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Синтез сверхтяжелых ядер (1999-2019)



Исследование СТЭ. Основные задачи:

Эксперименты при экстремально низких сечениях (σ<100 фб) :

- Синтез новых СТЭ Z = 119 и 120 в реакциях с 50Ti, 54Cr ...;

- Синтез новых изотопов СТЭ;

- Изучение свойств распада СТЭ;

- Исследование границ Острова стабильности;

- Измерение функций возбуждения.

Эксперименты, требующие высокой статистики:

- Спектроскопия СТЭ;

- Измерение масс;

- Изучение химических свойств СТЭ.

Beam of 48Ca @ DC-280:

• Intensity: >8 pmA

• Energy: 5 - 8 A·MeV

• Efficiency: ~50%



Cyclotron DC-280
Year Total work time Ions

2018 First Beam 84Kr

2019 3377 12C, 40Ar, 48 Ca, 84Kr

2020 3705 40Ar, 48 Ca, 48Ti 

2021 5357 48 Ca, 48Ti , 52Cr

2022 6037 40Ar, 48Ca, 48Ti , 52,54Cr

2023 6182 26Mg, 40Ar, 48Ca, 48Ti , 52,54Cr, 56Fe

2024 3993 48Ca, 40Ar, 50Ti, 54Cr

2025 3310 48Ca, 40Ar, 50Ti

4



50Ti9+ ≤ 2pµA на мишени

Compound

Properties

(CH3)5C5Ti(CH3)3 C10H10Cr

Mollar mass, g·mol−1 228.3 182.2

Form Yellow crystals Dark red crystals

Density, g/cm3 1.1 1.4

Vapor pressure, Torr 10-2 (~0-15°C) ≈0.35(~0-15°C)

Sensitivity Light, air & moisture Air & moisture

Актуальные задачи 
Получение ионов металлов: увеличение интенсивности Ti



DGFRS-1 @ U400

DGFRS-2 @ DC280

Dubna Gas-Filled Recoil Separators

DGFRS-1

DGFRS-2

factor of 3



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;



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

Fl302



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
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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



 Синтез новых сверхтяжелых элементов (119, 120)

 Синтез сверхтяжелых ядер и изучение свойств их распада

 Спектроскопия тяжелых и сверхтяжелых ядер

 Измерение масс сверхтяжелых ядер

 Изучение химических свойств СТЭ

Основные направления исследований

на Фабрике СТЭ



Спасибо за внимание!


