magnet poles, emission of synchrotron radiation occurs in the form of a continuum, whose range depends on the energy of the particle beam and the field strength of the bending magnet.  In addition, the radiation is highly collimated, linearly polarized in the orbit plane and, generally, is appreciably more intense than that available from conventional sources.  The basic components of a synchrotron radiation sources are dipole magnets to bend the electron beam along a circular trajectories and therefore to act as the basic source of radiation which will discuss in later.  These magnets are separated by straight sections in which are located numerous components, including multipole electron beam focusing magnets, Wiggler insertion devices etc..  These devices generate an electric field parallel to the beam orbit alternating in polarity, usually sinusoidly at high frequency typically in the range 50-500 MHz.  The electrons stored in such a magnet lattice form into bunch; 160 bunches in the case of the Synchrotron Radiation Source (SRS) in multi-bunch mode.  This effectively means that an observer only see light whenever a bunch passes an observation window, giving synchrotron radiation a well-defined pulsed time structure.  At the SRS a pulse is seen every 2 ns (neon-second) in multi-bunch mode.

Instrumentation:

This section describes the instrumentation used to produce and process of synchrotron radiation.  The two major components of such instrumentation, the storage ring and beam line.  The storage ring is designed to keep charged particles circulating under vacuum in a closed orbit at relativistic speed.  The charged particles circulating in the ring can be either electrons or positrons.  The production of positrons to be stored in the ring is less efficient than that of electrons.  However, the use of positrons reduces the effects of residual ionized particles in the vacuum chamber, which limit the lifetime of the circulating beam.

The major components of the storage ring are:
1.  The injection system, which generates electrons, accelerates them, and inject them into the vacuum chamber.

2.  The vacuum chamber, i.e., the metal tube in which the electrons circulating along a closed trajectory under high vacuum, at typical pressure of 10-9 to 10-11 torr.  

3.  The radiofrequency cavity system, which periodically acts on the circulating electrons, restoring the energy they lose because of the emission of synchrotron radiation.

4.  The dipole bending magnets, which bend trajectory of the electrons and force them to circulate in a closed orbit inside the vacuum chamber of the storage ring.

5.  Other magnets, e.g., quadruple focusing magnets, which are necessary for the practical operation of the ring.

6.  The insertion devices, consisting of periodic arrays of magnets which modify the trajectory of the electrons in straight sections of the ring.

7.  The control systems, including one or more computers which monitor the status of the ring components and automatically or semi automatically make the necessary changes for the different phases of operation.

8.  The radiation shielding system, which prevents dangerous neutron and gamma radiation from reaching the areas accessible by the users and staff of the facility.

Synchrotron Radiation Sources in the World:

Last couples of decade, there are many synchrotron radiation sources had built up in the world, e.g. USA (e.g., Argon National Laboratory, Brookhaven, LBNL, Chalk River, CHESS, Wisconsin-Madison, Stanford, Livermore, National light Source in New York and many other cities), Europe (e.g. UK, Germany, France, Italy, Sweden, Denmark, Switzerland, Norway) and Asia.  Now a day it becomes very useful X-ray sources for Science and Technology Research.  It can be used for Surface Sciences, Molecular Sciences, Medical Sciences (even DNA test) and any other related sciences and technology.  In Asia, now there are only four Synchrotron Radiation Sources are operating, e.g. China (2nd generation), Japan (Photon Factory), South Korea and Taiwan which is called third generation of synchrotron radiation sources.  India is setting up (under construction) a four generation synchrotron radiation source in Indore, Madha Pradesh.  

In Conclusion I would like to say that When Bangladesh could think about to set-up these type facilities for science and technology research!! 
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