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We all know about Linear Accelerators















Ancillary systems 

1. High Voltage – High Power 

2. Resonant Cavity and beam transport

3. Vacuum

4. Beam steering 

5. Mechanical - gantry

6. Mechanical - head 

7. MLC

8. Cooling

9. Optics

10. Control console 

11. External Laser system











Control console – human interface 

• The “director” of the orchestra



Control console - The “machinist” of the train 

• The basic computer control system architecture 

of 3 major OEMs

• How mode selection and beam control are 

achieved

• How accelerator design dictates

the computerization of linacs

• How fundamental accelerator design impacts the 

design and implementation of IMRT.
• See: Handout for “The Theory and Operation of Computer-Controlled 

Medical linear Accelerators" MO-A-517A-01  Tim Waldron 7/15/02 

(AAPM)
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5.5 LINACS
5.5.5 Injection system

 The linac injection system is the source of electrons, a 

simple electrostatic accelerator referred to as the

electron gun.

 Two types of electron gun are in use in medical linacs:

• Diode type

• Triode type

 Both electron gun types contain:

• Heated filament cathode

• Perforated grounded anode

• Triode gun also incorporates a grid
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5.5 LINACS
5.5.5 Injection system

 Two types of electron gun producing electrons in linac:
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5.5 LINACS
5.5.6 Radiofrequency power generation system

 The radiofrequency power 

generation system produces 

the microwave radiation used 

in the accelerating 

waveguide to accelerate 

electrons to the desired 

kinetic energy and consists 

of two major components:

• RF power source

(magnetron or klystron)

• Pulsed modulator
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5.5 LINACS
5.5.6 Radiofrequency power generation system

 Pulsed modulator produces the high voltage (  100 kV), 

high current (  100 A), short duration (  1   s) pulses 

required by the RF power source and the injection 

system.





IAEA

High Voltage – High Power RF 

The magnetron acts as a high power oscillator 

A 12 cavity magnetron, where the magnetic field is 

applied perpendicular to the axis of the cavities 

- suitable for low energy accelerators (4, 6 MV)

- It is more unstable than klystron

- typically 2-3 MW peak power

- average lifetime ~ 1 yr, but can be extended by running 

it at a lower dose rate)



High Voltage – High Power RF 

The Klystron acts as a power amplifier - suitable for high energy

accelerators (> 10 MV)

- practical units generally have several stages,  typically 20 MW peak

power and 20 kW average power

Requires the input of a very stable RF generator of several wats power
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5.5 LINACS
5.5.7 Accelerating waveguide

 Accelerating waveguide is obtained from a cylindrical 

uniform waveguide by adding a series of disks (irises) with 

circular holes at the centre, placed at equal distances 

along the tube to form a series of cavities.

The role of the disks (irises) is to slow the phase velocity 

of the RF wave to a velocity below the speed of light in 

vacuum to allow acceleration of electrons.

 The cavities serve two purposes:

• To couple and distribute microwave 

power between cavities.

• To provide a suitable electric field 

pattern for electron acceleration.
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5.5 LINACS
5.5.7 Accelerating waveguide

 The accelerating waveguide is evacuated (10-6 tor) to allow 

free propagation of electrons.



Vacuum

All electron paths, as well as the klystron or magnetron, must be kept at 

high vacuum (10-7 torr level) (1 torr = 1 mmHg, 1 atm = 760 torr) to prevent 

electrical breakdown in the residual gas for the high electromagnetic

fields used to accelerate electrons



Vacuum
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5.5 LINACS
5.5.7 Accelerating waveguide

 Two types of accelerating waveguide are in use:

• Traveling wave structure

• Standing wave structure
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5.5 LINACS
5.5.7 Accelerating waveguide

 In the travelling wave accelerating structure the 

microwaves enter on the gun side and propagate toward 

the high energy end of the waveguide.

 Only one in four cavities is at any given moment suitable 

for acceleration.
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5.5 LINACS
5.5.7 Accelerating waveguide

 In the standing wave accelerating structure each end of 

the accelerating waveguide is terminated with a 

conducting disk to reflect the microwave power producing 

a standing wave in the waveguide.

 Every second cavity carries 

no electric field and thus 

produces no energy gain 

for the electron 

(coupling cavities).
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5.5 LINACS
5.5.10 Electron beam transport

 In medium-energy and high-energy linacs an 

electron beam transport system is used to transport 

electrons from the accelerating waveguide to: 

• X-ray target in x-ray beam therapy

• Beam exit window in electron beam therapy

 Beam transport system consists of:

• Drift tubes

• Bending magnets

• Steering coils

• Focusing coils

• Energy slits
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5.5 LINACS
5.5.10 Electron beam transport

 Three systems 

for electron 

beam bending:

• 90o bending

• 270o bending

• 112.5o (slalom) 

bending



Beam Transport



Steering effects on clinical beam



Electron clinical beam
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5.5 LINACS
5.5.15 Dose monitoring system

 To protect the patient, the standards for dose 

monitoring systems in clinical linacs are very 

stringent.

 The standards are defined for:

• Type of radiation detector.

• Display of monitor units.

• Methods for beam termination.

• Monitoring the dose rate.

• Monitoring the beam flatness.

• Monitoring beam energy.

• Redundancy systems.
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5.5 LINACS
5.5.15 Dose monitoring system

 Transmission ionization chambers, permanently 

embedded in the linac’s x-ray and electron beams, 

are the most common dose monitors.

 They consist of two separately sealed ionization 

chambers with completely independent biasing 

power supplies and readout electrometers for 

increased patient safety.



Dose monitoring chamber
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5.5 LINACS
5.5.15 Dose monitoring system

 Most linac transmission ionization chambers are 

permanently sealed, so that their response is not 

affected by ambient air temperature and pressure.

 The customary position for the transmission ionization 

chamber is between the flattening filter (for x-ray 

beams) or scattering foil (for electron beams) and the 

secondary collimator.
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5.5 LINACS
5.5.15 Dose monitoring system

 The primary transmission ionization chamber 

measures the monitor units (MUs).

 Typically, the sensitivity of the primary chamber 

electrometer is adjusted in such a way that:

• 1 MU corresponds to a dose of 1 cGy

• delivered in a water phantom at the depth of dose maximum 

• on the central beam axis

• for a 10x10 cm2 field 

• at a source-surface distance (SSD) of 100 cm.
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5.5 LINACS
5.5.15 Dose monitoring system

 Once the operator preset number of MUs has been 

reached, the primary ionization chamber circuitry:

• Shuts the linac down.

• Terminates the dose delivery to the patient.

 Before a new irradiation can be initiated:

• MU display must be reset to zero. 

• Irradiation is not possible until a new selection of MUs and 

beam mode has been made.
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5.5 LINACS
5.5.12 Production of clinical x-ray beams

 Typical electron pulses arriving on the x-ray target of 

a linac. 

 The target is insulated from ground, acts as a 

Faraday cup, and allows measurement of the electron 

charge striking the target.

Typical values:
Pulse height: 50 mA

Pulse duration: 2 s

Repetition rate: 100 pps

Period: 104 s



Dose efficiencies



Mechanical - gantry



Mechanical - head 



MLC



Cooling



Cooling – electricity costs vs water costs



Pneumatic system

Pressurized air drives mechanisms to:

move the target into place

operate the locking pin plungers on the carrousel,

operate the plungers on the shunt tee

to move the energy switch.

Air pressure is controlled by an air regulator (between 45 

and 50 psig)

The air pressure to all the drive mechanisms is turned on 

and off by electrically operated air control solenoids.



Optics



External Laser system
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