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Abstract: In an cxperiment carricd out to identify clement 110,
we have observed an a-dccay chain, that can be unambiguously
assigned to 26°110. In a scrics of preexperiments the excitation
functions of the fusion reactions 59Ti+208ph258104* and
58Fc+ 208pb 2661 08* were measurcd with high precision in order
to get the optimum projectile encrgics for the production of these
heavy clements. The cross-section maxima of the In cvaporation
channcls were observed at cxcitation cnergics of 15.6 MeV and
13.4 MeV, respectively. These data result in an optimum cxcitation
cnergy of 12,3 McV of the compound nucleus for the production
of 269110 in the reaction $2Ni+28Ph 269110+ In. In irradiations
at the corresponding beam cnergy of 311 McV we have observed
a decay chain of 4 subscquent a decays. This can be assigned to
the isotope with the mass number 269 of the clement 110 on the
basis of delayed a-a coincidences. The accurately measured decay
data of the daughter isotopes of the clements 108 to 102, obtained
in the previous experiments, were used. The isotope 267110 decays
with a half:life of (270X'3%3) us by cmission of (11.132+0.020)
McV alpha particles. The production cross-section is (3.32$2) pb.

Introduction

During the first decade of experiments with SHIP at the UNILAC,
the new clements 107, 108 and 109 were discovered [1]. The au-
thors proposcd to name these clements niclsbohrium (Ns), hassium
(Hs), and mcitncrium (Mt). The clements were identificd from
only a small number of decaying atoms produced with cross-scc-
tions of 167 pb, 19 pb and 10 pb, respectively. The high sensitivity
achicved in the experiments resulted from the following: a) a sta-
ble, high current beam from the UNILAC; b} a highly cfficient
scparation of the rcaction products by the SHIP velocity filter (2},
¢) a sensitive detector system with the {casibility to correlate im-
planted reaction products with their subscquent radioactive decay
chains {3].

Cross-section estimates for the still heavier clements 110 and
111 using lead or bismuth bascd reactions with projectiles of the
T, =13 series, result in values of about | pb. Beam times of several
months would have been necessary to carry out experiments on
this low cross-section level with the experimental set-up used so
far. Therefore, considerable cfforts were made to further improve
the already high sensitivity, so that 1 pb cxperiments can be carried
out routinely [4].

Although the production cross-sections for heavy clements ap-
proach the limits of experimental sensitivity, the half-lives for most
nuclei that can be produced with stable projectiles and the avail-
able targets arc predicted to be longer than 1 us [5-7). These half-
lives arc casily accessible in experiments with recoil scparators.
I'or the odd-neutron nucleus 262110 an « half-life of =100 us is
estimated from the Q, values predicted. The fission half-life should
be considerably longer following the calculated hall-lives for the
even-even neighbours and taking into account an odd ncutron
hindrance factor. The isotope 2110 should be an « cmitter with

a ncgligible fission branching.

Experimental Method

Heavy ion beams of 5*11, 38F¢c and $2Ni were accelerated by the
UNILAC to cnergices sufficient for rcactions at the Coulomb bar-
rier. The beams were produced (rom cnriched matcerial. IFor 5913
the PIG ion source was used. The projectile tons 5#1°c and ¢2Nji
were obtatned from an LECR source and accelerated to 1.4 <A
McV by an RFFQ/IH linac. In both cascs, the final kinctic energics
were obtained by the Alvarcs scction plus sir;glc resonators of the
UNITLAC.  The relative accuracy of the becam cnergies was
+£0.003 ~ A McV, the absolute energies are accurate to £0.01 x A
MeV.

Average particle currents of 3 x 10'2's were used. The con-
sumption of material in the ECR source, metallic iron and nickel
heated to = 1800 K in an Al O5 oven, was less than 4.0 mg/h. The
time structure of the bcam was determined by a 5.5 ms wide pulse
followed by a 14.5 ms wide becam pausc.

The targets were produced by evaporation ol a 450 pg/cm? lead
layer onto a 40 ug'cm? carbon backing. The 2™Pb was enriched
10 99.0 . Finally, a thin laver of 8 ug/em? carbon was cvaporated
onto the lead [8]. Light targets were mounted on a wheel of 310
mm diamcter. The wheel rotated with 1125 rev, min synchro-
nously to the beam macrostructure.

The produced evaporation residucs were separated in-flight by
the velocity fitter SHIP. Compared to the previous experiments,
the distance between target and separator was reduced in order to

increase the solid angle. A valuc of 4 msr wus reached, resulting in



a calculated transmission cocfTicient ol 0.4 for the investigated fu-
sion products. The background suppression was significantly im-
proved by an additional dipole magnct allowing to position the
detectors at an angle of 7° out of the primary beam direction.
Scattered low cnergy projectiles were the main contribution to the
background. The average rate in the stop detector was 10 112, The
magnetic ficld strength of the dipole magnet in the /= 110 cxper-
iment was sct according to the valucs obtained in the previous ex-

periments for investigation of 7= 104 and 7. = 108.
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Fig. 1. New assembly of detectors for identification of heavy cle-
ments.

The detector system is composed of two time-of-flight detectors,
seven identical 16-strip silicon walfers, plus threc germanium de-
tectors. A three dimensional view of the detector arrangement is
shown in Fig. 1, together with a scctional drawing to scale. In
front of the silicon detcctors there is a changer for caltbration
sources and degrader foils (Mylar). In the 7 =104 cxperiment the
foils were varied between 3.5 um and 7.5 um, in all other exper-
iments a 3.5 um foil was used.

The active arca of onc of the silicon strip detectors 1s 35 x 80
mm?. Each strip is position sensitive in the vertical dircction with
a resolution of 150 um between a decays of a decay chain. For that
reason the stop detector is cquivalent to 3700 single detectors of
0.15 x5 mm?, but of 100 % active arca. The optimum encrgy re-
solution is 14 keV for a's of a 2'Am source. Six walers are
mounted in the backward hcmisphere facing the stop detector.
They measure escaping a's or fission fragments with a sohd angle
of 80 % of 2z. In casc of the backward detectors neighbouring
strips arc connected galvanicly so that 28 encrgy sensitive segments
are formed. The direction of the cscaping a particle or fission
fragment can be retraced roughly. The energy resolution obtained
by summing the cnergy loss signal from the stop detector and the
residual energy from the backward detector is 40 keV for a parti-
cles. All silicon detectors are cooled to 263 K. ‘I'he germanium
detectors measure X-rays or gammas in comncidence with signals

from the silicon detectors.

In front of the silicon dctectors and degrader stack there are
two sccondary-clectron foil detectors mounted 285 mm apart (rom
cach other. The foils are made of carbon of 30 pg/cm? thickness.
Two foils per detector are necessary. The detector signals arc used
to distinguish implantations from radioactive decays of previously
implanted nuclei. Because of the high cfficiency of these detectors
(=99 %) very clean decay spectra are obtained, and the time win-
dows for mcasuring decay chains arc significantly prolongated.
The time resolution of the foil detectors is about 700 ps which is
small cnough to obtain together with the energy signals from the

silicon dctector a rough mass assignment for the implantcd ions.

Results

Excitation functions of the reaction 5°Ti+2®Ph-2%104*, The
formation of clement 104 isotopes was studicd within a wide pro-
jectile energy range of (4.52-5.10)xA McV. The measured
cross-scctions arc plotted as function of the excitation cnergy in
I'ig. 2a. The error bars arc the statistical errors only. The absolute
cross-section values are accurate within a factor of two because
of systematic uncertaintics. llere, and in the lollowing, the exci-
tation energies were calculated for reactions at beam energics in
the middle of the target. The known masscs of projectiles and
targets and the predicted massces of the compound nuclei were used
9,10},
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Fig. 2. Mcasured cxcitation functions for production of clements
104 and 108 in fusion-cvaporation rcactions with ¥ Pb targets.
The lines are gaussian curves (itted to the data points. The arrows
mark the cxcitation cncrgics at the Bass barrier [11].

Cross-section maxima were obtained at excitation encrgics of
(15.6+0.1) McV and (21.510.1) McV for the In and 2n channels,
respectively: the widths (FWIHM) of the excitation functions arc
4.3 MeV and 6.3 McV. These data were obtained from the analy-

sis of = 3000 measurcd o and fission decays.



Excitation function of thie reaction ¥ Fe + 298 Ph_ 266 |08* and the
decay of 265108. The measurcd cxcitation function is shown in Fig.
2b. The collected beam doscs for the 7 data points varied between
0.3 and 1.1 x 1018, A total bcam dosc of 4.4 x 10'® projectiles was
collected during 4 weeks of irradiation time. In cusc of the data
point at E*=13.6 McV we had to doublc the positive crror bar,
because the target was partly damaged by a too high beam inten-
sity. A lcast squares fit of a gaussian curve through the data
points results in an cnergy of *=(13.4+0.3) McV lor the cross-
scction maximum. The width of the excitation function is
(4.8 0.7) MeV. The maximum cross-section value is (63 + 10) pb.
Altogether we collected 75 alpha decays of 205108, The assign-
ment was made on the basis of measured a-decay chains via the
daughter nuclei 261106, 337104 and 253No. Delayed a-a coincidence
spectra are shown in I'ig. 3. The top spectrum, Fig. 3a, was ana-
lysed on the condition, that the a decays were preceded by high
energy signals (=25 McV) from implantations. These had to be in
coincidence with the signals from the time-of-flight detectors.
Two « lines with cnergics of (10.310+£0.020) McV and
(10.578 £0.020) McV could be assigned to 25108, Within the sta-
tistical uncertainty both lincs decay with the same half-life of
(1.55+£0.20) ms. These measurements confirm the previously ob-
tained data, which were made on the basis of 3 observed decay

chains rcsulting in the discovery of clement 108,
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Fig. 3. Delayed a — « coincidence spectra showing four gencrations
of a decays beginning with 265108, Spectrum a) was accumulated
on the condition that an implantation signal occured within a time
window of 20 ms before an « decay, and that at least onc member
of the decay chain followed within time windows of 2 s (b), 20 s (¢)
and 200 s (d). Common for all spectra was the condition that the
signals originate from the same position of the sume detector strip.

The 2n-evaporation cnannel has a cross-section less than 10 pb
at E*=19.2 McV (I'ig. 2b). In spite of the fact that this channel
is partly subbarricr in 258[04* and open in 26108*, it is signil-
icantly suppressed compared to 28104* The mean decrease in
cross-scction per clement going from %104* to 264108* is a factor
of 3.5 for the In channel and a factor of 6 [or the 2n channel. This
cxperiment shows that the maximum production cross-scctions are
measured at subbarrier energics.  Shifts of the barriers resulting
from predicted extrapush cnergics arc not obscrved. The fusion
of these heavy nuclei is a very rare, low cnergy arrangement proc-
css. The emission of onc ncutron cools the system down to a level
of excitation energy, which allows the final nucleus to profit fully
from the shell stabilisation.

The reaction 2Ni+ 28 Ph—270 [ 10* and the decay of 2% 110. A lin-
car extrapolation of the optimum beam cncrgics for the production
of 257104 and 265108 in In-cvaporation channels results in [*= 12.3
MeV for the compound nucleus 27°110. The corresponding $2Ni
beam energy is E=311 McV. After collecting a beam dose of
0.24 < 108, an a-decay chain was found, that started with a previ-
ously not observed a decay with an energy of (11.13240.020)
McV, 393 us after an implantation signal of 25 McV. The ob-
served complete decay chain is shown in IFig. 4 together with its

interpretation.
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Fig. 4. Assignment of the observed delayed coincidence signals to
the a-decay chain of 26%110.

All decay signals [rom the silicon stop detector originate {rom
the strip of number 10 that is in horizontal direction 7.5 mm {rom
the center of the detector. In the vertical direction, the signals are
from positions 1 mm below the center. The full energy a signals
arc ohscrved within £270 um of the position of the implanted
nucleus, the escaping «'s within £ 1.6 mm. The energies of o, and
%, result from x particles stopped completely in strip number 10,
The energy of x4 is the sum of a 0.869 MeV AL signal from strip

number 10 plus a 8.707 MceV coinadent residual-energy signal



from the backward detector. Within 20 keV the full energies of the
two a decays subsequent to a, agree with the previously measured
a energies of 265108 and 261106. Also, the time intervals between
a, = a, and a,~ ay arc in agreement with the half-lives of these two
nuclei. The next signal, a, results from an cscape cvent, but the
measured time interval is in agrecement with the half-life of 257104.
Proton cvaporation is a competitive, cnergctically possible chan-
nel. But this channel would lead into a decay chain with 261105 as
daughter product, which has complctely difTerent decay character-
istics as measured for a;. We, thercfore, assign the observed decay
chain to the a-decay of 2¢°110. The half-lifc is (270+1399) us. The
resulting cross-scction is (3.3*¢2) pb. Thc irradiations arc being
continued, and we hope to find further decay chains of clement 110
already during the cxperiment stilt going on.

We thank the UNILAC stafl for the excclient performance of
the ion sources and the accelerator. We are much indebted to our
colleagues from the department of cxperimental clectronics and
data acquisition. The cnriched ion source material %8l°c has been
provided by FLNR-JINR, Dubna.

Note added in proof. The irradiations for investigation of the re-
action $¥Ni+2%Pb ended November 20th., 1994. After completion

of this paper wc observed three more decay chains. The assign-

ment of the measured cnergy, time and position signals is shown
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Altogether we obscerved a number of four decay chains of 26°110
within a total mecasuring time of twelve days. The collected pro-
jectile dosc was 2.2x 10", The resulting cross-scction for pro-

duction of 26°110 is ¢ = (3.521]) pb. The average o energy is E,

in Fig. S. = (11.112 + 0.020) McV and the avcrage hall-life is Ty =
(170+160) 45,
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Fig. 5. Last thrce of the four measured decay chains assigned to 26°110.



