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Machine
parameters:
Protons 
660 MeV
3 μA –

extraction

Synchrocyclotron “Phasotron”
The First Accelerator in Dubna

Constructed in frames of the Soviet Atomic Project,
commissioned in 1949, still in operation

PhasotronPhasotron and medical applications  and medical applications  

I.V.Kurchatov and

V.P. Dzhelepov
M. G.Meshcheryakov

Main application:

Cancer therapy
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Magnetic field via radius
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Beam dynamics calculation

Acceleration of 2000 particles (without space charge effects) from 
radii of ~100cm till to entrance in the extraction system 

Initial data taken from calculations of beam dynamics during first 3000 turns after ions source 
taken in account effects of the space charge



1500 turns from the bunch start
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One synchrotron oscillation: ~600 turns - ~ 30µs

Changing of the revolution frequency of the 
central particle
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40 000 turns to get the 
extraction system
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Vertical motion amplitude 
±10mm

Changing of the revolution frequency of the 
central particle



Frequency of the betatron
oscillations basing of the 
analysis of the measured 
magnetic field map
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Vertical betatron frequency 
for the equlibrium
accelerated particle in during 
modeling of the acceleration
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Extraction system scheme of JINR Phasotron P-peeler, R-regenerator, I, 
II, III, IV – sections of the extraction channel
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Magnetic field of the peeler & 
regenerator (1) and its gradient (2)
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Particles positions at the radial phase-plane 
at the entrance into the extraction system

Particles positions at the R-Z-plane at 
the entrance in to extraction system
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Particles energy distribution at the 
entrance to the extraction system 
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2σ-rms-beam-envelopes inside Phasotron extraction channel
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Профили пучка в точке А (см. Рис 1) и
на входе в магнит СП-35 полученные
расчетным способом

Автографы пучка в точке А (см. Рис 1) и
на входе в магнит СП-35 
экспериментально полученные [3] при
запуске Фазотрона ОИЯИ
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Beam portraits at the entrance to the extraction channel are obtained. 

The beam extraction efficiency is about 40%.

Beam tracking inside the channel carried out. 

Calculated beam transverse parameters are in agreement with ~20% accuracy 
with the experimental data.

Developed code can be used for optimization of JINR Phasotron extraction 
system or  to study the beam dynamics in other sinchrocyclotrons.
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