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 Synthesis of new superheavy elements

 Synthesis of superheavy nuclei and study of their decay properties

 Spectroscopy of the radioactive decay of heavy and superheavy nuclei

 Measurement of the masses of superheavy nuclei

 Study of the chemical properties of SHE

 Dynamics of heavy-ion nuclear reactions

Main directions of research



Superheavy elements: synthesis and properties



FLNR ACCELERATOR COMPLEX

(planned)



Periodic Table today (since November, 28, 2016)



Synthesis of Superheavy Nuclei (1999-2019)



SHE research: Main tasks

Experiments at the extremely low (σ<100 fb) cross sections:
- Synthesis of new SHE with Z = 119 and 120 in reactions with 50Ti, 54Cr ...;
- Synthesis of new isotopes of SHE;
- Study of decay properties of SHE;
- Exploring limits the Island of Stability;
- Study of excitation functions.

Experiments requiring high statistics:
- Nuclear spectroscopy of SHE;
- Precise mass measurements;
- Study of chemical properties of SHE.

Beam of 48Ca @ DC-280:
• Intensity: >8 pmA
• Energy: 5 - 8 A·MeV
• Efficiency: ~50%



DGFRS-1 @ U400

DGFRS-2 @ DC280

Dubna Gas-Filled Recoil Separators

DGFRS-1

DGFRS-2
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SHE research program with existing separators @ SHE Factory

DGFRS-2:
launched in 2020

DGFRS-3:
launched in 2022

• Synthesis of new SHE;

• Synthesis of new neutron-deficient isotopes of SHE:
“shaping” of island of stability;

• Search for rear decay channels in 48Ca-induced 
reactions (EC, pxn, 1-2n): towards island of stability;

• Decay modes, excitation functions, etc.

• Spectroscopy of SHE;

• Chemical studies for SH nuclei with half-lives
longer than 1 sec (114 and lighter);

• Precise mass measurements
(new developments are due);



Summary of experiments @ Superheavy Element Factory in 2020-2025 
Experiments:
110: 232Th   +  48Ca → 280Ds*,

238U   +  40Ar → 278Ds*
112: 238U   +  48Ca → 286Cn*
113: 237Np   +  48Ca → 285Nh*
114: 242Pu +  48Ca → 290Fl*
115: 243Am + 48Ca → 291Mc*
116: 238U   +  54Cr → 292Lv*

242Pu +  50Ti → 292Lv*

• ~250 new events of synthesis of 
superheavy nuclides;

• Decay properties 45 isotopes;

• New isotopes: 288,289Lv, 286Mc, 
280Cn, 275,276Ds, 272Hs , 268Sg, 264Lr;

• New decay modes;

• Indication of the 1st excited state in 
282Cn;

• Test of target stability up to 6.5 pmA
of 48Ca;



Perspectives



Towards 119 and 120

cross section decreases by ~10 times (50Ti) and ~150 times (54Cr) compared to the 48Ca case

50Ti

54Cr

48Ca

20fb – 1 event/100 d

J.M. Gates et al., PRL 133 (2024) 172502 Yu. Ts. Oganessian, V. K. Utyonkov, et. al, PRC 112 (2025) 014603

a

known
nuclei

50Ti + 249Bk → 3n + 296119

54Cr + 248Cm → 3n + 299120
50Ti + 251Cf → 3n  + 298120



Synthesis of SH nuclei in fusion reactions pxn evaporation channels

48 243 291 * 288Ca+ Am Mc Mc+3n (~3 pb) 

48 249 297 * 284Ca+ Bk Ts Ts+3n (~2 pb) 

48 248 296 * 293-294Ca+ Cm Lv Mc+1p+(1-2)n (?) 

288 290 291 293

48 249 297 * 284Ca+ Bk Ts Ts+2n (~0.3 pb) 

48 244 292 * 289-290Ca+ Pu Fl Nh+1p+(1-2)n (?) 

289

294

290



Synthesis of SH nuclei in fusion 
reactions accompanied by 
emission of protons and a-

particles

J. Hong, G. Adamian, N. Antonenko, EPJ A (2016)

48Ca+244Pu

exp: Dubna & GSI data

1p1n~60 fb

N. Kurkova, A. Karpov, Phys. At. Nucl. (2023)
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“experiment”:
E2+ = 100 - 200 keV
0+: 82% and 2+: 18%

deduced for 0+: 82% and 2+: 18%
b2 = 0.13
E2+ = 101 keV

Presumable a-decay of 286Fl on rotational 2+-state of 282Cn

• 286Fl: decay on 2+ rotational state of 282Cn
or through isomeric states



Spectroscopy of SH isotopes @ SHE Factory

planned experiments:

48Ca + 242Pu → 287Fl + 3n

48Ca + 243Am → 288Mc + 3n

GABRIELA set-upGRAND (DGFRS-3) separator

Cross section ~ 10 pb;
Target thickness ~ 1.5x1018 at/cm2;
Beam intensity of 48Ca ~ 3.3x1013 pps (5 pµA);
εtransmission ~  50 %;

100 days → 250 gamma quanta can be detected.

480 mm
target unit



He/Ar

CHEMISTRY OF SHE Z Isotope Half-life

112 283Cn 3.6 s

113 284Nh 0.9 s

114 287Fl 0.3 s

115 288Mc 0,16 s

116 293Lv 57 ms

117 294Ts 51 ms

118 294Og 0.6 ms

Shortcoming: a relatively large volume of the stopping cell

GASSOL – Solenoid-based separator

• Stopping SH atoms in a small volume of 1-2  cm3

• Chemistry of short-lived SHE T1/2 ≥ 30 ms (up to 
elements 116-117)



Measuring masses of SH isotopes 
with accuracy 10-7 (30 кeV)

• T1/2 > 100 ms
• Production rate ~ 1 event/day
• Background rate ≥ 1 event/s

Precise mass measurements of SH nuclei @ SHE Factory

M.I. Yavor, Journal of Instrumentation,17 (2022) 11033

MR-TOF Mass-Analyzer



Nuclear reactions



Deep inelastic collisions, Quasi-fission

Sequential fission

Fusion
Fusion-fission

Fusion-survival

Mechanisms of reactions induced by heavy ions at near barrier energies



Methods of synthesis of new nuclei

Fusion:
+ any element (question of probability)
- lack of neutrons 

Fragmentation:
+ very efficient and universal
- products are lighter than 238U

Fission:
+ neutron-rich products
- products are much lighter than 238U

Multinucleon transfer (MNT):
+ a way to unknown regions
- very, very complicated

technically
- lack of experimental data

162

MNT?



Studying the 238U + 238U reaction

238U 238U

Z=184
A=476

208Pb

268No*

Neutrons

EVR



Multinucleon transfer processes in U + U reaction

(!)

excited



Studying the 238U + 238U reaction

238U 238U

Z=184
A=476

208Pb

268No*

Neutrons

EVR

fission



Multinucleon transfer processes in U + U reaction

excited

cold

questions:

• cross sections for primary heavy products
• cross sections for survived heavy products
• excitation energies
• various correlations of Z, A, q, E



FLNR ACCELERATOR COMPLEX

(planned)



New experimental hall and upgrade of U-400R

Completion of the pile field 08.12.23

21.08.25



What do we need

Separator Institute Br(max)
T×m

E/q (max)
MV

SHIP GSI 1.2 20 (?)

SHELS JINR 1.0 10

FMA ANL 1.0 18

MARA JYFL 1.0 14

S3 GANIL 1.8 12

Br (T×m) E/q (MV)

1.5 25 rotatable

What do we have?

STAR
(Separator for TransActinide Research)

Nucl. Е(МeV) Br (vac. Т∙m) Br (He. Т∙m) Br (H2. Т∙m) V (cm/ns) E/qvac (MV)

238U 1666 1.33 1.63 1.63 3.67 24.4
268No 1596 1.32 1.67 1.67 3.39 22.3

238U + 238U →
~ 268No + ~ 208Pb



System for Correlated Investigation of Fragments (SCIF)

SСIF consists of:
• CORSET spectrometer - measuring mass-

energy and angular distributions of reaction
fragments;

• Bragg chambers - measuring of charge
distributions of reaction fragments;

• Magnetic spectrometer providing precise
(A,Z) identification of fragments with
masses up to 200 a.m.u.;

• etc.

Study of mechanisms of fusion-fission and incomplete fusion reactions

CORSET

Magnetic
separator

Focal plane



Thank you for your attention!


