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Radiation therapy

❑ Cancer treatment through ionizing radiation 

is acting on cancer cells DNA.

❑ Radiation therapy methods:

• Electrons:

Limited effects on surface

• Photons (x-rays):

Spread among different depths

• Protons (or heavy ions, e.g. carbon):

➢ Very focused with depth (Bragg peak).

➢ Penetrate deeply (depth depends on 

beam energy).



Particle Therapy advantages

• High energy protons are applied to tumor tissue.

• Proton energy is increased through particle 

accelerators.

• Proton therapy advantages:

✓ Radiation dose selectively deposited at beam 

energy dependent depth (70 MeV to 250 MeV).

✓ Beam transversally more focused, less 

scattering (protons are heavy).

✓ Protons reach tumors deeply in the body.

✓ Minimized side-effects on surrounding tissue.



Hadron accelerators
Protons are accelerated by applying electro-magnetic field within RF cavities or dees.

❑ Circular machines: cyclotrons and synchrotrons

•beam energy is increased over many cycles and require accelerating RF frequency and deflecting magnetic field to be 

corrected accordingly. Cyclotron extract at full energy; degrader are used to reduce it. (radiation issues)

•RF frequency ramping process may have implication on cavity tuning and transverse beam position control

❑ Linear machines: LINACs

•More flexible in controlling beam energy and less complex to control

•Dynamic control of beam energy (tracking patient movement)

•More efficient as protons are accelerated to the required energy

LINACCyclotron Synchrotron



Proton acceleration
• Precise synchronization RF cavity field vs. Beam

• Cascaded RF stations: beam dynamics effects may spoil 

beam quality

• Sources of errors:

o High power amplifier response

o Cavity resonant frequency drifts (thermal expansion)

o Amplifier working point (beam energy modulation)

There is the need to actively control cavity field 

amplitude and phase!



Introduction to Low Level Radio Frequency (I)
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LLRF control for each RF 
station (cavity)

• Subsystem of Radio Frequency (RF) 
system.

• Maintain the stability and control of
frequency, phase and amplitude.

• LLRF starts by measuring the
characteristics of the RF signal.
Detectors sample the amplitude and
phase of the signal.

• The measured signal is then
compared to a reference signal.



Introduction to Low Level Radio Frequency (II)
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LLRF control for each RF 
station (cavity) • Deviation between the measured

signal and the reference compensated
by feedback control system.

• This system brings the signal back into
alignment with the reference.

• This feedback loop is continuous and
rapid, to ensure the RF signal stays
within the desired parameters.

• Operates in real time with sub-
microsecond response times.



LLRF system purpose 
(continued):
• Measure the cavity resonant 

frequency and control the cavity 
tuning

• Trigger the machine protection 
system in case of unexpected 
signals in the cavity or in the RF 
distribution.

Introduction to Low Level Radio Frequency (III)



Libera LLRF TSRF functionality



Important LLRF specifications
Physical interfaces:
• Number of RF inputs (8 or 16 or more) and expected signal levels
• Number of RF outputs (1 or 2) and signal levels
• Specific trigger signals (RF pulse, Beam pulse, Modulator signals)
• Machine Protection System interfaces (Interlock)



Physical interfaces:
• Number of RF inputs (8 or 16 or more) and expected signal levels
• Number of RF outputs (1 or 2) and signal levels
• Specific trigger signals (RF pulse, Beam pulse, Modulator signals)
• Machine Protection System interfaces (Interlock)

Machine specifications:
• RF frequency 
• Type of cavity (NC, SC)
• Pulsed (pulse duration, injection frequency) vs CW
• Cavity tuning requirements
• Control system interface

RF Frequency 
band

Frequency range

L-band 1-2 GHz

S-band 2-4 GHz

C-band 4-8 GHz

X-band 8-12 GHz

The higher the frequency, the 
smaller is the size of the RF 
components and RF structures -> 
more compact machines!

Important LLRF specifications



Physical interfaces:
• Number of RF inputs (8 or 16 or more) and expected signal levels
• Number of RF outputs (1 or 2) and signal levels
• Specific trigger signals (RF pulse, Beam pulse, Modulator signals)
• Machine Protection System interfaces (Interlock)

Machine specifications:
• RF frequency
• Type of cavity (NC, SC)
• Pulsed (pulse duration, injection frequency) vs CW
• Cavity tuning requirements
• Control system interface

Performance specifications:
• Front-end and Back-end: Bandwidth, sampling rate, added noise
• Short term amplitude and phase stability
• Long term amplitude and phase stability

Important LLRF specifications





X-Band Low Level Radio Frequency

• Development of accelerator technology at higher frequencies up to X-Band allows high
accelerating gradients [MV/m] and shorter accelerating structures (compact machines).

• Easier to install in Medical facilities (eg:- hospitals).

• Challenge of controlling RF parameters (amplitude and phase) at high frequencies and
for very short pulses (100ns).

• LLRF system stability influenced by temperature drifts at higher RF frequencies.

• Instrumentation Technoloiges is currently developing a commericial LLRF system
working in X-band.
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