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ФедеральноеФедеральное медикомедико--биологическоебиологическое
агентствоагентство ((ФМБАФМБА) ) РФРФ разработалоразработало
концепциюконцепцию федеральнойфедеральной целевойцелевой

программыпрограммы ((ФЦПФЦП) ) попо развитиюразвитию ядернойядерной
медицинымедицины вв 2010 2010 годугоду. . ДокументомДокументом

предусмотренопредусмотрено созданиесоздание
высокотехнологичныхвысокотехнологичных центровцентров
медицинскоймедицинской радиологиирадиологии вв

ДимитровградеДимитровграде, , ОбнинскеОбнинске ии ТомскеТомске додо
2016 2016 годагода..

ФЦПФЦП ""СозданиеСоздание высокотехнологичныхвысокотехнологичных
центровцентров медицинскоймедицинской радиологиирадиологии""
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Proton therapy center
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Project of the Proton therapy center was developed by 
Federal Medico-Biological Agency in collaboration with JINR

Include: 
2 gantry systems
Room with fixed beam
Eye treatment room
PATLOG system
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С235 cyclotron parameters

Энергия ускоренных протонов, МэВ 232
Среднее магнитное поле, Т
в центре
на радиусе вывода

1.7 
2.15

Радиус вывода, м 1.08
Магнитное поле на радиусе вывода, Т
в холме
в долине

3.09 
0.98

Зазор, мм
в долине
в холме

600
96-9

Периодичность структуры магнитного поля 4
Ампер-витки обмотки, кА 525
Потребляемая мощность обмотки магнита, кВт 190
Вес магнита, т 210
Количество дуантов 2
Напряжение на дуантах, кВ
в центре
на радиусе вывода

55
120

Частоты бетатронных колебаний Qr/Qz 1-1.37/   
0-0.28 7
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Experimental hall (Bld #5) preparation
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• building floor reinforcement
• foundation under vault
• special plates inside the foundation for cyclotron feet
• technological pit
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• Vault shielding
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Инженерный центр ОИЯИ для сборки
и испытаний ускорительной
медицинской техники

JINR experimental hall for medical 
accelerators assembling & testing



Cyclotron magnetic field sturcure
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Magnetic field mapping system

Calibration dipole magnet with field 
upto 2.9Т
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Br-mapping system
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Forming of the magnetic field

New technologies realized in JINR:New technologies realized in JINR:

•• Special compact (1m size) platform designed and manufactured foSpecial compact (1m size) platform designed and manufactured for r 
mechanical fabrication of the pole edgesmechanical fabrication of the pole edges

••Special 3D Carl Special 3D Carl ZeissZeiss machine  used to measure of the pole edged profile machine  used to measure of the pole edged profile 
with with μμm accuracy during m accuracy during shiimingshiiming of the magnetic fieldof the magnetic field

••New JINR calibration  dipole magnet  with field up to 2.9 T usedNew JINR calibration  dipole magnet  with field up to 2.9 T used for for 
calibration of the Hall probes calibration of the Hall probes 

••The new system of the <Br> measurements was testedThe new system of the <Br> measurements was tested



Вначале шиммирования магнитного поля
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Финальная конфигурация магнитного
поля
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Tune – diagram correction
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Beam testsBeam tests Isochronism test

Smith & Garren curves at initial configuration



Vertical adjustment of the central 
plugs due to plane z=0
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Smith & Garren curves at final configuration



Correction of the vertical focusing 
properties in the center of the machine
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Beam test results C235-V3
•The PAP116 machine was finally isochronized, operating RF-frequency is 
106.270 MHz, Imc=760.7 A

•Beam leaves central region without essential vertical and phase losses.

•Transmission from r=300mm to 1030 is 72% . Visual probe data show that 
likely the axial losses do not exist in this radial range. 

•Beam vertical motion in the cyclotron is in the acceptable limits (ΔZbeam≤3 
mm).  

•Extraction efficiency  is 62%.

•Total efficiency of PAP-116 machine is 45%.

•Final tuning of the PAP-116 machine must be performed in Dimitrovgrad.
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Modified cyclotron C235Modified cyclotron C235--V3V3

Extraction efficiency Extraction efficiency 
50% 50% --> 75% with new > 75% with new 
ExtrExtr. system. system

C235 C235-V3
Vertical betatron

frequency at
R>80cm

Qz=0.25 Qz=0.45

Vertical coherent beam
Displacement due to 
median plane effects

3-4mm 1-2mm

Possible beam losses at 
acceleration without 
installed diaphragms

50% 25%

Beam losses at 
extraction 50% 25%

Reduction of 
irradiation dose of 

cyclotron subsystems
2-3 times

With finishing of this project in JINR the new With finishing of this project in JINR the new 
milestone on JINR activity in applied researches milestone on JINR activity in applied researches 
is completedis completed
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Efficiency of the extraction system

Distribution of proton 
losses along external 
side of the septum

Beam losses are:
-10% - on the top of the septum

-25% - on outer surface of the septum (looking on 
the circulating beam). 
-5% - on inner surfaces of the septum and high-
voltage electrode (inside the deflector).

Simulations give that it is possible to ensure 
80% extraction efficiency. 

Deflector with a new geometry of the septum 
was manufactured and tested at one of the C235-

cyclotrons. Extraction efficiency was increased 
from 50% up to 77%
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Beam test results C235-V3
•The PAP116 machine was finally isochronized, operating RF-frequency is 
106.270 MHz, Imc=760.7 A

•Beam production from ions source  (140V/100mA, 198A) is acceptable 

•Beam leaves central region without essential vertical and phase losses.

•Transmission from r=300mm to 1030 is 72% . Visual probe data show that 
likely the axial losses do not exist in this radial range. 

•Beam vertical motion in the cyclotron is in the acceptable limits (ΔZbeam≤3 
mm).  

•Extraction efficiency  is 62%.

•Total efficiency of PAP-116 machine is 45%.

•Final tuning of the PAP-116 machine must be performed in Dimitrovgrad.
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