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We will go thru a very interesting article I found for the next
hour…

Linaccar (Linjäracceleratorer)

The scope of this presentation



• Short presentation of why I’m talking here / Intro ≈ 10 min

• The basics of the linear accelerator   ≈  10 min

• Common themes for both accelator types (TW / SW)  

• Some basic RF – theory

• Connection between frequency and size

• Bunching of electrons

• Travelling Wave Accelerator (TW) basics ≈  10 min

• Standing Wave Accelerators (SW) basics ≈ 15 min

• More advanced conceps of the Linac – the rest of the remaining time

Linaccar (Linjäracceleratorer)

The scope of this presentation



• Experience in the field
• 0-5 years

• 6-10 years

• 11-beyond years

• Anybody that have attended somekind of university course or similar more
in depth type focused on linacs?
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Know your audience
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The scope of this presentation

More advanced topics of the Linac 

• Travelling Wave – how can the electric field be faster than light ?

• Travelling wave – what is the purpose of the discs? 

• Travelling Wave – what is constant impedance and constant gradient?

• Standing Wave – why do we have several resonance frequencys?

• Standing Wave - How is the electric fields measuered in a Linac in the 
factory?

• Standing Wave - What does a ”mode” mean (π/2 mode) ?

• Standing Wave – what is the purpose of the ”nose cones” (drift tubes)?

• Standing Wave – how can we make the linac shorter? 

• Standing Wave – what happens with the doserate when you do 
beampeaking?  

• Standing Wave – why do we have the ”horns” on the LD PWR signal?

https://wheelofnames.com/
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The scope of this presentation

Travelling Wave – how can the electric field be faster than light ?

Travelling wave – what is the purpose of the discs? 

Travelling Wave – what is constant impedance and constant gradient?

Standing Wave – why do we have several resonance frequencys?

Standing Wave - What does a ”mode” mean (π/2 mode) ?

Standing Wave – what is the purpose of the ”nose cones” (drift tubes)?

Standing Wave – how can we make the linac shorter? 

Standing Wave – what happens with the doserate when you do beampeaking?  

Standing Wave – why do we have the ”horns” on the LD PWR signal?
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Who am I talking about Linacs?
Mikael Wendelsten

 Born and live in Umeå Sweden https://maps.app.goo.gl/61NuSe6ZEfCHh8a87



Radiation thearapy and Nuclear medicin from a 
engineering perspective Course in Umeå Sweden



Radiation thearapy and Nuclear 
medicin from a engineering 
perspective

20 hour
theory

Covers off, show and tell, 
measuerments, calibration and 
oscillsoscope

10-15 hour
laborations 



 A long tube that contains ”cavities”

 Vaccum

 The length can vary

 Electrons (10-20) keV are injected in the beginning

 Magnetron or Klystron

 Electric field accelerates electrons from keV to MeV

 Common frequency in medical Linacs is about 3 GHz
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General common themes for a linear
accelerator  



General Acceleratorstructure
Cavities



Microwaves

Microwave (RF)

• Microwave frequency ranges from 300 MHz to 300 GHz

• Nothing Magical with 3 GHz – WW2 Radar was the driving force (10 cm)

Elekta / Varian



Microwaves

Microwave (RF)

• Wavelength  (Lambda)
=

𝒄

𝒇
(100cm – 1mm)

Speed of light in vacuum c= 2,9979*108 m/s 

• Medical accelerators (Elekta/Varian):
2998MHZ (=10cm) or 2856MHz (=10,5cm)



Microwaves

Microwave (RF)

10 cm



Microwaves

Size and frequency

• The length of the cavities is proportional to the frequency of
the RF – higher frequency smaller cavities

• The total length of an accelerator for a given energy (6 MV) 
is proportional to (the length of all the cavities)

• The diameter of the cavities (accelerator tube) is proportional 
to the frequency



Microwaves

Wavelength vs accelerator physical size

• A 3 GHz accelerator cavitie (that have 2 cavities/wavelength)
is usually 5 cm long (half the wavelength) 

• A 9 Ghz accelerator wavelength is 10/3 cm = 3.3 cm

• A 9 Ghz accelerator cavitie (that have 2 cavities/wavelength)
should be 1.6 cm long (half the wavelength) 



Microwaves

Wavelength vs accelerator physical size

Do we have Linacs with higher frequencys than 3 GHz? 



Microwaves

Wavelength vs accelerator physical size
• The Cyberknife radiation Therapy machine have a need

for a lighter Linac 



Microwaves – trust but verify…

Information from an article describing the 
Cyberknife accelerator ”STATUS OF KAERI 6 
MeV 9.3 GHz X-BAND ELECTRON LINAC FOR 
CANCER TREATMENT SYSTEM”



Microwaves

Wavelength vs accelerator physical size
• An image of a 182 GHz Linac



Acceleratorlingo in Linac Articles



Microwaves (RF)
• RF have a electric and a magnetic field that

can be in 3 diffrent ”modes” (TEM, TM and 
TE)

• In Coaxial cables and free air we have TEM 
mode (E och M field is transverse to direction
of motion)



Microwaves (RF)

TM and TE mode in waveguides
In a rectangular waveguide we can have both Transverse Electric mode 
or Transverse Magnetic mode.

Most common in 
Linac waveguides



Microwaves (RF)

What mode do we need in a Linac

TEM, TE or TM?



Microwaves (RF)

TM mode (Transverse Magnetic)
In an accelerator guide we need to have TM-mode (so the electric field
is in the direction of the waveguide)

Electric field

Magnetic field

Wave propagation



Buncher sections in Linacs

What do we mean with a buncher section in a Linac?



Buncher sections in Linacs

Image of the first section of a Siemens Standing Wave
Accelerator

39 mm39 mm45 mm50 mm50 mm



Buncher sections in Linacs

Image of a Travelling wave accelerator



m = 9 x m0

m = 30 x m0

m = 50 x m0

Buncher sections in Linacs



Buncher sections in Linacs

• Both TW and SW accelerators need some sort of buncher
section (but the reason why is different between these two) 

• The simple explanation is that electrons are slow (relative c) in 
the beginning compared to the microwave field which is 
compensated in the design in the buncher section.

• A shorter distance between the cavity walls in a TW accelerator 
slows electric field so that it matches the electrons speed (like 
speed bumps for the microwave energy)

• A shorter distance in a SW accelerator is needed so the 
electrons can make the distance to the next cavity in time when
the electric field have shifted polarity (3 GHz changes polarity
each 0,16 ns)



Electron bunches in a Linac

10 cm

0,33 ns

GUN Pulse 
5 us

Electrons in 
beginning of
Linac

Electrons in the 
end of Linac



 There is a stream of electrons in the beginning and after a few cavities
there is bunches statring to form

 At the end there is mostly bunches where the electrons have a 
spectrum of energies

Electron bunches in a Linac



Electron bunches in a Linac



 TW (Travelling Wave) Elekta

 SW (Standing Wave) Varian

Two different types of accelerator designs



Travelling Wave (TW)

 Microwave comes in in the beginning and exits at the end



Travelling Wave (TW)

 On a Elekta TW is some of
the microwave energy
recycled



Travelling Wave (TW)

 A TW-tube have ”discs” to slow
the RF-energy to match the 
electron speed

 In this example we have 4 disc-
cavities per wavelength (2.5 
cm)

 The electric field moves from 
left to right (like a wave on the 
ocean) 



Traveling Wave (TW)

 A common analogy is a surfer
that is surfing on a wave

 The surfer (electrons) follows
the same wave and takes energy
from it 

 We only have electron bunches
in every fourth cavity



Travelling Wave (TW)
TW_linac_animation.html



Standing wave (SW)

 The linac is electrically shorted in both ends to make the microwave
energy to be reflected. 

 The microwaves are fed in the linac in the middle (give or take…)

 Standing waves are generated (the sum of forward and backward electric
fields) 

 The cavities are resonant and have one or more resonant frequencys
(Think of a RLC circuit)

There are som similarities with a TW linac but
there is some important differences



Standing wave (SW)

 The electric field 
strength for the 
standing wave is 
higher than the 
individual electric 
fields

 Normally the SW-linac 
can be shorter than 
the TW-linac

The standing wave linac uses reflection by electrically
shortcut the linac in both ends.



Standing wave (SW)

SW_linac_simulation.html



Standing wave (SW)

 The electric field strenght is constant throuout the SW-linac so 
there is a linear energy transfer



Standing wave (SW)

Different variants of TW och SW Linacs



Standing wave (SW)

What electric circuit is a cavity eqvivalent to 



 The cavities in a SW-linac have RLC properties which means they
have a resonance frequency

Standing wave (SW) – Cavities as a RLC circuit



Standing wave (SW) – Cavities as a RLC circuit

• The energy in a cavity
is going between the 
two different energy
states (electric and 
magnetic)

• Some energy is lost
due to the skin effect
and the resistivity in 
the copper walls

• Depending of the L 
and C properties
there will be a specific
resonance frequency



 A parallell RLC circuit have a 
resonant frequency f0 when the 
impedance over the RLC circuit is the 
greatest (least energy loss and best 
acceleration of electrons)

Standing wave (SW) – Cavities as a RLC circuit



Standing Wave (SW) – Cavities as a RLC circuit

What are the dents in a SW-Linac?



Standing Wave (SW) – Cavities as a RLC circuit

Reflected microwaves before tuning the linac (9.3 GHz KAERI)



Standing Wave (SW) – Cavities as a RLC circuit

Reflected microwaves after tuning the linac (9.3 GHz KAERI)



 In resonant circuits there is a value called
the Q-value

 This value indicates how wide the 
bandwith are (a higher value means a 
narrower bandwith)

 Q-value also tells how good resonator
the circuit is and how big the losses are

Linaccar (Linjäracceleratorer)

Q-value (Quality value)
www.aetjapan.com

଴



 A high Q-value is desired because you
have lower losses in the walls

 Q-value can be increased using quality
materials 

 A typical Q-value is around 10 000 
(around 3000 oscillations before the 
energy is dissipated to 1/3) 

 A typical playground swing have a Q-
value of 30 and a tuning fork around
1000 

Linaccar (Linjäracceleratorer)

Q-value (Quality value)
www.aetjapan.com



Standing wave (SW) – oscilloscope 6 MeV 
normal 

TARGET FWD PWR

REFL PWR

GUN I



Standing wave (SW) – oscilloscope 6 MeV 
Frequency too low (400 Hz lower than optimal)

TARGET
FWD PWR

REFL PWR

GUN I



Standing wave (SW) – oscilloscope 6 MeV 
Frequency too low (200 Hz higher than
optimal)

TARGET FWD PWR

REFL PWR

GUN I



Standing wave
(SW) – One cycle

Maximum electric field –
no magnetic field

Maximum magnetic field
– no electric field



 For the electrons it is the 
electric field that matters

Standing wave (SW) – Cavities as a RLC circuit



 In the design/manufacturings state it have a influence on the size of the cavitys
and the total weight.

 TW-accelerator: The frequency alters the phase velocity of the electric field, if
wrong frequency the electric field will move to fast or to slow relative the 
electrons bad accelerating efficiency

 SW-accelerator: The frequency must match the linacs resonance frequency or 
elsemore reflected energy lower electric field -- > bad acceleration
efficiency

Recap of the role the frequency have in a 
Linac 



Source material

 Karzmark book ”A primer on…”
 Samy Hannas book ”RF Linear

Accelerators”
 Varian Accelerator System 

Basics from Clinac Course
 The almighty Internet… 

Articles, other peoples
presentations 

 https://ionactive.co.uk/resour
ce-hub/guidance/the-linac-
accelerator-linac-medical-
other-applications-video


