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The presently known most neutron-rich isotopes of element(§88borgium, Sg 25°Sg and?%¢sg, were
produced in the fusion reactictiNe+ 2*%Cm at beam energies of 121 and 123 MeV. Using the On-Line Gas
chemistry Apparatus OLGA, a continuous separation of Sg was achieved within a few seconds. Final products
were assayed by-particle and spontaneous fissi@®F) spectrometry?%°Sg and?%%Sg were identified by
observing time correlated-a-(a) anda-SF decay chains. A total of 13 correlated decay chairf$%fg (with
an estimated number of 2.8 random correlatiaarsd 3 decay chains df®Sg (0.6 random correlationsvere
identified. Deduced decay properties wég,=7.4"33 s (68% c.i) and E,=8.69 MeV (8%), 8.76 MeV
(23%), 8.84 MeV (46%), and 8.94 MeV(23%) for 2%°Sg; andT,,=21"29 s (68% c.i) andE,=8.52 MeV
(33%) and 8.77 MeV(66%) for 2665g. The resolution of the detectors was between 50—100(keMvidth at
half maximum. Upper limits for SF of<35% and<82% were established fdf>Sg and?®%Sg, respectively.
The upper limits for SF are given with a 16% error probability. Using the lower error limits of the half-lives
of 255g and 2°%Sg, the resulting lower limits for the partial SF half-lives afg(?%°s9=13 s and
T5H(?%Sg=11 s. Correspondingly, the partiakdecay half-lives are betweéFt (**°Sg=4.7-16.5 568%

c.i.) and T$,(%%%Sg=9-228 s(68% c.i), using the upper and lower error limits of the half-lives?®¥Sg and
2655g. The lower limit on the partial SF half-life d®Sg is in good agreement with theoretical predictions.
Production cross sections of about 240 pb and 25 pb fortdecay branch if¢®Sg and*®°Sg were estimated,
respectively[S0556-281®8)05604-0

PACS numbg(s): 27.90:+b, 21.10.Tg, 23.66:e, 25.70.Gh

[. INTRODUCTION with the following « energies and lifetimes for this nuclide:
8.77 MeV and 24.1 s, and 4.60 Me¥scapex particle and
The presently known most neutron-rich isotopes of ele-7.4 s, respectively. The absolute error in thelecay energy
ment 106(seaborgium, Sg 2%°Sg and?®°Sg, have recently was given ast 20 keV. The two lifetimes yield a half-life of
been discovered in the reactions 116 MeV and 121 MeV11'%% s (68% c.i), in good agreement with predictions. In
22Ne+ 2%Cm using a gas-filled magnetic separdtb. Due  this work we used the same production reaction as in the
to the lack of an initial implantation signal in the silicon discovery experimentfNe+ 2*%Cm) and the chemical sepa-
detectors, the half-lives of these two nuclides could not beator OLGA (On-Line Gas chemistry Apparatys, 7] to iso-
measured. Only theit-decay energies were determined with late Sg and study its chemical propert[& as well as the
an energy resolution of about 100 keV. They were in thenuclear decay properties of its isotop@8Sg and?%°Sg from
range from 8.71 to 8.91 MeV fot®>Sg (4 eventyand 8.54to  the 4n- and S-evaporation channels.
8.74 MeV for 2655g (6 event$. The authors estimated partial
a-decay half-lives of 2—30 s for®°Sg (assuming a hin- Il EXPERIMENTAL
drance factor between 1 ang, and 10—-30 s for%Sg from
the measured-decay energies. These estimated half-lives fit In the course of two experiments a 9%@/cm? 24Cm
well with recent calculationg2—4]. An upper limit of target (95.7% 2*%Cm, 4.2% *Cm) and a 690 ug/cm?
<85% for the SF branch if%®Sg was estimatefll]. In the ~ 2*%Cm target were bombarded at the GSI UNILAC accelera-
course of the discovery experiment of element 112, twdor with about 0.3 particleeA (2x 1012s™ 1) #’Ne ions. The
a-decay chains fronf’"112 were observed, which ended in second target contained about zZ@/cm? Gd (30.6% en-
25No and ?°Fm [5]. These chains passed througfSg riched in *°Gd) in order to simultaneously produce short-
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lived W isotopes(a chemical analog of $gBoth targets During a waiting period of 120 €irst series of experiments,
were prepared by electrodeposition on Be foils. TRMe  see Table) or 200 s(second series of experimentshe
beam of the UNILAC passed through a 2.67 mgfcBe  decays) of 2°'Rf (T,,=78 9 [10] and/or its daughtef>'No
vacuum window, 0.65 mg/cAN , cooling gas, and the 2.65 (T1,=26 9 [11] or the SF decay of*Rf (T 1,=1.2-2.1 %
mg/cn? Be target backing before entering the Cm target[1,12] was assayed. The recoil probability of 63% was deter-
The beam energy in the target was ¥2ILMeV in the first Mined experimentally using**o (T;,=3.05 m. Po be-
and 1231 MeV in the second experiment. Recoiling haves chemically very similar to the group 6 elements under
nuclear reaction products were stopped in He gas loadefe conditions of the experiment. Thus, the decay product
with carbon aerosols, which were generated by spark dis> o from a**Rn generator system, was attached to carbon
charge. Attached to the surface of the aerosols, the reacti®€rosols and passed through the chromatography system un-
products were continuously transported within about 2 gler the same conditions as for the Sg experiment. The activ-
along a 10 m long capillaryi.d. 2 mm to the OLGA setup ity of the 6.00 MeV « line was measured. Then, all the
[7]. It consisted of a quartz chromatography coluf@b m  samples were removed from the detection positions and the
long, 1.3 mm i.d\ inside a commercial gas chromatography decay of the recoiled*4Pb was measured via the 7.69 MeV
oven. The OLGA device allows chemical separation of vola-a decay of its3~-decay granddaughtétPo. The DM step-

tile species within about 3 s. In the reaction 080600 °Q  ping technique significantly reduces the background count-
positioned at the entrance of the chromatography oven, 1509 rate and thus the observation of random correlations.
ml/min Cl, gas saturated with SOghknd 2 mi/min Q, gas  This technique has already been successfully applied in pre-
were added in order to form volatile oxychlorides of Sg, avious studieg13,14.

member of group 6 of the Periodic Tallg]. At the same

time, the transporting graphite particles were stopped and Il. RESULTS AND DISCUSSION

destroyed on a quartz wool plug inserted into the reaction

oven. In the subsequent isothermal chromatography part of The first series of experiments was performed with the
OLGA, the quartz column was heated to temperatures be250 ug/lcm?® *4Cm target. In these experiments the isother-
tween 300 °C and 400 °C, so that all elements of group @nal temperatures were kept at 300 (229 10'° *Ne par-
passed through the column essentially without delay, whildicles), 350 °C(8.86x 10*® *Ne particle$, and 400 °Q1.48

all the actinides were retained. Also, the first two transac-< 10*" *Ne particles. In the second series of experiments
tinide elements 104rutherfordium, Rf and 105(dubnium, the mixed 690ug/cm® #Cm/70 ng/cm® Gd target was
Db; named hahnium, Ha, in earlier publicatiprexe ex- used and an isothermal temperature of 350(1®6x 10"
pected to be partly retained under these conditions. Volatilé’Ne particles was maintained. The: spectrum of all front
molecules, which passed through the column, were readetectors accumulated over a time period of 32 h in the sec-
tached to new aerosol particléSsC) and transported along ond series of experiments at 350 °C is depicted in Fig. 1, as
a short capillary to the 64 position rotating wheel detectionan example. The spectrum is dominateddoyines originat-
system ROMA[9]. Here, the products were deposited on 40ing from isotopes of Po and Bi. Presumably, these nuclides
wglem? polypropylene foils mounted in every second posi-are produced in multinucleon transfer reactions from Pb im-
tion on the circumference of the wheel. All other positionspurities in the Cm target. These elements are not or only
remained empty. Every 10 s, the wheel was moved by #artly retained in the chromatographic column. Except for
double step to transport the collected activity between pair§*""Po and?*?"Po, all very short-lived Po activities are due
of 300-mn? PIPS detectors mounted in seven consecutivéo longer-lived Bi and/or Pb precursors. Also visible in the
counting positions. In an event-by-event modeparticles ~ spectrum are’?’Ac decay products, which were present as
with energies between 4.0 and 12.0 MeV, and SF decaysontaminants on some of the detectors in all of the experi-
(20—200 MeV were recorded. The detection efficiency of aments. Thea lines around 4 MeV are from Dy and Ho
detector pair for detecting am particle or a SF decay from isotopes, which were formed in multinucleon transfer reac-
the source was about 70%. The resolution was about 50 ketions with °5Gd. In the experiments at 350 °C tffé%Cm

[full width at half maximum (FWHM)] for the detectors target contained an admixture 6f%Gd in order to simulta-
which look at the sample from the collection sifeont de-  neously produce short-lived W isotopes, which were assayed
tectorg and about 100 keWVFWHM) for the detectors which by using standarg spectrometry. By measuring the chemi-
look onto the polypropylene foil from the rear sideack cal yield of W the performance of the chemical separator
detectoy. The detector resolution of the front detectors wassystem was continuously monitored. Dy and also Fm iso-
mainly determined by the mass of the deposited sampldppes, observed in the spectrum, indicate that lanthanides
whereas for the back detectors also the thickness of the polyand actinides were not completely retained in the chromato-
propylene foils degraded the resolution. If in one of the backgraphic column. Also indicated are the energy intervals
detectors anv particle with an energy between 8.5 and 9.1where « decays of2%°Sg (8.41-8.85 MeV and of 2°°Sg
MeV was observed—which might have been due to a decay8.57—-9.07 MeV are expected. The energy windows for the
of 2555g or 2%65g with the o particle passing through the decay of the Sg nuclides correspond to the average of the
foil—the daughter modéDM) was initiated. Here, the wheel observeda energies from Ref{1] =30 (8.82+0.25 MeV
was stepped by a single position only, so that all the samplef®r 26°Sg and 8.63 0.22 MeV for 26%Sg). In the energy win-
were removed from the detection positions. Due to thedow 8.05-8.45 MeVa decays of the daughter and grand-
a-recoil energy of about 0.1 MeV, the daughter nuclidedaughter of?6°Sg, 26'Rf, and 2>’No, were expected. In this
(?%'Rf or 252Rf) was transferred with about 63% probability energy window 6Qv-a correlated decay chains attributed to
from the sample onto the opposite detedfioont detectoy.  the decay of?®'Rf and its daughte?°’No were observed in
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20 [5]. Currently it is not clear whetheé®®'Rf has indeed a weak
a-decay line besides the known one at 8.29 MeV or if this

T
g4

gy

w5, ag; — decay energy is the result of conversion electron summing or
750 150 TR 115 adecay from an isomeric state fi'Rf. Table | summarizes

213p,,

all observeda-a-(«) decay chains in the above mentioned
energy intervals and alk-SF decay chains where the SF
followed within 6.3 s(3 half-lives of 26?Rf [12]) after ana
decay in the?%®Sg energy interval. Two different types of
event chains are listed: decay chains that were observed in
the low background environment of the DM, and decay
chains which were observed while the wheel was not in DM,
since the triggeringr event was detected in the front detec-
tor and thea-recoil daughter remained on the sample. In
DM, 4 decay chains attributed to the decay?Sg and one
chain attributed to2%°Sg were observed. Twelve decay
FIG. 1. Sum ofa-particle spectra from all front detectors accu- chains attributed t6®°Sg and one chain attributed t§°Sg
mulated over 32 1{1.96x 10 ?Ne particle$ at an OLGA oven  were observed while the wheel was not in DM. For both
temperature of 350 °C. categories of event chains the expected number of random
correlations under the given energy and time windows are
the reaction?®Ne+ 2*4Pu[15]. No a-« correlations were ob- also listed. Random correlations were observed, when a
served above 8.45 MeV or between 7.6 and 8.05 MeV. Alsosample, that by coincidence contained the fitting combina-
all daughtera decays in the discovery experiment Sg  tion of Po and Bi nuclides, produced a seriesaoflecays,
were observed within this energy window. However, in onethat could not be distinguished from, e.g., a ré&@5g decay
of the decay chains of’’112 a decay witfE,=8.52 MeV  sequence. The number of random correlations for, &g5g
with a lifetime of 4.7 s was attributed to the decay®tRf  observed not in DM was evaluated as follows: Two hypo-

Counts / 17 keV

3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000 9500
a-Energy (keV)

TABLE I. Correlated decay chains with,(mothe)=8.57-9.07 MeV {%°Sg) andE ,[daughtefs)]=8.05-8.45 MeV {5'Rf, 2°No), and
E,(mothe)=8.41-8.85 MeV {%¢Sg) and Eg(daughtey=20 MeV (?*%Rf) within 6.3 s.

Decay E,? t,° E,° At,8 Ej® Aty Isothermal

chain (MeV) (s (MeV) () (MeV) () Mode Decay assignment temperature Ng?

1 8.86 0.6 8.35 48.4 DM 26550 281Rf or 2"No 300°C

2 8.76 1.4 8.39 151.8 DM 285%5g— 261Rf or 25"No 350 °C 0.83
3 8.93 7.0 8.22 22.2 DM 2%55g— 25'Rf or 25No 350°C '

4 8.82 27.3 8.15 53.3 DM 2559 %'Rf or %"No 300°C

5 8.81 2.8 8.36 31.0 8.11 14.8 26554, 261Rf—25No 400°C 0.04
6 8.69 1.4 8.18 56.0 2655 261Rf or 25'No 300°C \

7 8.85 5.6 8.41 40.2 2655 261Rf or 25'No 350°C

8 8.76 6.6 8.28 45.8 26554 261Rf or 25'No 350 °C

9 8.77 6.8 8.22 25.5 26554 261Rf or 25'No 350°C

10 896 128 823 235 26554, 261Rf or 257N 350°C 1.90
11 885 191 835 0.5 2655 291Rf or »No 400°C

12 8.93 19.1 8.41 35.6 2655 261Rf or 25'No 350 °C

13 8.86 21.7 8.37 31.6 26554 261Rf or 25'No 300°C )

14 8.95 34.0 8.22 31.2 2¥sg— 2%1Rf or 2'No) 400°C

15 8.97 43.8 8.20 15 2855g— 2%'Rf or 25No) 400°C 2.90
16 8.83 52.1 8.42 1.3 2$55g— 2%°Rf or 25No) 400°C

17 852 489 SF 2.8 DM" 2605 20%Rf 400 °C 0.03
18 8.79 15.1 SF 1.7 2665, 269Rf 350°C 0.09
19 8.74 35 Sk 2.4 265, 262Rf DCK 0.45

%Energy of the mothet particle f%°Sg or 256Sg).

®Decay time(since beginning of measuremgnt

°Energy of the daughter particle €5'Rf or 25'No).

Time difference between the decay of the mother and the daughter nuclide.

®Energy of the granddaughter particle ¢>'No).

Time difference between the decay of the daughter and the granddawiifiérand 2°’No).
9Expected number of random correlations for decay chains 1-4, 5, 6—13, 14-16, 17, 18, and 19.
PEvent was registered in the daughter m¢bd).

iEvent observed in the second series of experiments.

ISpontaneous fissiofSF) with Eg=20 MeV.

KDecay chain was observed during a direct cdf@) experiment with the tape detection system.
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thetical nuclides Rparenj and D (daughtey decaying with o 2T1g] 215R  21opg : : : :
« particles in the energy window defined for the paréiigg v

and for the daughterg®’Rf and 2°'No, respectively, were
defined. A decay curve analysis was performed dopar-
ticles, that decayed with an energy within one of the energy
windows defined for either P or D. Only particles which
were detected in the front detectors from samples that were
measured for the full length of 70(aninterrupted by a D
were included in the analysis. The following half-lives were 2
determined T,,,(P)=63.7"35° s for the parent energy inter-
val andT,,,(D)=61.3"215s for the daughter energy interval,

correlated

o
T

(3]

252-255p )
214pg (213p) 212pg

IS

Counts / 20 keV
w

261 Rf-257N0

0 1

respectively. These half-lives are the result of a combination ° 21y 219pn  215p

of various Po and Bi nuclides, that decay withparticle 40t vV articomatated 1
energies in the interesting energy windows. These were

21Mpo [T,,,=25.2 s;E,=8.885 MeV(7.04%, 8.300 MeV

(0.25%], 2P0 [T,,=45.1 s;E,=9.080 MeV (1.00%, & [ ,,, | [ 1
8.520 MeV (2.05%], **%o [~ -decay product of*Bi & \I,BI 'J_\ 214pq 212p,
and/or?*?Pb precursorsE ,=8.784 MeV(100%], and?*¥o £ 20| 1
[B~-decay product of ?%Bi and/or ?'%b precursors; 3 261R1.257No

E,=8.375 MeV (100%] (see Fig. L Since the wheel ro-
tated for 360°(one full rotation in 320 s, longer-lived ac- 257Np213pg
tivities accumulated over time. Thus, only apparent half-lives \1,
were observed, which differ from the known literature half- o

lives for the above mentioned nuclides. Accounting for the =~ %0 650 7000 7500 8000 8500 9000 9500 10000
detector efficiency and the number of intermittent DM's, the Eo. Daughter (keV)

actual number of nuclides P and D per sample was deter- giG. 2. (a) Sum of all « particles registered in the daughter
mined. Applying Poisson statistics, the number of samplegnode correlated with the triggering motherparticle registered in
containing the fitting combination of nuclides P andég.,  the back detector of the same detector péiy.Sum of all o par-

P and D for a randona-« correlation that could produce a ticles registered in the daughter mode in all those detector pairs
decay pattern, not distinguishable from, e.g., a ré&g  which did not observe the triggering particle.

decay sequence, was calculated. A Monte Carlo procedure,

that simulated the decay and detection of these nuclides, irdetector pairs that did not observe thgarticle that initiated
cluding the occurrence of DM’s, yielded the probability thatthe DM, but also recorded decays during DM interyal$he

all of the nuclides contained in the sample were detected ananticorrelated spectrum contains 6 times as much data as the
that the detection occurred in the “correct” decay sequenceorrelated one, since there were a total of 7 detector pairs.
(e.g., P decayed before) (5amples containing more than the The following activities were observeh) decay products of
minimum number of nuclides necessary for the observatiorf?’Ac (?*°Rn, ?'%Po, 2!'Bi) which was present as a contami-

of a correlation are occurring much less frequeriéyg., 2P nant on some of the detectord) traces of?*%Po, a decay

and D, but the probability to randomly observe a fitting product of 2%0, which has been used to test the chemistry
decay sequencde.g., P-D) increases. Therefore, also and was used to calibrate the detectécsiraces of>1%Po, a
samples containing one nuclide more than the minimundecay product of Pb and Bi precursors and soitfe 25Fm
number of nuclides required to produce the sought after defrom direct catch experiments, where the activity was col-
cay sequence were included in estimating the random contrlected directly onto the wheel. In the region from 8.05 to
bution. Similarly, the number of random-SF correlations 8.45 MeV a total of 6 events were detected. Thaspar-

was estimated. The decay analysissoparticles decaying in ticles are from the decay of®'Rf or °’No (from cases

the energy window defined for®®Sg yielded T,,(P)=  where the mother®*Sg a particle was missed, or where
74.0°133's, whereas for fission fragments20 MeV an ap-  2>’No recoiled into the front detector as a daughtefdRf)
parent half-life ofT,,,(D)=50.2" 254 s was observed. or from the decay of*3Po. Therefore, the list mode data was

A different procedure had to be applied to estimate thesearched forx particles of 8.05-8.45 MeV in the back de-
random number of decay chains in the DM. First, one has téector preceding the DMthat occurred just by coincidence
consider the possible sources ferdecays during a DM. All  Only the event at 8.19 MeV was preceded 67.5 s by a 8.30
observed decays must originate from nuclides that recoileleV « particle. We therefore attribute this event tG%Rf-
into the detectors, witle-recoil being the most probable re- *°’No decay sequence. The group ofa5particles at 8.35
coil mechanism. In Fig. @), all correlated DM events are MeV was assigned td**Po (8.376 Me\}, neglecting pos-
shown(i.e., they were observed in the same detector pair asible contributions of furthef®’Rf or 2*’No decays. There-
the o particle that initiated the DM.In the correlated spec- fore, 0.83 of the observed 4 “true” correlations are expected
trum 4 decays were observed in the interesting energy range be random. For three of the four correlations diparticle
from 8.05 to 8.45 MeV. In order to assess the statisticathat initiated the DM was registered in the back detector of
significance of these events, the DM spectrum of the anticorpair 1(i.e., within the first 10 s of the measuremgméeflect-
related events is shown in Fig(l (i.e., DM events from all ing the expected short half-live 37°Sg. Due to the resolu-
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tion of FWHM ~50 keV in DM one can also assign the 4 ' ' ' '
longer decay time of 27.3 s of decay chain 4 t638g decay | L .

since the daughter energy of 8.15 MeV differs considerably ' — — y reeerevetebdi
from 8.376 MeV of *Po. The expected number of random 3 l/ l/ 1
correlations diminishes to 0.40 if only decay times up to the3

longest observed decay time are considered. > Hofmann etal. [5]$

The count rate due to decays of Po and Bi nuclides in the> 2
energy regions defined fd°Sg or 26%5g did not depend on
the selected isothermal temperatures. However, due to
cleaner target in the second series of experiments, the cour
rate in these regions was 3 to 4 times smaller compared tc
the first series of experiments. Except for the very short ex-
periment at 300 °C isothermal temperature the yield of Sg : .
was similar at all other temperatures. At 300 °C a consider- 89 87 88 89 80 9.1
ably higher yield of Sg resulted, if all of the 4 observed Ea. (MeV)
decay chains were attributed to decaysZEﬁSg. However, FIG. 3. Spectrum of alkx particles attributed to the decay of
due to the very small number of detected events and thesssy The energy o decays observed in two other experiments
relatively short time measured at this temperature the errorgre indicated by arrows. The horizontal error bars indicate the de-
associated with this result are very large. The analysis of gctor resolutiofFWHM) in these experiments. Foardecay lines
long experiment at 250 °C isothermal temperature is still inwith E,=8.69, 8.76, 8.84, and 8.94 MeV were attributed to the
progress. The result of this experiment will be significant indecay of 2°Sg. The 4 Gaussian distributions reflect the detector
establishing the chemical properties of Sg. resolution in this work.

2
c
3
Q

o

A. a decay of %%Sg given as*20 keV[5]. The groups ofx events at 8.82 and
.86 MeV correspond well with the 2 events observed by
iazarevet al.[1], i.e., 8.81 MeV and 8.85 MeVmeasured
with an energy resolution o100 ke\). Due to the 60 to
100 keV higher energy of these 6 events, compared to the
3group at 8.76 MeV, this group was assigned to a separate
rline with E,=8.84 MeV. In addition, a third group of

From the observed decay chains attributed to the decay
2655g highest confidence can be assigned to the triple corr
lation (chain 5, which has a 4% probability to be entirely
random (see Table )l For the 4 decays found in the DM
(chains 1-%the expected number of random events is 0.8

Finally, for the 11 correlated decay chains observed not i S
the DM (chains 6—1§ 4.79 random correlations are ex- a-decay energies is observed centered at 8.94 MeV. Actu-

pected. From a two component maximum likelihood deca)f"”y' the one event observed at 8.91 MeV by Lazaeewal.

- ; ; 1] might also belong to this group. There is an indication of
curve analysi§16] to the decay times;tfor decay chains [
1-16, withya fixed half-life ofythe rar11d0m comyponent of a fourth group centered at about 8.70 MeV. The one event at

T4»,=63.7 s and a fixed number of 5.66 random correlationsg‘egt'vk;\((Chaln § was Iok:_servidFl\r;va;%)gtkd?;ector, Yc\j'h'Ch’
a half-life of 7.4'33 s was determined fof®*Sg. For the 11 o-c 10 the €nergy resolution o ev, consider-

a-a correlations observed not in the daughter mécteains ably reduces the probability that it belongs to the 8.76 MeV

6-16, the two-component decay behavior was clearly ob J"OUP- Also, one of the events of L_aza_ret/al. [1] had an .
serveéj Up to a decay time of 21.7 s, 8 decay chains Wer(énergy of 8.71 MeV. In order to verify visually whether this
observéd with an expected 1 '90 ’random correlationsaSSignment ofa lines is reasonable, a series of Gaussian
whereas for the last 3 events 2.90 random correlations Wer%|str|but|ons was generated for each of thavdines. For

expected. Based on the half-life and initial activity of the instance, the group of & events at 8.76 MeV consists of 2

26 6 . a particles measured in the front detectors and farticle
short ¢**Sg component only 0.85°°Sg events with decay easured in the back detector. Depending on the detector

times longer than 21.7 s were expected. The last three decgrxgsolution, 2 Gaussians with FWHNB0 keV (front detec-

chains were therefore considered as random. In Fig. 3, the ],t ; )
. . . - ors) and 1 Gaussian with FWHM100 keV(back detectons
« events(including an estimated 2.34 random evgratsrib were summed. The 4 individual distributions generated for

6 .
uted to the decay of**Sg (E, from chains 1-13 from Table E,=8.69, 8.76, 8.84, and 8.94 MeV and their sum are shown
I) are plotted. Thex spectrum covers an energy range of.”¢

almost 300 keV. Thex-decay energies observed in previous:In Fig. 3.
experiments 1,5] are indicated by arrows. The horizontal

error bars correspond to the quoted detector resolutions in

these experimentd~WHM). Due to the low statistics it is Two correlatede-SF decay chains were observed during
hard to determine how many lines are present. Based on the chemistry experimentsee Table)l One of them was

the following arguments &-event groups & ,=8.69-0.03  observed in the DM. For both decay chains the expected
MeV (8%)), 8.76+0.03 MeV (23%), 8.84+0.03 MeV (46%), number of random correlations was calculated. Again, these
and 8.94-0.03 MeV (23% were assigned to the decay of two decay chains have a low probability to be random. Dur-
2655g. One group of 3 events at 8.76 MeV coincides very ing a direct catcKDC) experiment at 119 MeV bombarding
well with the one event measured in tR€112 decay chain energy, the products were transported with the gas-jet di-
which was measured with a very good detector resolution ofectly to a tape detection systeli]. The collected samples
FWHM=17 keV[5]. The absolute error of the energy was were stepped subsequently through 6 counting chambers.

B. a decay of 265g
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With the tape detection system the samples could only be Mass Number

assayed from the front side. Throughout the DC experiment, 260 262 264 266 268 270
8722 samples were collected using a stepping time of 10 s. 5 ‘ o o '
The accumulated beam dose was k40" ?Ne particles. 4
The target contained 699g/cm? 2*Cm. In this experiment, 3
one additionala-SF decay chain was observed within the
energy range and time limits defined f8¥Sg. For the ob- 2
served lifetime of the daughter nuclide of 2.4 s, the expected
number of randomly correlated decay chains was calculated
to 0.18. If the entire time window of 6.3 @ half-lives of
262Rf [12]) defined for the daughter decay is considered, 0.45
random correlations are expected. Even though the probabil-

| Seaborgium, Z=106

-

1094 T4z (8)

ity of this event to be random is about 5 to 15 times higher al ~LJ-  predicted T1/2:F B measured T1/2:F ]
compared to the two events from the chemistry experiments, | —O— Pfeﬂilcted T1/2| ® melasured T1/|2
this event was attributed to 2°Sg decay chain as well. The A 156 158 160 162 164

three decay chains yield a half-life df,=21"2) s (68%
c.i.) for 2665g. This value includes corrections due to the
limited Counting time of On|y 70 qchemistry and 60 s FIG. 4. Predicted partial half-lives far decay(Ref.[4]) and SF
(tape [17]. For the daughter nuclidé®?Rf a half-life of  decay(Ref. [18]) of the even-even Sg isotopes. The experimental
T.,=2.5"24 5 (68% c.i) was determined, again in good values for?605g (Refs.[21] and[22)) and the results fof%®Sg from
agreement with literature daf4, 17]. Based on the resolution TS work are shown for comparison.

of the detectors twar-particle groups withE,=8.52-0.03  ments and contained 5 decay chain®8g (chains 1, 4, 5,
MeV (33% and 8.77 MeV=0.04 MeV (66% were as- 6, 13, but none of the?®*Sg decay chains. However, since a
signed to the decay of°°Sg. Comparabler-decay energies Fm contamination ofs 1.2% still corresponded to a expected
between 8.54 MeV and 8.74 MeV with a similar detectornumber of<10 SF originating from?>%m, the presence of

Neutron Number

resolution were determined in R¢fL] for 266Sg. SF events originating from other sources tHfarsg or 2%6Sg
(°52Rf) cannot be excluded. Therefore, only upper limits
C. SF decay 0f2°Sg and 2%6Sg were determined for the SF branches. The decay times of the

. . . i 3 SF events were 24.3, 27.2, and 43.6 s, respectively. Taking
According to theoretical calculations féP°Sg, the partial 1o account the relatively short half-life A%Sg, a maxi-

half-lives against decay and SF are expected to be ratheimym of 2 of the 3 SF were attributed to a possible SF decay
similar [4,18]. Due to the odd neutron hindrance factor, theof this nuclide. Using a Monte Carlo simulation procedure,
SF branch in?*Sg is expected to be small. We tried to the SF branch if%°Sg was estimated to be 35%. Alterna-
determine the branching ratios and the partial half-lives fotjvely, if all of the 3 SF were attributed to the SF decay of
SF for these nuclides from our data. The SF count rate varie@sg or its daughtef®%Rf, the SF branch irf®*Sg was es-
strongly for the different runs, depending on the quality oftimated to be<82%. The upper limits for SF are given with
the chemical separation. Considering the cross sections mea-16% error probability. A lower limit fore branching of
sured for multinucleon transfer reaction produdis], *%m =159 (<85% SF branchingfor 26Sg was given by Laza-
contributed most of the observed SF activity. By analyzingrey et al.[1]. A SF branch of 62%38/0 in 26659 was evaluated
the a-count rates between 6.90-7.20 Méwhere decays of from the results of an aqueous chemistry experiment with Sg
252-25%Fm were expectgdfor all individual runs, the con- [20], using preliminary cross section and half-life data from
tamination with Fm could be determined. Compared to a DGhis work. Both values are in agreement with our data. No SF
experiment, the contamination of the chemistry runs with Fpranch has previously been determined #8iSg. Using the
varied between 0.1 and 7.8%. In experiments with the mixeqower error limits of the half-lives 0f?%°Sg and ?%6sg, the

Cm/Gd target, a very similar contamination witfDy was  resulting lower limits for the partial SF-decay half-lives are

observed, which is an indication that the lanthanides, and—f};(ztissg); 13 s andT$H(2%%5g=11 s, respectively. Corre-
- ing 25 ’ ‘

therefore also the actinidgéncluding 2°%Fm), were much spondingly, the partiak-decay half-lives are betweeFt,

better retained in some runs than in others. The varying qual 6559)=4.7-16.5 s(68% c.i) and T¢, (259 =9-228 s
ity of the chemical separation can be explained by a slo 68% c.i), using the upper and Iovb/ér error limits of the

degradation of the quartz wool plug in the reaction OVen, -t lives of 26554 and 2Sg. In Fig. 4, the experimentally
under the influence of the strong chlorinating reagents. Th etermined partial half-liveé for aﬁd ’SF decay foP®%Sg
slow dissolution of the quartz wool allowed an increasing 21,27 and 2%5Sg (this work) are compared with theoretical
fraction of the transporting carbon aerosols to pass this fiIteL - . . ) .
calculations of Smolarzuk, Skalski, and Sobiczewski
and to travel through the chromatography column. Due to th 4,18]. The accuracy of the theoretical calculations is re-

very short time spent in the hot reaction oven, the nonvolatil i .

; ; markable. Our data clearly confirms the predicted enhanced
species remained adsorbed on the aerosol surface and were . i -

T . nuclear stability neaN=162 andZ=108.

not participating in the chromatographic process. In a sub-
group of runs which on the average contaired.2% Fm a
total of 3 SF were observed. This subgroup of runs com-
prised 33.1% of the total of 9:810% beam particles Our experiments were not intended to yield precise cross

X target atoms/crh attained in all of the chemistry experi- sections, since several yields in the OLGA system have not

D. Cross sections
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been determined accurately throughout the experimendicted an enhanced nuclear stability near the deformed shells
However, on the basis of yields that were typically observedN= 162 andZ= 108, which now has been confirmed experi-
in test experiments with W isotopégas-jet transport40%;  mentally. The cross sections estimated for the production of
chemical yield=60%) and counting efficienciesa( and SF  2%°Sg and?%%Sg are in good agreement with values given by
counting efficiency:70%) cross sections of about 240 pb for Lazarevet al. [1]. The current work signifies the first suc-
the production ofa-decaying?%®Sg and of about 25 pb for cessful chemical separation of element 106, seaborgium, dur-
the production ofr-decaying?®®Sg were deduced for #Ne  ing which its two heaviest known isotopes were unambigu-
projectile energy between 120 and 124 MeV. The cross semusly identified by their nuclear decay propert{@&. We
tions were estimated to be accurate within about a factor dbelieve that for the discovery of some of the predicted
two for 2655g and within a factor of three fof°°Sg. These longer-lived isotopes of heavy elementg 4=1 s the sen-
cross sections are in agreement with values given in[Rgf.  sitivity of radiochemical methods may present a viable alter-
For the single decay chain observed in the direct catch exdative to physical separator systems.

periment at a?’Ne-projectile energy of 118 to 120 MeV, a

26550 production cross section of about 60 pb was calcu-
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