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ABSTRACT:  

Particle accelerators are a basic tool of high-energy physics. The majority of the 

discoveries and theories we have discussed would not have been possible without 

accelerators and the detectors designed to go with them. In this paper, we learn about 

different types of accelerators, working and its uses. 

 

INTRODUCTION: 

Particle accelerator is a machine that accelerates elementary particles, such as electrons or 

protons, to very high energies. On basic level, Particle accelerators produce beam of charged 

particles that can be used for a variety of research purposes.  

Depending upon the direction of motion of charged particles, they have classified in to two 

types a) Linear accelerator and b) Circular accelerator. 

In linear accelerator, charged particles move in a straight line. To achieve velocity in 

kilometres, length of linear accelerator is also in kilometres, thus the length of the linear 

accelerator is very large. 

In circular accelerator, the same distance as in linear accelerator is covered in concentric 

circles. Hence, the size of accelerator is greatly reduced. Lawrence and Livingston developed 

the first circular accelerator in 1931 at the University of California. Circular accelerator can 

also be termed as Cyclotron. 

 

HOW DOES A PARTICLE ACCELERATOR WORK? 

Particle accelerators use electric fields to speed up and increase the energy of a beam of 

particles, which are steered and focused by magnetic fields. The particle source provides the 

particles, such as protons or electrons that are to be accelerated. The beam of particles travels 

inside a vacuum in the metal beam pipe. The vacuum is crucial to maintaining an air and dust 

free environment for the beam of particles to travel unobstructed. Electromagnets steer and 

focus the beam of particles while it travels through the vacuum tube. 

Electric fields spaced around the accelerator switch from positive to negative at a given 

frequency, creating radio waves that accelerate particles in bunches. Particles can be directed 
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at a fixed target, such as a thin piece of metal foil, or two beams of particles can be collided. 

Particle detectors record and reveal the particles and radiation that are produced by the 

collision between a beam of particles and the target. 

HOW HAVE ACCELERATORS CONTRIBUTED TO BASIC SCIENCE? 

Particle accelerators are essential tools of discovery for particle and nuclear physics and for 

sciences that use x-rays and neutrons, a type of neutral subatomic particle. Particle physics, 

also called high-energy physics, asks basic questions about the universe. With particle 

accelerators as their primary scientific tools, particle physicists have achieved a profound 

understanding of the fundamental particles and physical laws that govern matter, energy, 

space and time. Over the last four decades, light sources -- accelerators producing photons, 

the subatomic particle responsible for electromagnetic radiation -- and the sciences that use 

them have made dramatic advances that cut across many fields of research. Today, there are 

now about 10,000 scientists in the United States using x-ray beams for research in physics 

and chemistry, biology and medicine, Earth sciences, and many more aspects of materials 

science and development. 

HOW HAVE PARTICLE ACCELERATORS IMPROVED CONSUMER 

PRODUCTS? 

Worldwide, hundreds of industrial processes use particle accelerators -- from the 

manufacturing of computer chips to the cross-linking of plastic for shrink wrap and beyond. 

Electron-beam applications centre on the modification of material properties, such as the 

alteration of plastics, for surface treatment, and for pathogen destruction in medical 

sterilization and food irradiation. Ion-beam accelerators, which accelerate heavier particles, 

find extensive use in the semiconductor industry in chip manufacturing and in hardening the 

surfaces of materials such as those used in artificial joints. 

HOW ARE PARTICLE ACCELERATORS USED IN MEDICAL APPLICATIONS? 

Tens of millions of patients receive accelerator-based diagnoses and therapy each year in 

hospitals and clinics around the world. There are two primary roles for particle accelerators in 

medical applications: the production of radioisotopes for medical diagnosis and therapy, and 

as sources of beams of electrons, protons and heavier charged particles for medical treatment. 

The wide range of half-lives of radioisotopes and their differing radiation types allow 

optimization for specific applications. Isotopes emitting x-rays, gamma rays or positrons can 

serve as diagnostic probes; with instruments located outside the patient to image radiation 

distribution and thus the biological structures and fluid motion or constriction (blood flow, 

for example). Emitters of beta rays (electrons) and alpha particles (helium nuclei) deposit 

most of their energy close to the site of the emitting nucleus and serve as therapeutic agents 

to destroy cancerous tissue. 

Radiation therapy by external beams has developed into a highly effective method for 

treating cancer patients. The vast majority of these irradiations are now performed with 

microwave linear accelerators producing electron beams and x-rays. Accelerator technology, 

diagnostics and treatment technique developments over the past 50 years have dramatically 
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improved clinical outcomes. Today, 30 proton and three carbon-ion-beam treatment centres 

are in operation worldwide, with many new centres on the way. 

The Energy Department's National Labs played a crucial role in the early development of 

these technologies. Los Alamos National Laboratory helped develop linear accelerators for 

electrons, now the workhorses of external-beam therapy. Oak Ridge and Brookhaven 

National Laboratories contributed much of the present expertise in isotopes for diagnosis and 

therapy. Lawrence Berkeley National Laboratory pioneered the use of protons, alpha particles 

(helium nuclei) and other light ions for therapy and radiobiology. 

HOW HAVE PARTICLE ACCELERATORS BENEFITED NATIONAL SECURITY? 

Particle accelerators play an important role in national security, including cargo inspection, 

stockpile stewardship and materials characterization. Early applications of accelerators to 

inspect nuclear fuels used commercial low-energy electron linear accelerators to induce 

photo-fission reactions. These inspection technologies expanded to waste-drum investigation 

in the 1980s and eventually to cargo inspections. The invention of the free electron laser in 

the 1970s led to ever-higher-power electromagnetic radiation using high-energy electrons, of 

direct interest to security and defence applications, including the Navy‟s proposed application 

of free-electron laser technology to shipboard defence. 

A. LINEAR ACCELERATORS:  

Linear particle accelerators have many applications such as, they generate X-rays and high-

energy electrons for medicinal purposes in radiation therapy, serve as particle injectors for 

higher-energy accelerators, and are used directly to achieve the highest kinetic energy for 

light particles (electrons and positrons) for particle physics. 

Linear particle accelerator (often shortened to linac) is a type of particle accelerator that 

greatly increases the kinetic energy of charged subatomic particles or ions by subjecting the 

charged particles to a series of oscillating electric potentials along a linear beamline; Leó 

Szilárd invented this method of particle acceleration. Ionizing radiation in medicine works by 

damaging the DNA of cells including cancer cells. 

 

CONSTRUCTION AND WORKING:  

 A straight hollow pipe vacuum chamber , which contains the other components. It is 

evacuated with a vacuum pump so that the accelerated particles will not collide with air 

molecules. The length will vary with the application. If the device is used for the 

production of X-rays for inspection or therapy, the pipe may be only 0.5 to 1.5 meters 

long. If the device is to be an injector for a synchrotron, it may be about ten meters long. 

If the device is used as the primary accelerator for nuclear particle investigations, it may 

be several thousand meters long. 

 The particle source (S). The design of the source depends on the particle that is being 

accelerated. Electrons are generated by a cold cathode, a hot cathode, a photocathode, 

or radio frequency (RF) ion sources. Protons are generated in an ion source, which can 

have many different designs. If heavier particles are to be accelerated, 

(e.g., uranium ions), a specialized ion source is needed. The source has its own high 

voltage supply to inject the particles into the beamline. 
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 Extending along the pipe from the source is a series of open-ended cylindrical 

electrodes (C1, C2, C3, C4), whose length increases progressively with the distance from 

the source. The particles from the source pass through these electrodes. The length of 

each electrode is determined by the frequency and power of the driving power source and 

the particle to be accelerated, so that the particle passes through each electrode in exactly 

one-half cycle of the accelerating voltage. The mass of the particle has a large effect on 

the length of the cylindrical electrodes; for example, an electron is considerably lighter 

than a proton and so will generally require a much smaller section of cylindrical 

electrodes as it accelerates very quickly. 

 A target (not shown) with which the particles collide, located at the end of the 

accelerating electrodes. If electrons are accelerated to produce X-rays then a water cooled 

tungsten target is used. Various target materials are used when protons or other nuclei are 

accelerated, depending upon the specific investigation. Behind the target are various 

detectors to detect the particles resulting from the collision of the incoming particles with 

the atoms of the target. Many linacs serve as the initial accelerator stage for larger 

particle accelerators such as synchrotrons and storage rings, and in this case, after leaving 

the electrodes the accelerated particles enter the next stage of the accelerator. 

 An electronic oscillator and amplifier (G) which generates a radio frequency 

 AC voltage of high potential (usually thousands of volts) which is applied to the 

cylindrical electrodes. This is the accelerating voltage, which produces the electric field, 

which accelerates the particles. As shown, opposite phase voltage is applied to successive 

electrodes. A high power accelerator will have a separate amplifier to power each 

electrode, all synchronized to the same frequency. 

 

 

As shown in the animation, the oscillating voltage applied to alternate cylindrical electrodes 

has opposite polarity (180° out of phase), so adjacent electrodes have opposite voltages. This 

creates an oscillating electric field (E) in the gap between each pair of electrodes, which 

exerts force on the particles when they pass through, imparting energy to them by 

accelerating them. The particle source injects a group of particles into the first electrode once 

each cycle of the voltage, when the charge on the electrode is opposite to the charge on the 

particles. The electrodes are made the correct length so that the accelerating particles take 

exactly one-half cycle to pass through each electrode. Each time the particle bunch passes 

through an electrode, the oscillating voltage changes polarity, so when the particles reach the 

gap between electrodes the electric field is in the correct direction to accelerate them. 

Therefore the particles accelerate to a faster speed each time they pass between electrodes; 

there is little electric field inside the electrodes so the particles travel at a constant speed 

within each electrode. 
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The particles are injected at the right time so that the oscillating voltage differential between 

electrodes is maximum as the particles cross each gap. If the peak voltage applied between 

the electrodes is volts, and the charge on each particle is  elementary charges, the particle 

gains an equal increment of energy of  electron volts when passing through each gap. Thus 

the output energy of the particles is electron volts, where is the number of accelerating in the 

machine. 

At speeds near the speed of light, the incremental velocity increase will be small, with the 

energy appearing as an increase in the mass of the particles. In portions of the accelerator 

where this occurs, the tubular electrode lengths will be almost constant. Additional magnetic 

or electrostatic lens elements may be included to ensure that the beam remains in the centre 

of the pipe and its electrodes. Very long accelerators may maintain a precise alignment of 

their components with servo systems guided by a laser beam. 

 

ADVANTAGES:  

 

The linear accelerator could produce higher particle energies than the previous electrostatic 

particle accelerators in use when it was invented; the Cockcroft-Walton accelerator and Van 

de Graaff generator. In these machines, the applied voltage only accelerated the particles 

once, so the particle energy in electron volts was equal to the accelerating voltage on the 

machine, which was limited to a few million volts by insulation breakdown. In the linac, the 

applied voltage accelerates the particles multiple times, so the accelerating voltage does not 

limit the particle energy. 

 

Application for medical isotope development: 

The expected shortages with regard to Mo-99, and the technetium-99m medical 

isotope obtained from it, has also shed light onto linear accelerator technology to produce 

Mo-99 from non-enriched Uranium-235 through neutron bombardment. This would enable 

the medical isotope industry to manufacture this crucial isotope by a sub-critical process. The 

aging facilities, for example the Chalk River Laboratories in Ontario Canada, which still now 

produce most Mo-99 from highly enriched Uranium-235 could be replaced by this new 

process. In this way, the sub-critical loading of soluble uranium salts in heavy water with 

subsequent photo neutron bombardment and extraction of the target product, Mo-99, will be 

achieved. 

 

Disadvantages: 

 The device length limits the locations where one may be placed. 

 A great number of driver devices and their associated power supplies are required, 

increasing the construction and maintenance expense of this portion. 

 If the walls of the accelerating cavities are made of normally conducting material and the 

accelerating fields are large, the wall resistivity converts electric energy into heat quickly. 

On the other hand, superconductors also need constant cooling to keep them below their 

critical temperature, and the accelerating fields are limited by quenches. Therefore, high 

energy accelerators such as SLAC, still the longest in the world (in its various 
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generations), are run in short pulses, limiting the average current output and forcing the 

experimental detectors to handle data coming in short bursts. 

 

B. CIRCULAR ACCELERATORS(CYCLOTRON):  

A cyclotron is a type of particle accelerator invented by Sándor Gaál and Ernest O. 

Lawrence in 1929-1930 at the University of California, Berkeley,
[1][2]

 and patented in 1932.
[3] 

[4]
 A cyclotron accelerates charged particles outwards from the centre along a spiral path.

[5] 

[6]
 the particles are held to a spiral trajectory by a static magnetic field and accelerated by a 

rapidly varying (radio frequency) electric field. Ernest O. Lawrence was awarded the 

1939 Nobel Prize in physics for this invention. 

Cyclotrons were the most powerful particle accelerator technology until the 1950s when they 

were superseded by the synchrotron, and are still used to produce particle beams in physics 

and nuclear medicine. The largest single-magnet cyclotron was the 4.67 m 

(184 in) synchrocyclotron built between 1940 and 1946 by Lawrence at the University of 

California at Berkeley,
[1][6]

 which could accelerate protons to 730 million electron volts 

(MeV). The largest cyclotron is the 17.1 m (56 ft) multimagnet TRIUMF accelerator at 

the University of British Columbia in Vancouver, British Columbia , which can produce 

500 MeV protons. 

Over 1200 cyclotrons are used in nuclear medicine worldwide for the production 

of radionuclides.
[8] 

 

PRINCIPLE OF WORKING:  

 A cyclotron accelerates a charged particle beam using a high 

frequency alternating voltage which is applied between two hollow "D"-shaped sheet metal electrodes 

called "dees" inside a vacuum chamber.
[17]

 The dees are placed face to face with a narrow gap 

between them, creating a cylindrical space within them for the particles to move. The particles are 

injected into the centre of this space. The dees are located between the poles of a large electromagnet , 

which applies a static magnetic field B perpendicular to the electrode plane. The magnetic field causes 

the particles' path to bend in a circle due to the Lorentz force perpendicular to their direction of 

motion. 

If the particles' speeds were constant, they would travel in a circular path within the dees 

under the influence of the magnetic field. However, a radio frequency (RF) alternating 

voltage of several thousand volts is applied between the dees. The frequency is set so that the 

particles make one circuit during a single cycle of the voltage. To achieve this, the frequency 

must match the particle's cyclotron resonance frequency. Where B is the magnetic 

field strength, q is the electric charge of the particle, and m is the relativistic mass of the 

charged particle. Each time after the particles pass to the other dee electrode the polarity of 

the RF voltage reverses. Therefore, each time the particles cross the gap from one dee 

electrode to the other, the electric field is in the correct direction to accelerate them. The 

particles' increasing speed due to these pushes causes them to move in a larger radius circle 

with each rotation, so the particles move in a spiralpath outward from the centre to the rim of 

the dees. When they reach the rim, a small voltage on a metal plate deflects the beam so it 

exits the dees through a small gap between them, and hits a target located at the exit point at 

the rim of the chamber, or leaves the cyclotron through an evacuated beam tube to hit a 

remote target. Various materials may be used for the target, and the nuclear reactions due to 
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the collisions will create secondary particles, which may be guided outside of the cyclotron 

and into instruments for analysis.The cyclotron was the first "cyclical" accelerator. The 

advantage of the cyclotron design over the existing "electrostatic" accelerators of the time 

such as the Cockcroft-Walton accelerator and Van de Graaff generator, was that in these 

machines the particles were only accelerated once by the voltage, so the particles' energy was 

equal to the accelerating voltage on the machine, which was limited by air breakdown to a 

few million volts. In the cyclotron, in contrast, the particles encounter the accelerating 

voltage many times during their spiral path, and so are accelerated many times, 
[4]

 so the 

output energy can be many times the accelerating voltage. 

 

 

CONSTRUCTION:  

It consists of a hollow metal cylinder divided into two sections D1 and D2 called Dees, 

enclosed in an evacuated chamber (Fig 3.21). The Dees are kept separated and a source of 

ions is placed at the centre in the gap between the Dees. They are placed between the pole 

pieces of a strong electromagnet. The magnetic field acts perpendicular to the plane of the 

Dees. The Dees are connected to a high frequency oscillator. 
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 WORKING: 

When a positive ion of charge q and mass m is emitted from the source, it is accelerated 

towards the Dee having a negative potential at that instant of time. Due to the normal 

magnetic field, the ion experiences magnetic lorentz force and moves in a circular path. By 

the time the ion arrives at the gap between the Dees, the polarity of the Dees is reversed. 

Hence, the particle is once again accelerated and moves into the other Dee with a greater 

velocity along a circle of greater radius. Thus the particle moves in a spiral path of increasing 

radius and when it comes near the edge, it is taken out with the help of a deflector plate (D.P). 

The particle with high energy is now allowed to hit the target T. 

Cyclotron is used to accelerate protons, deutrons and α - particles. 

 

Limitations 

       a.     Maintaining a uniform magnetic field over a large area of the Dees is difficult. 

b.     At high velocities, relativistic variation of mass of the particle upsets the 

resonance condition. 

c.      At high frequencies, relativistic variation of mass of the electron is 

appreciable and hence electrons cannot be accelerated by cyclotron. 

 

Usage: 

For several decades, cyclotrons were the best source of high-energy beams for nuclear 

physics experiments; several cyclotrons are still in use for this type of research. The results 

enable the calculation of various properties, such as the mean spacing between atoms and the 

creation of various collision products. Subsequent chemical and particle analysis of the target 

material may give insight into nuclear transmutation of the elements used in the target. 

Cyclotrons can be used in particle therapy to treat cancer. Ion beams from cyclotrons can be 

used, as in proton therapy, to penetrate the body and kill tumors by radiation damage, while 

minimizing damage to healthy tissue along their path. Cyclotron beams can be used to 

bombard other atoms to produce short-lived positron-emitting isotopes suitable for PET 

imaging. More recently, some cyclotrons currently installed at hospitals for radioisotopes 

production have been retrofitted to enable them to produce technetium-99m.
[20]

 Technetium-

99m is a diagnostic isotope in short supply due to difficulties at Canada's Chalk 

River facility. 
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CONCLUSION: 

 Particle accelerators are and will be important for the arts, the other sciences, medicine and 

high-tech industries. They are crucial for the understanding of the origin of our Universe and 

of the formation of heavy nuclei, without which the Earth could not exist. Moreover, they 

give the information needed to falsify any new „theory of everything‟. Thus, the trunk of the 

Time Tree is strong and developing, the old leaves are green and new leaves are sprouting. If 

the accelerator specialists continue to invent and labour as in the past, their salaries and 

pension funds are secured. 
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