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Project of the proton cyclotron for a beam therapy application is now under development in Dzhelepov LNP
JINR. Main parameters of this machine are already reported and discussed in the proceedings of the RUPACO04 [1]
and RUPACO06 [2] and in “Applied Physics’ magazine [3]. Dynamic characteristics of the beam at the range of radii
more than 100 cm are specified. Different variants of the protons energy increase are also discussed.
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INTRODUCTION

In practice of treatment on the medical beam LNP
JINR the beam with energy 170 MeV and current
Ip~0.1 mkA most frequently are used. A six—cabin
medical facility has been developed in LNP JINR and
put into operation on the base of Phazotron beam. Origi-
nal methods and technologies for forming dose fields
have been developed and successfully applied in a clinic
as well as new methods of reconstructive proton tomog-
raphy for treatment of patients with the medical Pha-
sotron beams.

All attempts to reduce the beam energy extracted
from Phasotron need the significant financial expenses
for change its magnetic and accelerating systems. We
suppose, that it is more rational to create a new cyclotron
with the required parameters of beams and to assembly it
in the LNP JINR to use it in the medical complex. Under
the offered project it is also possible to create cyclotron
for other interested organizations.

THE BASIC PARAMETERS
OF CYCLOTRON

MAGNETIC SYSTEM

Isochronous cyclotron for proton therapy is proposed
to be created on the basis of a compact four sectors mag-
net with a circle return yoke having an outside diameter
5.2 m and height 2.4 m. Some types of the return yokes
were calculated to compare them.

General view of mathematical model of the bottom
part of such types of magnets is shown in the
Figs.1,a,b,c. The required configuration of a magnetic
field is formed by means of spiral and angular extent of
the sector shims depending on radius.

Fig.1,a. 3D view of the proton cyclotron C200p magnet-
ic system (circle return yoke)

Fig.1,b. 3D view of the proton cyclotron C200p magnet-
ic system (four symmetry return yoke)
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Fig.1,c. 3D view of the proton cyclotron C200p magnet-
ic system (two symmetry return yoke)

Modeling of the cyclotron magnetic system was car-
ried out by means of the code Radia ver. 4.098 [4],
which works under Mathematica platform and calculates
magnetic field of the three-dimensional magnetic sys-
tems by a method of the integrated equations. As a mate-
rial of the magnet the steel — 10 was used.

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

Consideration of the magnets (see the Figs.la,b,c)
has shown that the difference caused by the return yoke
form does not exceed 150 G of an average magnetic
field. Formation of the field in such range can be made
by means of the special steel shims.

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
— consumed energy and cost of service. We propose on
the base of our results, that the offered project C200p
with four symmetry return yoke (see Fig.1,b) is optimum
and that such installation can be created as a pilot project
of our institute.
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BEAM DYNAMICS

In the Figs.2-4 the dynamic characteristics of a beam
in the magnetic field calculated for magnet with circle
yoke (Fig.1,a) are shown. The frequencies of axial and
radial motion (see Fig.2) are in allowable limits.

Working point diagram along the acceleration in
C200p is presented in Fig.3. The point to point distance
is 10 MeV. The most dangerous resonance Q.-Q.,=1 is
crossed two times at energies 130 and 190 MeV. Model-
ing of the particle dynamics showed that no axial ampli-
tude increase observed after the resonance (see below) if
no skew harmonics presented in magnetic field map.
Further computations have to define permissible limits
of such harmonics.
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Fig.2. Betatron frequencies along radius

Proton resonance orbital frequency is 20.4545 MHz.
Particle axial motion along acceleration in the magnetic
field is shown in Fig.4 with no skew harmonics. Ampli-
tude of particle radial oscillation was 5 mm in these
computations. Change of the axial oscillations amplitude
corresponds to the dependence of axial betatron frequen-
cy on the radius.
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Fig.3. Working point diagram
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Fig.4. Particle axial motion

Maximal energy of the protons in this cyclotron is
limited by E~200 MeV due to a resonance Q= 0.5
which arises at radius 1.35 m, (see Fig.3), where the av-
erage magnetic field begins to fall. It is connected with
the pole edge located near this region. To provide a
growing, isochronous field, the gap between sectors is
possible to reduce (example — C230 IBA), but this could
lead to the technical difficulties, or to increase a diame-
ter of the magnet pole.

For the medical centre LNP JINR the estimated en-
ergy of protons is sufficient. An increase of the protons
energy is possible at additional increase of the expenses
for creation of the installation.

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

(seeFig.5).

-

Fig.5. General view of the calculating model for accel-
erating system

EXTRACTION SYSTEM

The extraction system consists of the beam radia en-
hancement system, electrostatic sections, bending and
focusing magnetic elements. At the moment only central
ion extraction has been calculated. To study the beam
acceleration at final radii and the efficiency of the ex-
traction it is necessary to fulfill some additional calcula-
tions.

OTHER CYCLOTRON SYSTEMS

The design of the cyclotron vacuum chamber de-
pends on the form of the return yoke. In our opinion the
magnet with four return yokes is more convenient to
make technological service of the cyclotron.

Diagnostics of the parameters of accelerated beam is
carried out by three probes, one of them is on the en-
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MPOTOHHBIN LIUKJIOTPOH JIJISI TYYEBOM TEPAIIUU

FO.T'. Anenuyxuii, A.A. I'nazos, I A. Kapamvimesa, C.A. Kocmpomun, 1. M. Onuwienxo, E.B. Camconos,
C.b. Boposicyos, A.C. Boposcyos, H.JI. 3annamun

B JIAIT OUAU pa3pabaTsiBaeTCsi IPOTOHHBIA IUKIOTPOH IS JIy9eBOW TEPAITUi, OCHOBHBIC MTApaMETPBI CUCTEM
YCKOPHTENS M3II0KEHBI B paboTax, npencraBieHHbIX Ha KoHPepeHnussx RUPAC04, RUPACO06 u B xypraie «Ilpu-
kiagHas usuka». B pabore yTOUHAIOTCS AMHAMUYECKHE XapaKTEpPUCTUKY ITyYKa B uana3zone paanycos R>100 cm
U PacCcMaTpPHUBAIOTCS BO3MOXKHOCTH YBEIHUEHHS YHEPTUU IPOTOHOB.

MPOTOHHUM LIUKJIOTPOH JIJISI MIPOMEHEBOI TEPATIII

HO.I'. Anenuybkuii, A.A. I'nazos, I.A. Kapamuwesa, C.A. Kocmpomin, JI. M. Onuwenxo, E.B. Camconos,
C.b. Boposcyos, A.C. Boposcyos, H.JI. 3anaamin

VY JIAIT OISA[] po3poOasieThCsl MPOTOHHUM MUKIOTPOH JIS IPOMEHEBOi Teparlii, OCHOBHI MapaMeTpH CHCTEM
MPUCKOpPIOBada BHUKIAJCHI B poOorax, mpeacraBicHnXx Ha KoH(epeHmisx RUPAC04, RUPACO06 i y xyprami
"[Mpuknagnaa ¢izuka". Y poOOTi yTOUHIOIOTECS AWHAMIYHI XapaKTePHCTUKU My4Ky B Aiama3oHi paniyciB R>100 cm i
PO3MIIAAAIOTHCS MOXKIMBOCTI 301IBIIIEHHST €HEPTil TPOTOHIB.
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