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The C-80 cyclotron system is intended to produce proton beams with an energy ranging from 40 up to 80 MeV
and current up to 200 pA. The beams with the aforementioned parameters will be used for commercial production of
a wide assortment of isotopes for medicine including radiation generators. In addition, creation of a special beamline
to form homogeneous proton beams of ultra-low intensity (10”...10°%) will allow the proton therapy of eye diseases
and superficial oncological diseases as well as tests of radioelectronic components for radiation resistance to be

performed. The equipment of the cyclotron and the first section of the beam transport system has been
manufactured, tested at test facilities in the Efremov Institute, installed in the PNPI and made ready for acceptance

tests.
PACS: 29.20.dg

Over a number of years, works on designing a cyclo-
tron for the acceleration of H™ ions up to 80 MeV were
carried out in the PNPI and Efremov Institute [1 - 4].
Within the frames of a medical program of the NRC
”Kurchatov Institute” a decision was made to use this
cyclotron as a basis for commercial production of radio-
isotopes to produce promising radiopharmaceuticals and
their generators [5 - 7]. In addition, creation of a special
beamline to form homogeneous proton beams of ultra-
low intensity (10°...10°% is planned, which will allow
the proton therapy of eye diseases and superficial onco-
logical diseases to be performed as well as tests of radi-
oelectronic components for radiation resistance. Design
parameters of the cyclotron are given in Table.

MAJOR UNIT OF THE CYCLOTRON

The major unit of the cyclotron, the electromagnet,
has been designed using the magnet of the synchrocy-
clotron functioning in the PNPI. The magnet was manu-
factured and assembled in the experimental hall of the
synchrocyclotron. On the one hand, this decision al-
lowed the expenditures to be reduced, and on the other
hand it limited the choice of design solutions. So, engi-
neering and design solutions adopted in this project
mostly depend on these circumstances, in particular:

« overall dimensions of the vacuum chamber and
partly the number and layout of hookup elements are
specified,;

* parameters of the electromagnet power supplies are
specified;

 overall dimensions of the resonance system are
practically specified;

* the system of external injection of H™-ions is locat-
ed directly under the electromagnet in the basement;

* beams of accelerated protons are extracted through
an output window by stripping on carbon foils of the
stripping device equipped with a mechanism to adjust
radial and angular position of the foil;
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« the range of energy variation of protons extracted
from the cyclotron is limited with mutual location of the
stripping device and resonance system.

Characteristics of the C-80 cyclotron

Systems/Parameters Characteristics
Accelerated particles H
Extracted particles H*
Beam energy, variable, MeV 40...80
Beam current, pA 200
Electromagnet:

- type E-shaped

- pole diameter, cm 2050

- mass, t 245
Resonance system:

- operating frequency, MHz 41.2

- dee number 2

- RF voltage amplitude, kV 60
RF-generator power, kW 80
lon source external
Operating mode continuous/pulse
Total power consumption, no
more, KW:

- with the beam on 500

- in the stand-by mode 200

A new system for lifting the upper part of the mag-
net has been designed and manufactured. It consists of 4
pairs of ball bearings and screws equipped with servo-
mechanisms and position sensors. Photo of the electro-
magnet with the lifting system and vacuum chamber is
shown in Fig. 1.

Based on the preliminary magnetic measurements of
the magnetic field topology carried out by specialists of
PNPI, new magnet sectors (Fig. 2), shims and metal
plates have been designed and manufactured.
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Fig. 1. The electrgnet with he lifting system
of the magnet upper part and vacuum chamber

The vacuum chamber is made of stainless steel. Two
openings are made along the central axis of the vacuum
chamber. The lower opening is intended to input the
beam from the external injection system, and the upper
opening serves to house the inflector power leads. The
vacuum chamber sidewall is made with branch pipes to
house tanks of the resonance system and to extract
beams of protons as well as to install two cryopumps,
probes and the stripping device.

Fig. 2. Pole piece with sectors

RESONANCE SYSTEM

The resonance accelerating system (Fig. 3) is located
completely inside the vacuum chamber. The system
consists of two symmetrical quarter-wave resonators.

e

Fig. 3. The resonance system located in the vacuum
chamber of the electromagnet

The system is equipped with a capacitor for frequen-
cy tuning, an AFT trimmer and RF-probe as well as
aligning devices and coiled pipes for cooling heat-
loaded units. The operating frequency of the accelerat-
ing system RF oscillations is 41.2 MHz. The range for
the frequency tuning with the AFT trimmer is 220 kHz.
The active loss power is about 29 kW in each resonator
at an RF-voltage amplitude of 60 kV.

The cyclotron is equipped with two standard and
three diagnostic probes and a stripping device. The
standard probes are intended to measure the beam cur-
rent at normal cyclotron operation. Diagnostic probes
are used to measure the beam current at commissioning
works and should be replaced for standard probes and
the stripping device when running the cyclotron.

All the probes are equipped with:

- a remote drive for radial travel of probes with an
accuracy of 0.5 mm;

- removal of the beam power of 200...400 W (the
duty cycle is 40...20);

- the probes have similar connection dimensions and
are equipped with similar electrical and water connect-
ors, which provides their interchangeability.

The range of diagnostic probes’ radial travel is from
the minimum position allowed by the design to the max-
imum acceleration radius.

The range of radial travel for standard probes de-
pends on the minimum and maximum energies of the
extracted ion beam (40 and 80 MeV).

The stripping device is equipped with a mechanism
to adjust radial and angular position of the carbon foil to
provide a required range of final ion energies. The head
of the stripping device is made as a “three-fingered fan”,
onto which three thin carbon foils are fixed. Remote
rotation of the head is provided, which allows any of
these 3 foils to be placed under the beam.

RF POWER SUPPLY SYSTEM

The RF power supply system consists of a stabiliza-
tion and control module (designed in NIIEFA) and an
RF-power amplifier (the «Coaxial Power System» firm,
Great Britain).

The stabilization and control module of the RF-
power supply system is intended for:

- generation of the main frequency of 41.2 MHz;

- manipulation of the acceleration voltage and its
synchronization with the operation of the rest systems of
the cyclotron;

-measuring and stabilization of the dee acceleration
voltage amplitude;

- tuning and stabilization of the resonance system
natural frequency;

- automatic tuning of the resonance system frequen-
cy to the supply voltage frequency.

The RF-power amplifier shall ensure an output pow-
er of 80 kW at a frequency of 41.2 MHz. The amplifier
with power supply units is located in two cabinets
(Fig. 4) installed in the experimental hall basement. The
RF-power is transmitted to the resonance system via a
flexible coaxial feeder.
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Fig. 4. The RF-power amplifier

POWER SUPPLY SYSTEM

The power supply system of the cyclotron (Fig. 5)
serves to generate and distribute electric power to the
following main equipment of the cyclotron system:

« External injection system;

* Main electromagnet;

» System for the beam extraction and transport;

* RF power supply system;

* Vacuum system of the cyclotron;

 Water cooling system;

» Automatic control system.

Fig. 5. Power supply system for magnets and lenses

Electric power to the external injection system is
supplied from power supplies of the Lambda and
Spellman firms placed inside two cabinets. The power
supply system produced by the Bruker firm, France
serves to power the main electromagnet, magnets and
lenses of the 1% section of the beam transport system.

EXTERNAL INJECTION SYSTEM

The external injection system serves for generation,
shaping and transport of the H ion beam from an exter-
nal source into the cyclotron through an axial opening
made in the pole. The system is located under the elec-
tromagnet.

The system has been designed taking into account an
experience gained in creation of similar systems for
modern cyclotrons designed and manufactured in
Efremov Institute, namely CC — 18/9 and MCC - 30/15.
The system consists of: a plasma ion source with elec-
trostatic optics, beamline with two focusing lenses and
two correcting electromagnets, inflector, which is nec-
essary to bend the beam from the axial transport channel

|
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to the median plane of the cyclotron and diagnostics,
which allow the beam characteristics to be measured.
Fig. 6 shows the external injection system; Fig. 7 gives
the beam trace on quartz glass (a measuring device is
mounted instead of the inflector).

Fig. 6. The external injection system mounted
on the cyclotron

Fig. 7. Beam trace on quartz glass

To produce high vacuum in the cyclotron chamber,
two Velco 322 cryopumps of the HSR firm, Liechten-
stein, are used. Turbomolecular pumps (Edwards, Great
Britain) are used in the external injection and beam
transport systems.

The water cooling system is intended to remove the
heat, totally of about 500 kW, from the heat-loaded
components and units of the cyclotron and stabilize the
heat carrier temperature at the input to these compo-
nents accurate within 1...2°C. A double-circuit cooling
system is used.

The heat carrier (distilled water) circulates in the in-
ner circuit and cools heat-loaded components of the
cyclotron; the coolant (process water) is used in the out-
er circuit. The heat removed by the heat carrier from
heat-loaded components is transferred to the coolant in a
plate-type heat-exchanger.

To extract the heat released in the process of the cy-
clotron operation into the atmosphere, the outer circuit
of the water cooling system is connected to the circulat-
ing water cooling system of the building. At the atmos-
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pheric air temperature of 25°C, the heat is removed
through a water-water chiller.

The heat carrier is supplied to heat-loaded elements
of the cyclotron through water distribution boards.

AUTOMATIC CONTROL SYSTEM

A distributed automatic control system is used. It
consists of Mitsubishi and Fastwel 10 controllers and
computers, each being responsible for the control of one
or several sub-systems of the cyclotron. The main unit
of the control system is an industrial (host) computer,
which inquires slave controllers and transmits the in-
formation acquired to computers of the operator’s work-
station; receives commands from the operator’s work-
station and performs their arbitration and distribution.
Data exchange is realized via network interfaces of
three types: the Ethernet, an upper level network, the
ProfiBus DP and RS-485, low-level networks. The
Ethernet networks the host Mitsubishi controller, host
computer, computers of the operator’s workstation,
computer of the beam current measuring system and an
industrial computer, which controls the RF system. The
ProfiBus DP links the host controller, controllers of
devices of the cyclotron and beam-forming system, vac-

uum system, power switchboard, power supply cabinets
of the external injection system, water cooling system as
well as control units of the power supply system for
magnets and lenses.

The RS-485 networks the host computer, vacuum
measuring units and controllers of turbomolecular
pumps as well as the computer of the beam current
measuring system and drivers of step motors of the de-
vices for measuring the beam current density. In addi-
tion, the RS-485 links the controller of the cyclotron and
beam-forming system devices with drivers of the step
motors of probes and stripping device.

BEAM TRANSPORT SYSTEM

The beam transport system of the C-80 is intended
for transport of the extracted proton beam to interaction
chambers, the magnetic separator, units for radioiso-
topes’ production and research of radiation resistance of
radioelectronic components, etc. To date, the equipment
for the 1% section of the system (Fig. 8) has been de-
signed and manufactured, namely, the matching magnet,
correcting electromagnet, quadrupole lens doublet and
diagnostics comprising the Faraday cup and beam pro-
file monitor.
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Fig. 8. The 1%section of the beam transport system

The equipment for the 2" section of the system,
which serves to transport the proton beam to target de-
vices for production of radionuclides, has been designed
and manufactured (Fig. 9). In this section, a switching
magnet is installed, which directs the beam to several
beamlines.

The first beamline will be equipped with an innova-
tion target system cooperatively designed by specialists
of Efremov Institute and PNPI for production of promis-
ing radioisotopes for medicine and industry. The second
beamline will be equipped with standard equipment for
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production of Sr-Rb generators. In the third beamline
will be installed the magnetic separator also coopera-
tively designed by specialists of Efremov Institute and
PNPI for production of radioisotopes of high purity.

CONCLUSIONS

To date, installation of the equipment of the main
cyclotron systems and the first section of the beam
transport system has been finished. Commissioning
works are underway. Physical start-up of the cyclotron
and obtaining a proton beam on the diagnostics of the
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CTATYC PABOT HA IUKJIOTPOHHOM KOMIIJIEKCE II-80

O.JI. Bepecos, I0.H. I'aspuwi, A.B. I'anuyk, C.B. I'pucopenxo, B.H. I'puzopves, JI.E. Kopones, A.H. Kysycnes,
B.I'. Myoponwébos, A.Il. Cmpokau, C.C. I{vizankos, C.A. Apmamonoes, EEM. Heanos, I.A. Pabos

Huxnorponnsiii komruiekc 11-80 npenHasHadeH ai1st moydeHus MPOTOHHBIX My4KOB ¢ dHeprueit 40...80 MaB u
TokoM 110 200 MKA. Ilyuku ¢ TakuMu napamerpamu OyIyT UCIIOIb30BATHCS IJISl IPOU3BOACTBA IIMPOKOTO CIEKTpa
M30TOIOB MEAMIIMHCKOTO Ha3HAYCHUs, B TOM YHCIIE T€HEpaTOpOB M3JIydeHHs, B KOMMepUYecKux macmrabax. Kpome
TOrO, CO3JJaHUE CIENUAIBFHOrO TpakTa (OPpMHUPOBAHUS TOMOTCHHBIX MYYKOB MPOTOHOB YJIBTpaMaslod MHTEHCHBHO-
ctu (107...10%) MO3BOIHT OCYIIECTBIATH IPOTOHHYIO IydEBYIO TEPAIIMIO [71a3a I IOBEPXHOCTHBIX (JOPM OHKOIOIHU-
YEeCKUX 3a00JIeBaHMH, a TaK)Ke MPOBOANTH UCIIBITAHUS PAJHO3IEKTPOHHBIX M3/CNIUIA HA paJlalliOHHYI0 CTOUKOCTb.
OO6opynoBaHye IMKJIOTPOHA M NEPBOT0 YYACTKA CHCTEMbI TPAHCIIOPTHPOBKU M3TOTOBIICHO M UCIIBITAHO Ha CTEHIAX
HUNDDA nm. I1.B. Edpemona, cmontupoBano B [TNA®D nm. B.I1. KoHcTaHTHHOBA M TOATOTOBIICHO IS IIPOBE/IE-
HUS IPUEMOCTATOYHBIX UCTIBITAHUI.

CTATYC POBIT HA HUKJIOTPOHHOMY KOMIIJIEKCI 11-80

O.JI. Bepecos, IO.M. I'aspuwi, A.B. I'anuyxk, C.B. I'puzopenxo, B.1. I'puzopucs, JI.€. Koponvos, A.M. Kycacs,
B.I'. Myoponwéos, A.Il. Cmpokau, C.C. L{uzankos, C.A. Apmamonos, €. M. Ieanos, I A. Pabos

[uxnorponnuii kommiexc 1[-80 nmpusHayeHwWid Ui OTpUMaHHSA NMPOTOHHUX ITy4KiB 3 eHeprieto 40...80 MeB i
ctpymoM 110 200 MKA. [Tydku 3 TaKMMU ITapaMeTpaMy BUKOPUCTOBYBATUMYTbHCS ISl BUPOOHHIITBA IIIMPOKOTO CIIEK-
Tpa 130TOIIB MEAWYHOTO NMPHU3HAYEHHS, Y TOMY YMCIIi T€HEPAaTOPiB BUIPOMIHIOBAHHS, B KOMEPUIHHUX MacuITabax.
Kpim Toro, cTBOpeHHs CIiemiagbHOro TPakTy (POPMYBaHHS TOMOT'€HHHUX IYYKiB IPOTOHIB YJIBTPaMasol iHTEHCUBHO-
cri (107...10%) 103BONMUTH 3IIHCHIOBATH MPOTOHHY IPOMEHEBY TEAIIIO OKA i MOBEPXHEBUX (HOPM OHKOIOTiUHHX
3aXBOPIOBaHb, a TAKOX IMPOBOAUTH BUIIPOOYBAaHHS PaioelIeKTPOHHMX BHUPOOIB Ha pajiamiifHy CTIHKICTb. YCTaTKy-
BaHHA IMKJIOTPOHA 1 MEpHIOl AIISHKA CHCTEMH TPAaHCIOPTYBAaHHS BUTOTOBJICHE Ta BUNPOOYBaHE HAa CTEHIAX
HOIE®A im. [I.B. €dpemosa, 3monToBano B [P im. b.Il. KoncraHTHHOBA 1 MiATOTOBIICHO ISl TPOBEIACHHS
NIpUiiMaIbHO3IaBAIBHUX BUIIPOOYBaHb.
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