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INTRODUCTION

According to the macro - microscopic theory predictions, the stability of the
super heavy nuclei must increase sharply, while approaching the spherical neutron
shell N = 184, The synthesis of the super heavy spherical nuclides, even if they
are distant from the shell N = 184, takes place only at a significant neutron excess
e the collicing nuelei. Thus, the isotopes of element 112, which have a spherical
shape and are therefore, relatively stable, can be produced in the reaction *#Ca +
J&Hl‘ [lj

The compound nucleus #0112 formed in this reaction appears to be weakly ex-
cited due to the significant mass excess of the double magic *Ca, the excitation
energy at the Coulomb barrier being only E, ~ 35 MeV. At such an excitation
energv. the shell effeets are still present in the heated nucleus. This may increase
the survival probability of the evaporation residues (ER). The high mass asymrme-
try in the entrance channel (A, /A, = 0.2 and 7,7, = 1840) seems to decrease the
dyvnamic 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 Smolaniczuk [3], the even - even isotopes
“112 and **!112 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 °110, which is the a—decay daughter of
the #8112 nucleus, will mainly decay by spontaneous fission. As for the chain of
sequential decays of the other isotope 22112, all products with Z < 106 wili have
T,; <« 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 maodes of decay
is also highly expected.

Note, that calculations performed by Méller et. al. [4], predict for the same nuclei
the half life versus - 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 4 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.

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,



-
o

Half life (sec)

Lot PR 1 "

- A 1,

165 170 175
Neutron number

FIGURE 1. The theoretical predictions for partial half ives of the isotopes with 7 = 112, Open
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The evaporation residues were separated in flight from the beam particles and
other reaction praducts by the electrostatic recotl separator VASSILISSA 167 The
curiched isotope of 20U (99,999 %) with the thickness of 0.3 mg/em? was used as
a target material. It was deposited uniformly on a 1.6 mg/em® thick Al backing
disk 125 mmcin diameter. The disk was rotating with a frequeney o= 2000 1pn.
The sime tarvget design using Th and enriched isotopes of Y and Ph was used in
several test experiments.

For registration and identification of the ER a svstem of time of flight detecrors
and asilicon position sensitive strip detector array was installed i the focal plane of
the separator. Afrer registration in the TOF detectors, the recoils were inaplant ed
o a 16 strip silicon deteetor with an active area of 60x60 mm?. Fach strip lad
a longitudial position sensitivity, Special measurements of the position resolution
along cach strip were performed. For the sequential o o decavs it was 0.6 muy for
the correlated recotl and o particle 1O mm. and for the correlated recotl and
spontancous fission events it was 1.5 mm. The energy resolution for o particles
within the energy range fron 6 to 9 MeV was 20 ke, The time accuracy for the
recorded ovents was about 1 psee. The strip detector was surrounded with four
other idenatical silicon detectors and the entive array had a shape of a cube with the
ditensions S0x60x60  mm?. The geometrical efficieney of the silicon array was
SO U0 of ot the present series of experiments each of the four neighboring strips
of backward detectors were connected galvaniclv and formed 16 energy sensitive
segments with the resohution of 1200 130 keV.

Seatteied fow energy projectiles were the main contribution to the bhackeround.
Anoadditional bending dipole magnet allowed placing the detectors at an angle
ol 87 with 1espeet to the primary beam divection. After all, the connting rate of
the frontad detector was only 25 30 Hz. Tu frout of the silicon detectors the 3
degtader (o1l {myvlar) was placed to veduce the number of vers low energy projectiles
reaching the local plane of the separator.

The separation efficiency of ER from the reaction ™Ca 4 70 was obtained i
test experiments. The cross seetions of the xno evaporation channels were measured
i the bombardment of targets of TH YD and 229 Ph by the ™Ca progeetibes
i widie energy range. The measurements showed that about 25 % of the =™ 12
PIL produced on the U otarget, would be implanted i the frontal deteetor. The
signals from the time of flight detectors were used both for measurements of th
velocity of the recails and for distinguishing the decavs of the previonsty timplante!
nuclei Pl hieh eficiency of the TOF detectors allowed obtaining very clean
decav speetra and significant Iy widening (up to several hours) the time window for
measuring decay chains. The Tatter was particalarly important for identification of
the IFR wirhe o tong half Tife and the continuons structuee of the heam



RESULTS

To estimate the vield of evaporation residues in the veaction 200 Cuan
12 and o chose the optimal heam erergy (or 0 g s ol additional ex-
persnents was performed. Usiug the veeoil separator V \\\II ISSAL the oxcitition
tusictious for the reactions 2525 PhLERC Qi o\ 20 NG were measured. A
the same time. o the time of Hight lission ragment ~pectrometer CORSET i
data woere obtained on the cross sections and mass distrimition of fisston fragtients
I the veactions PCa+ 29590 and "Ca 4 200 For all the reactions hes
compontd svstems were fornied ar low excitation enereies. close 1o the Coulonl
barrier.

Phese experiments will be deseribed in full in separate articles {1n example D,
here we shall restrict our consideration to the main conclusions drawn from the
datas As it follows fromn the analvsis of the data observed above. the highest cross
section for the reaction ¥Ca 4+ 20U s expected for the 3u and h evaporation

chanuels. The excitation functions reached their maxima at £, = 33 and 30 Me\™

which <:(’)rr(‘5p()11(ls to the heam energy at the middle of the target ;= 231 eV
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

caleulations. the cross section at the maximum of the 3n <‘\<1])<)lzll]lm channel vioies
from one pb to a few tens pbr although, it still remains by a factor of 3 5 higher
thau that for the 4n evaporation channel.

On the basis of above data. two long rerm irradiations of a U target with
TCa at beam energies of 231 £ 3 MeV and 238 4+ 3 MeV were performed. The
dose of 3.5x 10" projectiles was collected in the first experiment in Mareh 1998,
Two spontaneous fission events were detected at that time. For the hoth events
the fission fragments were registered as two coinciding signals with a high energy
deposition both in the front and backward detectors.

The toral kinetic energy (TKIZ) for the events has also been measured (Fig. 2]
The detectors were calibrated by fragments from spontancous fission of the im-
planted ER of #No, produced in the reaction 2Ph{%¥Ca.2n) using data from
[9. The t'lr\h‘rminwl values of the TKE for the two registered events are 190 and
212 MeV orespectively. Their energies were calculated using the same procedure as
for No and were not (,()I[(’,(,T,(‘(I taking into account higher masses of fission frae-
IS

The analvsis of all the events collected in the experiment has been provided
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 o o as
well as recoll a0 SF for an e particle v the enerpy range frone & to 13 MeV
and in the time interval of up o 10000 s no correlation was found, But at the
siune time, there were two correlated signals from the vecoil and spontancous fission
fonud in strips 12 and 15 within the position window of + 0.8 mm. Tu 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 2**No. Open circles - data, dashed

line - Gaussian fit to the data obtained with VASSILISSA in the reaction *°Pb(**Ca, 2n)252No

and normalized on the data taken from [9]. Black triangles correspand to the events from reaction
WCu 4 PR
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fission”, was 0.36 mim and the time interval was At,=182.39 5., while in the second
case (strip 15) the position difference was 0.75 mm and the time interval was
Aty=52.04 5. As it became evident from the data of the long term detection. at
the position window of 4+ 0.8 mm the signals, similar to ER, were detected in
strip 12 wita 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 Lhat betwecn recoil like
events distributed randomly, thus we used Aty and Aty intervals for the half life
estinlation.

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

[tis 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 5.7x 10!'® makes evident the high selectivity of the deviee
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 nuclel formed in
the reaction *#Ca + 2380,

As menticned above, no « - particles, preceding the spontancous fission. were
observed for cither event despite the high efficiency of the detector arrav. The most
reasonable cxplanation is that we observed the spontancous fission of the heaviest
new even - odd isotope 2112 with the half life Ty, = 81.25%32" seconds. Despite
the fact that only spontaneous fission was observed in the experiment. we cannot
exclude also the o decay with a branching ratio b, < 50 % . The cross sectiou 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 a
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 4dn evaporation channel is several tines 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 4 28U, 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 heam energy below
the Coulomb barrier. As it follows from the data analvsis, the events were most
probably triggered by the decay of the even  odd isotope 112 formed in the 3n

evaporation channel. The half life of the new isotope is about 100 sec. [t could

also be that it undergoes o decay with a branching ratio b, < 50 %.

The half Life of the new isotope is more than 5 orders of magnitude longer (IMg. 1)
than that of the already known isotope 277112 (T4 = 0.24 ms). obtained in the
cold fusion reaction 28Ph(TZn.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 "Ca beam, dedicated to the synthesis and study of the properties of saper
heavy elements. We strongly intend to increase the intensity of the heanm. which
will allow us 1o try to synthesize other isotopes with Z == 110 114

This work was performed partially under the financial support of the Russian Foun-
dation for Basic Research, contract N 96 02 17209 and INTAS, contract N 96 662
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Oranecsan KO.11. u 1p. E7-98-212
Tlonck pacniana HauGonee TAXebIX HIOTOMOR aneMenTa 112

48
lnd cHHTEsa TAXeNBIX HIOTOMOB aneMeHTa 112 B peakuun “°Ca -+ By OLUIM BBINOSHEHH IBa
SKCHEPUMEHTA [IPH PAIHLIX HEPIUsX GomGapmmpyowux HoHos. B NEPBOM 3KCNIEPUMENTE I1PH SHEPTHH

Nyuka B Cepeande MumreHd 231 MaB oxwuianocs 06pa3oBaHHe COCTABHOIO g1pa B892 ¢ IHEprUei
8036y )aenus £, =33 MaB. B 20-unesHoM ceance obiyueHus Mumeny >°U NIPH MHTErpanbHOM 03¢

nonos 3,5x 10'* g hOoKaTEHOM leTekTOpe cenaparopa BACHJIHCA Hanionanice a8a coSbiTHs CIoH-
TaHHOTO JeienHs. He Geutn nabmojenbl Hu o-yacTuus, TIPEAWECTBYIOUIHE JETEHHIO, HH KOPPEHPOBAH-
HBIE COBLITHS HCITYCKAHHS IBYX (--4aCTHU B AHANA30He 3Hepruit ot 8 1o 13 MaB u BpeMeHHOM HHTepBane
10 10000 c. HauBonee BeposatHbiM o6nacHEHMEM HaHHBIX, NIONMYYEHHBIX B 3TOM 3KCHEPHMEHTE, SARTHETCH
MPOKCX OKINEHUE HABTIONRBWMXCA COGBITHIT CIIOHTAHHOTO e/ leHUs B Pe3ynbTaTe pacnaga YeTHO-HEYETHOIO
niorona (N=171) anementa 112, ofpasymwiLerocs B peakuun 25U (*Ca, 3ny 3112 ¢ MonepeyHbIM
ceycnneM ~5 n6. Tlepron nomypacnasa HOBOTO CHOHTAHHO AeTAIErocst H30TONa COCTaBISET OKO-
10 100 c. Bo BropoM 3kcnepumente SHCPIWA HOHOB Myuka cocrasiwia 238 MaB, wro npusommio
K YBCTHYCHHK) 3IHEPIHUH BO3OYXIUEHUS COCTABHOIO A1pa po E, =39 MaB. HuterpansHas 103a MOHOB

BO BTOPOM Cilyyae cocTamtsita 2,2 x 10" He HaBTIIAI0Ch HH COBHITHI CIIOHTAHHOTO HeIeHUs, HH CO-
GHITHII nocea0BaTEIBHOIO HCTYCKAHHA (-4aCTHU B MHTEpBalle SHEPHil ot 8 o 12 MsB u spementom
HHTepsate 10 1000 ¢. Dtu yaHHBlE MO3BONAIOT OLECHHTDL BCPXHIOI0 TpaHHLy — 3 nf wis ceuenus
2112 8 peaxunn 27U (¥Ca, 4n) 21 12.

Pa6ota Buionuena B JlaGopatophut sitepHeIx peakumii um. I H.®neposa OUAU.

06p&3033HMH HYETHO-YCTHOTO M30TONAa

[penpunt O6beanHennoro MHCTHTYTA SNCPHBIX uccneqosanni. Jybua, 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 + ¥ two experiments at different
beam energies were 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 ~*112 with an excitation energy
OFE, =33 MeV. Ina 20 — day irradiation of the “*U target with a beam dose of 3.5x 10"
on the focal plane of the recoil separator VASSILISSA Iwo spontaneous fission events were detected.
No a-particle emission preceding spontaneous fission nor a—-o 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 dwta obtained in this experiment is that the observed spontancous fission corresponds to the decay
ot the even —— odd isotope (N = 171) of clement 112 produced in the reaction U (¥ca, 3ny 12
with a cross section of ~35 ph. The half life of the new spontaneous fission nuclide is about 100 s.
In the second cxperiment the beam energy was 238 MeV which increases the excitation energy
of compound nuclei up 10 £, = 39 MeV. The total beam dose in that case was 2.2 x 10", No events due
cither to spontancoas fission or sequential (—ct 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

. . 282 . PURE D 282
of the even — ¢ven 1sotope F12 in the reaction U (7"Ca, 4n) 112.

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

Preprint of the Joint Institute for Nuclear Research. Dubna, 1998
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