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Medical applications of high-frequency, high-gradient 
accelerating structures
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The theme of this presentation

How technology developed for 
high-energy particle physics 
may also be important for 
cancer therapy. 
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Outline

• Introduction to CLIC and physics motivation
• High-gradient accelerating technology 

developed by CLIC
• This technology applied to hadron accelerators
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Context

CERN is currently running the LHC at full 
energy with scientific program 
extending into mid-2020s. 

Higgs discovered, standard model going 
strong but huge questions remain 
unanswered. What’s next and how?

What direction will high-energy physics 
take?
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pp/e+e- collisions
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High-energy physics strategy

Fabiola Gianotti
CERN Director General
26/6/2017
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Introduction to CLIC

CLIC is an international collaboration which is developing the technology 
and design for a multi-TeV range electron positron collider.

Standard model physics Perhaps supersymmetry?

LHC must 
find!
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The CLIC accelerator at CERN

380 GeV initial energy stage

LHC

CLIC in stages up to 3 TeV
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The CLIC collaboration

Accelerator collaboration approximately 50 institutes and the detector collaboration about 29.
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Key CLIC technology

In order to reach multi-TeV e+e- collision 
energies the CLIC collaboration has invested 
significant effort to develop 100 MV/m gradient 
accelerating structures.

Existing linacs have gradients typically below 30 
MV/m (SwissFEL, EuropeanFEL).
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The basics of radio-frequency acceleration

Accelerated beam

Microwaves in
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Vacuum arcing

We have peak surface electric fields in excess of 
200 MV/m.
Consequently one our main limitations is 
vacuum arcing, a.k.a. breakdown, which 
disrupts the beam.

Particle In Cell simulation of the onset 
of breakdown.
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CLIC accelerating structures

25 cm
Micron–precision disk

• 11.994 GHz, X-band
• 100 MV/m accelerating gradient
• Input power ≈50 MW
• Pulse length ≈200 ns
• Repetition rate 50-400 Hz
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Fundamental physics 
of high fields on metal 

surfacesHigh-gradient rf 
design

Fabrication of 
prototypes and  

technology 
optimization

High-gradient testing

High-power test 
stands
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Initial design

Later design

The effect of rf design
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A. Grudiev, S. Calatroni and W. Wuensch, New 
local field quantity describing the high 
gradient limit of accelerating structures, Phys. 
Rev. ST Accel. Beams 12, 102001 (2009)
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Where we do our experiments

Klystron-based test stands at 
CERN:
• XBox1 to 3
• NEXTEF at KEK
• Two pulsed-dc systems.

pulsed dc

XBox-2XBox-3
XBox-2 and 3
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CLIC accelerating structures - performance summary

Currently under test:
XBox1 – TD26CC N2
XBox2 – TD26CC N3
XBox3 – TD24CC SiC

T24 PSI
SBox - 3 GHz BTW
NEXTEF (KEK) – TD24 R05 K2
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Applications of high gradient beyond high-energy physics

Beam manipulation and diagnostics:
Energy spread linearizers and deflectors

XFEL

Thompson/Compton 
scattering source

Medical

Advanced acceleration
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Applying CLIC technology to medical accelerators

• There are a number of initiatives to develop 
linac-based proton and ion treatment facilities.

• Already some years ago the CLIC high-gradient 
team was approached by Ugo Amaldi to jointly 
study applying the know-how for high-gradient 
accelerators to medical linacs

• A group of us received CERN KT (Knowledge 
Transfer) fund support to design and build a 
prototype structure, to show the potential of the 
CLIC technology in this domain. I will now 
describe some highlights of this effort. TULIP – an example of a high-gradient 

linac based single room proton 
treatment facility.
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What’s the problem challenge?

Our electron linac technology is for particles moving near the speed of light.
Protons and ions in a medical linac need to be accelerated when they are still moving slowly, in the range of 
half the speed of light.

For relativistic electrons/positrons, β=1:
100 MV/m

For β=0.38:
50 MV/m 
Hard to extend this to lower β, higher is easy. 
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The TULIP example

By applying CLIC high-gradient technology we can raise the accelerating gradient from the 
<20 MV/m in LIGHT to 50 MV/m, for example making single room facilities possible.
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Additional element: High-efficiency power source

Radio-frequency power source efficiency is also a crucial issue for CLIC.
3 GHz, > 60% efficiency, 70 kV klystron built by VDBT.
Has potential to reduce investment and operating cost.
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But does it work as well as we expect?

• CERN KT fund accepted our 
application for funding to build two 
such structures based on CLIC 
design, fabrication and operation 
technology.

• CLIC study members designed and 
are testing the structures (we get 
important data on high-gradients 
from these tests).

• Two have been built and the first is 
under high power test.
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High-gradient testing

We have adapted and used experience, diagnostics, software and 
algorithms from the CLIC high-gradient program.
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Conditioning status of the high-gradient medical linac structure

50 MV/m
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Most recent workshop on high gradients:
https://indico.cern.ch/event/589548/

High-gradient resource

https://indico.cern.ch/event/589548/
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Inspiring further developements
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Conclusions

• Technology developed for high-energy physics can 
provide a significant performance improvement for 
medical hadron linacs. 

• We hope to continue to work with your community to 
have this improvement make an impact.
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