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Observation of the decay of292116
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We present the observation of the first decay event of the new nuclide292116 in the running experiment on
the synthesis ofZ5116 nuclei in the reaction248Cm148Ca. The experiment is in progress at FLNR, JINR,
Dubna.
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A beam of 48Ca15 ions was delivered by the U400 cyclo
tron at FLNR, JINR, operated with the ECR-4M ion sourc
The average beam intensity at the target was 0.7 pmA at the
consumption rate of the48Ca material of;0.3 mg h21. The
32-cm2 rotating target consisted of the enriched isoto
248Cm ~96.3%! in the form of CmO2 deposited onto 1.5-mm
Ti foils to a thickness of;0.32 mg cm22.

The evaporation residues~EVRs! recoiling from the target
were separated in flight from the48Ca beam ions, scattere
particles, and transfer-reaction products by the Dubna G
filled Recoil Separator@1#. The transmission efficiency of th
separator forZ5116 nuclei was estimated to be about 35

A detection array was situated in the separator’s fo
plane. This consisted of a time-of-flight system~TOF! fol-
lowed by a 4312-cm2 semiconductor detector array with 1
vertical position-sensitive strips, in which the recoils we
implanted. This detector, in turn, was surrounded by ei
434-cm2 side detectors without position sensitivity, form
ing a box of detectors open from the front side. The detec
efficiency fora decays of implanted nuclei was 87% of 4p.
The detection system was tested by registering the re
nuclei anda and SF decays of the known isotopes of N
produced in the reactions204,2062208Pb(48Ca,xn). According
to the measured position resolutions, more than 95% of
netically linked signals in the focal-plane detector appear
position window ofDy51.4 mm.

The energy resolution fora particles absorbed in th
focal-plane detector was about 55 keV. Fora ’s escaping the
focal-plane detector and registered by side detectors, the
ergy resolution of the summed signals was;190 keV.

Fission fragments from252No implants produced in the
206Pb148Ca reaction were used for a fission-energy calib
tion. The measured fragment energies were not corrected
the pulse-height defect of the detectors. The energies of f
ments registered by the side detectors were also not corre
for energy loss in the detectors’ entrance windows, dead
0556-2813/2000/63~1!/011301~2!/$15.00 63 0113
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ers, and the pentane gas filling the detection system.
mean sum energy loss of both fission fragments for252No
was about 20 MeV; for fission fragments escaping the foc
plane detector at a small angle this value could be highe

We chose the bombarding energy for48Ca ions of 240
MeV in the middle of the target. With the;1.5-MeV beam
energy resolution, variation of the beam energy during ir
diation (60.9 MeV), and energy losses in the targ
(;2.8 MeV), we expected the resulting compound nucle
296116 to have an excitation energy between 30.4 MeV a
35.8 MeV. Thus, the compound nuclei should deexcite m
probably by the evaporation of three or four neutrons ang
rays which would result in the production of isotopes
element 116 with neutron numbersN5176 and 177. Alpha
decays of the nuclides292,293116 lead to the known isotope
of element 114 which were produced in our recent exp
ments via the reactions244Pu(48Ca, 324n)288,289114 @2,3#.
Their chains of sequential decays should be observed,
lowing a-particle emission from the parent nuclei withZ
5116.

To improve background conditions for detecting lon
time decay sequences, a special measurement mode wa
ployed @1#. The beam was switched off after a recoil sign
was detected with parameters of implantation energy
TOF expected forZ5116 evaporation residues, followed b
an a-like signal with an energy of 10.25 MeV<Ea
<11.5 MeV, in the same strip, within a position windo
Dy52 mm and time interval of 1 s. The duration of th
pause was determined from the observed pattern of ou
beama decays and varied from 5 to 60 minutes. Thus,
the expected sequential decays of the daughter nuclides
Z<114 could be observed in the absence of beam-assoc
background. With the full beam intensity on target, the a
erage counting rate of such ‘‘EVR→a ’’ events was less than
one per 3 h. The total counting rate fora particles withEa
.8 MeV by the whole detector array during beam-o
pauses was about 2 h21.
©2000 The American Physical Society01-1
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On the 35th day of irradiation, after an accumulated be
dose of 6.631018 ions, the first event sequence was observ
that can be assigned to the implantation and decay of
isotope of element 116 with mass number 292@see Fig.
1~a!#. The implantation of a heavy recoil in strip 4 of th
focal-plane detector was followed in 46.9 ms by ana par-
ticle with Ea510.56 MeV. This sequence switched the i
beam off, and further decays were detected under low
background conditions. A seconda particle with Ea
59.81 MeV was observed 2.42 s later. Then, after 53.87
third a decay with the energy of 8.63 MeV was registered
a side detector only. The energy deposited by thisa particle
in the focal-plane detector was not registered because it
lower than the detection threshold of 0.92 MeV. Howev
the probability that the thirda particle appeared in the chai

FIG. 1. ~a! Time sequence in the observed decay chain.~b! Two
decay sequences of288114 observed in the244Pu148Ca reaction.
Vertical positions of the observed events are given with respec
the top of the strip. Values in parentheses show fission ener
measured by the focal-plane and side detectors, respectively.
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(Dt;1 min) as a random event can be estimated as o
;1%, so we assign it to the decay of the same implan
nucleus. Thus, its total energy is determined with a lar
uncertainty to beEa59.0960.46 MeV.

Finally, 6.93 s after the lasta decay, two coincident fis-
sion fragments with a total energy of 197 MeV were reg
tered by both the focal-plane and the side detectors. The
energy of the fission fragment measured by the side dete
for this event implies a large amount of energy was lost
this fragment in the dead layers of the detectors.

Positions of the four events with signals registered in
focal-plane detectors~EVR, a1 , a2, and SF! were measured
to be within a window of 0.5 mm, and all events appear
within a time interval of 63.26 s, which points to a stron
probability of correlation between them. The probability
the observed event chain being totally of random origin
negligible (!1026) @4–6#.

All the decays following the first 10.56-MeVa particle
agree well with the decay chains of288114, previously ob-
served in the244Pu148Ca reaction@see Fig. 1~b!#. Thus, it is
reasonable to assign the observed decay to the nuc
292116, produced via evaporation of four neutrons in t
complete-fusion reaction248Cm148Ca. All the decay chain
members follow the Geiger-NuttallQa vs Ta relationship for
even-even nuclei. Substituting the values (Ea59.83
60.05 MeV and Ta51.820.6

12.1 s) measured in the244Pu
148Ca reaction~mother nuclide! and 248Cm148Ca~daughter
nuclide! into the formula by Viola and Seaborg with param
eters fitted to the all known even-even nuclides withZ.82
and N.126 @7#, results in the atomic numberZ
5114.320.8

11.2. The decay energyQa510.71 MeV of the
newly observed nuclide and a half-life estimated from o
event asTa533215

1155 ms agree with theoretical prediction
of the stability island in the domain of superheavy eleme
around Z5114 and N5184. Further experiments are i
progress.
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