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1 Introduction

The stability of heavy nuclei is goverued by nuclear shell structure whose influence is
dramatically amplified near closed proton and neutron shells. Beyond the spherical shells
Z=82 and N=126, the stability of nuclei diminishes rapidly with increasing Z until the
transuranium region, where this trend is altered due to the influence of shell gaps in single-
particle level spectra near Z=100 and N=152 that appear here at deformed shapes and
provide the unusual stability of %?Fm against spontaneous fission (SF). Since the mid-
1960’s, nuclear theory has been predicting with increasing confidence the next spherical
shells be located at Z=114 and N~2178-184 (see, e.g., reviews [1,2]). More recently, it
was realized that this region of spherical superheavy nuclides might be connected by a
"peninsula” of stability to the edge of the known heaviest elements. This far-reaching
conclusion was based on the predicted existence of the deformed proton and neutron shell
closures near Z=+108 and N~:162 (see, c.g., Refs. [1-4]).

In 1993-1995, we carried out a series of experiments [5-10] designed to provide a direct
and decisive test of the theoretical predictions regarding the existence of the new shell
closures in the vicinity of Z=108 and N=162. Prior to our experiments, no evidence was

available to make a definite conclusion about these predictions. The only exception was

the 5-ms nuclide ***102 showing a hint of unexpected stability against SF at N=160 [11].

2 Experimental Technique

In our experiments, beams. of heavy-ion projecﬁles were delivered by the JINR U400
cyclotron. The time structure of the pulsed bea.ma was determined by the cyclotron
modulating frequency of 150 Hz and a dpty factor of ~#40%, which corresponds to a
beam cycl‘e of 6.7 ms a_.nd a beam pulse duration of -;2.7 ms. Rotating t;.tgets made of
isotopically enriched r:na.tetia.b' 238, 4Py, or #4Cm were uséd‘ A summary of the main

bombardments is givén in Table I,



Table I. Summary of the main bombardments performed in 1993-1995 by employing
the Dubna gas-filled recoil separator. Here W is the average target thickness, E the
bombarding energy in the middle of the target, T the actual duration of the bombardment
(i.e., the pure measurement time), D the total beam dose, and o the production cross

section (with an estimated accuracy of a factor of ~3).

Reaction W E T D Observed o
mg em™2 MeV h 10%° nuclide pb
248Cm 4-22Ne 0.24 116 230 1.0 266106, 262104 80
121 131 0.6 265106 260
266106, 262104 60
24Py 4 22Ne?) ' 0.41 114 122 0.3 261104 35009
120 138 0.2 261104 29009
28U 426Mg®) 0.28 140 146 0.2 259104 11009
2387 +343 0.54 186 860 1.7 267108 2.5
28] 4404 1%) 0.54 214 325 0.6
244py 4 34ge) 0.41 190 1375 25 110 049

%) The data from these reactions are still under analysis.

5). Preliminary values.

Evaporation residues (EVRs) recoiling out of the targets were sep&a&ed in flight from
beam particles and various transfer-reaction products by the Dubna gas-filled recoil sep-
arator [12] shown in Fig.1. The field B of the separator’s dipole magnet was adjusted to
center the quasi-Gaussian distribution of EVRs on the focal-plane detector in the hori-
zontal direction. To solve the nontrivial problem of setting the B value for a given EVR
velocity and Z, we have performed extensive measurements of average charge states <q>
of heavy atoms with Z=89 through Z=104 traversing dilute hydrogen with average veloci-
ties <v/w> of 1.0 to 2.5 (=2.19x10° ms™" is the Bohr velocity). The systematics of the
measured <q> values is shown in Fig.2; it allows interesting atomic physics observations

to be made.
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Fig. 8. Detection system of the Dubna gas-filled recoil separator. Two (start and stop)
140x60 mm? multiwire proportional chambers placed in a 1.5-Torr pentane-filled module
are used for TOF measurements of EVRs and background particles arriving at the PSD
array. The PSD array is composed of three 40x40 mm? passivated boron implanted

planar silicon (PIPS) detectors, with each detector having four 40-mm high x 9.7-mm
wide strips.
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Fig. 1. Lay-out of the Dubna gas-filled recoil separator (the dipole magnet D followed by
the quadrupole doublet Q:Q; [12]). The separator is filled with hydrogen at a pressure
of about 1 Torr. A 0.5-um ”exit” mylar window separates the pentane-filled detection
module (see Fig. 3) from the gas media of the separator.
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The separated EVRs passed through a time-of-flight (TOF) measurement system com-
posed of two raultiwire proportional chambers and were implanted in a 120x40 mm?
position-sensitive detector (PSD) array, see Fig.3. The PSD array used in our experi-
ments to produce the heaviest isotopes of element 106 is described in Ref. [5]. The 12
strip PSD array used in subsequent experiments was composed of silicon detectors pro-
duced by Canberre Semiconductor NV (Belgium). We obtained horizontal (z) positions
for the reaction products from the 12 strips and vertical (y) positions from the 40-mm
high resistive layer of the detectors. With each detected energy event, we also recorded
the strip number, TOF information, the time in us from the beginning of each beamn
pulse to either a/implant or SF events, and the running time in 0.1-ms intervals. The
identification of the new nuclides was performed by measuring correlations in energy, time
and position to establish genetic links between their implantation in the PSD array and
subsequent a decay followed by « or SF decays of known descendant nuclides. The po-
tentialities of the gas-filled separator for heavy element research with highly asymmetric
fusion-evaporation reactions are demonstrated by our experiments [10] on the production
of isotopes of element 104 in the ***Pu+22Ne reaction, see Fig.4.

3 Identification and Stability of the New Nuclides %2104,

.765,256106’ and 267108
In the first experiment performed in April 1993 by using the #8Cm+2?2Ne reaction we
discovered three new heavy nuclides, **°106, 57106, and *?104 [5]. We observed & decay
with the a-particle energy E,=8.63+0.05 MeV for 266106 and measured a half-life of
Ty/2=1.2%§ s for its spontaneously fissioning daughter 22104, thus not confirming a
much lower value of Ty/,=47 ms tentatively ascribed to 62104 in Ref. [14]. For %5106
we measured Eo=8.71 to 8.91 MeV. From these E, energies we estiinated partial a-decay

half-lives of 10-30 s for 106 and 2-30 s for 2%°106. We estimated SF branches of 50% or

less for both 106 isotopes. From our data, we set a very conservative a-branching lower

the SF in the decay of %2104 (and all other even-even Z=104 nuclides) is a very definite
prediction of the theory [2-4,17]. The most recent theoretical values [17] of the partial
half-lives for the a and SF decay of 2°2104 are 180 s and 0.21 s, respectively; the Q, value
was predicted to be 8.26 MeV for 262104 [17].

The ground-state decay properties that we established for 2°°106 and 22104 reveal
a large enhancement in their stability as compared to that of nuclides with lower Z or
N values. For example, the transition from 262102 to 2106 at N=160 or from #*Fm
to *%2104 at N=158, an addition of four protons, increases the stability against SF by
a factor of 23x10° (see Fig.5). It was o‘bserved for the first time that an increase in Z
at a given N causes an elevation in the SF half-lives of even-even nuclides. The only
explanation for this fact can be the approach to a nearby proton shell closure. Similarly,
in going from 2%°106 to 2%€106, the stability increases by a factor of 23x10° for SF decay
and ~3x10° for a decay. Thus, ihe ground-state decay properties of 262104 and 2106
provide a strong indication of the existence of deformed shell closures near N=162 and
Z=108 (see Fig.6). On the other hand, our data plotted in Fig.3 show that the SF
stability at Z=106 and N=160 is not reduced by the destabilizing effect of the new fission
valley which was predicted by theory to develop close to the fragment magic numbers
N=2x82 and Z=2x50, to extend up to Z=110, and to lead, with a low cleleécive inertia,
to very compact scission shapes and very short SF half-lives in the sub-ms range [1]. The
discovery of significantly increased nuclear stability near N=162 and Z=108 offered new
opportunities for extending the chart of the nuclides at its upper edge. Moreover, this
discovery paved the way for detailed studies of chemical properties of the element 106
and nearby elements, including chemistry studies with aqueous solutions. In 1995, first
chemical separations of element 106 were performed [21], based on the production of the
isotopes ?*°106 and 2°106 in the 24*Cm-22Ne reaction.

In March-April 1994 we carried out experiments designed to explore further the nuclear

stability near N=162 and Z=108 by producing new heavy isotopes of element 108 in the

limit of 15% for **°106. We could not exclude a significant electron-capture (EC) decay
branching in the decay of 6°106.

After the unambiguous identification of the spontaneously fissioning isotope 262104
has been made by observing it as the a-decay daughter of %6106 [5], we carried out
244Pu-+?2Ne experiments [10] to probe the a-decay branch of this key even-even nuclide.
We were searching for time and position correlations of a decays in the E, range expected
for 262104 to subsequent SF events from its spontaneously fissioning daughter 2¥102. The
observation of the o decay of 262104 would give important information for improving
predictions of mass excesses and shell corrections for the o-decay chain with N-Z=54,
involving **106 and the yet undiscovered doubly magic N=162 nuclide 2°108. This would
also allow the unequivocal identification and the half-life measurement of 258102, which so
far is believed to be a short-lived spontaneously fissioning nuclide with Ty/2=1.2+0.2 ms
[15,16].

In the ***Pu+?Ne bombardments [10] we detected 69 a-a correlations linking & decays
of %1104 and 7102, The half-lives of these two nuclides are known to be similar (65+10 s
and 25:+2 s, respectively), while the o energies of 257102 overlap those of 2104 [15]. For
the first time we were able to observe clearly, for each individual a-decay event of 61104, a
subsequent, time- and position-correlated a-decay event of its genetically related daughter
%7102. Let us note here that the nuclides 1104 and 257102 are the last short-lived
descendants in the o decay series starting from 73110 (see Section 4). As shown in the
lower panels in Fig.4, we observed a-particle energies Eo=8.22 to 8.41 MeV for 104
and 8.07 (weak), 8.19 to 8.40 MeV for %7102; conversion electrons coincident with some
of these a decays were detected. The half-life of %7102 was measured to be 25+4 s. No
correlations were found between a decays with E,>7.6 MeV and subsequent SF events
within the time window of 10 ps to 10 min, from which we calculated the 68% confidence
level upper limit of 1.5% for the SF branch of 57102 and a preliminary upper limit of

3% for the a-decay branch of 262104, Both the low o branching and the predominance of
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complete fusion reaction **U+34S. Another goal of these experiments was to probe cross
section values for the actinide-target-based fusion-evaporation reactions leading to the
Z=108 nuclides. In a 36-day bombardment we identified the a-decaying N=159 isotope
267108 with a half-life of 19*% ms and E,=9.74 to 9.87 MeV [6]. An important result
of this work is the measurement of the 2.5 pb cross section for the **3U(S,5n) reaction,
which is 10° times lower than that of the reaction %381j(*2Ne,5n).  This dramatic cross
section decrease (see: Fig.7) reveals a fusion limitation mechanism different from that
associated with the overcritical Coulomb-to-nuclear force ratio in the entrance reaction
“channel. As an intermediate case, Fig.7 includes the cross section value for the reaction
38U (*Mg,5n) that we measured in a separate experiment by detecting a-c correlations

linking o decays of the known nuclides %9104 and 25102
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We conducted an extensive off-line search of the raw 24*Pu+%4S data for event se-
quences which fit the expected pattern of implantation in the PSD array and subsequent
decay of #"°110 and its descendants. As a result, two prominent event sequences were
observed (see Table II and Ref. [7]). The first sequence shown in Table II fit best the
expected pattern of implantation in the PSD array and subsequent « decay of the new nu-
clide 2110 and was produced after 43 days of actual bombardment. This event sequence
occurred in the center of the PSD array (5 mm off the vertical-middle of strip 7), where
a 6.39-MeV EVR implantation event detected in coincidence with a characteristic TOF
signal was followed in 394 us by an a-decay event with E,;=11.35 MeV; then, following
this by 158 s, an out-of-beam a-decay event with E., = 8.63 MeV was detected, followed
384 s later by a third o-decay event with E,3=8.22 MeV. The y-position signals regis-
tered for each member of the sequence revealed a close correlation of the four events on
strip 7.- On the whole, the correlated EVR-o-e-a sequence is documented by 14 measured
parameters; the main parameters are summarized in Table II.

As shown in Table II, we interpret this correlated event sequence as the « decay of
the new nuclide #3110 followed by two detected a decays of its descendants, 25106 and
57102. On the basis of our data we calculate straightforwardly and conservatively that
the expected number of random 4-fold correlations of the above type is 6x10~3 for the
whole PSD array and the entire measurement time T=1375 h.

The three-member event sequence in Table II with E,;=11.72 MeV also shows the
#2110 implantation/decay pattern. The observation of the out-of-beam 8.86-MeV « event
43 s after the occurrence of the al event lends a great deal of significance to this chain,
but there are a number of less perfect features as well. It occurred in strrip 1, where the
background is some three times higher as compared to the center of the PSD array; the
measured EVR energy of 3.81 MeV was at the lower edge of the expected +2¢ range of
Z=110 EVR energies, and the measured Apos values were close to their higher limits.

The Eq1 of 11.72 MeV gives a Q1 value for this transition of 11.90 MeV, some 0.7 MeV
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4 Identification and Alpha Decay of *®110

In our 106 experiment, we found strong evidence for the shell closures néar N=162 and
Z=108 by exploring the nuclear stability pattern in the region just below these magic
nucleon numbers predicted by theory. Another direct test of the theory could be the
observation of a decrease in stability for nuclides with %, N beyond the predicted magic
numbers. This would allow the exact Z, N localization of the new shell closures. In
particular, the determination of whether the neutron closure is at N=162 or at a higher
N value can be made by measuring a-decay properties of a nuclide Witjl N=163 or 164.
As known from_ a-decay studies of Po-Th nuclides around the N=126 shell, the a-decay
energy, Qa, becomes considerably larger if the shell is crossed and breaks the trend of the
Qq values decreasing with increasing N for isotopes of a given Z. From °Po (N=125) to
#1Po (N=127) the Qo value increases by 2.6 MeV and the half-life decreases by 6x10°
times, reflecting the outstanding strength of the N=126 shell.

The choice of feasible target-projectile systems to prod‘uce a neutron-rich nuclide with
N>162 is strongly limited. ”Cold fusion” reactions with 2Pb or 20°Bj targets allow this
to be achieved only at Z=112. With actinide-target-based fusion-evaporation reactions,
the N>162 region is achievable at Z=110.

During the period from September 10 to December 30, 1994, we carried out exper-
iments at the Dubna U400 cyclotron to produce neutron-rich Z=110 nuclides by the
#4Pu+3 reaction at the bombarding energy E(*S)=190 MeV, some 6 MeV above the
Bass fusion barrier [24], resulting in an excitation energy for the compound nucleus 28110
of 250 MeV. This bombarding energy is expected to provide the maximum yield of 22110,
the 5n evaporation product, although the 4n and 6n channels leading to 24110 and 272110
are also open. During part of the above time period we used the 238 +40Ar reaction
at E(*°Ar)=214 MeV that leads to the same compound system 23110 with the same

excitation energy.

Table II. The measured parameters of the correlated *”110 event sequences observed in

the 2#*Pu+4§ reaction.

Particle Particle Strip Atd) Apos? Assignment N/
energy no. (mm)
(MeV)
EVR? 6.39 7 +1.1 3110
a 1135 7 304 ps 7310
o 8.63 T 158 s -0.5 25106
o R 8.22 7 384 s -0.4 27102 0.006
EVR? 3.81 1 +1.4 213110
o 11.72 1 132 ms 273110
o) 8.86 1 43s -1.0 25106 0.064

*)This sequence was detected at 4:49 a.m. on 10 December 1994 after 1041 h of actual
bombardment at a beam dose of 1.9x10 particles of 3. i

“)Event occurred between cyclotron beam pulses.

9IThis sequence was detected at 5:35 a.m. on 14 September 1994 after 56 h of actual
bombardment at a beam dose of 1.1x10'® particles of 5.

9 The indicated At values are time distances to the preceding event of a given correlation
chain. 3

)The y-position deviations are given with respect to the al event from 2°110.

/)The Nj values are calculated for the whole PSD array and the entire measurement time

of 1375 hours.

higher than is expected from theoretical predictions [2]. This Qu corresponds to an
unhindered Ty, value of 1.5 us [2], which requires a hindrance factor of ~6000 to achieve
a Tyyp of 9 ms, as the value of At, indicates; such a transition would likely have a low
abundance. We should expect the odd-A nuclide *2110 with N=N,i+1 to have a broad
and complex a spectrum, as it is the case, e.g., for the five known even-Z « emitters
with N=153, 2*!Cf through *°106 [15]. Different versions of macroscopic-microscopic
calculations [1,2,12] definitely predict a striking bunching of single-particle levels with

spins and parities Jx of l.‘,i, %, %, %t and “T_ of the N=157, 159, and 161 nuclei, as

well as a large, ~1-MeV gap up to the next, clearly isolated N=163 level with .]n:l-g—:‘
which should result in a large hindrance factor for the a decay of 27110, since no 137/2

level can be seen below N=163.
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Thus, our detailed analysis of the 2Py + %S data [7] confirms the uniqueness and the
high statistical significance of the 11.35-MeV event sequence belonging to *’*110, which
was first reported in Refs.[8,9]. The complete analysis reveals other event sequences which
deserve further consideration, including that with E,=11.72 MeV, but their.signiﬁca‘nce
is lower than the 11.35-MeV chain, and the following discussion will be based on that
sequence.

The ~0.4-ms interval between implantation and a decay of the 73110 EVR results in
a maximum likelihood Ty/; value of 0.3*33 ms (68% confidence interval). Based on one
detected chain, the prociuction cross section of *°110 at E(*'S) = 190 MeV is roughly
0.4 pb, close to expectations when extrapolated from the 2.5 pb cross section measured
for the 28U (%S, 5n) reaction [6] (see Fig.7). The cross section estimate for 2110 could
be higher if we assume an EC branching in the decay of 2'104, 265106, or 2%°108.

. The a-particle energy E,=11.35 MeV measured for 273110 gives a Q, of 11.52 MeV
when corrected for recoil energy of the daughter nucleus. Such a high Q. value for the
2=110 nuclide with N=163 provides direct and convincing evidence that a neutron shell
closure indeed exists and is located at N=162 and not at a higher value of N. The Q,
value for 77°110 would have been about 1 MeV lower if the shell closure had occurred at
N>162. We illustrate this in Fig. 8 with a plot of Q, vs N for isotopes of even-Z elements
Cf through 110, including Q,~11.3 and ~10.9 MeV for the isotopes 2110 and 27110
that were identified in **Pb+°2%/Nj experiments conducted at GSI/Darmstadt [26] in
the same time period as the present experiment; we also show the point Qan;ll,S MeV
from a report [27] on the possible production of 27110 in °Bi+%Co bombardments at
LBL/Berkeley. The measured E, energies for Z=110 were assumed to correspond to
the ground-state to ground-state transition. Although the odd-A Z=110 nuclides are not
expected to decay to the ground state, they would have to decay to daughter energy levels
unrealistically different to alter the Q. vs N pattern in Fig. 8.

In Fig. 8 one can clearly see the reversal in Q. vs N behaviour for 27110 as compared
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Table III. Comparison of the measured decay properties of 27110 with theoretical pre-
dictions [1-4,25].

THEORY PREDICTS EXPERIMENT SAYS

A neutron-deformed shell exists and is at
N=162.

Yes, it exists indeed and is at N=162, not
at a higher N value.

There should be a clear reversal in Q, vs N
after crossing N=162, not only a flattening
like at N=152%).

Yes, the Q. reversal for 2™110 is
observed.

The N=162 shell should be stronger than
the N=152 shell*).

Yes, the N=162 shell is stronger indeed.

Quantitatively, the increment in Q, be-
tween N=162 and N=164 for Z=110 is
0.6 MeV2).

Yes, the Q, increment between N=161
and N=163 for Z=110 is 0.55 MeV at
least. The N=162 shell appears stronger
than predicted. But the theory underesti-
mates the strength of the N=152 shell as
well.

A high-spin (17) ground-state for 278110,
resulting in a large HF for its o decay.

Yes, with E,=11.35 MeV. and
T1/2=0.353 ms, the HF is 30+1%°. This is
a strongly hindered rather than favoured
@ decay of the even-odd nuclide 273110.

“)These predictions hiave been made in Refs. [2-4].

between N=151 and N=153 in the region of Fm to Z=104, or, alternatively, with that of
1.8-2.6 MeV between N=125 and N=127 in the Po-Th region. The N=162 shell closure

appears much weaker than the spherical shell N=126, but seems at least comparable in

strength to the deformed shell N=152.

5 Conclusions

Table IV summarizes decay properties of the new nuclides discovered in the present series
of experiments. We note that these nuclides represent the heaviest isotopes of elements

104, 106, 108, and 110 produced up to now.
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Fig. 8. Alpha-decay energy Q. vs neutron number N for isotopes of even-Z elements
Cf through 110 [5-10,15,26,27). Squares show data from Refs. [5-10], as well as Q, for
273110 from this work. Open circles show theoretical Qo values [2] for even-even Z=110
isotopes. The neutron numbers N =152 and N,sy=162 are delineated to emphasize
the behaviour of Qq with N in the region of shell closures.

with the trend for the lighter Z=110 isotopes. This observation is in good agreement with
the recent theoretical Q, predictions [2] shown in Fig.8. A more detailed comparison of

the measured decay properties of #®110 with theoretical predictions [1-4,25] is p ted

in Table IIL. The 0.6-MeV increase in Q, between N=161 and N=163 reflects the strength

of the shell closure at N=162 and can be contrasted with a Q, increase of 0.1-0.3 MeV
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Table IV. Decay properties of the new heavy nuclides discovered in the present series

of experiments.

Nuclide Principal Alpha-particle - Half-life Ref.
decay mode energy, MeV ¢

23110 a 11.35 033 ms (1,8,
267108 a 9.74 to 9.87 1943 ms (6]
266106 a 8.63+0.05 10-30 s [5]
265106 P 8.63 to 8.91 2-30 s 15,7]
204 SF 1.241078 5]
30f SF 2142 ms 18]

The production and positive identification of the nuclide 27110 signifies the observa-
tion of the element 110. The principal result of our 110 work is the direct experimental
evidence for a strong shell closure at N=162 as determined by the measured a-decay prop-
erties of #*110, the only N=163 nuclide known up to now. Providing a decisive test of
and a new credit for the current nuclear theory, this result offers predicted spherical shells

at Z=114 and N~178-184 to be a major challenge for future experimental explorations.

1 wish to thank F.Sh. Abdullin, Yu.V. Lobanov, A.N. Polyakov, E.A. Shchukina, and
V.K. Utyonkov for their essential help in preparing this manuscript. The studies de-
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International Science Foundation and the Government of the Russian Federation. The
24Py target material and a part of the 8Cm material were provided for the present
experiments by the U.S. Department of Energy through the Oak Ridge National Labora-
tory. These studies were performed in the framework of the Russian Federation/US Joint
Coordinating Committee for Research on Fundamental Properties of Matter. !
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E7-96-82
TMpenenst SAEPHO# CTPYKTYpbi:
ofnapyxeHHe 3aMKHYThIX o6onouek N= 162 u Z =108

CosmecTHble 3Kcriep Tl [ly6Ha—JIusepmop, sbinonHennsie 8 1993-95 rr.
C HCMO/B30BAHHEM AYOHEHCKOTO MA30HANONIHEHHOTO CENapaTopa MPOIYKTOB SAEPHbIX

| peakumMH, NpHBENH K OTKDBITHIO HOBbIX HYKITHIOB 2622104, 2(’5106, 266106. 267]08

u 23110. D10 naubonee Taxensie n3oronsl anementoB 104, 106, 108 w 110,

M3BECTHBIE B HacToslice Bpems. Wnenrudukaums 273 110 o3nauaer nabniogeHue
anemenTa 110. PanioakTHBHbIe CBOHCTBA CHHTE3MPOBAHHLIX HAMH HOBBIX HYKJTHIOB
[aloT [0Ka3aTe/bCTBa CYUIECTBOBAHHS 3aMKHYThIX obonmouek N =162 u Z =108,
TNPENCKa3aHHbIX COBPEMEHHON MakpO-MMKPOCKOMMUECKOi Teopueii aapa. Pesynbrarsi
HAHHOH CCPHH 9KCNIEPHMEHTOB OTKPbIBAIOT HOBBIC BO3MOKHOCTH PACLIMDEHHS 0GNAcTH
HauGonee THXENbIX SAep H AeNAIT NPOIBHKEHHE K NPENCKA3AHHLIM CHEPHUCCKHM
obonoukam N = 178—184 u Z =114 axryanbhbiM Hanpasicuuem Gyoynmx oKc-
NIEPUMEHTAIBHBIX UCCIIEAOBAHMII.

Pabora Bbinonnena s JlaGoparopHu sepHbix peakumii um.I"H.®neposa OUSIH.

MpenputT O6bEAHHEHHOTO HHCTHTYTA SUEPHBIX HCCNeEnOoBanHil. lybHa, 1996

; E7.96-82

Extremes of Nuclear Structure:
Discovery of the Shell Closures N =162 and Z = 108

Collaborative Dubna—Livermore experiments performed in 1993—1995
by employing the Dubna gas-filled recoil separator have resulted in the discovery
of the new nuclides i"62104, 265106. 266106, 267108 and 23110. These nuclides
represent the heaviest isotopes of elements 104, 106, 108 and 110 produced
up to now. The identification of 273110 signifies the observation of the element 110,
Decay properties determined for these new species establish the existence of the shell
closures at N=162 and Z =108 predicted by modern macroscopic-microscopic
nuclear theory. The findings of the present series of experiments create novel
opportunities for extending the nuclear domain at its upper edge and offer
the predicted spherical shells at N ~ 178—184 and Z= 114 to be a major challenge
for future experimental explorations.

The investigation has been performed at the Flerov Laboratory of Nuclear
Reactions, JINR.
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