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Project of C-250 — cyclotron for proton therapy is considered. Energy of the extracted form cyclotron beam was
increased according to medical requirements up to 250 MeV. 4-fold and compact types of magnet yoke were studied
by 3D computer magnetic field calculations. The ability of optimal combination of the magnet yoke, HF and extrac-
tion systems of the cyclotron based on the dynamics of the proton beam in calculated magnetic and accelerating
field is under discussion. Dubna scientific medicine center is under development since 1967 on the base of the pro-
ton beam of LNP JINR Phazotron. Proton beam with energy E,~170 MeV and intensity 1~0.1 pA is used for pa-
tients irradiation. Proposal of the cyclotron with the same beam characteristics was published earlier [1-4].
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INTRODUCTION

C-235-cyclotron was created by IBA (Belgium) for
the beam therapy (energy of protons 235 MeV), number
of such a machines work in medical centers. ACCEL
Instruments GmbH [5] created superconducting cyclo-
tron on energy of protons 250 MeV for the medical pro-
gram PROSCAN PSI. In the given work offered to cre-
ate cyclotron C-250p for acceleration of protons up to
fixed energy E, ~ 250 MeV. This energy is necessary to
irradiate patients in anti gantry inside the special fixing
capsule, were beam losses part of its energy. In the Ta-
ble parameters proton cyclotrons C-235 (IBA), C-250
(ACCEL), and C-250p are given.

MAIN PARAMETERS OF CYCLOTRONS

Parameters of cyclotrons for proton therapy

Parameters C-235 | C-250 C-250p
IBA | ACCEL |JINR LNP
Energy of protons
MeV) 235 250 ~250
Average magn.
field (T):
in center 1.739 ~4 1.41
in extraction radii 2.165 ~4 1.79
Extraction radius (m) 1.08 ~0.9 1.4
Magnetic field at
extraction radius (T):
hill 3.09 4.0 2.80
valley 0.985 1.6 1.10
Gap (cm):
valley 60 - 40
hill 9.6...0 4
9
Number of sectors 4 4 4
Main coil ampere
turn (kA) 525 - 330
Power consumption
(kW) 190  |40(cooling) 170
Weight of magnet (T) 210 90 300
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CYCLOTRON MAGNETIC SYSTEM

The diameter of magnet poles equals 3m. Modeling
of the cyclotron magnetic system was carried out by
means of the code Radia ver. 4.098 [6], which works
under Mathematica platform and calculates magnetic
field of the three-dimensional magnetic systems by a
method of the integrated equations.

In work [3] the various types of yoke are considered,
it was shown, that the magnet with four opposites yoke
is more convenient for service, such design is accepted
in the present project. As a material of a magnet it is
supposed to use steel - 10.

The magnetic system consists of sectors, poles, hori-
zontal and vertical yokes, current coils, the circuit of a
magnet is shown in Fig.1. In opposite valleys through
90° the high-frequency resonators are located.

The variation of a magnetic field creates four pairs
flat sectors located symmetrically on poles (see Fig.1)
from above and from below. A gap between sectors is
constant size of 40 mm. The average magnetic field,
growing with radius, is created at the expense of increase
of the azimuth extent of sectors. The vertical stability is
reached at the expense of high sectors and them spirality,
the extent of sectors spirality is increased at the expense
of internal border, thus, increasing spirality and, accord-
ingly, frequency of axial fluctuations.

Fig. 1. Computing model, lower part of magnet

For the consumer the important characteristics of in-
stallation are both the sizes and a technology of manu-
facturing of the project, and both operational conditions

3


mailto:alen@nusun.jinr.ru

- consumed energy and cost of service. We propose on
the base of our results, that the offered project C-250p
with four symmetry return yoke (Fig.1) is optimum and
that such installation can be created as a pilot project of
our institute.

The complete angular extent of one sector on a pole
is 55°, thus in valleys there is an opportunity to place 42°
rectilinear resonators.

BEAM DYNAMICS

In the Figs.2 and 3 the dynamic characteristics of a
beam in the magnetic field calculated for magnet with
yoke 4-fold back yoke are shown. The frequencies of
axial and radial motion are in allowable limits.
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Fig.2. Dependence of frequency of free axial
oscillations via radius

W [Me¥]
250
200
150
100
50
1] f’”fﬁ R [zern]

200 400 AOD0  S00 1000 1200 1400

Fig.3. Dependence of energy of protons via radius
RADIOFREQUENCY SYSTEM

Rectilinear on radius the accelerating resonators
which have angular extent 42° and 30° dee are used.
They are located in valleys, where the gap between poles
is 400 mm. The adjustment and excitation of resonators
is carried out through the coaxial lines. The central rod
located from above and from below is used for the dee
support. Parts of the lines, which leave for the size of
400 mm are placed in the channels of poles of the mag-
net. The basic parameters of high-frequency system were
obtained making use a three-dimensional code. For exci-
tation of the accelerating system it is proposed to use the
standard high-frequency generator on the suitable capac-
ity and frequency 81.8 MHz working on linkage feeder.

EXTRACTION SYSTEM

The extraction system consists of electrostatic deflec-
tor, passive magnetic channel (MC1) and two focusing
quads (QL1 and QL2). Beam portraits at the deflector
entrance were obtained during protons acceleration si-
mulation (see Figs.4 and 5)
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Fig.4. Portrait of the beam on (r,Pr)-phase plane at the
deflector entrance
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Fig.5. Portrait of the beam on (z,Pz)-phase plane at the
deflector entrance

Using these data tracking of the beam up to the be-
ginning of the transport line has been carried out. Action
of the electrostatic deflector and magnetic corrector as
well as quad-lenses was taken into account in the simu-
lations. Plane view of the extracted beam is presented in
Fig.6.

Fig.6. Plane view of the extracted beam

Extracted beam rms-envelopes are presented in
Fig.7.
One can see that extracted beam transverse size
doesn’t exceed 2.5x4 cm.
Calculations give that the beam losses are:
- 35% — on the top of the septum and on the its ex-
ternal (looking on the circulating beam) side;
- 14% — on inner surfaces of the septum and high-
voltage electrode (inside the deflector).
Thus, the efficiency of the extracting system is ~51%
(there are no losses on the MC1, QL1 and QL2).
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W30XPOHHBIN IUKJIOTPOH C-250 JIJIsI IPOTOHHOM TEPAITUA

HO.I'. Anenuykuii, C.b. Boposcyos, A.A. I'nazos, H.JI. 3annamun, C.A. Kocmpomun, I.A. Kapamuweasa,
JI.M. Onuwenko

O6cyxnaercs mpoekT nukitoTpora C-250, npenHa3HaAYeHHOTO IS IPOTOHHOW Teparui. DHEPTus MydJka, BhIBE-
JIEHHOTO W3 IUKJIOTpOHa, yBenudeHa 10 250 M»aB. Paccuntan KOMIIaKTHBI MarHUT € 9ETHIPHMSI BEPTHKAIBLHBIMHU
ctoiikamu. OOCy)aeTcsi ONTUMAIIFHOE COYETaHNEe KOHCTPYKIIMU MarHUTa, BRICOKOYACTOTHON CHCTEMBI M CUCTEMBI
BBIBOJIa Ha OCHOBE pacdeTa JAWHAMUKH JBID)KCHHUS ITydKa B PACYETHOM MAarHMTHOM H AJIEKTPHYECKOM moisax. J[y0-
HEHCKHI HAy4YHBIH MEIUIIMHCKUI IEHTp Ha ocHOBe (azarpona JISIT OUAU passuBactcs ¢ 1967 roga. Jlist neueHust
NAaIMEHTOB UCIOJB3y€eTCs My4OK NMPOTOHOB ¢ dHepruei E;~170 MsB u narencusHocThio 1~0.1 MKA. Paznnunsie
ACTICKThI NPCIJIOKEHUA JId CO3AaHusA TUKIIOTPOHA JIsI MEAUIIUHCKUX Lleﬂef/ll C YKa3aHHBIMHU IapaMe€TpaMu 06Cy)K-
nanuck panee [1-4].

I30XPOHHUI IUKJIOTPOH C-250 1)1 IPOTOHHOI TEPAIIIi

10.I'. Anenuywvkuii, C.b. Boposcuos, A.A. I'nazoe, HJI. 3annamin, C.A. Kocmpomin, I A. Kapamiweasa,
JI.M. Onuwenko

OOToBOPIOETHCS MPOEKT NUKIOTPOoHY C-250, mpu3HA4YeHOTO I MPOTOHHOI Tepartii. EHepris mydka, BUBEIEHOTO
3 IHUKIOTpOHa, 30ipmena q0 250 MeB. Po3paxoBaHO KOMITAaKTHHI MarHiT 3 4OTHpPMa BEPTUKATHHUMH CTiHKaMHU.
OOTOBOPIOETHCS ONTUMAIIFHE TO€AHAHHS KOHCTPYKIIi MarfiTy, BUCOKOYAaCTOTHOI CHCTEMH 1 CHCTEMH BHBOIY Ha
OCHOBI PO3PaxyHKy IWHAMIKH PyXy IydKa B PO3PaXyHKOBOMY MAarHiTHOMY Ta €JIEKTpUYHOMY MOJIIX. [lyOHEHChKuit
HAYKOBUH MEIMYHUI eHTp Ha ocHOBI ¢azarpona JISII OIS/ pozuBaerbes 3 1967 poxy. s miKyBaHHS Nami€HTIB
BHKOPHCTOBYETHCS ITy4OK MPOTOHIB 3 eHeprieto E, ~ 170 MeB i intencusHictio I ~ 0.1 MKA. Pi3Hi acnexTu mporo-
3MIIT U1 CTBOPEHHS IUKJIOTPOHA [T MEIUYHUX IIJIeH 3 BKa3aHUMH MapaMeTpaMi 00roBoproBasucs pasimie [1-4].
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