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Abstract

Status of JINR FLNR cyclotrons and plans of their mod-
& ernization together with plans on creation of new facilities
*5 are reported. At present, three cyclotrons: U400, U400M
= and IC100 and MT-25 microtron are under operation at the
% JINR FLNR. U400 and U400M are the basic FLNR facili-
:g ties that both are under operation is about 12000 hours per
% year. The U400 (pole diameter of D=4 m) was designed to
£ accelerate ions from B to Bi up to 19 MeV/u. U400 recon-
g struction is planned. The U400M cyclotron (D=4 m) is
5 used to accelerate ions from Li to Bi up to 60 MeV/u.
:, Z U400M modernization is planned. The IC100 accelerator

(D 1m) is used for applied researches with Ar, Kr and Xe
o ions at energy of 1.2 MeV/u. Creation of the dedicated
» DC130 cyclotron (D=2m) with ion energies of 4.5 and 2
= MeV/u is planned on the base of U200 cyclotron. The Su-
< per Heavy Element Factory (SHE factory) is the new
2 FLNR JINR project. The DC280 cyclotron (D=4 m) is the
2 basic facility of the SHE factory, which will accelerate ions
2z with energies 4 - 8 MeV/u cyclotron at intensities up to
2 10 puA for ion masses over A=50. The main systems of the
< DC280 were assembled and tested, the cyclotron is prepar-
@.‘ ing for commissioning.

INTRODUCTION

The scientific program of the Flerov Laboratory of Nu-
lear Reactions of the Joint Institute for Nuclear Research
> (FLNR JINR) consists of experiments on synthesis of
eavy and exotic nuclei using ion beams of stable and ra-
ioactive isotopes and studies of nuclear reactions, accel-
ration technology and applied research.
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Figure 1: U400 and U400M operation in 2010-2017.

Presently, the FLNR JINR has four cyclotrons of heavy
ions: U400, U400M, IC100 (IC-100), that provide perfor-
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STATUS AND PLANS

mance of the basic and applied researches (Fig.3). Total an-
nual operating time of the U400 and U400M cyclotrons is
more than 10000 for many years (Fig.1).

The old U200 cyclotron will be reconstructed to the
DC130 cyclotron for applied research.

At present time, the project of Super Heavy Element
Factory is being performed at the FLNR JINR [1]. The pro-
ject implies design and creation of the new experimental
building with new DC280 cyclotron which has to provide
intensities of ion beams with middle atomic masses (A~50)
up to 10 puA.

U400 CYCLOTRON

The isochronous U400 cyclotron has been in operation
since 1978 [2]. The cyclotron produces ion beams of
atomic masses 4+209 with energies of 3+29 MeV/nucleon.
Before 2017 about 66% of the total time has been used for
acceleration of ¥*Ca’* ions with intensities up to 1.2 puA
for synthesis of super heavy elements. New prospects for
the synthesis of super heavy elements may appear to be
connected with the usage of the intense beam of neutron-
rich 3°Ti. The beam of 3°Ti>* ions has been accelerated into
the U400 cyclotron with extracted beam intensity is about
0.5 ppA [3]. In 2017, about 40% of the total time was used
for %°Ti** acceleration.

Figure 2: The sketch of the new U400 experimental hall.

The U-400 modernization is planned to begin in 2021.
The aims of the modernization are increasing the total ac-
celeration efficiency and possibility to vary ion energy flu-
ently at factor 5 for every mass to charge ratio (A/Z). The
width of ion energy region will be 0.8+27 MeV/nucleon.
The project of U400 modernization intends decreasing the
magnetic field level at the cyclotron center from 1.93+2.1T
to 0.8+1.8T. The axial injection and ion extraction systems
will be changed. For the ion extraction both the stripping
foil and the deflector methods are considered.
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Figure 3: The layout of the Flerov Laboratory buildings, where: U400, U400M, IC100, DC280 are heavy ion cyclo-
trons, MT2S5 is the microtron, SHEF is the Super Heavy Element Factory, NC is the Nanotechnology Centre.

Moreover, the project intends changing the U400 vac-
uum, RF and power supply systems. The expected ion
beam intensities will be at least 2.5 times more than U400
ones [4].

The U400 experimental hall will be essentially modern-
ized in the period from 2020 to 2023. The total experi-
mental building will be extended to about 2000 m?. New
halls will be attached to the old building from sides (Fig.
2). The new experimental area will consists of six sepa-
rated halls located on two floors. Every hall will be radia-
tion shielded.

U400M CYCLOTRON

The isochronous U400M cyclotron has been in operation
since 1991. The cyclotron was intended for acceleration
ion beams Li to Bi with A/Z=3+3.6 (A- atomic weight of
the accelerated ion; Z - ion charge when accelerated) at en-
ergies of 34+60 MeV/nucleon and ion beams with
A/7=8+10 at energies of 4.5+9 MeV/nucleon. The beam
extraction method is performed by ion stripping method.
At present, the U400M has two opposite directions of ion
extraction with corresponding ion beam transport lines.
The cyclotron ion beams intended to carry out physical ex-
periments on study properties and structure of light exotic
nuclei, synthesis the new super heavy elements and applied
researches. Two types of spiral inflectors are used in the
U400M axial injection system for low and high energy re-
gimes. To produce required ions the 14 GHz ECR ion
source DECRIS-2 and the superconducting 18 GHz ECR
ion source DECRIS-SC?2 are being used [5].

In 2019 we plan to begin modernization of the cyclotron
by means of replacement of the main coils of the cyclotron
magnet, correction of the first harmonic of magnetic field
at magnetic measurements, replacement of the vacuum
pumping system with diffusion pumps to the system with
cryopumps, modernization of RF- resonators and changing
the analog RF control system to digital one. In the result,
we expect to increase intensities and maximal energies of

Heavy ion accelerators

ion beams. We also consider the possibility to increase en-
ergies of light ions to 60+80 MeV/nucleon by using an
electrostatic deflector for ion extraction from ultimate cy-
clotron radiuses.

U200 - DC130 CYCLOTRON

In 1968 the U-200 was put into operation in the FLNR.
In 2013 it was decommissioned, because of being outdated
physically and technologically. In 2019 we plan to begin
creation of the new DC130 cyclotron which will be based
of the U200 yoke. The cyclotron will be intended to pro-
vide ions from O to Bi with energies 4.5 MeV/nucleon for
SEE testing of electronic components and 2 MeV/ nucleon
for production of track membranes and research in the field
of solid state physics.

1C100 CYCLOTRON

The isochronous IC100 cyclotron was put into operation
the in 1985 with PIG internal ion source. Due to the up-
grade in 2003 IC100 was equipped with external axial
beam injection system and the superconducting ECR ion
source (DECRIS-SC) which allowed to produce intensive
beams of highly charged ions of Xenon, lodine, Krypton,
Argon and other heavy elements of the Periodic Table with
A/Z=5,5+5,95 at energies of 0,9+1,1 MeV/nucleon.

The focusing system of injection line consists of a sole-
noidal lens and a quadrupole lens situated between the
ECR and the 90°magnet, also three solenoids placed in the
vertical part of the injection channel. Spiral inflector is in-
stalled into the center of the accelerator. The accelerated
beam extraction system consist of electrostatic deflector
and two focusing magnetic channels. In routine operation
IC100 provides intensities of the 3Kr*!> and '*2Xe*?* ion
beams up to 3 pA.

Special-purpose beam transportation line with polymer
film irradiation unit and beam scanning system has been
created as well as a box for heavy ion beam research.
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nator, 5-Vacuum pumps.

DC280 CYCLOTRON

The new DC280 cyclotron (Fig. 4) will significantly in-
& crease the potential of the existing accelerator complex of
i the FLNR. The accelerator designed at the Flerov Labora-
% tory of Nuclear Reaction of the Joint Institute for Nuclear
& Research in Dubna (FLNR, JINR, Dubna) is intended for
Qe carrying out fundamental and applied investigations with
§ ions from He to U (masses from A = 2 up to 238). The
8 DC280 will be the basic facility of the Super Heavy Ele-
S ment Factory (SHEF) that is being created at the FLNR.
; The energy of the ions extracted from the cyclotron may
A vary from 4 up to 8 MeV/ nucleon. The expected intensity
% of extracted beam at DC280 is 10 ppA for ions with masses
< up to 50 [4].
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Figure 4: The new DC-280 cyclotron, where: 1- Main magnet, 2-HV injection system, 3-RF resonator, 4 - Flat- top reso-
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Figure 6: Scheme of the DC280 axial injection.

Configuration of the DC280 cyclotron is shown in the
Fig.5. The four sectors isochronous cyclotron was
equipped with high voltage injection system that provides
injection energy of ions up to 80 keV/Z (where Z- is an ion
charge). The scheme of injection system (Fig. 6, Fig. 7)
consists of a high voltage (HV) platform with maximal po-
tential of 70 kV (Fig. 8), accelerating tube and 90° electro-
static deflector (bender) which is used to bend the ion beam
to the DC-280 centre. The spiral inflector is installed into
the center of the accelerator to bend the ion beam to median
plane. To increase the accelerating efficiency the polyhar-
monic buncher is used.

The DC280 RF system has two main 40° dees with res-
onators (Fig.9, Fig.10) and two 20° flat- top dees (Fig.11).
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Figure 7: The high voltage platform of the DC280 cyclotron, where: 1 - DECRIS-PM, 2, 4 - Solenoids, 3 - Analysing

magnet, 5-Bender, 6- Power supplies and UHF- generator.
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Fige 8: DECRIS-PM ECR ion souce at HV platform,
where: 1- DECRIS-PM, 2- Focussing solenoid.

Designed frequency range of the DC-280 RF system is
7.32+10.38 MHz. Acceleration is on the third harmonic of
particle revolution, the flat- top system is operated on the
ninth harmonic [6].

The electrostatic deflector (Fig.12) with passive mag-
netic channel are used for ion beams extraction.

To transport ion beams to physical setups 5 channels
with +50° bending magnet are used (Fig.13, Fig.14) [7].
The channels equipped with focusing quadrupole lenses,
steering magnets, diagnostic boxes. The water cooled cur-
rent aperture diaphragms are installed into all beam lines
to prevent the tube damage. The beam diagnostics consists
of the Faraday caps, slit collimators, sector aperture dia-
phragms and ionization beam profile monitors.

The HV platform equipped with the new DECRIS-PM
ECR ion source with permanent magnet structure (Fig. 8).
The source extraction voltage is up to 20 kV. Also the fo-
cusing solenoid, 90° analysing magnet, diagnostic boxes,
vacuum system and power supplies installed on the HV
platform.
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Figure 9: Scheme of the DC-280 RF-system, where: 1- Ma-

in dees, 2- Flat- top dees.

Figure 10: Main resonator with dee, where: 1 - dee, 2- res-

onator.
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Figure 14: Beam transport channels, where: 1- £50° bend-
ing magnet, 2- quadrupole lenses.
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