


INTRODUCTION

According to the macro — microscopic theory predictions, the stability of the
super heavy nuclei must increase sharply, while approaching the spherical neutron
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in the colliding nuclei. Thus, the isotopes of element 112, which have a spherical
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energy at the Coulomb barrier being only E; ~ 35 MeV. At such an excitation
encrgy, the shell effects are still present in the heated nucleus. This may increase
the survival probability of the evaporation residues (ER). The high mass asymme-
try in the entrance channel (A;/A2 = 0.2 and Z,Z; = 1840) seems to decrease the
dynamic limitations for the fusion of the interacting nuclei, earlier observed for the
more symmetric cold fusion reactions [2].

The expected decay properties of the isotopes with Z = 112 are quite specific.
According to the calculations provided by Smolanczuk [3], the even — even isotopes
22112 and %1112 have partial half lives for a~ decay respectively: T, = 0.005 s.
and 1.0 s. (Fig. 1). Their spontaneous fission half life (T, ;) is slightly higher
than T,. At the same time, the isotope 22°110, which is the a—decay daughter of
the 2%4112 nucleus, will mainly decay by spontaneous fission. As for the chain of
sequential decays of the other isotope 28?112, all products with Z < 106 will have
T,z < T, too. For the isotope 23112 the predictions are less clear, because the
odd number of neutrons may lead to significant limitations for both a— decay and
spontaneous fission. Here, a strong competition between the two modes of decay
is also highly expected.

Note, that calculations performed by Méller et. al. [4], predict for the same nuclei
the half life versus a— decay to be hundreds and thousands times longer than T,
from [3]. However, it seems less significant, since it does not change the main decay
properties of the isotopes with Z = 112, produced in the reaction *¥Ca + 23¥U.
Either they will decay by spontaneous fission, or by the chains of their o~ decay
(one or several) will end by the spontaneous fission anyway. On the other hand,
modern separation techniques allow synthesizing and identifying the ER, if their
half lives are more than one microsecond. It covers the range of all the predictions
and thus the experimental results obtained using these techniques can be used as
a direct test of the predictive capabilities of the existing theoretical models.

N EXPERIMENT

Production of intensive ion beam from the rare and extremely expensive *Ca
isotope presents itself as a key problem in our issue on the synthesis of the isotopes
of element 112.
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FIGURE 1. The theoretical predictions for partial half lives of the isotopes with Z = 112. Open
circles and open squares connected by solid lines are T, and "Tss taken from [3] respectively. Open
circles connected by dashed line are T, taken from [4]. Black circle — T, for the isotope 277112
obtained in the reaction **Pb("°Zn,1n); black square - T,; for the isotope 283112 produced in
the reaction 238U(*¥Ca,3n) — present work
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The neutral atoms of calcium were injected into the plasma of the ECR-4M ion
source [5] by the process of controlled heating of the metallic sample of “8Ca (50 mg)
enriched to 70 %. The sample was made of calcium oxide right before being placed
in the oven of the ECR source. The whole preparation procedure of metallic Ca
as well as recuperation of the material from the ion source chamber was controlled
by measuring the yield of v- rays from the isotope "Ca (4.5 d), produced in the
#Ca(v,n)* Ca reaction.

The new injection system and the modified beam optics of the cyclotron allowed
obtaining the internal beam of **Ca®" ions with an intensity of up to 1 piA at the
material consumption rate of about 0.3 mg/h. The beam extraction from the U
400 cyclotron was provided by the stripping method. The variation of tlhe cnergy
of the extracted beam in the range from 200 MeV to 280 MeV was performed by a
smooth variation of the magnetic field and by precise positioning of the stripping
foil. The mean beam intensity of **Ca on the target was 2.2x10' pps. The time
structure of the beam was persistent.

The evaporation residues were separated in—flight from the beain particles and
other reaction products by the clectrostatic recoil separator VASSILISSA [6]. The
enrichied isotope of 28U (99.999 %) with the thickness of 0.3 mg/cm? was used as
a target material. It was deposited uniformly on a 1.6 mg/em? thick Al backing
disk 125 mm in diameter. The disk was rotating with a frequency w = 2000 rpm.
The same target design using Tb and enriched isotopes of Yb and Pb was used in
several test experiments.
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For registration and identification of the ER a system of time-of flight detectors
and a silicon position sensitive strip detector array was installed in the focal plane of
the separator. After registration in the TOF detectors, the recoils were implanted
into a 16 strip silicon detector with an active area of 60x60 mm?. Each strip had
a longitudial position sensitivity. Special incasurements of the position resolution
along cacl strip were performed. For the sequential a-a decays it was 0.6 mm. for
the corrclated recoil and o~ particle - 1.0 mm, and for the correlated recoil and
spontancous fission events it was 1.5 mm. The energy resolution for o particles
within the energy range from 6 to 9 MeV was 20 keV. The timme accuracy for the
recorded events was about 1 psec. The strip detector was surrounded with four
other identical silicon detectors and the entire array had a shape of a cube with the
dimensions 60x60x60 mm®. The geometrical efficiency of the silicon array was
85 % of 4 7. In the present series of experinients cach of the four neighboring strips
of backward detectors were connected galvanicly and formed 16 cnergy sensitive
segnients with the resolution of 120 - 150 keV.

Scattered low energy projectiles were the main contribution to the background.
An additional bending dipole magnet allowed placing the detectors at an angle
of 8° with respect to the primary beam direction. After all. the counting rate of
the frontal detector was only 25-30 Hz. In front of the silicon detectors the 3 yan
degrader foil (mylar) was placed to reduce the number of very low energy projectiles
reaching the focal plane of the scparator.

The separation cfficiency of ER from the reaction **Ca + U was obtained in
test experiments. The cross sections of the xn- evaporation channels were measured
in the bombardment of targets of **¥Tb, YD and 2928 Ph by the ™Ca projectiles
in a wide energy range. The measurcments showed that abont 25 % of the 2867112
ER. produced on the U target, would be implanted in the frontal detector. The
signals from the time -of-flight detectors were used both for measurements of the
velocity of the recoils and for distinguishing the decays of the previously implanted
nuclei.  The high cfficiency of the TOF- detectors allowed obtaining very clean
decay spectra and significantly widening (up to several hours) the time window for
measuring decay chains. The latter was particularly importaut for identification of
the ER with a long half life and the continuous structure of the bean.



RESULTS

To estimate the yield of evaporation residues in the reaction **U(*Ca.xn)
2%6-2112 and to chose the optimal beam energy for ¥Ca, a sct of additional ex-
periments was performed. Using the recoil separator VASSILISSA, the excitation
functions for the reactions 206:28Ph(18Ca,xn)?*~*No, 6-*No were measured. At
the same time, on the time-of-flight fission fragment spectrometer CORSET [7]
data were obtained on the cross sections and mass distribution of fission fragments
in the reactions 8Ca + 29629%8Ph and *¥Ca + 28U. For all the reactions these
compound systems were formed at low excitation energics, close to the Coulomb
barrier.

These experiments will be described in full in separate articles (tor example [8]),
here we shall restrict our consideration to the main conclusions drawn from the
data. As it follows from the analysis of the data observed above, the highest cross
section for the reaction *8Ca 4 238U is expected for the 3n and 4n evaporation
channels. The excitation functions reached their maxima at E; = 33 und 39 MeV,
which corresponds to the beam energy at the middle of the target E;, = 231 McV
and 238 MeV, respectively. The absolute value of the cross section for the xn
evaporation channels can be estimated much less definitely. According to different
calculations, the cross section at the maximum of the 3n evaporation channel varies
from one pb to a few tens pb; although, it still remains by a factor of 3 - 5 higher
than that for the 4n evaporation channel. '

On the basis of above data, two long term irradiations of a *®U target with
48Ca at beam energies of 231 + 3 MeV and 238 + 3 MeV were performed. The
dose of 3.5x10'® projectiles was collected in the first experiment in March 1998.
Two spontaneous fission events were detected at that time. For the both events
the fission fragments were registered as two coinciding signals with a high energy
deposition both in the front and backward detectors.

The total kinetic energy (TKE) for the cvents has also been measured (Fig. 2).
The detectors were calibrated by fragments from spontaneous fission of the im-
planted ER of %2No, produced in the reaction **Pb(**Ca,2n) using data from
[9]. The determined values of the TKE for the two registered events are 190 and
212 MeV respectively. Their energies were calculated using the same procedure as
for No and were not corrected taking into account higher masses of fission frag-
ments.

The analysis of all the events collected in the experiment has been provided in
order to find genetic decay links of the implants. For that purpose, the data of the
position and energy resolutions of the correlated events, measured by the frontal
detector for the various modes of decay were used. Thus, for the recoil - @ - a as
well as recoil — @ — ... — SF for an a— particle in the energy range from 8 to 13 MeV
and in the time interval of up to 10000 s. no correlation was found. But at the
same time, there were two correlated signals from the recoil and spontaneous fission
found in strips 12 and 15 within the position window of + 0.8 mm. In the first case
(strip 12) the position difference between the signals, "recoil” and ”spontaneous
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FIGURE 2. The spectra of TKE for spontaneous fission of 252No. Open circles — data, dashed
line — Gaussian fit to the data obtained with VASSILISSA in the reaction 2°6Pb(%¥Ca,2n)?52No

and normalized on the data taken from [9]. Black triangles correspond to the events from reaction
B0y 4 2387

fission”, was 0.36 mm and the time interval was At,=182.39 s., while in the second
case (strip 15) the position difference was 0.75 mm and the time interval was
At,=52.04 s. As it became evident from the data of the long term detection, at
the position window of + 0.8 mm the signals, similar to ER, were detected in
strip 12 with a mean frequency of 0.001 Hz, while in strip 15 the frequency was
0.002 Hz. The detected time intervals were much less than that between recoil like
events distributed randomly, thus we used At, and At, intervals for the half life
estimation.

In the second experiment, the doze of 2.2x10'® projectiles was collected at the
beam energy E;, = 238 MeV (E;=39 MeV). No spontaneous fission events were
detected and no a — a correlations were observed in the whole a— particle energy
range from 8 to 12 MeV in the time interval of up to 1000 sec. The upper limit for
ER formation cross section at this excitation energy was 3.0 + 1.5 pb.

It is very important to note that the two events observed in these experiments
were collected practically under no background conditions. The fact that no SF -
isomers as well as no other known SF — nuclei were observed in the two experiments



with the total beam doze of 5.7x10'® makes evident the high selectivity of the device
for the evaporation residues detection. That is why we also have to avoid explaining
the effect in terms of a rare and unknown decay mode of known nuclei formed in
the reaction *8Ca + 8U.

As mentioned above, no a- particles, preceding the spontaneous fission, were
observed for either event despite the high efficiency of the detector array. The most
reasonable explanation is that we observed the spontaneous fission of the heaviest
new even — odd isotope 283112 with the half life T,/ = 81.25732° seconds. Despite
the fact that only spontaneous fission was observed in the experiment, we caunot
exclude also the o~ decay with a branching ratio b, < 50 %. The cross section for
the new isotope is (5.0 & 2) pb (the statistical error is presented here, the absolute
cross section accuracy value is within the factor of 2). The absence of any effect at
the excitation energy E, = 39 MeV is not surprising. The cross section of the 3n
evaporation channel decreases with an increase in the excitation energy, while the
cross section of the 4n evaporation channel is several times lower than that of the
3n channel, as it was already mentioned above.

CONCLUSION

The present article describes a new attempt to synthesize super heavy spherical
nuclei in the reaction *®Ca + 2*®U. As compared with all previous experiments
with #Ca ions, the sensitivity of the present experiment is more than 100 times
higher. Two spontaneous fission events were detected at the beam energy below
the Coulomb barrier. As it follows from the data analysis, the events were 1most
probably triggered by the decay of the even — odd isotope #3112 formed in the 3n
— evaporation channel. The half life of the new isotope is about 100 scc. It could
also be that it undergoes a— decay with a branching ratio b, < 50 %.

The half life of the new isotope is more than 5 orders of magnitude longer (Fig. 1)
than that of the already known isotope 277112 (Ty/2 = 0.24 ms), obtained in the
cold fusion reaction 2°Pb("°Zn,n)?7112 [10]. The difference could indicate that
the stability increases sharply at approaching the domain of the spherical shell
corrections.

The present experiment is the first one in our long term rescarch program with
the 48Ca beam, dedicated to the synthesis and study of the properties of super
heavy elements. We strongly intend to increase the intensity of the beam, which
will allow us to try to synthesize other isotopes with Z = 110 - 114.
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Toxck pacnana Haubonee TAXEIBIX H30TONMOB WieMeHTa 112

48 8
JInsg cUHTE3a TAXEIBIX W30TONMOB aleMeHTa 112 B peakumn — Ca-+ B8 oot BeimONMHenHl! nBa

9KCIIEPUMEHTA MPU PasHBIX SHEPrHax GoMOapaupylomMx HOHOB. B nepBoM aKCHEpHUMEHTE NPH 3HEPIHH
nyuka B cepeande MuiieHu 231 MaB oxupanocs oOpasopaHHe COCTaBHOTO S1pa 85112 ¢ aHeprueH
Bo3byxnenus E, =33 MaB. B 20-mneBHOM ceance 0GNyyeHHs MHLUEHH 28y MPH HHTErPATBHON 103€

wonos 3,5x 10'% & doxanshoM nerekTope cenaparopa BACHIIMCA naGniopanucy asa coBbiTHS CIIOH-
TanHoro AenieHns. He Gbuin HaGniofeHbl HY O-YaCTHLBI, MPEIUECTBYIOIHE AENEHH IO, HH KOPPEIHPOBaH-
HEIE COBBITHS HCTYCKaHUS ABYX (-4acTHLL B IMANa30He 3Hepruit ot 8 fo 13 MsB u BpeMeHnoM HuTepBaie
10 10000 c. Hanbonee BeposTHBIM 00BICHEHHEM JaHHBIX, MOJyYEHHBIX B 3TOM 3IKCIIEPHMEHTE, ARTIETCA
Npoucx 0XAcHHe HaGMIONABILMXCSA COOBITHH CIIOHTAHHOTO AEJICHHS B PE3y/IbTaTe pacnana YeTHO-HeYeTHOro
nzorona (N =171) anementa 112, ofpasyomierocs B peakuHu By (48Ca, 3n) 83112 ¢ MONePeYHBIM
ceyenneM ~ 5 n6. IlepHon moaypacnaga HOBOIO CNOHTAHHO JAENAIErOCA H30TOMA COCTABISET OKO-
a0 100 c¢. Bo BTOpOM 3KCnepHMEHTe SHeprus MOHOB myduka cocramisia 238 MsB, yro mpusomwio
K YBEMHYEHHIO IHEPIHH BO30YXIeHHS cocTasHoro supa ao £, =39 MaB. Hurerpanshad no3a MOHOB

BO BTOPOM CJIyyae cocTamiLia 2,2 X 10'®. He maGnioganocs HH cOGBITHIt CTIOHTAHHOTO [IEMCHHS, HH CO-
OLITHIT TOCTEOBATENBHOTO HCMYCKAHHS O-4acTHL B HHTepBaie aHepruil oT 8 10 12 MaB u BpeMeHHOM
uHtepeate g0 1000 c. DTH gaHHble MO3BONAIOT OLUEHHTH BEPXHIOW TpaHulty — 3 n6 ans ceyeHMs

06pa3oBaHHs YETHO-YETHOTO H30TOMa 2128 PeakuUHH By ( M'lCa, 4n) 32912,
PaGota BeinonseHa B JlaGopatopuu saepHeix peakuui uM. I'H.Mneposa OHSH.
Mpenpunt OGBeIHHEHHOTO HHCTUTYTa SOEPHBIX HcenegoBanni. Jy6Gua, 1998

Oganessian Yu.Ts. et al. E7-98-212
Search of the Decay of the Heaviest Isotopes of Element 112 :

To produce heavy isotopes of element 112 in the reaction “Ca+ 2% two experiments at different
beam energies weie performed. In the first experiment the beam energy at the middle of the target was
231 MeV which lead to the production of the compound nucleus 2112 with an excitation energy
of E,=33 MeV. In a 20 — day irradiation of the ***U target with a beam dose of 3.5x 103
on the focal plane of the recoil separator VASSILISSA two spontaneous fission events were detected.
No o-particle emission preceding spontaneous fission nor a—a correlation in the energy range from 8
to 13 MeV in the time interval of up to 10000 s. have been observed. The most probable explanation
of the data obtained in this experiment is that the observed spontaneous fission corresponds to the decay
of the even — odd isotope (N =171) of element 112 produced in the reaction 3y (“Ca, 3n) 12
with a cross section of ~3 pb. The half life of the new spontaneous fission nuclide is about 100 s.
In the second experiment the beam energy was 238 MeV which increases the excitation energy
of compound nuclei up to E, = 39 MeV. The total beam dose in that case was 2.2 X 10", No events due
either to spontancous fission or sequential a—a decay in an energy range from 8 to 12 MeV and the time
interval of 1000 s. were detected. These data give the upper limit of 3 pb for the production cross section
of the even — even isotope 82112 in the reaction ***U (48Ca, 4n) #2112,

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