New data on experiments at the SHE Factory

N. Kovrizhnykh

In 2021, three series of experiments were performed at the new gas-filled separator
DGFRS-2 of the Superheavy Element Factory, FLNR, JINR. The fusion reactions of
243Am, 2%2Pu, and 238U isotopes with accelerated at DC280 “®Ca ions were used to
determine parameters of the new separator and the possibilities of continuing studies of
superheavy nuclei at a higher sensitivity level (transmission, background conditions,
target stability, etc.), as well as a detailed study of the properties of Mc, Fl, Cn isotopes

and their daughter nuclei.

The 23Am+48Ca reaction was studied with interruptions during November-December,
2020, January-February and November-December, 2021, at five “8Ca energies with an
intensity of up to 1.3 puA; 6 new chains of 2°Mc (2n channel), 58 of 28Mc (3n), two of
287Mc (4n) were synthesized and a new isotope 2%Mc (5n) was produced. Note, 2’Mc
was previously observed only in three chains, daughter nuclei of 2Mc — in two chains.
The o decay of 268Db was detected for the first time, its branch and half-life have been
measured, and a new isotope 2%‘Lr was produced. The spontaneous fission of ?°Rg
was registered for the first time. The cross section of the 3n channel turned out to be
twice as high as previously measured. It was shown that the transmission of DGFRS-2
is two times higher than that at DGFRS-1. The decay properties of nuclei synthesized in

these experiments are shown in Fig. 1.
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Fig. 1. Energy spectra of a particles and half-lives of nuclei synthesized in the
243Am+48Ca reaction. The new data and the sum of all known results are shown by

closed and open histograms, respectively.

In the experiment with 2*2Pu, which was performed with interruptions in Mach-July,
2021, the intensity of “8Ca reached 3 puA; 25 decay chains of 2F| and 69 of 287F| were
synthesized at two energies. The cross section also turned out to be twice as high as
the previous values. Indications have been obtained for the existence of a dependence
of the decay properties of 287Fl, 283Cn, and 2’°Ds, namely, o decay or fission of 2/°Ds, on
their low-energy levels, as well as decays through isomeric levels of 2%6F| and 282Cn.
The decay properties of nuclei synthesized in the 2*2Pu+*8Ca reaction are shown in

Fig. 2.
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Fig. 2. Energy spectra of a particles and half-lives of nuclei synthesized in the
242py+48Ca reaction. The new data and the sum of all known results are shown by
closed and open histograms, respectively. The red histograms highlight the events that

were followed by o decay of 27°Ds.

In irradiation of 238U, the intensity of “8Ca reached 6.5 puA. During September-
October, 2021, 16 decay chains of 283Cn were obtained. In the entire series of
experiments, 177 decay chains of Mc, FI, and Cn have been registered, the decay
properties of about 30 isotopes of elements from Rf to Mc have been measured with
higher precision (see Fig. 3), the reaction cross sections were measured at different
48Ca energies, The charges of Mc, FI, and Cn ions in rarefied hydrogen were measured
and the reliability of the charge systematics obtained at DGFRS-1 was confirmed, which

is important for the synthesis of new elements 119 and 120.



Chart of nuclides
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Fig. 3. Chart of nuclei. The isotopes produced in the shown

reactions in 2021 are

highlighted in bright yellow (o decay) and green (spontaneous fission) colors.



HoBble pgaHHbIe No 3KcnepuMeHTam Ha Pabpuke CTI

H. KospuxxHbix

B 2021 rogy npoBegeHbl TpU Cepumn 3KCMEPUMEHTOB HA HOBOM ra3oHarnosHEHHOM
cenapatope DGFRS-2 ®abpukn Ceepxtskenbix OnemeHtoB JIAP OUAWN. Peakuuun
cnuaHusa msoTtonos 24Am, 2%2Pu u 238U ¢ yckopeHHbIMM Ha [L-280 noHammn “8Ca
MCNoNb30Banuchb Ans onpeaeneHnsa napaMmeTpoB HOBOrO cenapartopa v BO3MOXHOCTEN
NPOOOSMKEHNS UCCNeOBaHUA CBEPXTSXenbiX agep Ha 6onee BbICOKOM YpOBHE
YYBCTBUTENBLHOCTU (TPaHCMUCCUSA, (POHOBLIE YCNOBUS, CTaOUNBHOCTL MULLEHEN U T.4.),

a Takke geTarbHOro usyveHums csoncts nsortornos Mc, Fl, Cn u nx godepHux saep.

Peakunsa 243Am+48Ca usyyanacb c nepepbiBamn B Hosibpe-gekabpe 2020 roaa,
AaHBape-eBpane u Hosbpe-gekabpe 2021 roga npu nATM SHepruax “8Ca ¢
MHTEHCMBHOCTBIO A0 1.3 MKA 4acTul, CUHTe3UpoBaHO 6 HOBbIX Lenodek 289Mc (2n
kaHan), 58 28Mc (3n), ase 2’Mc (4n) 1 nony4eH HoBbI M3oTon 288Mc (5n). OTMeETUM,
yto 2’Mc Habnogancsa paHee TOMbKO B Tpex Lienoykax, govepHue aapa 28Mc — B aByx
Lenoykax. Brnepeble oGHapyxeH o pacnag 2%8Db, usmepeHa ero BeTBb M Nepuop
nonypacnaga, a Takke nonyvyeH HOBbI m3oTon 2%4Lr. BnepBble 3apernctpupoBaHo
cnoHTaHHoe gaeneHne 2°Rg. CeyeHue 3n kaHama okasanocb BABOE Bbillle paHee
namepeHHoro. NokasaHo, 4to TpaHcmucena DGFRS-2 B aBa pasa Bbiwe, yem DGFRS-
1. CBoncTBa pacnaga sgep, CUHTE3UPOBAHHbBIX B 3TUX 3KCNEepUMeEHTax, nokasaHbl Ha

Pwuc. 1.
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Puc. 1. OHepreTnyeckMe CneKkTpbl o YacTul W nNepuoabl nonypacnaga saep,
CUHTE3MpPOBaHHbIX B peakunn 243Am+48Ca. HoBble AaHHble U CyMMa BCEX U3BECTHbIX

pe3ynibTaToB NOKa3aHbl 3aKpbITbIMA U OTKPbITbIMU TMCTOrpaMMaMin COOTBETCTBEHHO.

B akcnepumeHTe ¢ 2*2Pu, KOTOpbI NPOBOAWICS C NnepepbiBaMu B MapTe-utone 2021
roga, WHTeHcuBHOCTb “8Ca pocturana 3 MKA  yacTuu, npyv  OBYX OHeprusx
CUHTe3upoBaHo 25 Lenoyek pacnaga 28F| n 69 27F|. CeyeHune Takke okasanoch B [Ba
pa3a Bbllle MPEXHUX 3HauyeHuin. MonyyeHbl yka3aHa Ha CyLLeCTBOBaHWe 3aBUCMMOCTU
cBovicTB pacnaga 287Fl, 283Cn n 27°Ds, a uMeHHo, o. pacnag wunu geneHune 2°Ds, oT ux
HU3KOSHEPreTUYHbLIX YPOBHEN, a TakkKe pacnaaoB 4Yepe3 M3oMepHble YpoBHU 286F| n

282Cn. CpoicTBa pacnaga aaep, CUHTe3NpoBaHHbIX B peakuun 2*2Pu+48Ca, nokasaHbl

Ha Puc. 2.
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Puc. 2. OHepreTuuyeckne CreKTpbl o YacTul, W nepuodbl nomypacnaga aaep,
CUHTE3NPOBaHHbIX B peakummn 2*?Pu+48Ca. HoBble OaHHble U CyMMa BCeX W3BECTHbIX
Pe3ynbTaToOB MOKasaHbl 3aKPbITbIMA U OTKPBLITLIMU TMCTOrPaMMaMy COOTBETCTBEHHO.
KpacHbiMKU rucTorpaMmamu BblaeneHbsl cobbiTvs, 3a KOTOpbIMU Habnoaanca o pacnag

279DS.

Mpu o6nyyeHun 238U mHTeHcmBHOCTb “8Ca gocturana 6.5 MKA yactuu. B TeueHue
ceHTAbpa-okTaA6pa 20211 roga nonyyeHo 16 uenodek pacnaga 283Cn. Bo Bcelt cepum
3KCnepuMeHToB 3apernctpmpoBaHo 177 uenoyek pacnaga wmsotonoB Mc, FI u Cn,
bonee TOYHO onpeaeneHbl cBoKcTBa pacnaga okono 30 nsotonoB anemeHToB oT Rf go
Mc (cm. Puc. 3), namepeHbl ceveHus peakumm nosiHOro CRAUSHUA Npy pasHbIX SHEPrusx

48Ca. WamepeHbl 3apagbl moHoB Mc, FI u Cn B paspexeHHOM Bogopode W



noagTBepXaeHa HaAeXHOCTb CUCTeMaTuKM 3apagos, nonydvyeHHou Ha DGFRS-1, yto

Ba)kHO AN cMHTEe3a HoBbIX anemeHToB 119 n 120.
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Puc. 3. Kapta sagep. WM3otonbl, nonyyeHHble B ykasaHHbIX peakuuax B 2021 roay,

BblAeNeHbl APKUM XenTbIM (o pacnag) v 3eneHbiM (CNoHTaHHOoe AeneHue) useTamu.



