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The start up of a new high intensityThe start up of a new high intensity
isochronous cyclotron at Gatchina inisochronous cyclotron at Gatchina in

November of 2016November of 2016
•• Beam energy from 40 up to 80 MeVBeam energy from 40 up to 80 MeV
•• Beam current of 100Beam current of 100
The cyclotron is intended forThe cyclotron is intended for
•• production of high quality medicine isotopes,production of high quality medicine isotopes,
•• organization of eye melanoma treatment facility,organization of eye melanoma treatment facility,
•• treatment of surface forms of cancer and radiationtreatment of surface forms of cancer and radiation
resistance tests of the electronics for the aviationresistance tests of the electronics for the aviation
and spaceand space.



The external view of the CThe external view of the C--80 cyclotron80 cyclotron
and the first part of the transport line.and the first part of the transport line.



WHY HWHY H-- minus cyclotron ?minus cyclotron ?
•• Advantage of HAdvantage of H –– minus cyclotron isminus cyclotron is
thatthat high intensityhigh intensity internalinternal beambeam can becan be
extractedextracted from the accelerationfrom the acceleration
chamberchamber with practically 100%with practically 100%
efficiencyefficiency by stripping Hby stripping H-- ions to H+ions to H+
ions using thin foilsions using thin foils



3D sketch of C3D sketch of C--80 cyclotron and the80 cyclotron and the
extraction systemextraction system



Schematic view of the extractionSchematic view of the extraction
system of Csystem of C--80 cyclotron80 cyclotron



Some specific features of CSome specific features of C--8080
magnetic structuremagnetic structure

•• Very low flatterVery low flatter
•• Very high spiral angleVery high spiral angle
•• Low field in the hill regionLow field in the hill region.

As resultAs result
This structure permits acceleration of HThis structure permits acceleration of H––minusminus
with electro dissociation losses below 3 %.with electro dissociation losses below 3 %.



CC--80 magnetic field80 magnetic field

strippingstrippingExtraction methodExtraction method
4040--80 MeV80 MeVEnergyEnergy

EXTRACTED BEAMEXTRACTED BEAM
0.650.65--0.9 m0.9 mExtraction radiusExtraction radius
44Number of sectorsNumber of sectors
65 degree65 degreeSpiral angle (max.)Spiral angle (max.)
0.0250.025Flatter (max.)Flatter (max.)

1.352 Tl.1.352 Tl.Magnetic field inMagnetic field in
centrecentre

163 mm163 mmHill gapHill gap
386 mm386 mmValley gapValley gap
2 .05m2 .05mPole diameterPole diameter

MAGNETMAGNET



The reference trajectories for 40The reference trajectories for 40--80 MeV80 MeV
started from stable closed orbitsstarted from stable closed orbits

ProblemProblem –– to determine the stripper positionto determine the stripper position onon
radius and to azimuth for particles ofradius and to azimuth for particles of
different energies to provide:different energies to provide:

•• passage of particles throw extractionpassage of particles throw extraction
windowwindow

•• gathering of all trajectories in one point atgathering of all trajectories in one point at
the allaying magnet entrancethe allaying magnet entrance



The reference trajectories for 40The reference trajectories for 40--80 MeV80 MeV

Main resultsMain results ––
•• Stripper foil is moved along straight lineStripper foil is moved along straight line Y=0,88857 XY=0,88857 X –– 36,2736,27
•• The direction of the extracted beam is 6 degree with respect toThe direction of the extracted beam is 6 degree with respect to

longitudinal axis of the magnetlongitudinal axis of the magnet
•• Deviation angle of the allaying magnet from 15 up toDeviation angle of the allaying magnet from 15 up to --4 degrees4 degrees



BEAM OPTICS CACLULATIONSBEAM OPTICS CACLULATIONS
The particles nearly reference trajectory are describedThe particles nearly reference trajectory are described
by two independed ellipses for horizontal and verticalby two independed ellipses for horizontal and vertical
planes.planes.

The start ellipse in vertical plane defined by matchedThe start ellipse in vertical plane defined by matched
with magnetic structure ellipse and maximum beamwith magnetic structure ellipse and maximum beam
size inside cyclotron assumed to be 6 mm.size inside cyclotron assumed to be 6 mm.
The start ellipse in horizontal plane defined by matchedThe start ellipse in horizontal plane defined by matched
with magnetic structure ellipse and beam spot on the stripperwith magnetic structure ellipse and beam spot on the stripper
assumed to be 3 mm.assumed to be 3 mm.

.



- 1 - 0.5 0.5 1
x, Cm

- 0.01

- 0.005

0.005

0.01
70 MeV x', Rad

- 1 - 0.5 0.5 1
Z, Cm

- 0.01

- 0.005

0.005

0.01
70 MeV Z', Rad

The 70 MeV phase ellipsesThe 70 MeV phase ellipses
transformation in extraction processtransformation in extraction process

•• Black ellipseBlack ellipse on the stripper positionon the stripper position
•• Dotted blueDotted blue –– allaying magnet entranceallaying magnet entrance
•• BlueBlue -- allaying magnet exitallaying magnet exit



The beam envelope transformationThe beam envelope transformation
in extraction processin extraction process



500 particles trajectory calculated in the500 particles trajectory calculated in the
experimentally measured magnetic mapexperimentally measured magnetic map

500 trajectories calculated from inflector up to allaying magne500 trajectories calculated from inflector up to allaying magnet tot to
a great extent confirmed the previous resultsa great extent confirmed the previous results
-- in stripper positionin stripper position
-- in direction of extracted beam and beam parametersin direction of extracted beam and beam parameters

In addition was determinedIn addition was determined
-- beam size on stripper in horizontal plane is 3mmhbeam size on stripper in horizontal plane is 3mmh
-- the beam energy uncertainty is about 1%the beam energy uncertainty is about 1%
-- beam quality in cyclotron depends on central optic tuning,beam quality in cyclotron depends on central optic tuning,
the first and third harmonics, the second and fifth harmonicsthe first and third harmonics, the second and fifth harmonics
have no effect on the beam emittance.have no effect on the beam emittance.



EXPERIMENT
Design beam parameters were achieved in November.Design beam parameters were achieved in November.
•• The extracted beam has been obtained in the energyThe extracted beam has been obtained in the energy
range from 40 up to78 MeV.range from 40 up to78 MeV.

•• Extraction efficiencyExtraction efficiency estimated as a ratio of theestimated as a ratio of the
current on the first in beam line Faraday cap andcurrent on the first in beam line Faraday cap and
current on the internal probe iscurrent on the internal probe is 8080--100%.100%. The beamThe beam
is directed into the beam line, which position wasis directed into the beam line, which position was
defined from computer simulations. The energydefined from computer simulations. The energy
range was obtained by moving the stripper proberange was obtained by moving the stripper probe
along the calculated linealong the calculated line.

• Results of computer simulations have beenResults of computer simulations have been
confirmed by experiment.confirmed by experiment.
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