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Various particle accelerators
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LHC (Large Hadron Collider)
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SNS (Spallation Neutron Source)
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IFMIF (International Fusion Material Irradiation Facility)
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KOMAC (proton accelerator)

Output Energy (MeV) 20 100

Max. Peak Beam Current (mA) 1 ~ 20 1 ~ 20

Max. Beam Duty (%) 24 8

Avg. Beam Current (mA) 0.1 ~ 4.8 0.1 ~ 1.6

Pulse Length (ms) 0.1 ~ 2 0.1 ~ 1.33

Max. Repetition Rate (Hz) 120 60

Max. Avg. Beam Power (kW) 96 160

Features of KOMAC 100MeV linac

50-keV Injector (Ion source + LEBT)

3-MeV RFQ  (4-vane type)

20 & 100-MeV DTL

RF Frequency : 350 MHz

Beam Extractions at 20 or 100 MeV 

5 Beamlines for 20 MeV & 100 MeV
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PAL (light source)



8 Particle Accelerator Engineering, Spring 2021

Accelerators for semiconductor industry

⚫ Ion implanter for B+, P+, As+ doping
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Industrial applications
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Industrial applications
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Industrial applications
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PET (positron emission tomography)

⚫ The system detects pairs of gamma rays emitted indirectly by a positron-emitting 

radionuclide, most commonly fluorine-18. which is introduced into the body on a 

biologically active molecule called a radioactive tracer.

18F-FDG

Cyclotron

O-18

p

F-18 O-18
𝛽+

110 m
𝑒+ + 𝑒−→ 2𝛾

ABT (7.5 MeV, 10 kW, 3.2 ton)



13 Particle Accelerator Engineering, Spring 2021

SPECT (single-photon emission computed tomography)

⚫ SPECT is a nuclear medicine tomographic imaging technique using gamma rays. 

It is similar to PET in its use of radioactive tracer material and detection of 

gamma rays. In contrast with PET, however, the tracers used in SPECT emit 

gamma radiation that is measured directly.
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BNCT (boron neutron capture therapy)

⚫ Two-step procedure:

① The patient is injected with a tumor-localizing drug containing the non-

radioactive isotope boron-10 (10B) that has a high cross section to capture 

slow neutrons.

② The patient is radiated with epithermal neutrons, the source of which is 

either a nuclear reactor or, more recently, an accelerator.
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D-D of D-T neutron generators

2x108 n/s @97keV, 8mA

3x1011 n/s @300keV, 50mA
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Neutron tube

⚫ Sealed-tube neutron generators: Some accelerator-based neutron generators 

induce fusion between beams of deuterium and/or tritium ions and metal hydride 

targets which also contain these isotopes.

VNIIA (RF)

Sodern (FR)
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Textbook
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Basic definitions

⚫ A charged particle is an elementary particle or a macroparticle which contains an 

excess of positive or negative charge. Its motion is determined mainly by 

interaction with electromagnetic forces.

⚫ Charged particle acceleration is the transfer of kinetic energy to a particle by the 

application of an electric field.

⚫ A charged particle beam is a collection of particles distinguished by three 

characteristics: (1) beam particles have high kinetic energy compared to thermal 

energies, (2) the particles have a small spread in kinetic energy, and (3) beam 

particles move approximately in one direction. In most circumstances, a beam 

has a limited extent in the direction transverse to the average motion. The 

antithesis of a beam is an assortment of particles in thermodynamic equilibrium.

⚫ Most applications of charged particle accelerators depend on the fact that beam 

particles have high energy and good directionality. Directionality is usually 

referred to as coherence. Beam coherence determines, among other things, (1) 

the applied force needed to maintain a certain beam radius, (2) the maximum 

beam propagation distance, (3) the minimum focal spot size, and (4) the 

properties of an electromagnetic wave required to trap particles and accelerate 

them to high energy.
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Beam acceleration process
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Beam acceleration process

⚫ In accelerator theory, particles are separated into two groups: (1) particles in the 

beam and (2) charged particles that are distributed on or in surrounding 

materials. The latter group is called the external charge.

⚫ Energy is required to set up distributions of external charge; this energy is 

transferred to the beam particles via electromagnetic forces.

⚫ For example, a power supply can generate a voltage difference between metal 

plates by subtracting negative charge from one plate and moving it to the other. 

A beam particle that moves between the plates is accelerated by attraction to the 

charge on one plate and repulsion from the charge on the other.

⚫ Applied forces are usually resolved into those aligned along the average 

direction of the beam and those that act transversely.

⚫ The axial forces are acceleration forces; they increase or decrease the beam 

energy.

⚫ The transverse forces are confinement forces. They keep the beam contained to 

a specific cross-sectional area or bend the beam in a desired direction.

⚫ Magnetic forces are always perpendicular to the velocity of a particle; therefore, 

magnetic fields cannot affect the particle's kinetic energy. Magnetic forces are 

confinement forces. Electric forces can serve both functions.
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Applications and organization of topics


