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ABSTRACT 

A compact isochronous cyclot.ron MPC-10 
1) 

is currently being constructed at the Kur
chatov Institute. The main parameters and 
status of all systems: of MPC-10 are dis
cussed. 

1 • I NTRODUCTI ON 

The MPC-10 is: compact isochronous cyc
lotron intended for operating as: a compo
nent part of' a posi tron emi ssi on tomogr·a
phy research center and will be us:ed for 
Ptodlfliing~!5 ul trashor;:l-li ved l'adionuclides: 

C, N, 0, and F. The main parame-
ter's of the cyclotron are given in Table 1. 

Table 1 - Main cyclotron parameters 
1. Beam 

Type of ion - accelerated 
- extract.ed 

Maximum energy - guaranteed 
- expected 

Intensity 
Number of' ext.l'act ed beams 

2. Magnetic system 
Pole diameter 
Number of sectors 
Average field 
Coil power consumption 
Weight - iron 

- copper' 
3. RF system 

Number' of dees 
Dee angle 
Hal'monic mode 
Dee voltage 
Operating frequency 
Dissipated power 

4. Ion source 

C fixed) 

H-
H+ 

10 MeV 
12 MeV 
50 -,r.A. 

2 

eo cm 
3 

1. 55 T 
33 leW 

17.5 tons 
1.5 tons: 

2 
90 deg 

1 
40 leV 

23.5 MHz 
17 leW 

Type of source 
internal, Penning, 
Inser·tion 
Arc power 

of 
"Cold cathode", 

thermionic mode 
radial 
1 leW 

Gas flow 
5. External dimensions 

5 - 10 ccm 
2.5*2*1.5 m+m+m 

Cyclotron parameters selection are dic
tated by the requirement to provide the 
negative ions: acceleration and also by a 
compromise between the r'equirements: on 
magnetic and RF systems and the power of 
t .heir power supply s:ys:tems, taleing into 
account the requirements on vacuum and re
duction in weiht and dimensions. Accelera
ted ions: are extracted by s:tripping elec
trons: at 1mm thicle graphite stripper. 

The poss:ibility of accelerating D- ions 
is: als:o under inves:tigation. It is: sugges
ted that D- ions will accelerate till the 
energy value totals -6Mev at the s:econd 
accelerating voltage harmonic. 

2. MAGNETIC SYSTEM 

2) 
The cyclotron magne·t.ic s:ystem consis:ts: 

of a yolee, poles, exci t .ing coil and a 
s:t.ructure shaping an isochronous magnetic 
field CFig.1 and Fig. 2). 

Fig. 1. Magnet s:tructure and main coils:. 
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Fig. 2. Yoke and poles of MPC-10 
magnet.ic system. 

The magnet struct.ure geometry was found 
by applying a technique which combined 
experimental studies on a magnet mock-up 
made on a 1:4.57 scale and computer simu
lation according to a code computing 3-D 
magnetic fields in a uniform magnetization 
approximation. Gaps in the structure hill 
and valley are 80 and 126 mm respectively, 
a secto~ angleoincreases wi t .h the radius 
from 60 to 75. This provides the pos
sibility to form a magnetic field at the 
level of 1.55 T capable of acceler'ating 
both H- and D- ions with acceptable phase 
shifts, and also provides a flutter re
quired for vertical focusing. 

At present the most parts of magnetic 
system are produced. An automated magnet.ic 
field-measuring system intended for a fi
nal field shaping directly at the cyclo
t r on magnet is const.ructed t .oo. 

The power supply for a magnet main coil 
provides the c !;!~rent up to 400 A at the 
stability of 10 and at the voltage of 
100 V. The power supply is installed in 
the production area and tested for dummy 
load (F i g. 3) • 

Fig. 3. Magnet main coil power supply (on 
the left) and RF oscillator (on the 
r ight). 

3. RF SYSTEM 

A resonance circuit
2

) is a two-conductor 
quarter-wave line (p"" 100 Ohm) in a conunon 
rectangular chamber loaded with capacity 
of 90

0 
dees (C "" 140 pF) at its end. An 

operating frequency is 23.5 MHz. The com
l1~rcial transmi tt.er PKM-20 (power of up to 
25 kW) will be used as an RF oscillator. At 
present t .he oscillator is inst.alled in the 
production area and adjusted f 'or dummy lo 
ad (Fig. 3). Frequency tuning wi thin 1. 5MHz 
is provided which is achieved by changing 
the dee area. There are trilTUller capacitors 
for tuning (the tuning I' ange is 0.5 to 
0.6 MHz), an inductive loop and capaci tOI' 
for coupling to an RF oscillatOl', a faci
Ii ty for contTolling a dee position invol
ving TV monitoring of a shift of laser be 
am reflected by mirl'ol' fixed on a dee. 

The equi pment inc 1 udes al s 0 a mas t el-- os
cillator; facilities of resonator frequen
cy stabilization based on a phase detector
and transistor transformer wi t .h pulse mo
dulation for- trimmers drive contl' ol; a fa 
cility for accelerating voltage amplitude 
stabilization; synchronizel' for- pulsed mo 
dulation of RF voltage during while; in 
the process of tuning and t.r-aining, pl'ovi 
ding also the protection under breakdown. 

4. ION SOURCE 

An int.ernal ion source of PIG-type 
wi th cathode self - war'ming and radial 
insertion has been chosen for t .he MPC - cyc
lotron. The design of this source has been 
developed and optimized f-or intensity at 
the test bench. At present the wOI' k aimed 
ate increasing ion cur-r-ent. and t .he source 
lifeteime is beeing conducteed. 

The ion source, providing tehe possibili 
tey t .o change ion acceleration regimes 
(from H- to D- ) in the minimal teime-period 
wi t .hout violating tehe vacuum, is beeing 
developed. At tehe same time tehe reseal' ch 
work aimed ate tehe determinat.ion of centJ' al 
area opteimal geometry, which will make i t 
possible teo combine tehe above-ment.ioned 
acceleration regimes, is conduct.ed. 

5. VACUUM SYSTEM 

The cyclotron vacuum chamber
2

) consistes 
of a body and two covers, produced of ' 
steainless steel. The chamber is gasketed 
wi th rubber' seals in its gl' ooves. The cop 
per clad is fixed t .o the inner chamber 
surfase by diffuse welding and cooled by 
the water si r culating in the teubes sut ua
ted beteween the clad and tehe body. The 
chamber- is pumped hard by means of two 
diffuse pumps wi teh a pumping velocity over 
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h!dr~gen of~1041/s. The fine vacuum of 
8 10 torr was obtained after the elimina
tion of vacuum leaks during the chamber 
test (Fig.4). 

Fig. 4. Vacuum tests of the cyclotron 
chamber. 

6. BEAM DIAGN~-rIC 

The system of integral and differential 
probes. Faraday cups. luminescence screens 
with TV recording of an optical image of a 
cross-section is provided for man! t .oring 
t .he intensity and position of both inter
nal and extracted beam. An ionization de
tector of a beam cr-oss-section is provided 
for mani t .oring the beam intensi ty and size 
during tar-get irradiation. The accuracy ot' 
cur-rent measurement is ~1 0" at the inten
si t .y in excess of 1 rnA. a spatial resolu
tion in each coordinate is ~1 mm. 

7. CONTROL AUTOMATION AND CYCLOTRON PARA
METERS MONITORING 

Automatic Control System development is 
based on the component.s and experience 
gained when operating the control and ma
n! taring system intended for the cyclotron 
at t .he Kw'chat-ov Institute. IBM PC/AT is 
used for control. As a basic control and 
man! taring complex the equipment in a 
CAMAC standard is taken .Transmission-re
ception facilities of analogue and dis
crete data involving fiber-optics communi
cation lines are used to achieve connec
tions between CAMAC-units with objects. 
control and monitoring. Application of 
these data communication facilities simp
lifies cable mounting. provides electric 
isolation of control units from objects 
under control. enhance noise immunity. 
simplifies the composition of CAMAC 
equipment. 

The hard- and software are adjusted and 
tested while operating separate cyclotron 
functional systems. 
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