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Target                         Beam Isotopes 
238U, 242,244Pu, 243Am, 246,248Cm, 249Cf   +   48Ca  → 112 – 118

U-400 cyclotron (1978):

Ion beam energy: 5.00 – 5.75 MeV/A

Beam intensity: 6 - 8⋅1012 pps

Consumption of 48 Ca = 0.5-0.8 mg/h

Beam time:  2000 – 4000 hours per year

In operation since 1989H2 1.3 mBar
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Region of superheavy nuclei
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Even-Z nuclei

Og

V.K. Utyonkov, Yu.Ts. Oganessian, S.N. Dmitriev el al., Eurasian Journal of Physics and Functional Materials, 2017, 1(1), p.5-11



Elements 115 and 117
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V.K. Utyonkov, Yu.Ts. Oganessian, S.N. Dmitriev el al., Eurasian Journal of Physics and Functional Materials, 2017, 1(1), p.5-11



Production cross-sections of heavy and super-heavy
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What is beyond 118 element?

Heavier projectiles (50Ti, 54Cr, 58Fe, 64Ni)

Sufficient increasing of overall 
experiment efficiency is needed!

Heaviest target: 251Cf + Zmax= 118 …
↓



Superheavy Elements (SHE) Factory

High-current cyclotron DC-280

New facilities:
• New gas-filled separator
• Preseparator
• SHELS
• Etc.

SHE Factory Building



SHE Factory – the Goals

 Experiments at the extremely low (σ<100 fb) cross sections:
• Synthesis of new SHE in reactions with 50Ti, 54Cr ...;
• Synthesis of new isotopes of SHE;
• Study of decay properties of SHE;

 Experiments requiring high statistics:
• Nuclear spectroscopy of SHE;
• Study of chemical properties of SHE.



To satisfy the Goals, the DC-280 has to provide the following
parameters of ion beams:

Ion energy 4÷8 MeV/n
Ion masses 10÷238
Intensities (A~50) >10 pµA
Beam emittance less than 30 π mm·mrad
Efficiency of beam transfer  >50%

DC-280 CYCLOTRON- THE NEW FLNR  
ACCELERATOR 

Ion energies correspond to total accelerating potential up to 40 MV



Stand-alone SHE factory with DC-280 cyclotron

DC280 (expected)
E=4÷8 MeV/A

Ion Ion energy
[MeV/A]

Output 
intensity

7Li 4 1×1014

18O 8 1×1014

40Ar 5 6×1013

48Ca 5 6,2×1013

54Cr 5 2×1013

58Fe 5 1×1013

124Sn 5 2×1012

136Xe 5 1×1014

238U 7 5×1010

SHE factory building 2012

SHE factory building 2018



Ion sources DECRIS-PM - 14 GHz
Superconducting ECR

(developing stage)
Injection energy Up to 80 keV/Z
A/Z range 4÷7.5
Energy 4÷8 MeV/n
Magnetic field level 0.6÷1.3 T
K factor 280
Magnet weight 1000 t
Magnet power 300 kW
Dee voltage 2x130 kV
RF power consumption 2x30 kW
Flat-top dee voltage 2x14 kV
Deflector voltage 90 kV

DC-280 
Main Parameters
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DC-280 cyclotron

Launching and Tuning Works on the DC-280 systems without ion beam



Working diagram of the DC-280



Working diagram of the DC-280

SHE synthesis



Frequency Power 
consumption

14 GHz 5 kW

Ion currents, pµA
Q+ 5+ 7+ 8+ 9+ 10+ 11+ 12+ 15+ 17+ 19+ 20+ 23+ 26+

Ar 116 56 19 13

Kr 13 12 7,3 2,6

Xe 3,9 3 2

24Mg 90 20 5 1,7

40Ca 16 22 24 14 4,8
50Ti 10 7,2 5,5 1,9
56Fe 9,4 8 5

Results of bench test of DECRIS-PM

DECRIS-PM ion source



Ion beam 

Magnet yoke 

Bender
±15 kV

HV platform
Umax=70 kV

Beam injection system

Focussing
solenoids

NEC,USA

Median plane

Inflector

“Vacuum Praha”
Buncher



Beam injection system

The HV platform

The DECRIS-PM ion source area

Area of the electrostatic deflector (Bender)

Area of the aсcelerating tube



Magnetic system of ДЦ-280
Size of magnet yoke LхWхH 8.76х4.08х4.84 m3

Pole diameter 4 m
Gap between central plugs 400 mm
Valley/hill gap 500/208 mm/mm
Magnet weight 1000 t
Magnet power 300 kW
Maximal current 1000 A
Magnetic field level 0.6÷1.3 T

Magnet assembling: September-November 2016
Magnetic field measurements: June-September 2017

Magnet assembling (November 2016)`

DC-280- isochronous cyclotron
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RF system

3Frf Frf

Frf=7.32÷10.38 MHz
Fft=21.96÷31.14 MHz

RF resonator with dee

RF generators
Flat-top resonator 



Beam extraction system

Electrostatic
deflector

Focusing
magnetic
channel

Extraction radius of 
Rext=1.79 m

Magnetic channel
L=0.9 m, G=4.6÷8.4 T/m

Assembling of the deflector
L=1.8 m, E=90 кВ/сm

Electrostatic deflector in vacuum chamber



Beam transport channels

Bending 
magnet 

±50°

Quadrupole 
doublet

Steering 
magnet

Bending magnet 
±50°

Quadrupole lenses



Water cooling systemControl and power supply systems

Power supplies of injection

Power supplies of cyclotron



DC-280 control room

Launching and Tuning Works on the DC-280 systems without beam: June – Oct. 2018
Obtaining licenses and permits : Nov. 2018

Commissioning: Nov. – Dec. 2018



Plan of the 1-st floor of the SHE Factory

GFS-2DC-280

GFS-3

Experimental area ~1000 m2 (3 halls)



First-day experiments at SHE Factory

48Ca+243Am48Ca+242Pu

Aims of the experiments:

1. Test of functionalities of all the systems of new accelerator and new gas-filled recoil 
separator

2. Accumulate additional statistics for the chosen reactions

Chosen reactions: 
48Ca+243Am (50 days experiment) 

and
48Ca+242Pu (50 days experiment) 

1. Enough material to prepare “big” targets (60 mg)
2. Relatively large cross sections (~ 8 pb)
3. Well-studied in previous experiments. Good for testing of the accelerator complex

Existing experimental dataFl Mc



First experiments at SHE Factory
Synthesis of new elements 119 and 120
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First experiments at SHE Factory
Synthesis of new elements 119 and 120
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COLLABORATION

FLNR, JINR (Dubna)

ORNL (Oak-Ridge, USA)

LLNL (Livermore, USA)  

ANL (Argonne, USA)

GSI (Darmstadt, Germany)

TAMU Cyclotron Institute (Texas, USA)

GANIL (Caen, France)

RIAR (Dimitrovgrad, Russia)

Vanderbilt University (Nashville, USA)

Knoxville University (Knoxville, USA)



Target
materials

Producer Isotope
enrichment (%)

237Np                   IAR 99.3
239Pu                  RFNC ---
240Pu             IAR/ORNL 99.98
242Pu             RFNC/ORNL 99.98
244Pu                 ORNL 98.6
243Am           IAR / ORNL 99.9
245Cm                 IAR 98.7
248Cm             IAR /ORNL 97.4
249Bk                   ORNL ≥ 95
249Cf                IAR/ORNL  97.3
249,250,251Cf ORNL (50+14+36)%

0,35-0,40  mg /cm2   - ≈ 12 mg
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Isotope reactors irradiation of targets at HFIR

HFIR, ORNL, Oak Ridge, USA  CM-3, IAR, Dimitrovgrad, RF  

22 mg of 249Bk 
have been produced in 250 days 

irradiation 
at HFIR (ORNL)



Target block design

33

old new

 Ø = 240mm, 1500 r.p.m. synchronous,
 e-beam & optical diagnostic,
 water cooling

 Ø = 120 mm, 1500 r.p.m. synchronous
 Beam wobbler or scanner,
 Segmented beam diafragm
 Is in use at GFS, SHELS, MASHA



Reaction Transmission 
244Pu(48Ca,3n)289114 60 %
244Pu(58Fe,4n)298120 75 %

New FLNR gas-filled separator (contracted)

Technical Design
Report No 412923



Arrangement of GFS-2 at the beam line No3

T3Q10 T3Q11 Target

Differential pumping



Arrangement of GFS-2 at the beam line No3

Installation of magnets:  June 2018 
Expected obtaining licenses and permits : Nov. 2018
Planned commissioning: Dec. 2018

William Beeckman: WEOAA01

T3Q10 T3Q11 Target

Differential pumping



• Launching and Tuning Works of the DC-280
cyclotron systems are being carried out.

• The GFS-2 separator is being assembled.

• Obtaining licenses and permits: Nov. 2018

• Planned commissioning of the DC-280 and GFS-2 :
Nov. – Dec. 2018

• First experiments on SHE Factory: 2019

Conclusion



THANKS FOR YOUR ATTENTION!
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