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Nepnoanyeckana tabnuua cerogHs (c 28 Hoa6psa 2016 r.)

1 18
1 2
H He
hydrogen helium
1.0080 40026
+0.0002 2 Key: 13 14 15 16 17 +0.0001
3 4 atomic number 5 6 7 8 9 10
Li Be Symbol B C N 0] F Ne
lithium beryllium name boron carbon nitrogen oxygen fluorine neon
694 9.0122 abridged standard 1081 12011 14.007 15.909 18.998 20.180
+0.06 +0.0001 atomic weight +0.02 +0.002 +0.001 +0.001 +0.001 +0001
1" 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
sodium magnesium aluminium silicon phosphorus sulfur chlorine argon
S0t | Soom 3 4 5 6 7 8 9 10 1 12 <0001 <000t S0001 So02 soom S0t
19 20 21 22. 23 24 25 26 27 28' 29 30 31 32 33 34 35 36
K Ca Sc Ti Vv Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
potassium calcium scandium titanium vanadium chromium manganese iron cobalt nickel copper zinc gallium germanium arsenic selenium bromine krypton
39.008 40078 44 956 47 887 50942 51.995 54.938 55.845 58.933 58,693 63.546 65.38 69.723 72,630 74.922 78.971 79.904 83798
+0.001 +0.004 +0.001 +0.001 +0001 +0.001 +0.001 +0.002 +0.001 +0001 +0.003 +002 +0.001 +0.008 +0.001 +0.008 +0.003 +0002
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
rubidium strontium yttrium zirconium niobium molybdenum | technetium ruthenium rhodium palladium silver cadmium indium tin antimony tellurium iodine xenon
85468 87.62 88.906 91224 92.906 95.95 101.07 10291 10642 107.87 1241 114.82 118.71 121.76 127.60 126.90 131.29
+0.001 +001 +0.001 +0.002 +0001 +0.01 97] +0.02 +0.01 +001 +0.01 +0.01 +0.01 +0.01 +0.01 +0.03 +0.01 +0.01
55 56 57-71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba | _eaes| Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
caesium barium hafnium tantalum tungsten rhenium osmium iridium platinum gold mercury thallium lead bismuth polonium astatine radon
13291 13733 17849 18095 18384 18621 190.23 19222 19508 198.97 200.59 204.38 207.2 208.98
+001 +001 +0.01 + 001 +0.01 +0.01 +0.03 +0.01 +002 +0.01 +001 +0.01 +1.1 + 0.01 1
87 88 104 105 106 107 108 109 110 11 112 113 114 115 116 117 118
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
francium radium rutherfordiumfl  dubnium seaborgium bohrium hassium meitnerium | darmstadtium | roentgenium | copernicium nihonium flerovium moscovium [ livermorium tennessine | oganesson
[223] [226] [269) [269) [277] [281] [282] [285) [286]
INTERNATIONAL UNION OF
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Proton number

CuHTe3 cBepxTaxenbix aaep (1999-2019)

Chart of nuclides
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UcciaenoBanue CTI. OcHOBHBIC 3a1a4M;

OKCNepUMEHTbI NPU 3KCTpeMarnbHO HU3KMX ceveHnax (0<100 ¢b) :
- CnHTe3 HoBbIX CT3 Z = 119 n 120 B peakuusx ¢ °°Ti, >4Cr ...;
- CnHTE3 HoBbIX n3otono CT3;
- N3yueHmne ceoncts pacnaga CT3;
- NccnepoBanue rpaHuy, OctpoBa cTabunbHOCTU;
- N3amepeHune pyHKLMIN BO3DYXOEHUS.

Beam of 48Ca @ DC-280:
* Intensity: >8 puA

OKCNepuMEHTbI, TpebyloLme BbICOKON CTaTUCTUKN:
- Cnektpockonus CTO;
- IamepeHune macc;
- N3ayyeHne xmmmyeckmx ceomcts CTO.

« Energy:5-8A-MeV
Chart of nuclides ® EfﬁCiency: ~50%

249 8Ca [ "
1166 ’ “ '¢k

249BK+48C3a | zms | sime ! \ ‘k k3
'_\' )ﬁ : /]\
v l'ﬂv

245, 48, st [ vet | Lvave | Lvass
p cm+ ca E;Ims 18ms | 13ms S:Fn
i Mw /
\ -
i L H
o ==t o)
)

-

hoss| _fio7al fioes oy
243 gy 48 [z Tz [ e
@ | 37 ms | 164 ms)330 ms| 650 ms|
1 [e5 1 pe

=
Q
g hosi [ 1 oz |
PPPPP vizo7 | Fizon | Fzes
~— 239,240,242, a 0155 0. 0495 | 086s| 185 Z= 114
o [1021] 10219 954
e WA207 | Nh263 | Nh298 | Nh25 | Nn2oG
E e 237” SCa 0075 [00755) 0915 955
e hosal ozl ot
ccccc Cozet ican
o U+48Cal s 425
i8 1031 853 919
Roz7 | Rgz7s | Rozeo (RN nozez
o G55 | e G o 176 178 180 182 184
068|038 026 I
0s270 ps2rs | | Dszia| 4 | DsZIT
A il
By 57 970 174
m2rs 276 L
045 |2oms | 0.as 455
o, TEEI i B
) T 72
m 02s 0.1
A ) ki
nnnnnnnnnnnnnnnnnnnn
m # 1m 109 4 0
e a3 ool |1 i
= 2 mi 1
Gl N
8 12285
4 4 d T, T2
Ve E
E. v

160 \162 Neutron number



Year | Totalworktime | lons Cyclotron DC-280

2018 First Beam 84Kr
2019 3377 12C, 40Ar, 48 Ca, 84Kr
2020 3705 40Ar, 48 Ca, “Ti
2021 5357 48 Ca, 8Ti, >2C .
& ' Configuration of the DC-280
2022 6037 40Ar, 48Ca, 48Ti , >2°4Cr . :
Separating Accelerating Electrostatic

2023 6182 26Mg, 4°Ar, 48Ca, 48Tj , 52'54Cr, 56Fe Vimagnet tube deflector

(Bender)
2024 3993 48C3, 4°Ar, 50Ti, ACr DECRIS-PM

L Magnet

2025 3310 %Ca, 90Ar, T U0 ) g yoke

:i. / Electrostatic

Main parameters of the DC-280

HV platform

parameters design realized (U__=70 kV) deflector
Ton source DECRIS-PM - 14 GHz on the HV platform (U, =60KV ) — ‘ (Urnax=80 kV)
Injecting beam potential Up to 80 keV/Z 38,04 — 72,89 keV/Z

A/Z 4=+7.5 4,44 (*°Ar*") — 6,86 (**Ca*7)

Energy 4+8 MeV/n 4,01 -7 MeV/n

Ton (for DECRIS-PM) 4-136 12 (2C*2) — 84 (MKr+4)

Intensity (A~50) >10 ppA 10,43 puA (“°Ar'’), 8,4 ppA (¥Cat+19)

Magnetic field level 0.6-1.3T 0.8+1.23 T

K factor 280

Dee voltage 2x130 kV | 130 kV lon beam

Power of RF generator 2x30 kW extraction

Flat-top dee voltage 2x13 kV ‘ 13 kV

Power of Flat-top generator 2x2 kW

Emittance less than 30 # mm*mrad

Accelerator effectivity >50% 51,9 % (Ca*1® 5 MeV/n 5 ppA)




AKTYya/IbHble 331341

[lonyyeHne MOHOB MeTa/IJ10B: yBeInYeHne MHTEHCUBHOCTM Ti

(CH3)sCsTi(CH3);

HiC

"5 MIVOC chamber
Mt ot —CM C

L=

r A
HiC  CH: ¢w,

i Volatile
i compound

Mollar mass, g-mol™!

Form

Density, g/cm3

Vapor pressure, Torr

Sensitivity

ECRIS
P1 = saturated vapour 50 o1
pressure of cH T 24
chemical compound Ti'™ ] C
Plasma

P2 = pressure inside the | cH N (CH3)5C55"Ti (CH,),
ECRIS H 1
C = conductance of H, Ti']

P2 the transmission line W i

|+l | < | n

+

225 1
al |
| .I Ti®
228.3 182.2
Yellow crystals Dark red crystals J PJ jL‘L
0 1 1 "\TJ' T T 7 T | L L B
3 4 5 7 8 9 10 11 12 13 14 15 16
11 14
Imagn, A

102 (~0-15°C) =0.35(~0-15°C)

Light, air & moisture Air & moisture

S0Ti% < 2puA Ha MuIIEHH



Dubna Gas-Filled Recoil Separators
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SHE research program with existing separators @ SHE Factory

» Spectroscopy of SHE; « Synthesis of new SHE;

* Chemical studies for SH nuclei with half-lives « Synthesis of new neutron-deficient isotopes of SHE:
longer than 1 sec (114 and lighter); “shaping” of island of stability;

» Precise mass measurements « Search for rear decay channels in “Ca-induced
(new developments are due); reactions (EC, pxn, 1-2n): towards island of stability;

« Decay modes, excitation functions, etc.



Summary of experiments @ Superheavy Element Factory in 2020-2025

Experiments:
110: 232Th + 48Ca — 289Ds*,
2381 + 40Ar — 278Dg*
112: 238U + 48Ca — 286Cn~k
113:3"Np + 48Ca — 285Nh* Chart of nuclides
114: 242Pu + 48Ca N 290F|*
115: 243Am + 48Ca — 291Mc*
116: 238U + 54Cf — 292|_V~k
242Py 4+ 50Tj —» 292| y*

~250 new events of synthesis of
superheavy nuclides;

Mc287 | Mc288 Mc 290
37ms | 195 ms|260ms| 075 s
061 foss | [i8F
B! F1287 FI 288
0.15s] 0. 0.36s | 066s
104 10.19] N1002] 9%
Nh282 | Nh283 | Nh284 | Nh285 | nnh2s6
0.07s |0.075s| 0.89s | 21s | 79s
4 10- 347-
1063| 110.23| Jio i1 10,18
Cn281 1Cn28% Cn284 | Cn285
01s

Proton number

Rg27 ﬁg 280
009s| 39s
038] [58 | [o28

Decay properties 45 isotopes;

9.69
Mt277 | Mt278
4 ms 44s

New isotopes: 288.289] y, 286)\/c,
280Cn 275,276DS 272HS 26889, 264Lr;

Hs 277

New decay modes;

.
112/285
~28s

Indication of the 1St excited state in
282Cﬂ;

Test of target stability up to 6.5 puA
of 48Ca;

R
()
)
(L]

-
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Neutron number




Towards 119 and 120

S4Cr + 248Cm — 3n +299120

103 E T T 1 T [ r T T T [ T T T1 50Tj + 251Cf — 3n + 294120
E g 48Ca 50Tj + 249BKk — 3n + 296119 ——
102 & Z=114,115 A 50T] B
- Y b & S4Cr 4
- 48
107 " Ca e
= \\ , 302E]
- \ )/ \# known
i \ nuclei
100 \+ G % 50T A \J‘]
E \
107E 54Cr
- ¢
102 20fb-1 e}/entlloo d
105 110 115 120

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

/\ J.M. Gates et al., PRL 133 (2024) 172502 A B vu. Ts. Oganessian, V. K. Utyonkov, et. al, PRC 112 (2025) 014603



proton number

Synthesis of SH nuclei in fusion reactions pxn evaporation channels

®Ca+**Bk " Ts" »** Ts+2n (~0.3 pb)

Og
Ts “Cat*Bk > Ts" > Ts+3n (~2 pb)
Lv
Fllv[C 288  |290i201  [293f204] BCat+BAmM -2 Mc™ —28 Mc+3n (~3 pb)
Nh 2891290
Cn
Rg
Ds ®Cat™Cm - Lv' -2 Mc+1p+(1-2)n (?)
e Mt ) —.- BCa+24py 22 FI" 52920 Nh41p+(1-2)n (?)
Bh 10'6§-|-.-.-w.-.-.-.-.-.-.i
Sg 168 170 172 174 176 07 ]
.
Eﬁ :
g
158 160 162 164 166 ]
4« B — — |

150 152 154 156

neutron number

10_13'|*|"|'r}"|'|'|-|'|'|'|
20 25 30 35 40 45 50 55 60 65 70
excitation energy, MeV



Counts / 20 keV

Presumable a-decay of 28°F| on rotational 2*-state of 282Cn

44 286F] -

2- - or through isomeric states

o IS  E— 11 -

9.0 9.5 100 10.¢

Energy (MeV)

2%8Fm  0.274
262No 0.256
266Rf 0.235
270G 0.242
274Hs 0.237
278Ds 0.197
262Cn 0.160
286F|
290 y 0.078
240g  -0.105

298120 -0.092

51
51
70
60
74
66

102

431
242
335

i  285F]: decay on 2* rotational state of 282Cn

deduced for 0*: 82% and 2*: 18%
S, =0.13
E,, =101 keV

“experiment’:
E,, =100 - 200 keV
0*: 82% and 2*: 18%



0 =

GABRIELA set-up

planned experiments: Cross section ~ 10 pb;

Target thickness ~ 1.5x1018 at/cm?;
Beam intensity of 4Ca ~ 3.3x10%3 pps (5 puA);
~ 50 %;

48Ca + 242Pu — 287F| + 3n

48Ca + 243Am — 288Mc + 3n €transmission

100 days — 250 gamma quanta can be detected.

480 mm
target unit



CHEMISTRY OF SHE Half-life
-

HelAr Ty, 112 283Cp 3.6s
113 284Nh 09s
114 287 _
% Fl 0.3s y

115 288\ 0,16 s
116 293y 57 ms
117  2947g 51 ms

118 2%%0g 0.6 ms

GASSOL - Solenoid-based separator 300,00 |
» Stopping SH atoms in a small volume of 1-2 cm? S 20000 | :i:;ci':lc
Iﬁ —o—SHE exp.
* Chemistry of short-lived SHE T,, 2 30 ms (up to T 10000 | —0-hom. exp.
elements 116-117)

0,00




Precise mass measurements of SH nuclei @ SHE Factory

Measuring masses of SH isotopes
11.789 MeV with accuracy 107 (30 keV)
241106

241106 (175 mm)
9.396 MeV * T2 1(_)0 ms
6 274267 Cn 283 * Production rate ~ 1 event/day
« Background rate > 1 event/s

9.906 MeV
(3.609+6.207) | FI1 287
0.333557 s

9.677 MeV 10.033 MeV
(2.684+6.093) |DS279| (7701435 | FI1287
0.258923 s 33 /24

2.911 MeV

24 1106 33124 (47 mm)

9.321 MeV 9.551 MeV
0.950205 s |HS 275 11.008359 s |CNn283
241106 33/24

8.483 MeV 213.343 MeV
3.550528 s | 99271 0.507634 s
24 /106 33/24

MR-TOF Mass-Analyzer

192.663 MeV
(144.485+48.178)
32.218 min
241106

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



OcCHOBHbIe HanpaBrieHUs nccnepoBaHUN
Ha Pabpuke CTI

» CuHmMe3 HoskIx ceepxmsixerbix anemeHmos (119, 120)

» CuHme3 ceepxmsixkeribix S0ep u ulydyeHue ceoucme ux pacraoa
» CrieKmpocKorusa msixkerbiX U ceepxmsiXeribix 50ep

> VI3amepeHue macc ceepxmsixKerbix 10ep

» U3yyeHue xumudeckux ceoucmes CT3
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