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Abstract 

The isochronous cyclotron IC-100 with a pole 
diameter of 105 cm is designed for applied research us- 
ing heavy ior. Gems with er,ergies rar.ging from 0.5 to 
1 MeV/u. The present paper c,sntains the results of 
experiments aimed at producing interr.al and external 
ior. beams, as well as of the studies of the interac- 
ticns of heavy icr, beams from the IC-120 cyclotron with 
v?sious polpers, metals as.d crystal?:. 

Production of accelerated ion beams 
at the IC-100 cyclotron 

A detailed description of the IC-100 cyclotron. 
can be obtaine3 from Ref. [I]. 

This Section gives the results of measuremer.ts 
using an accelerated ion beaT. The main parameters of 
the ilnits and system:: of tiie IC-IO@ cyclotron are list 
ed ln table 1. 

Table 1 

Electromagnet wei@ 43 tons 

Power cormmpt,iorl 912 kW 

Avcragge mgnetic field (18.3-20) kG 

Extr~:ictlcln r,?clus 46 cm 

Nurnbir of seci,srs 4 (56' each) 

Valleyjhill gap IlOi20 ml? 

Kumber of dees 2 (34" eachj 

Dee voltage (nominal: 50 kV 

Dissipated RF power 10 kW 

RF frequency :ange (?O.l--20.9) MHZ 

Harmonic n:ode 4 ,G 

Limiting vacuunl in the chamber 
(without ion source and without 
rf voltage on the deer,) 'Ix1 o-V1 tom 

Operating vacuu~r' (with beam) (5-8)x10-6 torr 

The relative intensities of the 22Ne4+, 35C14+ 

and LOAr7+ ion beams as functions of the radius are 
presented in fig. 1. All measurements were carried out 

n=l E=11MeV/nucl 

. “Ar" j- = 0.175 n=4 E = 1.1 MeVhucl 
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Fig. 1. The relative intensitites of the 
zNe4+ 35C14+ 

and 4CAr7+ ion hems as functions Iof thk 
7 

acceleration radius. 

in the range from R=20 cm to &, which corresponds to 
a sharp decrease in beam intensity. As is seen from the 
figure, the beam intensity varies slightly in going 
from R=20 cm to R-46 cm, and this is indicative of the 
absence of ion losses in the acceleration process as a 
result of phase shifts or the instability of betatror. 
oscillations. The inconsiderable intensity decrease is 
due to ion loss as a result of charge exchange on the 
residual gas in the acceleration chamber. The intensi- 
tjr decrease is observed for R746 cm, this being in 
good agreement with the radial distributions of the 
average magnetic field [a. 

The measurements carried out using the 40Ar7+ 

ion beam at several rtiii have shown that over the 
entire range of acceleration energies the beam passes 
in the median plane and has a cross section not exceed- 
irs half the hill and dee apertures. The radial size 
of the beam at final radii lies between 5 and '7 rrm. 
The parameters of the ions accelerated at the cyclotron 
IC-100 are listed in table 2. 

Table 2 

Z 
77 B,kG f,MHz n E,MeV/nucl 1,~~' 

0.182 18.9 20.9 4 1.2 2.10'3 

0.167 19.8 20.2 4 1.1 3.1d3 

0.187 18.3 20.9 4 1.2 3.10'3 

0.182 18.9 20.9 4 1.2 4.10'3 

0.174 19.3 20.4 4 1.1 1o12 

0.114 19.5 20.4 6 0.5 2.10'3 

0.175 19.1 20.4 4 1.1 2.10'2 

0.125 18.3 20.9 6 0.5 10" 

Beam extraction system 

The beam extraction from the cyclotron IC-100 
was implemented in two ways: first, by using an elect- 
rostatic deflector and by charge exchange on a thin 
carbon boil. The use of the electrostatic method for 
beam extraction is illustrated in fig. 2. The deflect- 
or had ar angle of 28" and a radial aperture of 10 nan. 
It is located in the valley whose axis is perpendicular 
to that of the resonance system of -the cyclotron. The 
deflector has no water cooling because of a small dis- 
sipation of beam power on the grounded plate (not more 
than 10 W). The whole system is mounted on the flange 
of the vacuum chamber and this fact makes it possible 
to remove the deflector for examination. The optimiza- 
tion of the extraction conditions was implemnted for 
the 4oAr7+ ions accelerated to the full energy of 
1.1 YeV/u. The maximum efficiency of passage through 
the deflector was 70%. The entire intensity of the 
deflected beam measured directly at the exit of the 
deflector (point 2 in fig. 2) lies within a circle 6 mn 
in diameter. For other ions accelerated to an energy 
of (0.5-1.2) MeViu the extraction coefficient is equal 
to (60651%. 



456 

’ OEFLEClCx?/ \ 
\ 

Fip. 2. Layout cf the extraction system using the 
electrostatic method. 

The solution of a number of applied problems 
(e.g. the production of nuclear membranes, ion implanta- 
tion, etc.) require the irradiation of targets with 
widths of up to several tens of centimeters by ion beams 
of constant intensity. For this pArpose rather sophis- 
ticated and bulky systems of scanning by means cf elec-- 
tric and magnetic fields are used [3,4]. 'tie have decid- 
ed to use another method. As it can be seen from fig.:, 
after passing the deflector the beam traverses the 
distance between points 4 and 'j in the stray magnetic 
field of the cyclotron with a radial gradient of-r5 kz/ 
cm. The beam is influenced b#y the strong radially de- 
focusing action of the field. At point 5 the beam has a 
horizontal dimension of 50-70 nnn while its radial size 
is equal to 320 nnri in the irradiation plane (point 3) 
at a distance of 0.5 m from the extraction flange of the 
vacuum chamber. The measurements zarried out for the 
1603+ and 40A,?+ I.O~S have shown that for a beam havirg 
a size of 300 mm in the hcrizcntal plane the distribu- 
tion LuliformLty makes up (IO-15)% whereas the vertical 
size of the beam does not exceed 20 nmn. 

At the IC-100 cyclotron studies were carried o& 
to investigate and implement the possibility of ion 
extraction using the method of charge exohange on a 
thin foil. The extraction diagram is shown in fig. 3. 
The stripping method of beam extraction used at the 
IC-100 cyclctron has some specific features which impose 
some limitations on the initial conditions (small extra- 
ction radius, small valley angle and hill gap). 

An additional limitation is the necessity that 
the slope of the external beam trajector:! be L5" with 
respect to the position of the extraction flange. This 
slope ccrresponds to that of the trajectory of ions 
extracted using the electrostatic method. The mathema- 
tical simulation of the extraction by the charge-exchan- 
ge method at the IC-100 has shown that ions with qcl.85 
(q = Z2/Zi, where ZI and Z2 are the ion charges before 
and after stripping, respectively) "perish" in the 
central region of the cyclotron as a result of the 
relatively large radius of their trajectory curvature 
in the given magnetic field. The trajectories of ions 
with q21.85 and with the azimuthal position of the foil 
at 112°LCps~119". At the same time, for'P,c:17" the 
tralectories of the ions that undergo charge exc'nar.ge 
traverse the sector boundary at two points, the angles 
of entrance and exit from the sectsr being focusing 
ones in the radial direction and def3cusin.g cnes in the 
axial direction. This leads to a considerable increase 

m. Schematic of ion extraction using the charge- 
exchange method. 

in the axial size of the beam in the sector ?nd to its 
loss. Thus the possible .tiorkicg range of the positions 
of the charge-exchange fall turns out to lie within 
117"L yssl190. As can be seen from fig.?, the slope 
of the extracted traje-tory is equal to abcut 45" for 
~,=11'7'. This position cf the foil was chosen to be 

operational. The charge-exzhanqe extractior. :nethod was 
used in experiments cn I--?c~+, ?603+., u,d 2Z~e4+ ion 

beams with a full energy of (1.1-l.;') MeV/u. The initi- 
al charge of these Ions changes by a factor of 2 as a 
result of charge exchange. A graphite foil N 50 p&cm2 
thick was :lsed as a charge exchange target. It WAS 
placed on a prohe which 2oulii move in radlz! axi 
azimuthal directions. The exp~erimentel value of the 
extraction coefficient was obtained to be (73-'1~0)1 fo:- 
the above-mentioned ions. The cross section of ihe 
external beams lies w-lthin a circle 15 irrn in dinmeter 
at a distance :f C.5 n frcm ttle extraction fliti:ge 
plane (point 6). 

Use of heavy ion beams from the cyclotron IC-IW 
to the studjr the process of defect formation 

in condensed media 

In the Last dczadcs the physics csf radiation 
damages (PhD) 7-3 radiation materials science (RI%) 
have develcpzd considerably as indcpendc:6 Lrurds of 
research in solid state physics. Heavy ion beams, 
especially with energies of (I-2) MeV/u present a 
rather efficient instrument for these investigations. 
The ~1 KeV/u 1603+, 22Ne4+, and 4OAr7+ ion beams from 
the IC-130 cyclotron were used to carry out a large 
series of the studies of radiation damages in crystal.s 
and in metals. As a result, by measuring microhardness 
the radiational strengthening of nickel and vanadium 
was investigated and important results about the in- 
fluence of the energy range of the primarily knocked-- 
out atams on the degree of the radiational strengthell- 
ing of these metals have been obtained [5]. Studies 
were also carried out to investigate changes in the 
mechanical properties, in the dielectric and other 
constants in piezoelectric ZnO, LiNbO3 (piezoelectric 
crystals are used in acoustic flaw detectors in n:dcrr 
nuclear reactors). It is shown that the properties cf 
these crystals become better after irradiation as a 
result of the processes of radiation-stimulated diffu- 
sion C61. 
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The trends of the PRD and RMS are of great 
imFortanoe in solving applied problems by using inter- 
actions of heavy ion beams with polymers. Ion irradia- 
tion leads to the destruction of polymers which, after 
subsequent physico-chemical treatment, serve as a 
material for the production of nuclear membranes with 
uniqLle properties and with strongly calibrated holes 
ranging fr:m 1% nm to 10 pm in size. The IC-100 cyclo- 
tron provides the possibility of producing Ar ion beams 
with an ener,? of 1.1 MeV/u and with an intensity of 
;lp3sps. In addition, it is also capable of accelerat- 

C14+ ions with an intensity of IO13 pps to an 
energy of C.5 MeV/u. The latter are used to make nuclear 
track membranes on t:he base of polyethylene terephthala- 
te films 3, 5 and 10 pm thick [71. 
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