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An early, real life accelerator
184 inch cyclotron at Berkeley, ~1940

>100 MeV/u ions
(synchrocyclotron method would later allow 730 MeV, 1946,

a great improvement on the non-relativistic cyclotron limited to ~50 MeV proton,
yet with lower intensity due to RF cycling acceleration)



  

Ref.: wikipedia



A model of 
TRIUMF 520 MeV cyclotron



...and for real !
TRIUMF 520 MeV, variable energy, H- cyclotron

Commissioning 1976
World largest, sizewise ← B~0.5 T

Second to RIKEN SRC Cyclotron, in weight (comm. 2006)



 The idea and theory of the cyclotron goes back to Max Steenbeck, PhD, Kiel, 1927. 
Leo Szilard patented the concept of bending+RF acceleration in 1929 [A.Sessler,E.Wilson].

reaction  /  700kV p-beam



 E.O.Lawrence 27 inch cyclotron, 1932. 

 The ensemble on the photo is plunged in the gap of an electromagnet

 13,000 V RF accelerating potential at about 27 MHz is applied to the dees 
by the two feedlines visible at top right. 

 Beam emerges from the dees and strikes the target located in the 
chamber  - bottom on the photo.

Ref.: 
wikipedia

 60-inch cyclotron, ~1939 

 Exiting beam of accelerated ions 
ionize the air.



CLASSICAL  CYCLOTRON, PRINCIPLE



THE END OF THE STORY ?...

-



THE ISOCHRONOUS  CYCLOTRON



NOWADAYS
Cyclotrons are everywhere in science, research, medicine. 

Over 200 worldwide. 

In increasing number in hadrontherapy application. 

They are an easy and “economic” way to get ion beams.

Some famous specimen:

 PSI, highest power, 1.4 MW – 590 MeV  

 RIBs at RIKEN: highest K=1600

 Meson factory, TRIUMF – 540 MeV

 Proton-therapy application – 250 MeV 

 Radio-isotope, industrial production – a few 10s of MeV

 Education – small size, low energy (see Cyclo Conference/JaCOW)

[1] https://iba-worldwide.com/proton-therapy/proton-therapy-solutions/proteus-one



HIGH POWER from cyclotron:
PSI,  590 MeV, 1.2 MW, CW



1966: SIN early Design – Feb. 1974:1st 100 A beam

The 590 MeV Ring Cyclotron

The old 72MeV
Philips injector

Nowaday's
72MeV injector



The W.Joho Law

Towards Higher intensities: Today 30 times more Intensity



Proton beam on SINQ:
575 MeV / 51 MHz
p-Current: 1.5 / 1.6 mA 
Power: 0.8 - 0.9 MW

Target bulk shielding

SINQ NEUTRON SOURCE  @ PSI

Total Power Deposition 
in Target Assembly

~ 575 – 610 kW



Synchrotrons

Linacs
Cyclotrons

ADS
energy
domain

HIGH POWER CAPABILITIES PLACE HIGH POWER CAPABILITIES PLACE 
CYCLOTRON AS STRONG CYCLOTRON AS STRONG 

COMPETITOR IN THE LANDSCAPECOMPETITOR IN THE LANDSCAPE



* ACCELERATOR-DRIVEN     
SUBCRITICAL REACTOR *



A discussion is on-going !
Which technology is optimal for ADS-R application? 



Riken SRC based RIBF

[1]  http://www.nishina.riken.jp/facility/SRC_e.html

Highest K cyclotron,
8 T.m beam rigidity: 

corresponds to 
1.64 GeV proton ! 

CRYOGENY: ALLOWS HIGHER RIGIDITYCRYOGENY: ALLOWS HIGHER RIGIDITY



ION BEAMS FOR 
HADRON-THERAPY

AKA,

3-D CONFORMAL 
RADIATION-THERAPY



Advantage of the bragg-peak
ballistic: 3D conformal irradiation

 Better sparing of healthy tissues 

- competitive with IMRT

 



Active scanning



Yet, in passing, and on our way to the “Synchrotron”     
in this ACCELERATOR course :  

- in some proton-therapy centers:  a synchrotron 
instead, weak focusing possibly ← Dedicated chapter
 
- and in any case, carbon-therapy, energy 70~400MeV/u, 
rigidity 2~6T.m: strong focusing, separated function 
synchrotron  ← Dedicated chapter

Proton-therapy is a predilection domain 
for the application of the cyclotron



On the other hand

 An hadron (proton, carbon) accelerator is a 
big investment, e.g., of the order of   EU150M 
for a turn-key carbon-therapy hospital,

 High cost of a session : of the order of EU600 
per session, ~3x cost of an IMRT session. 

A complete treatment requires up to 30 
sessions → ~EU20k per treatment

 Need to find ways to scale costs down...



Developed with, and first 
implemented at, the 
anti-cancer 
protontherapy center    
      MEDICYC, Nice.

compact gantry, 
attached to the S2C2

...MEDICYC's S2C2

250 MeV protontherapy synchrocyclotron

at Nice, France

First beam 2015
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