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Creation of the DC60 Heavy Ion Cyclotron for the Interdisciplinary Scientific and Research Complex
(ISRC) in Astana was started in early 2004. In the summer of 2006 the units of the cyclotron complex
after their manufacturing and complex testing at the Flerov Laboratory of Nuclear Reactions, JINR, were
delivered to Astana and assembled in the ISRC building. Physical start-up of the cyclotron took place
in September 2006 and in December there were obtained accelerated and extracted heavy-ion beams in
the whole of the projected range.

The complex based on the DC60 cyclotron is intended for applied and fundamental research using
beams of accelerated ions from carbon to xenon with energies from 0.34 to 1.77 MeV/nucleon, as well
as for experiments on the channel of low-energy ion beams received from an ECR source with extraction
intensities of up to 25 kV.

On the DC60 cyclotron the accelerated ions energy variation is carried out through changing the
ion charge, a possibility of smooth variation of ion energy by +30% of the nominal value by means of
changing the cyclotron magnetic field is also envisaged.

Within the framework of commissioning the DC60 cyclotron, a number of experiments have been
carried out on accelerating charged particle beams in the main points of the working diagram:

e Investigation of acceleration modes for ions of nitrogen, argon, krypton (1AN2+, 40Ap4+ 40 A5+,
AOArTH, 84Kr!2+) on the 4th and 6th harmonics of RF accelerating voltage in the whole range of
magnetic field variations.

e Investigation of possibilities for bunching the beam with a buncher and of the influence of injected
beam intensity on the acceleration efficiency.

e A beam has been extracted from the accelerator with an efficiency exceeding 60%.

e Accelerated ion beam of krypton (3*Kr'?T) with a current of up to 2 pA was extracted into a
beam transport channel, shaped and transported to a technological facility for polymer film irradiation.
There has been shaped the irradiation field with a required particle flux density and homogeneity, and
experimental irradiation of polymer film has been carried out.

e Investigation of the modes of operational correction of the magnetic field with radial correcting
coils of the cyclotron.
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Co3n HMe UMKIOTPOH Tskenblx HoHOB [I-60 11 MeXmUCHHMIUIMH PHOTO H y4HO-HCCIe-
noB tenbckoro komrieke (MHUK) B Act He 6buto H 4 T0 B H 4 jie 2004 r. ITocie u3rotopieHus u
KOMIIJIEKCHOM IPOBEpKH y3710B yckopurens B JI 6op Topuu auepusix pe xumii uMm. . H. @nepos OUSIU
LUKJIOTPOHHBIN KOMIUIEKC ObUT IIOCT BieH ¥ CMOHTHPOB H jietoM 2006 r. B 31 Hun MHUK B Act ne. B
ceHTsI0pe ObUT ocyliecTBIeH (PU3UIEeCKUil MycK ycKopHTels, B g1eK Ope 2006 r. momy4eHbl YCKOPEHHBIE 1
BBIBE/ICHHBIE I1yYKH TSKEJIbIX MOHOB BO BCEM IIPOEKTHOM [ I 30HE.

Kommnekc H 6 3¢ muximotpoH [II-60 mpemH 3H 4eH QIS MpPOBEAEHHs INPUKI JHBIX U H yd4-
HBIX MCCIIEJOB HUI H IIydK X YCKOPEHHBIX MOHOB OT yIIepojl Jo0 KceHoH c aHepruil or 0,34 1o
1,77 MaB/Hyki0H, T KXe I 3KCIIEPUMEHTOB H K H Jie MyYKOB MOHOB HU3KHMX DHEPIHi, OIyd eMBIX
u3 DLP-UCTOUYHUK C H MpsKEHUeM 3KCTp Kuuu 1o 25 kB.

B pu nus sHeprum ycKOpeHHBIX HOHOB HUKIOTpoH HLI-60 ocymiecTBisercs MyTeM H3MEHEHUs 3 -
psl MOH , MPEIYCMOTPEH T KXe BO3MOXHOCTb IUT BHOH B pu IuH dHeprud woHoB +30 % or Homu-
H JIBHOH 3 CYeT W3MEHEHMS M THHTHOTO IO HUKJIOTPOH .

B p MK X mporp MMBI IyCKO-H J1 ZOYHBIX p 60T H wukiaorpone AI1-60 GbUT BHITOIHEH st 9KCIe-
PHMEHTOB 110 YCKOPEHHUIO ITyYKOB 3 PSKEHHBIX U CTHI[ B OCHOBHBIX TOUK X p OO4YEH AU TP MMBI:

® 1ICCIIC/IOB Hbl PEXHMMBl YCKOPEHHMS HMOHOB 30T , prOH , KPUITOH (14N2+, WAt A0APT
A0AL7F, 8IKr12T) g 4-ii w 6-if T PMOHMK X BBICOKOY CTOTHOTO YCKOPSIOLIETO H HPAXEHMS BO BCEM
I I 30HE B pU LUK M THUTHOTO IIOJI;

® JICCIIeOB HbI BO3MOXHOCTHU TPYIIHMPOBKH IydK C IOMOIIBI0 O HYEpP W BIMSHHUE WHTEHCHBHOCTH
WHXEKTHPYEMOTO MydK H 3(¢eKTUBHOCTh YCKOPEHHS;

® OCYINECTBIICH BBIBOJ MyYK W3 YCKOPUTENs ¢ 3eKTUBHOCThIO Gosiee 60 %;

® IIy4OK YCKOPEHHBIX HOHOB KpunTon °S'Kr'?T ¢ Tokom 10 2 MKA BbIBEeH B HOHHO-ONTHYECKHil
K H JI, chOPMUPOB H U NPOBEAEH JO TEXHOJOTMYECKOH YCT HOBKH MO OOJIyYEHHUIO NOJUMEPHOM IIEHKH.
Cdopmupos HO mose obmydeHns: ¢ TpedyeMol IITOTHOCTBIO IIOTOK 4 CTHI[ U OOHOPOTHOCTHIO, U MIPOBe-
JIEHO DKCIIEPUMEHT JIbHOEe OOJIydeHue IOJIMMEPHON UIeHKH;

® UCCIIeOB Hbl PEeXHMbl ONep THBHOI KOPPEKIMHM M THUTHOTO MONS P AWM JBHBIMH K TYHIK MH
LUKJIOTPOH .

PACS: 29.20.dg

INTRODUCTION

A specialized accelerating facility based on DC60 cyclotron has been built by the Flerov
Laboratory of Nuclear Reactions in collaboration with the Institute of Nuclear Physics (Al-
maty, Kazakhstan) for the Interdisciplinary Scientific and Research Centre of the Gumilev
Euro-Asia National University (Astana, Kazakhstan) [1].

The facility is based on the heavy-ion cyclotron DC60 capable of providing intense
beams of heavy ions from lithium (Li) to xenon (Xe) in the energy range from 0.35 to
1.77 MeV/nucleon. The facility is supplied also by the 10 to 257 low-energy beam channel.
Heavy ions are produced by the Electron Cyclotron Resonance (ECR) ion source. The whole
facility was designed, built and put into operation in 2004-2006.

The scientific program of the new centre is oriented to solid state physics, nanotechnolo-
gies, surface modification of materials, etc. The cyclotron is supplied with three accelerated
beam channels. Each channel is provided with set of equipment to solve certain frame
problems, while one channel is assigned for specialized production of trace membranes (TM).

New methods of TM production based on different kinds of polymer films as well as
different technologies for industrial large-scale manufacturing of TM were developed at the
Flerov Laboratory of Nuclear Reactions of the Joint Institute for Nuclear Research (Dubna,
Russia). For more than 25 years the technology of nuclear filter production based on irradiation
of thin films by heavy-ion beams is being developed and improved on heavy-ion cyclotrons
of National Nuclear Centers of USA, France, Germany, Japan, Russia, and other countries.
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Heavy-ion beams of argon (Ar), krypton (Kr), xenon (Xe) of 1-1.5 MeV/nucleon energies
are considered as best candidates for polymer films bombardment if one would like to produce
TM 10-20 pm thick [2].

DC60 CYCLOTRON ARRANGEMENT

The DC60 cyclotron is a product of FLNR scientific and technology experience acquired
on research of U400, U400M cyclotrons, as well as on applied technology cyclotron IC100.
Multicharge ions are produced in the ECR ion source [5,6] and are transported by injection
channel into the centre of the cyclotron magnet [7], where main acceleration takes place.
Beam is extracted from cyclotron by the electrostatic deflector [3].

Magnetic field of the cyclotron is of four sectors structure [4]. Radio-frequency (RF)
accelerating system consists of RF amplifier, transmitter line and is loaded by two quarter
wave resonators with dees. The variation of radio frequency is fulfilled by moving short
circuit plates, located inside the resonance cavities. Two dees are disposed in the free valleys
of magnet and are mechanically connected to each other by the strap. The RF power is
supplied with one RF generator with frequency variation 11-17.4 MHz. The RF amplifier
power is 20 kW.

Heavy ions accelerated at the DC60 cyclotron

Energy, ' Beam current in | Beam cu_rrent at' the
Ion AlZ MeV/nucleon Magnetic field, T the centre of extraction radius,
cyclotron, pA UA
N2 7 1 1.42 10.5 10
N2+ 7 1.05 1.47 1.86 1.7
N2 7 1.32 1.64 1.62 1.46
20Ne3t | 6.67 1.03 1.4 2.2 2
22Ne?t 11 0.38 1.4 1.85 1.77
40 A p4t 10 0.65 1.64 1.5 1.4
10T 8 0.58 1.25 0.98 0.64
407 5F 8 0.98 1.63 0.61 0.52
WOAST | 6.67 1.06 1.4 2 1.85
OAr™F | 571 1.14 1.25 1.92 1.83
84K izt 7 1 1.42 2.72 2.48

Extraction system consists of electrostatic deflector and focusing magnetic channel. Beam
energy is varied from 0.35 to 0.8 MeV/nucleon while ions are accelerated on the sixth
harmonic of main cyclotron frequency, and from 0.75 to 1.77 MeV/nucleon during acceleration
on the fourth harmonic of RF.

Three-dimensional model of the cyclotron complex is presented in Fig. 1. The snapshot
of the cyclotron facility is shown in Fig.2. The beam transport system consists of specialized
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Fig. 2. Photo of the DC60 cyclotron facility

channel for irradiating polymer films and producing trace membranes, as well as of two
channels for scientific research (Fig. 1) [9]. The cyclotron facility is supplied also with the
low-energy beam channel in order to run experiments with heavy-ion beam of 10 to 257
energy ions supplied from the ECR source.

INVESTIGATIONS OF ACCELERATED BEAMS

After the DC60 cyclotron assembling and commissioning at Astana site it has been put
into operation. The source operation was optimized; all cyclotron systems were adjusted and
tuned to operational mode. The TM production channel was set up.

Set of experiments with accelerated beam was provided during first beam runs. Heavy ions
in the wide range of mass-to-charge ratio A/Z and of different energies were accelerated and
delivered to the external target (see table). Projected parameters of accelerated and extracted
ion beams have been successfully realized. The following experiments were performed:
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e Regimes of acceleration of nitrogen (*N2T), argon (“°Ar?*, 40Ar*, 40Ar"T), krypton
(®*Kr'2T) ions have been investigated at different levels of magnetic field, as well as for
different radio frequencies and RF harmonics of acceleration.

e Operation and performance of RF buncher was investigated and set of measurements of
bunching efficiency on injected beam intensity were carried out.

e Beam of krypton ions (3*Kr'?*) with intensity up to 2 1A has been extracted into the
beam channel, matched with proper shape and delivered to the technology device for polymer
film irradiation. Required flux density and homogeneity of irradiation field was created.
Experimental irradiation of polymer films was provided.

e Magnetic field correction by sets of trim coils was studied at different levels of main
coil excitation. Heavy ions were accelerated and extracted at all levels of field.

Also beams of 14N2t, 20Ng2:3+ 40A14.5,6.7+ 84K 12+ j4on¢ were accelerated at the DC60
cyclotron with objective to complete control of main cyclotron systems. Thereby the beam
intensity during test runs was not set to maximum available values. We do hope to improve
cyclotron performance and increase beam intensity up to 30 pA for light ions (N, C, O), up
to 5 pA for krypton ions and up to 3 pA for Xe ions.

CONCLUSION

A facility based on DC60 cyclotron has been created for scientific and applied research,
as well as for nanotechnologies application. During commissioning the first test beams of N,
Ne, Ar, Kr were accelerated in the energy range from 0.5 to 1.4 MeV/nucleon. The beam
parameters have been investigated, experimental polymer film irradiation was provided and
track membranes were fabricated.

The presented results were obtained during first runs. One should expect that the beam
intensity will be increased a few times and the range of accelerated ions will be much
expanded.

The authors are grateful to FLNR (Dubna) and INP (Almaty) staff and all people who
were participating in the Project and during launching of the facility.
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