E7-2003-178

Yu. Ts. Oganessian, V. K. Utyonkov, Yu. V. Lobanov,

F. Sh. Abdullin, A. N. Polyakov, I. V. Shirokovsky,

Yu. S. Tsyganov, G. G. Gulbekian, S. L. Bogomolov,

A. N. Mezentsev, S. Iliev, V. G. Subbotin, A. M. Sukhov,
A. A. Voinov, G. V. Buklanov, K. Subotic,

V. 1. Zagrebaev, M. G. Itkis, J. B. Patin*, K. J. Moody*,
J. F. Wild*, M. A. Stoyer*, N. J. Stoyer*,

D. A. Shaughnessy*, J. M. Kenneally*, R. W. Lougheed*

EXPERIMENTS ON THE SYNTHESIS
OF ELEMENT 115 IN THE REACTION
243Am (48C3., xn)291 %115

Submitted to «Physical Review C»

*University of California, Lawrence Livermore National Laboratory,
Livermore, California 94551, USA



I. INTRODUCTION

Our previous experiments were designed to synthesize even-Z superheavy elements
(114-118) in the **Ca-induced reactions with actinide targets #pyu 1], ***Cm [2] and
*¥Cf[3]. The observed fusion-evaporation reaction products underwent two or three
consecutive a-decays terminated by spontaneous fission (SF).

For the neighboring odd-Z elements, especially their odd-odd isotopes, the
probability of a-decay with respect to SF should increase due to hindrance for SF. For
such odd-Z nuclei one might expect longer consecutive a-decay chains terminated by
the SF of relatively light descendant nuclides (Z<105).

The decay pattern of these superheavy nuclei is of interest for nuclear theory. In the
course of a-decays, the increased stability of nuclei caused by the predicted spherical
neutron shell N=184 (or perhaps N=172) should gradually become weaker for
descendant isotopes. However, the stability of these nuclei at the end of the decay
chains should increase again due to the influence of the deformed shell at N=162.

The observation of nuclei passing from spherical to deformed shapes in the course of
their consecutive a-decays could provide valuable information about the influence of
significant nuclear structure changes on the decay properties of these nuclei. For these
investigations, we chose the fusion-evaporation reaction “*Am+*Ca, leading to
isotopes of element 115. According to calculations based on the results of experiments
on the synthesis of even-Z nuclei [1-4], the 3n- and 4n-evaporation channels leading to
isotopes **115 (N=173) and **'115 (N=172) should be observed with the highest yields.

II. EXPERIMENT

The experiments were performed between July 14 and August 10, 2003, at the U400
cyclotron with the Dubna gas-filled recoil separator (DGFRS). The average incident
beam intensity was 1.3 ppA. Over this period, equal beam doses of 4.3x10'® **Ca
projectiles were delivered to the target at two bombarding energies. In this experiment,
we chose the laboratory energies for the **Ca ions of 248 MeV and 253 MeV in the
middle of the target. The systematic uncertainty in the beam energy is ~1 MeV. With
the beam energy resolution, small variation of the beam energy during irradiation, and
energy losses in the target (~3.3 MeV), we expected the resulting compound nuclei
115 to have excitation energies between 38.0-42.3 MeV and 42.4-46.5 MeV,
respectively [5].

The 32-cm’ rotating target consisted of the enriched isotope **Am (99.9%) in the
form of AmO,. The target material was deposited onto 1.5-um Ti foils to a thickness
corresponding to ~0.36 mg cm™ of “*Am.

The evaporation residues (EVRs) recoiling from the target were separated in flight
from the **Ca beam ions, scattered particles and transfer-reaction products by the
DGFRS [6]. The transmission efficiency of the separator for Z=115 nuclei was
estimated to be about 35% [6].

The detection system consisted of a multiwire proportional counter to measure time-
of-flight (TOF) and a 4x12-cm” semiconductor focal-plane detector array with 12
vertical position-sensitive strips to measure the decay of the implanted recoils. This



detector, in turn, was surrounded by eight 4x4-cm’ side detectors without position
sensitivity, forming a box of detectors open from the front side. The detection efficiency
for a-decays of implanted nuclei was 87% of 4n. The detection system was tested by
registering the recoil nuclei and a- and SF-decays of the known isotopes of No and Th,
as well as their descendants, produced in the reactions **°Pb(**Ca, 2n) and "Yb(**Ca, 3-
5n). The energy resolution for a-particles absorbed in the focal-plane detector was 60-
100 keV, depending on the strip and the position in the strip. For o’s escaping the focal-
plane detector at different angles and registered by side detectors, the energy resolution
of the summed signals was 140-200 keV. The FWHM position resolutions of correlated
decays of nuclei implanted in the focal-plane detector were 0.9-1.9 mm for EVR-a
correlations and 0.5-0.9 mm for EVR-SF correlations. If both the focal-plane and a side
detector detected an a-particle, the position resolution depended on the amplitude of the
signal in the focal-plane detector (see, e.g., Fig. 4 in [3]), but was generally inferior to
that obtained for the full-energy signal.

Fission fragments from ***No implants produced in the ***Pb+**Ca reaction were
used for a fission-energy calibration. The measured fragment energies were not
corrected for the pulse-height defect of the detectors, or for the energy loss in the
detectors’ entrance windows, dead layers, and low-pressure pentane gas filling the
detection system. The mean sum energy loss of fission fragments from the SF-decay of
22No was estimated to be about 20 MeV.

To greatly reduce the background, we switched off the beam after a recoil signal was
detected with preset parameters of implantation energy and TOF expected for Z=115
evaporation residues, followed by an o-like signal with an energy of
9.6 MeV< E, <11.0 MeV in the same strip, within a position window of 1.4-1.9 mm and
time interval of up to 8 s. The beam-off interval was initially set at 2 minutes. If, in this
time interval, an a-particle with £,>8.6 MeV was registered, the beam-off interval was
extended to between 12 minutes and 2.5 hours. Thus, all the expected sequential decays
of the daughter nuclides with Z<113 could be observed under very low background
conditions.

III. EXPERIMENTAL RESULTS AND DISCUSSION

The three similar decay chains observed at 248 MeV are shown in Fig. 1a. The
implantations of recoils in strips 2, 3 and 4 of the focal-plane detector were followed by
a-particles with £,=10.46+0.06 MeV. These sequences switched the ion beam off, and
four more a-decays were detected in time intervals of 29 s, 15 s, and 20 s, respectively,
in the absence of a beam-associated background. The last a-decay in the first chain and
second and fourth a-decays in the second chain were registered by the side detectors
only. The energies deposited by these a-particles in the focal-plane detector were not
registered. However, with the actual a-counting rates, the probability that these o-
particles appeared in the detector (A#~30 s) as random events can be estimated to be
approximately 1.5% [7], so we assign them to the decay of the same implanted nuclei.
During the remainder of the 2.5 h beam-off period following the last position-correlated
a-particle, no a-particles with E,>7.6 MeV were registered by the focal-plane



detectors. The SF-decay of the final nuclei in these chains was detected 28.7 h, 23.5 h
and 16.8 h, respectively, after the last a-decay. A search was performed to identify o.-
decays correlated closely in time (<60 s) and position to each of the three SF-events in
Fig. l1a. No correlations were found.

In the first two decay chains, the focal-plane and side detectors simultaneously
detected fission fragments with sum energies of 205 MeV and 200 MeV. In the third
chain, only the focal-plane detector registered a fission fragment. All three SF-events
were registered in the corresponding strips and positions where the three EVR-o;-...-0ts
decay chains were observed (see Fig. 1a). Thus, these SF-events should be assigned to
the spontaneous fission of the descendant nuclei in these observed chains.

In the course of this experiment at 248 MeV, we observed only seven spontaneous-
fission events. In addition to the three previously mentioned events, three other SF-
events, with measured energies of 147 MeV, 168 MeV, and 154 MeV, were detected
0.51 ms, 4.1 ms and 2.07 ms after the implantation of corresponding recoil nuclei in
strips 12, 10 and 11, respectively. For the second and third event, both the focal-plane
and side detectors registered fission fragments. Based on the apparent lifetime, we
assign these events to the spontaneous fission of the 0.9-ms 24mfA m isomer, a product
of transfer reactions with the “*Am target. The DGFRS suppresses the yield of such
products by a factor of 10°. An additional long-lived SF event with Eg,=146 MeV was
observed in strip 2. This SF event corresponds to the background level of long-lived SF
Cf isotopes produced in incomplete fusion reactions in a previous experiment with a
ef target [3] where the same set of detectors was used.

At 253 MeV, the aforementioned EVR-q-...-ai5-SF decay chains were not observed.
However, a different decay chain, consisting of four a-decays and a spontaneous
fission, was registered (see Fig. 1b). The beam was switched off after the detection of an
EVR signal followed in 46.6 ms by an a-particle with E,=10.50 MeV in the same
position in strip 7. Three other a decays were detected in a time interval of about 0.4 s
in the absence of beam-associated background. After 106 minutes, the terminal SF-
event was detected in-beam with a sum energy of 206 MeV in the same position in strip
7 (see Fig. 1b). In addition to this SF event with Eqn=206 MeV, the decays of three
other long-lived background SF nuclei, with measured fission-fragment energies of
168 MeV, 154 MeV, and 151 MeV, were also observed in strips 4, 3 and 1,
respectively.

The radioactive properties of nuclei in this decay chain differ from those of the
nuclei observed at the lower bombarding energy. The total decay time of this chain is
about 10 times shorter and the a-decays are distinguished by higher a-particle energies
and shorter lifetimes. Its production also required increasing the beam energy by about
5 MeV, so this decay chain must originate from another parent nucleus.

It is most reasonable that the different decay chains originate from neighboring
parent isotopes of element 115, produced in the complete fusion reaction **Am+*Ca
followed by evaporation of three and four neutrons from the compound nucleus *'115.
Indeed, at the excitation energy E*=40 MeV, close to the expected maximum for the 3n-
evaporation channel, we observed longer decay chains of the odd-odd isotope ***115.
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Fig. 1 Time sequences in the decay chains observed at two **Ca energies £;=248 MeV (a) and £ =253 MeV (b). Measured energies, time
intervals and positions of the observed decay events are shown. 1) Energies of events detected by both the focal-plane and side detectors. 2)
Energies of events detected by side detectors only. We have inserted an unobserved nuclide in the fourth decay chain.



Increasing the beam energy by 5 MeV results in reducing the ***115-isotope yield and,
at the same time, increasing the yield of the 4n-evaporation channel leading to the even-
odd isotope **"115. Corresponding cross sections for the 3n- and 4n-evaporation

channels at the two projectile energies were measured to be o3,=2.7*8 pb and

64,=0.973% pb. Note that these values are in agreement with results of recent

experiments [4] where excitation functions for the reaction *pu(**Ca,xn) have been
measured.

The decay properties of the product nuclei are presented in Table 1. In the decay
chains shown in Fig. 1a, we assigned SF-events to the isotope ***Db following five
consecutive a-decays. It is also possible that this isotope undergoes a-decay or electron
capture (EC). In the case of the a-decay of Db with 7,>2.5 h (after the beam-off
period), one would more reasonably expect SF or EC of ***Lr, because the o-decay of
2%Lr seems improbable due to the low expected o-decay energy (Q,=6.84 MeV [8],
T,>100 d). The electron capture of **Db or ***Lr leads to the even-even isotopes ***Rf
or **No, for which rapid spontaneous fission can be expected (e.g., Tsr=1.4s is
predicted for 2°*Rf [9]). Since both fission fragments of these terminal nuclei can have
the Z=50 and N=82 closed shell configurations, one would expect their SF-decays to
result in narrowly symmetric mass distributions with rather high total kinetic energies,
TKE~230-240 MeV (see, e.g., Ref. [10]). Indeed, the sum fission fragment energies
observed for the terminal nuclei are close to this value. Note, the likelihood that EC-
decay occurs earlier in the observed decay chains is small because of the short 7, for the
observed a-decays of elements 115, 113, 111, Mt, and Bh.

In the single decay chain originating from **’115 (see Fig. 1b. and Table 1), we
propose that we have missed the a-decay of ?’'Bh. This assumption follows from the o-
decay properties of nuclei located around N=162 as predicted by macroscopic-
microscopic theory [8]. The expected 7, value for *’'Bh should be ~10s
(0s=9.07 MeV [8], Tx=S5S s for an allowed transition), which is much shorter than the
interval between the last observed a-particle and the terminating SF-event, but is much
longer than the intervals between the observed correlated o-particles. A search was
performed to identify o-particles with E,>7.0 MeV correlated in position to the
observed a-decays. No correlated a-particles were observed within an hour after the
last a-decay. In these experiments, we registered 19 a-particles using a detector with
87% efficiency, so the loss of one a-particle seems rather probable. The experimental
decay scheme for **’115 is also supported by the agreement of the observed decay
properties of the other nuclides in the decay chain with the expectations of theory (see
Fig. 2). This means that the SF occurs directly in the decay of **’Db since the calculated
a-decay and EC-energies for this isotope are rather low (Q,=7.41 MeV [8§],
Orc=1 MeV [5]) and their expected partial half-lives significantly exceed the observed
time interval of 106 min.



Table 1. Decay properties of nuclei.

Isotope sz(fgg Half-life E,MeV) 0O, (MeV) Isotope Ir)neocgg Half-life E, (MeV) O, (MeV)
3815 a 8730 ms  10.46£0.06 10.61£0.06 7115 a 3271°ms 10.5940.09  10.74+0.09
P13 o 0487075 10.0040.06 10.15£0.06 113 o 10073 ms  10.1240.09  10.26+0.09
20111 a 3673 9.7540.06  9.87+0.06 2111 a 17075 ms 1037016 10.52+0.16
2ToM a  072705ls 9712006  9.85¢0.06 Mt a  977%ms  1033+0.09 10.48+0.09
2B}, a 9.8%1% s 9.0240.06  9.15+0.06  *'Bh a - - -
Db SF(@/EC) 167 h Db SF 73733 min
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Fig. 2 a-decay energy vs. neutron number for isotopes of odd-Z elements (solid circles — odd-
odd isotopes, open circles — even-odd isotopes) [11-15]. Solid lines show theoretical O,
values [8]. Data at N>162 are from the present work. Upper Q,, limits for **’Db and ***Db were
calculated assuming hindrance factor of 3 (circles with arrows).

For the measured a-decay energies of the newly-produced isotopes, one can estimate
half-lives for allowed transitions and compare them with experimental values under the
Geiger-Nuttall treatment using the formula by Viola and Seaborg. Parameters are
obtained from fits to the 7, vs. O, values of 65 known even-even nuclei with Z>82 and
N>126. The ratios between experimental 7.y, and calculated T, half-lives define the
hindrance factors caused by odd numbers of protons and/or neutrons in the newly
synthesized nuclei. The measured 7.y, values closely reproduce the calculated ones for
the first two nuclei of these chains; thus the element 115 and element 113 isotopes have
rather low hindrance factors, if any, for a-decay. For the isotopes of elements 111, Mt
and Bh, the difference between measured and calculated 7, values results in hindrance
factors of 3-10. These match the hindrance factors that can be extracted for the
deformed odd-odd nuclei ?’?111 and descendants produced in experiments at GSI [11]
and RIKEN [12]. One can suppose that in this region of nuclei, a noticeable transition
from spherical to deformed shapes occurs at Z=109-111, resulting in the complication of
the level structures of these nuclei and in an increased probability of a-transitions going



through excited states. Another sign of such a shape transition might be the significant
increase in the difference of a-decay energies of the neighboring isotopes observed as
the decay chains reach Z=111, see Fig.2. This assumption is in agreement with
macroscopic-microscopic calculations [8]. The deformation parameter 3, was calculated
to be 0.072 and 0.138 for ***115 and ***113, respectively. As the decay chain recedes
from the shell closure at Z=114, the deformation parameter 3, increases to 0.200, 0.211
and 0.247 for *°111, ?’°Mt and *"*Bh, respectively.

The a-decay energies of these synthesized isotopes are plotted in Fig. 2, in which the
a-decay energies of known odd-Z isotopes with Z>103 together with theoretical Oy
values [8] for nuclides with Z=103-115 are also shown. The a-decay energies of newly
produced isotopes of Mt and Bh coincide well with theoretical values [8]. For the
isotopes 27*2**111 and ******113 the difference between theoretical and experimental O,
values amount to 0.6-0.9 MeV. Some part of this deficient energy can be explained by
possible y-ray emission from excited levels populated during a-decay. Thus, low-lying
level structure calculations for these nuclei are desirable for a more quantitative
comparison with theory.

As a whole, the results of the present work demonstrate that in **Ca-induced
reactions one can produce and study new nuclei over a wide range of Z and N. These
investigations should result in significant new information on the influence of nuclear
structure on the decay properties of superheavy nuclei.

Due to the hindrance to spontaneous fission caused by the odd proton, these odd-Z
nuclei can undergo consecutive a-decays leading to the lighter transactinide elements
that have a large neutron excess. The number of neutrons in such nuclides can be varied
downward by using other target nuclei, e.g., 2 Am, 237Np or *'Pa. Therefore, the
investigation of the region of nuclei located near deformed shell closures Z=108 and
N=162 that has been explored from the N<162 side in the cold fusion reactions [11,12]
can be approached from the high-N side using **Ca-induced reactions. Note also that the
rather long lifetimes of Db isotopes permit us to investigate, in more detail, the
chemical properties of this element, previously studied only in on-line experiments with
the short-lived isotopes 26126220y (7,=1.8 s, 34 s and 27 s) (see, e.g., [16] and Refs.
therein).
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Oranecsia 10.11. u ap. E7-2003-178
OKcnepuMeHTHI o cuHTe3y 115 anementa
B peakmn ~P Am (*Ca, xn) *'115

IIpencraBneHsl pe3yapTaThl SKCHEpPUMEHTa IO CHHTE3y H30TOmoB 115 ameMeHTa B peakuuu
5 Am (*Ca, xn) ®'™115. Hpu unTerpansHoit no3e myuxa 4.3x10' monos **Ca ¢ smeprueit 248 M»B
MBIl HaOJIOJaTy TPU OJMHAKOBBIE IIETIOUYKHM PACMajOB, COCTOSIIME U3 IATH IOCIEAOBAaTENbHBIX O-
pacnajioB, 3aperucCTpUpPOBaHHBIX BO BPEMEHHBIX MHTEpBaax okouio 20 ¢, 1 OKaHYMBAIOLIMECS M03/THEES
CIIOHTaHHBIM JeneHueM ¢ OomnbmnM BeigeneHueM sHeprun (TKE~220 MsB). Ilpu Gonee BbicoKoit
sHeprun OomOapaupyromux dactuil (253 MaB) ¢ Takod e WHTErpallbHOW 10304  ObLIa
3aperucTpupoBaHa Apyras Ielodka M3 dYeThIpeX IOCIeAO0BaTeNbHBIX O-paclajoB BO BPEMEHHOM
uHTepBasne okono 0.5 ¢, Takke OKaHYMBAIOIIASCS CIOHTAHHBIM JielieHHeM. [l 1eBATH HOBBIX sAEp
ObUTM W3MEpEeHbl JHEPrMM MX O-pacrajoB W BpeMeHa ku3HU. CBOWCTBA pacmagoB dSTHX
CHUHTE3MPOBAaHHBIX SA€P COIJIACYIOTCS C IMOCIENOBATEIbHBIMU Ol-PaclajlaMid MaTepHUHCKUX H30TOIOB
HoBOro 115 smementa - 115 u **115, nonyueHHbIX B KaHANAX C HCIAPEHHEM TPEX M UETHIPEX
HEHUTPOHOB C cedeHUsMH OKolo 310 m 1 mbO cooTBETCTBEHHO. PaamoakTHBHEIE CBOICTBa HOBBIX
HedeTHBIX 110 Z sipep (105-115) cpaBHUBAIOTCA ¢ IpeIcKa3aHUsIMI MAaKPO-MUKPOCKOITMIECKOI TEOPHH.
OKCIIeprUMEeHTHl OBUIM BBHITMIOJIHEHBI Ha WHKIOTpoHe Y-400 c wWCmoiap30BaHHEM JTyOHEHCKOTO
ra3oHAMNoOJHEHHOTO cenaparopa siaep otnadu DGFRS (JIAP OUSN).

Pabota BeimonHeHa B JlaGopaTopuu sipepHbIx peaknmii uM. I.H. ®neposa OUNAN.
[Mpenpunt OObeAMHEHHOTO HHCTUTYTA SAEPHBIX HccienoBanuid. Jlyona, 2003

Oganessian Yu.Ts. et al. E7-2003-178
Experiments on the synthesis of element 115
in the reaction **Am (**Ca, xn) *'*115

The results of experiments designed to synthesize element 115 isotopes in the
M Am(*Ca, xn) '™115 reaction are presented. With a beam dose of 4.3x10'® 248-MeV *Ca
projectiles, we observed three similar decay chains consisting of five consecutive o-decays, all
detected in time intervals of about 20 s and terminated at a later time by a spontaneous fission with a
high energy release (TKE~220 MeV). At a higher bombarding energy of 253 MeV, with an equal *Ca
beam dose, we registered a different decay chain of four consecutive a-decays detected in a time
interval of about 0.5 s, also terminated by spontaneous fission. The a-decay energies and half-lives for
nine new o-decaying nuclei were determined. The decay properties of these synthesized nuclei are
consistent with consecutive a-decays originating from the parent isotopes of the new element 115,
#8115 and 115, produced in the 3n- and 4n-evaporation channels with cross sections of about 3 pb
and 1 pb, respectively. The radioactive properties of the new odd-Z nuclei (105-115) are compared
with the predictions of the macroscopic-microscopic theory. The experiments were carried out at the
U400 cyclotron with the recoil separator DGFRS at FLNR, JINR.

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

Preprint of the Joint Institute for Nuclear Research. Dubna, 2003
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DKCHeprUMEeHTHI 1o chHTe3y 115-ro anemenTa
B peakmmu >*Am (¥8Ca, xn)®' 115

IpencrapieHsl pe3yabTaThl 9KCIEPUMEHTA MO CHHTe3y M30ToIoB 115-ro amemenTa B
peaxrmm 2 Am (*Ca, xn)*' ~*115. IIpu uHTEerpamBHOI 103 Mydka 4,3 - 10'8 nonos **Ca ¢
sHeprueil 248 MasB Mpl HaOmomany TPU OJMHAKOBBIE LIETIOYKH PACIafoB, COCTOSILIME H3
ISITH TI0CIIE0BATENbHbBIX O-paclaloB, 3aperMCTPUPOBAHHBIX BO BPEMEHHBIX MHTEpBaIax
0ko0110 20 ¢, 1 OKaHYMBAIOILMECS [103HEE CIIOHTAHHBIM JIeJIeHHEM ¢ OOJIBIINM BbIIETIEHHEM
sHepruu (TKE ~ 220 M»aB). [Ipu Gosnee BbICOKOU »Hepruut 60MOApAUpPYIOIIUX YACTHUI
(253 M>»B) ¢ Takoil ke WHTerpajbHOI 10301 ObLTa 3aperucTpUpOBaHa JIpyras mernoyka u3
YeThIpeX I0CIIEIOBATENIbHBIX 0.-PACaJOB BO BPEMEHHOM HHTepBaie okoio 0,5 ¢, Takxe
OKAHYMBAIOIAACS CIIOHTAHHBIM JiefieHreM. 171 IeBITH HOBBIX sep ObLIM U3MEpEeHbI BHep-
TUM UX O.-pacragoB U BpeMeHa Xu3HU. CBOICTBA pacragoB 3THX CHHTE3MPOBAHHBIX SIep
COINIACYIOTCSl C MOCJEeIOBATEIbHBIMU  O.-pacliaiaMd MAaTepHHCKUX H30TOIOB HOBOTO
115-ro anementa — 115 u *7115, nonyyeHHBIX B KaHANAX C UCIAPEHUEM TPEX U UEThI-
pPeX HEWTPOHOB C ceyeHussMH OKoJIo 3 ¥ | 16 coOTBeTCTBEHHO. PajinoakTHBHBIE CBOICTBA
HOBBIX HeueTHeIXx 1o Z sugep (105-115) cpaBHuBalOTCS ¢ IpecKazaHUsSIMH Ma-
KPO-MHUKPOCKOIIMYECKOU TeOPUH. DKCIIEPUMEHTHI ObUIH BBIIIONHEHB! Ha HUKJIOTpoHe Y400
C UCIONIB30BaHUEM NYOHEHCKOIO Ia30HAIONHEHHOro cemaparopa suep ornaun DGFRS
(JIAP OUAN).

Pabora BeimonHena B Jlaboparopuu suepHblx peakuuii um. I. H. ®neposa OMSIH.

IMpenpunt O6beANHEHHOTO HHCTHTYTA SIepPHBIX nccaenosanuii. Iyona, 2003

Oganessian Yu. Ts. et al. E7-2003-178
Experiments on the Synthesis of Element 115
in the Reaction **Am (**Ca, xn)®' %115

The results of experiments designed to synthesize element 115 isotopes in the
2 Am (¥Ca, xn)®' ~*115 reaction are presented. With a beam dose of 4.3 - 10'8 248-Mev
*Ca projectiles, we observed three similar decay chains consisting of five consecutive
o-decays, all detected in time intervals of about 20 s and terminated at a later time by a
spontaneous fission with a high energy release (TKE ~ 220 MeV). At a higher bombarding
energy of 253 MeV, with an equal **Ca beam dose, we registered a different decay chain
of four consecutive c.-decays detected in a time interval of about 0.5 s, also terminated by
spontaneous fission. The o.-decay energies and half-lives for nine new o.-decaying nuclei
were determined. The decay properties of these synthesized nuclei are consistent with con-
secutive a-decays originating from the parent isotopes of the new element 115, 2%115 and
7115, produced in the 3n- and 4n-evaporation channels with cross sections of about
3 and 1 pb, respectively. The radioactive properties of the new odd-Z nuclei (105-115) are
compared with the predictions of the macroscopic-microscopic theory. The experiments
were carried out at the U400 cyclotron with the recoil separator DGFRS (FLNR, JINR).

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