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Abstract
The electron cooling because of increasing the 6D phase 
space density of ion beams is the path for development 
compact accelerator ions beam therapy. The aperture 
magnets for the main synchrotron, the transport lines 
and the moveable ion gantry can be decreased very 

fundamentally. The systems for the extraction ions will 
operate with the smaller aperture and the low fields that 

improves reliability of dose control. The first experiments 
made at Landzow Institute of Modern Physics with 

cooling carbon beam on the energy 200 and 400 MeV/u
increased enthusiasm of authors this report at these sort 

of the therapy systems.





CSRe cooler in IMP



CSRe cooling carbon beam 
with energy 400 MeV/u, Je=1 A
Center initial injection 
Left and right evaluation 
Schottky spectra after change
Electron beam energy  

Initial momentum spread
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The ion beam current versus time when
probe moved inside beam with
velocity 1 mm/s
Without cooling slow drop down ion beam
Current 
With cooling al changing inside last mm.

Transverse profiles ion beam
calculated from scanning results 
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The carbon beam emittance strongly function energy

for 7 Mev/u diameter 2 cm 

but for the ion beam energy

400 MeV/u diameter only 2 mm



Bunch beam cooling
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Initial moment bunch profile 

Space charge waves at electron beam?



At moment of maximal peak current



History of cooling bunch beam

Initially very pure life time about 200 s and then the life time
up to 1000 s



Electric fields inside bunch

The deformation of electric field gradient very significant



Ion beam cooled up to
space charge limitation

• Transverse up to
• Longitudinal up to 
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Slow extraction of this dense beam with saving low emitance
are interesting scientific task.
Especially for using at  medicine application
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Slow extraction with 
transformation high transverse 

emittance of beam at beam with 
high longitudinal emittance but low 

transverse

Fast extraction

Slow extraction



3-ORDER RESONANCE EXTRACTION WITH COOLING

.



3-ORDER RESONANCE EXTRACTION WITH COOLING
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The intensity extraction versus
time:
red- with constant tune tune
blue- with modulated tune 
feedback the extracted number  



The high cooling rate of the carbon beam can be obtain
with the perfect straightness  magnet line at cooling section ion
Cooling time few msec!
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SPLITING THE ION BEAM AT MOMENTUM SPACE

Using fast magnet for inductive shift
ion beam energy 



Splitting the 400 MeV/u carbon beam at CSRe by hand manipulation 
the electron beam energy

Jump electron beam energy



The experiment with extraction
H0 atoms with energy 65 MeV
on the nuclear emulsion detector
distance from cooler to film 10 m
mark points space 1mm

Example of heavy ions extraction demonstrated at GSI:
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CONCLUSION
The carbon ion beam system is based on a few approved key 

innovations historically came from BINP (Novosibirsk) such as: 
electron cooling, using negative ions for stripping injection, 

storage rings. Electron cooling helps to make operation of the 
system easier by decreasing the beam emittance which results in 

stable ions energy and easy extraction. Example of CSRm
operation shows that electron cooler can stable operates many 

months without any problems.

Thank you for attention




