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HoBble 1 HHBIE 0 NPoAyKT X pe Kumu 23Am+48Ca, p nee n 6o Bumxcs
B 9KCIIEPUMEHT X IO MojyyeHuto anementos 113, 115 u 117. 11

H MM npopormkeHbl KCHEpUMEHTHI, H IeIeHHble H HW3MepeHue (DYyHKLIUH BO30YXISHHS
pe xumu 2**Am+*8Ca u u3yuenne p AMO KTHBHBIX CBOWCTB M30TOIOB ®neMeHt 115, KoTo-
poie 66U H 4 THI B 2010-2011 rr.; Tenepb OHM MPOBOIWINCH IPHU OBYX 3H YEHHUSIX DHEPIUU
GoM6 prupyomux 4 ctun — 241 u 254 MoeB. Ipu ¢ Moii nu3Koii sHepriu *Ca mbl 3 peru-
CTPHMPOB JIX CEMb LIETIOUeK P I A 255115 U TpM LENOYKH p CI 1 MNPOLYKT MCI PEHHs ABYX
ueiiTponos %% 115, xoropsrii T Kxe H Gmox cs p Hee B pe kuun 2Bk +*®Ca x k nouepuee
ampo mocie p e g 2°3117. Tpu suepruu mydk 254 MasB 3 perncTpupos H OIH IENOYK
pena 287115,

ITyrem m3mepenus: (pyHKUUHM BO30OYXAEHUS NPH MATH 3H YEHHAX SHEPIUH yCT HOBIEHO,
YTO HEMOYKH P CI 1 , CyMM PHO TPHAL Th OIH , GepyIIHe H 9 JIO OT 20115, NeliCTBUTENIHHO
NOMy4yeHsl B K H Jle pe KIMH C HCH PEeHHeM TpeX HelTpOHOB M3 COCT BHOTrO sup 20 115.
P 110 KTHBHBIE CBOWCTB HOBBIX syep 20 115, 288115 u nx poduepHux smep H Xomarcs B
[I0JIHOM COLJI CHU C H 1uMu pe3ynsT T mMu 2003 r.

DHepruM -4 CTHII M BpeMeH p ch 1 wu3oTonos 29115, 285113 u 281 Rg, onpenenennsie
IIEPEKPECTHBIX P& KIMAX C ABYMS MULIEHHBIMU a1p Mu >*>Am u >*°Bk, n xonarcs B cor1 cuu,
YTO MOATBEPXKJl €T OTKPbITUE HOBBIX aieMeHToB 113, 115 u 117.

P Gor sBemonuen BJI Gop Topuwm spepHbix pe kiwmil uM. I'. H. ®nepos OHSIN.

IMpenpunt O6beIUHEHHOTO UHCTUTYT SAEPHBIX HcclefnoB Huil. Jy6n , 2012

Oganessian Yu.Ts. et al. E7-2012-58
New Insights into the 243Am +4¥Ca Reaction Products Previously
Observed in the Experiments on Elements 113, 115, and 117. II

We continued experiments on measuring excitation functions of the reaction 2**Am +“8Ca
and investigation of radioactive properties of isotopes of element 115 that were started in 2010-
2011, now at two projectile energies of 241 and 254 MeV. At the lowest energy of *3Ca, we
registered seven decay chains of 2®115 and three decay chains of the 2n-evaporation product,
289115, which was also observed previously in the reaction 2*°Bk+?8Ca as the daughter
nucleus of the decay of 2°2117. At the beam energy of 254 MeV one decay chain of 227115
was detected.

Altogether thirty-one decay chains originating from 238115 were established as the product
of the 3n-evaporation channel by measuring the excitation function at five excitation energies
of the compound nucleus ?*'115. The decay properties of all the newly observed nuclei
287115, 288115 and their descendant nuclides are in full agreement with those we measured
in 2003.

The a-particle energies and decay times of the isotopes 222115, 28°113, and ?®'Rg
produced in cross reactions with the two target nuclei *>Am and ?*°Bk agree well to provide
cross bombardment evidence for the discovery of the new elements 113, 115, and 117.

The investigation has been performed at the Flerov Laboratory of Nuclear Reactions,
JINR.
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The present short article is a continuation of the previously published paper
on the study of production and radioactive decay of the nuclei with atomic number
113, 115 and 117 [1].

After publishing the paper [1] that was submitted to «Physical Review Let-
ters» on October 4, 2011, the experimental studies of the formation of isotopes
in the reaction 243Am + *8Ca were continued in two phases:

e September 30 — December 11, 2011, with bombarding energy of ions
Enp = 241.0 MeV (excitation energy range of the compound nuclei 2?1115
E* = (34.2+2.2) MeV taking into account the target thickness),

e December 16, 2011 — February 27, 2012, with an energy Ej,p, = 253.8 MeV
(E* = (44.8 £ 2.3) MeV).

The experiments were performed employing the DGFRS separator. The
characteristics of the separator, setting the separator for registration of the recoils
of element 115, calibrations of the detection equipment and other conditions in
arranging these experiments were the same as in [1].

In summary, the results of this next stage of our experiment are the following.

1. At the lower energy of the *®Ca beam, Ey,, = 241.0 MeV, seven long
decay chains consisting of five sequential o decays that occur within a time inter-
val of about 1 min and are terminated by spontaneous fission were detected. The
total duration of the decay chain is determined by the spontaneous-fission (SF)
halflife of the terminal nucleus and is about 30 h. Energies of « particles and
halflives of the nuclei in these chains, as well as the energies of the fission frag-
ments and spontaneous-fission halflife, within statistical uncertainty and energy
resolution of the detectors, do not differ from the previously observed 24 decay
events of 288115 that is produced in the 3n-evaporation channel of the reaction
243 Am + 48Ca.

2. In addition to the above events, at this beam energy were also detected three
short chains of the « — o — SF type that last for about 30 s. Such a decay pattern
is typical for the neighboring heavy isotope 28115 that has been previously
observed as a-decay product of 2?3117 in the reaction 24°Bk(**Ca,4n)?%3117
(5 events) [2] and as an evaporation residue (single event) in the rare reaction
channel 243 Am(*¥Ca,2n)?%115 [1].

3. At higher energy of the beam of “8C , 253.8 MeV, we observed a single
long chain of five sequential « transitions that ended in spontaneous fission with
a total decay time of 3.5 h. The decay properties of this chain agree well with
a chain that was observed in the first experiment of 2003 also at the energy
E* = 45 MeV and that was attributed to the isotope 27115 produced in the
4n-evaporation channel of the reaction 243Am +“8Ca [3].



Thus, in the three experiments ([1, 3] and this work) aimed at the synthesis
of the isotopes of element 115 in the fusion of 2*3>Am and “3Ca, in the whole
studied range of excitation energy, that is 31 MeV through 47 MeV, 37 decay
chains of three types have been detected. Their yield normalized to beam dose
of 10'8 ions and target thickness of 10'® atoms/cm? depending on the excitation
energy of the compound nucleus 2?1115 is presented in Fig. 1.
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Fig. 1. Yield of the isotopes of element 115 in the reaction 2**Am+*8Ca vs. excitation
energy of the compound nucleus 2°* 115

Four events of the type @« — a — SF, as it could be expected for the 2n-
evaporation products, were observed only at the minimum excitation energy in
the range of E* = 31.1-36.4 MeV, in agreement with what was observed in
similar reactions 242Pu(*¥Ca,2n)?%8114 [4] and 2*5Cm(*8Ca,2n)?°'116 [5, 6].

Decay of the isotope 288115, the product of the reaction
243 Am(*¥Ca, 3n)?88115, was detected in all 31 times. The maximum yield of this
nuclide is observed at the energy F* = 34.0—38.3 MeV close to the calculated
cross section maximum of the 3n-reaction channel. This also agrees well with
the experimental data obtained in the experiments on the synthesis of the isotopes
287114 and 2°°116 in the reactions 242Pu(*8Ca,3n) [4] and 2*°Cm(*8Ca,3n) [5, 6],
correspondingly.

Finally, at the maximum excitation energy we observed two identical chains
that belong to the decay of the third isotope 227115 that is produced in evaporation
of the four neutrons from the compound nucleus 2°1115 with excitation energy
E* = (44.8 £2.3) MeV.

All the three isotopes of element 115 (and, accordingly, their daughters —
the isotopes of element 113) obviously differ in their decay characteristics. On
the other hand, characteristics of the decay chains (energies and decay times)
observed in different experiments and attributed to a given isotope do not exceed
the bounds of the energy resolution of the system and statistical uncertainty of
measurements. This allows us to sum up the data obtained in different experiments
with the reaction 243Am +%¥Ca and determine decay characteristics of the isotopes
of element 115 more accurately.
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In Fig.2 are shown decay sequences of the isotopes of elements 115 and 113
produced in the reactions 2*3Am(*8Ca,2—4n)?%9=287115. Also are shown decay
chains of the heaviest isotope 29115 (a single event) — the daughter of the
isotope of element 117 synthesized in the reaction 249Bk(**Ca,3n)***117-a —
— 290115-a¢ — 286113(20 s)-a — ... [2] and a light isotope of element 113, the
0.07-s 282113, product of the reaction 23"Np(*8Ca,3n) [7].

Decay of the isotope 289115 is presented twice; first as a product of the
reaction 43Am(*8Ca, 2n)?89115, and again as a-decay daughter of the isotope of
element 117 synthesized in the reaction 249Bk(48Ca,47”L)293117-cu — 289115, The
conclusion that in the both considered cases one and the same nuclide 29115 is
formed is based on the similarity of the decay patterns and radioactive properties
of all the three detected nuclei.

Properties of the nuclei belonging to the decay chains of the isotopes of
elements 115 and 113 produced in the reactions with ions of *8Ca are given in
Table 1.

Table 1. Decay properties of nuclei

Panam No. Decay Halflife ¥ E. (MeV)
observed | mode 2012 2003 2012 2003
L7 177[294) 1A a 781370 ms 10.8140.10
176(293| 5 (5/5) a 1473 ms 11.0340.08
175(290| 1 (1/1) a 1672° ms 9.9540.40
115]174(289| 9 (7/7) a 3907339 ms 10.25-10.54
173|288 31 (26/27) | « 171152 ms | 87730% ms |10.33-10.58|10.46+0.06
172(287| 2 (2/2) a 32 ms | 32715° ms [10.5940.06 [10.59-+0.09
173|286 1 (1/1) a 20154 s 9.6340.10
172|285| 9 (8/8) a 49727 s 9.48-10.18
3 17128431 (23127)| « 097025 s [0.4879:3% 519.9740.05 |10.0040.06
9.81+0.07
170(283| 2 (1/1) a 100753° ms  {100752° ms|10.1240.09|10.1240.09
169(282| 2 (2/2) a 731534 ms 10.6340.08
171282 1 (1/1) a 051155, s 9.0040.10
170(281| 9 (8/-) SF 19710 s
H 169(280| 31 (25/27) | « 3.6709 s 3.6713 s [9.09-9.87 | 9.7540.06
168(279| 2 (1/2) a 17075 ms  [170783° ms|10.3840.16{10.3740.16
167|278 2 (2/2) a | 42773 ms 10.69+0.08




Table 1 (continued)

P No. Decay Halflife * Eo (MeV)
observed | mode 2012 2003 2012 2003
169(278| 1 (1/1) a 77557 s 9.5540.19
109]167(276| 31 27/27) | a [0.5470 08 s 67510.7270 57 §19.17-9.95 | 9.71+0.06
166(275| 2 (2/2) 1272% ms | 9.7745% ms 10.3540.06{10.334-0.09
165|274 2 (2/2) 4401815 ms 10.041.1
9.76+0.10
167|274 1 (1/1) a 531230 s 8.8040.10
165(272| 31 (2327) | « 120757 s | 9.871%" s [8.73-9.15 | 9.0240.06
107 2.1 3.5
164271 2 (1/1) 12722 s 9.3540.16
163(270| 1 (1/1) a 611292 s 8.9340.08
165(270| 1(1/-) |SF/EC| 23%1°h
105|163(268| 51 (47/-) [SF/EC| 275 h 9 16757 h
162|267 2(2/-) |SF/EC| 18T32%h 12752 h
161(266| 1 (1/-) |SF/EC| 22110° min

%) Number of observed decays and in parenthesis the number of events used for calcu-
lations of halflives / a-particle energies, respectively.

®) Error bars correspond to 68%-confidence level.

) The value obtained combining the results of [1, 3, 8, 9] and those of the present work.

In Table 1, together with the presently obtained data on the decay properties
of the odd-Z nuclei produced in the reactions with “8Ca, are given the results
of the first experiment on the synthesis of the isotopes of element 115 in the
reaction 243Am +48Ca [3]. Comparing the presently obtained data with results of
the experiment [3] in which the isotopes of elements 115 and 113 were synthesized
for the first time in the reaction ?*3Am +48Ca, we see a complete coincidence
(not exceeding the bounds of the energy resolution of the detectors and statistical
uncertainty of measurements) both in energies of the emitted « particles and in
halflives of all the 11 nuclei that belong to the decay chains of these nuclides.

CONCLUSIONS

In the present work, in the reaction 2*3Am+48Ca, at the energy of *3Ca
ions of 241 MeV, were detected three decay chains of the isotope 289115 and
seven chains of 288115, At the beam energy of 254 MeV we detected a single
decay chain of the isotope 227115. The results of the experiments agree well and
supplement the previously obtained data on the decay properties of the isotopes
of elements 115 and 113 produced in the reaction 243Am+ *¥Ca [3].



Decay characteristics of the nuclei belonging to short a«; — as — SF chains
detected at the minimum excitation energy of the compound nucleus 2°1115 in
the reaction ?*3Am+48Ca (four events) coincide with the typical decay chain
of 289115 (five events) formed as a-decay product of 23117 synthesized in the
reaction 249Bk(48Ca, 4n)2?2117-a —289115. Identification of the nuclide 287115
as the 2n-evaporation product of the reaction ?*3Am +48Ca links its production
in the two independent cross reactions.

Identification of the isotopes of the two new elements with Z = 115 and
113 synthesized in 2003 in the reaction ?*3>Am+48Ca, as well as the decay
characteristics of the isotopes 287115 and 288115 (and accordingly of 283113 and
284113), were confirmed in full in these experiments and a cross bombardment
check of the production of 23117 in the 2*°Bk +*®Ca reaction was made.
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