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In preparation for recent experiments on the synthesis of superheavy nuclez witi4 in the reaction
24%py+48Ca, we modified the Dubna gas-filled recoil separator and its detection system and carried out
bombardments of lead targets witffCa projectiles. We studied excitation functions of the reactions
206pp(*8Ca,1- 4n) and 294207:20pp*8Ca, 2n). Maximum cross sections for the evaporation of 1—4 neutrons in
the complete fusion reactioff®Pb+ “®Ca were measured to he,=60 nb, 0,,=500 nb,o3,=30 nb, and
04,=0.3 nb. In the bombardment of an enrichi@@Pb target, we simultaneously obtained excitation functions
of the 204.206.207.208K48C4 1) reactions induced on the isotopic admixtures present in the target material. The
maximum cross sections for the evaporation of two neutrons from the compound Aiiblej 2*No, and
252No were measured to be 24b, 1.3 b, and 10 nb, respectively. The spontaneously fissioning even-even
isotope®®No, with a half-life T,,,=36 us, was identified for the first time in this experiment. In the reaction
20’pp+ 3, we measured the excitation function for the production of the 21-ms spontaneously fissioning
isotope23&Cf, confirming our preliminary identification of this nuclide based on the results of cross bombard-
ments.
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[. INTRODUCTION stabilized nuclei since the fission barrier governs their sur-
vival probability.

Extensive studies of fusion-evaporation reactions of Pb The Pb+ “8Ca reactions have been investigated by differ-
target nuclei with*®Ca projectiles have yielded valuable in- ent groups for more than 20 yeaf§-13. For the Pb
formation on the formation and subsequent deexcitation oft *°Ca system, the largest amount of experimental data is for
heavy compound nuclei. A characteristic of these reactions ithe “°Pb(**Ca, 2n) reaction[6-13), yet even in this case the
that the proton and neutron numbeFZsand N, in both the discrepancy in measured maximum cross section values is an
target and projectile correspond to or lie near sphericaPrder of magnitudesee, e.g.[6—8]). The evaporation resi-
shells. Moreover, the resulting compound nuclei themselveguegsfouow'”g the emission of one and three neutrons from
are close to the deforme= 152 shell. In this respect, the (e No compound nucleus were observed &8,11-13.

20 48 H :
Pb+“8Ca system is of special interest when considering th(%n theh 2654?]4' Ca reacgon, Ievaporatlort; of tw05|%eftrons
production of superheavy nuclei in the vicinity of the pre- rom the o compound nucleus was observed 8,11,

dicted spherical shell@=114 andN=172. To reach this while the 3n evaporation product>No was observed only

: ) . - in [8]. As for the reactior’®’Pb+“8Ca, the 3 channel was
superheavy region, complete fusion reactions of the actinide

) .18 L reported in[5]. No experimental data is available on the
targets with the doubly magi¢®Ca projectile seem to be reaction of#Ca with 204Pb.

optimal, providing the closest approach to this nuclear do- In this paper, we report the results from bombardments of

main due to neutron excess in both reaction partners and t%rious stable Pb nuclides with®Ca, experiments which
large mass defect_o‘I‘BCa[l]. o _ were performed at the Dubna Gas-filled Recoil Separator in
The macroscopic component of the fission barrier of thes@geparation for the synthesis of superheavy elements using
heavy nuclei is close to zero, so their existence is governeghe reactions?*Pu+ “6Ca and?*Cm-+48Ca[1]. We studied
largely by shell effect$2]. Thus the knowledge of trends in the fusion-evaporation reactiond®®Pb(*éCa,1-4n) and
the radioactive properties of No isotopes with changing neu204.206207.208,48c 5 ) with special attention to the radio-
clei. In addition, fusion-evaporation reactions of Pb isotopes, 345 reaction, confirming the original assignment of
. 48, . . . . . . ! 3 ) i N
with **Ca provide more insight into the production of the the |ightest spontaneously fissioning even-even nuclide
heaviest nuclei. Thus, recently the ground-state bands of3cf[14),
254No and ?>2No have been identified up to spin 20 indicat-
ing that its fission barrier still exists at high angular momen-
tum [3,4]. Further investigation of the fission barrier and its
dependence on angular momentum is very important for un- Beams of3*S and“®Ca projectiles were delivered by the
derstanding the mechanism of producing the heaviest shelBubna U400 cyclotron. The projectile energy was varied by

Il. EXPERIMENTAL TECHNIQUE
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extracting the beam from the appropriate radius. The value dhg the extra back detectors in “veto” mode suppressed the
the beam energy was determined by measuring the energibackground in the focal-plane detectors when measuring the
of scattered ions and by a time-of-flight technique. Targets oin-beama-particle spectra.
isotopically enriched material were arranged on a rotating «-energy calibrations were performed usiagemitters
wheel to reduce heat and radiation damage by the bearproduced in the"Yb+“¢Ca reaction. Most of the strips of
Experiments were performed with either pulsed or continuthe focal-plane detectors had arenergy peak resolution of
ous cyclotron beams. For the pulsed-beam experiments, tf80—38 keV FWHM. When particles escape the focal-plane
beam was modulated with a 150 Hz frequency so that targetdetectors at varying angles they lose correspondingly a vari-
were exposed to the-2.2 ms beam pulse during each able amount of energy traversing the detector’s dead layer,
~6.7 ms beam cycle. Targets 8Pb(93.2%2°Pb, 5.41% the entrance window, and the pentane that fills the detection
208ph, 1.39% 2°%Pb), 2°%Ph (95.9% 2°%Pb, 1.34% 2%Pb, module. Thus, the strips of the side detectors generally had
2.76% %°'Pb), and?*Pb (53.5% 2°Pb, 15.9%2°%Pb, 11.0% poorera-energy resolution, with a peak FWHM of 90-160
207pph, 19.6%%°%Pb) with average thicknesses of 0.70, 0.38,keV. By using known event sequences from the products of
and 0.20 mg/cr respectively, were deposited by evapora-the "®Yb+ *4Ca and?*®Pb+ “éCa reactions, we measured the
tion in vacuum on~0.55 mg/cm Cu substrates. FWHM position deviationApos to be 1.0 mm fow-« se-

The Dubna Gas-filled Recoil Separatfit5] was em- quences, 1.61.5 mm for No EVRea and 0.7 1.3 mm for
ployed to separate in-flight evaporation residg¥Rs) re- No and Cf EVR spontaneous fissi¢8F).
coiling out of the targets from beam particles, scattered ions, The collection efficiency of the separator was estimated
and transfer-reaction products. To set the magnetic field ofising the codesNAMARI [19]. This computer code is based
the separator’s dipole magnet for collecting specific EVRs oron the Monte Carlo technique. It is used to generate EVR
the focal-plane detectors, we used our measurements of tleents and calculate their trajectories in the separator and the
average charges of slow atoms moving<i Torr of hydro-  corresponding spatial distribution at the focal plane. It ac-
gen [16]. The separated EVRs passed through a time-ofeounts for reaction kinematics, energy losses, and multiple
flight (TOF) measurement system composed of t(gtart scattering in the target and the separator fill gas, equilibrium
and stop multiwire proportional chambers in & 1.5-Torr  charge states of EVRs, and the magnetic-optical system of
pentane-filled module and were implanted in a positionthe separator. The calculations successfully reproduce the
sensitive detector array. The latter was composed of thredistributions of EVRs on the focal-plane detectors and their
40x 40 mnt silicon detectors, each with four 40-mm-high collection efficiencies for numerous reactions studied. We
and 9.7-mm-wide strips. We obtained horizontal positions forused collection efficiencies of 45% and 30% when calculat-
the reaction products from the 12 strips and vertical positioning the cross sections of the reactions ¥6@xn)No and
from charge-splitting in the 40-mm-high resistive layer of the 2°’Pb(*S,3)%%Cf, respectively. We estimate that using the
detectors. Compared with our previous design, the detectiogalculated efficiency values could systematically shift the
system was modified to improve both the detection effi-measured cross sections within30% [19].
ciency and background conditiohs7].

The ?°No EVRs produced in thé°Pb+“8Ca reaction at
the excitation-function maximum had an initial energy of . RESULTS
~41 MeV, which was reduced te-24 MeV [18] at im-
plantation due to energy losses in the target, hydrogen, and
pentane media. Since the corresponding implantation depth
of EVRs in silicon (~1 mag/cnt) is considerably lower than Cross sections for producing® 2*No from 2%4Pb and
the a-particle range, the detection efficiency ferparticles ~ 2°°Pb targets were measured ‘§Ca beam energy ranges of
by the focal-plane detectors is about 54% of.4To detect 213.5-219.4 MeV and 213.7242.5 MeV, respectively.
escapingr’s, a set of eight detectors of similar type, without Energy losses of®Ca ions in the entrance windovl.34
position sensitivity, was mounted in a boxlike array aroundmg/cn? or 0.71 mg/cri of Ti), target backing, and target
the perimeter of the focal plane detectors. Employing thesenaterial were calculated using data[®0]. The systematic
side detectors increased-particle detection efficiency uncertainty in bombarding energy at the middle of the target
to ~87%. was~1%. Production cross sections &1 2**No were cal-

Some of the detector background is produced by low-<ulated using the spectroscopy dat§2i#,22 and the data of
ionizing particles, e.g., protonsy’s, etc., which with some the present work fo”*No (see below. The experimental
probability pass through the separator and reach the focdilision-evaporation cross sections for the reactions
plane. These particles with ranges exceeding the focal-plan®®Pb(*Ca,1—4n) and 204206207208p#8Ca 1) are pre-
detector thickness of 30@um are detected by the TOF sys- sented in Fig. 1 and Table I. The error bars represent statis-
tem with low efficiency. An array of three detectors of the tical uncertainties; uncertainties in knowing the decay prop-
same dimensions, without position sensitivity, was added 18rties of the synthesized nuclei and detection efficiencies, in
mm behind the focal-plane detectors. With these back deted¢arget thicknesses and isotopic compositions, as well as in
tors, we measured energy losses or residual energies of patetermining beam doses.
ticles that passed through the focal-plane detectors. This al- An enriched?®Pb target was used to study the evapora-
lowed identification of thep, ?H, °H, and a particles and tion of 1—4 neutrons from the?®No compound nucleus.
measurement of the corresponding energy spectra. EmplojFhe 2n-evaporation product®No was identified by detect-

A. Cross sections of the fusion-evaporation reactions
204,206,207.206h+ 48Cq and the SF decay of even No isotopes
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=7.56+0.15 s, is included in the systematics presented in
o Fig. 2. For 2% m, we obtained’;,=32.9+1.8 s froma-a
o 26y correlations with®®No, in agreement witfi21].
© osp ] We identified?>'No by the known energies af particles
M E correlated witha: decays of the daughteéfFm, taking into

] account its half-life. At 226.2 MeV bombarding energy, the
cross section of thé®®Pb(*Ca,31)?°'No reaction reaches its
maximum of 302 nb.

In determining cross sections for the reaction
208pp(*8Ca, ) ?>No, contributions from the 2 products of
the reactions with admixtures éf’Pb and?°%b appeared to
be considerable. The contribution from the reaction
207pp(*8Ca, M) ?>No was determined from our experimental
measurement of the excitation function and the certified iso-
topic composition of the target material. We also considered
the fact that thex-particle spectrum of*3No overlaps the
8.1-MeV line of 2®No [22], while the corresponding half-
lives differ by a factor of less than 2. To account for the
contribution from 2*No, we used our measured excitation
function 2%%Pb(*®Ca,1)?*No together with that from
[12,13. Impurities contributed as much as 50% of the
a-particle yield of>>*No at the h reaction maximum. Mak-
ing the appropriate corrgg}tgons, we obtained a maximum

itati cross  section  of > nb for the reaction
Excitation encrgy (MeV) 20%pp(*8Ca, ) ?>No at 217.4 MeV.

FIG. 1. Experimental cross sections of the reactions Analyzing the EVR-SF correlations detected in the bom-
204.206-2080(*8Ca,2n) (upper panel B and 2°Pb(*Ca,1-4n)  bardment of the?®Pb target with*®Ca ions at higher ener-
(lower panel b. Excitation energie&,;, corresponding to the Bass gies, close to the expected cross section maximum of the
barriers[23] for 204209207.2Pp1 %6Ca reactions are shown by up- 4n-evaporation channel, we isolated a new short-lived SF
ward arrows. Results of the statistical model calculations are showRctivity. We observed three correlated EVR-SF events at

by solid lines. Calculated cross sections of the reactiono37 7 MeV %8Ca beam energy and seven events at 242.5
20 4 25| H H ) )
*Pb(**Ca,4)**No with damping factors of 0.05, 0.061, and 0.08 \jey. The resulting half-life measured for these ten events

MeV~1! are shown by dashed, solid, and dotted lines, respectively\.N(,Jls-l-l/2= 26fé2 us. In the same irradiations, we observed

about 120 SF events from the decay’®@No. The number of

ing « particles of known energies, correlations with the decays this contributed to the 265 activity was less than
decays of the daughtéf®Fm, and correlations of particle  0.006 for the fraction of the distribution of 2.4428No SF
and spontaneous fission events with the known half-life relaevents with short decay times. The short-lived activity was
tive to the EVR implantation time. The estimated contribu-not observed at lower bombarding energies. Both the posi-
tions due to?°*’Pb(*3Ca,3) and 2°%Pb(*®Ca,4) reactions on tion of the excitation function and maximum cross section
target impurities did not exceed a few percent at the correvalue for its production agree well with those expected for
sponding cross section maxinisee, e.g.[5,13]) and were the 2°Pb(*3Ca,4)?*No reaction. Thus, the most probable
ignored in calculating the 12 cross section. The maximum origin of this new activity is the spontaneous fission of even-
cross section of 5159 nb was measured at 217.1 MeV for even nuclide?*No. With the measured half-life value of
the reaction?®Pb(*8Ca,)%No; the average cross section 2*No, we set a cross section of 0253 nb for the reaction
value of five measurements at 217-218 MeV was?Pb(*Ca,4) at 242.5 MeV.
489°31 nb. With the 84 us dead time of the electronics system, un-

In the present series of experiments, we detected a total @fertainty in the radioactive-decay properties?8fNo could
more than 1 decays 0?*No. From the sum distribution of significantly influence estimates of tf€%Pb(**Ca,4) reac-
the EVRw and EVR-SF correlations, we obtained a half-life tion cross section. Spontaneous fission as a predominant de-
of 2.44+0.04 s for the decay of*®No. This agrees with the cay mode and;,=250=50 us are reported fof*No in a
reported values:T,,=2.30+0.22 s [21,24, 2_25_*8:}@ s single papef29]. With the aim of determining more accu-
[11], and 2.44-0.12 s[25]. Assuming the electron capture rately the properties of*No, we irradiated an enriched
(EC) branchbec=50% of 252\id, we set the upper limit for  **Pb target with“®Ca ions at energies covering the range
the EC branch of>No at 10%(68% confidence levelThe  expected for the peak of thenZeaction. One sequence with
spontaneous-fission brandbge= (32.2+0.5)%, which fol- @ correlation time of 143us was detected aE(*Ca)
lows from the present data, is somewhat higher thga ~ =213.5 MeV, seven at 216.7 MeV witlfiy,=4177] us,
=(26.9:1.9)% or (21.6:4.2)% reported in[24,26, re- and three at 219.4 MeVT(,=39"]; us). The sum distri-
spectively. The corresponding partial SF half-lifég:  bution results in a half-life of 4 }51’ us. For the 21 events,

=z 2 8

Cross section (nb)
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T

10 £

Cross section (nb)
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—
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TABLE |. Summary of measured fusion-evaporation cross sections.

Reaction Laboratory Excitation Cross section
energy energy (nb)
(MeV) (MeV) 1n 2n 3n 4n
48Cat 2%%Ph 2135 19.6 1870°339
216.7 22.3 2050' 359
219.4 24.4 1190339
48Cat 20%Ph 2135 19.8 670" 550
216.7 22.4 13107433
219.4 24.6 718370
“8Cat 20%pp 212.7 19.8 29"% 100" %2
2135 20.4 3088
216.7 23.0 500 159
217.0 23.2 488" 12
217.1 23.3 5158
217.4 23.6 5815 489" 31 <0.9
218.1 24.1 475" 7%
219.4 25.2 327 %
219.9 25.7 5438 325°%3
223.9 28.9 <15 166'3; 7903
226.2 30.7 56" 1 3073
2335 36.6 3.8'%3 183
237.7 40.0 1.52' 3% 1.70+0.25 0.11°3%5
239.1 41.2 1.7°39 3.7°1% <0.24
2425 43.9 1.37°929 1.53°339 0.26" 313
4Cat20Ph 2135 20.6 3.4°5%
216.7 23.2 13.2° %!
219.4 25.4 9.6°4°
345 4+ 207pp 160.5 26.1 0.12°383
164.3 29.4 0.82°93]
167.2 31.8 1.36'0%3
167.3 31.9 1.57'93%
169.3 33.7 3.1°13
169.7 34.0 262953
176.7 40.1 2.10°9%
180.2 43.0 0.35°9%

including those observed in th&%Pb+“Ca reaction, the ionic charge, which are in accord with those measured simul-
half-life is 36" ' us. In the same irradiations, we observedtaneously for the known EVRs wit@=102. Finally, the
about 270 SF events from the decay?8fNo produced from lower yield of this activity as compared with the other No
the 2°%Pb isotope present in the target material. The possiblésotopes produced viar2 evaporation reactions, its decay
background contribution to the observed @6-activity due ~ mode, and its half-life are consistent with those expected for
to 2%No SF events that could be detected with short decay No. In particular, spontaneous fission with a 44 half-
times is less than 0.02. The corresponding excitation energidiée has been predicted fo°No [31], which is in excellent

of the ?No compound nuclei produced at the three beanfgreement with this experimental result. On this basis, we
energies were 20.6, 23.2, and 25.4 MeV, respectively, calciassign the observed SF activity to the decay of the neutron-
lated with mass values $80]. These cover the energy range deficient even-even nucleSNo produced in the reaction
expected for the?®Pb(*®Ca, ) reaction. The observed en- 2*Pb(**Ca,n) with a maximum cross section of 9.5 nb
ergy dependence of the vield of the 38 SF activity fol-  at 216.7-MeV(see Figs. 1 and)2The partiala-decay half-

lows the excitation functions of th&% 2%%Pp(*8Ca, ) re- life of Mo is calculated from systematics to be about 0.2 s
actions measured in the same irradiation. The latter werf32], which corresponds tb,~ 2x1074,
obtained by detecting®? 2*No produced from the isotopic  In experiments with the®*Pb target, we simultaneously

admixtures in the target material and agree well with theobtained excitation functions for thé&®®-2072%pp(*8Ca, )
available experimental data. The corresponding EVRs areeactions induced on the substantial isotopic admixtures in
characterized by implantation energy, time of flight, andthe target material. The maximum production cross section
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FIG. 2. Partial SF half-lives of even-even nuclei wiZk-98 to
106. Experimental data are taken from Réfst,21,22,27,2B Solid FIG. 3. Excitation function of the reactio?’Pb(*S,31). The
symbols show the data of the present work f&iCf and *No. Bass barrieBy,s [23] is shown by an open arrow. The line is drawn
to guide the eye.

of 2°No was measured to be 50FS nb, which agrees both
with the data of previous experiments and of our presentross section of 313 nb exceeds the value reported in
measurements wittf®Pb. Overlapping of the?®No and  [14], yet both results are consistent within experimental un-
254No a-particle spectra was taken into account when wecertainties.
determined the yields of these isotopes. The independent The partiala half-life for 238Cf can be estimated from the
yield of #*No was calculated from the number of detected mass calculations df30,33, which give similarQ,, values
particles of its daughter®¥m taking into account of 7.975 and 7.95 MeV, respectively. With these values, ac-
gzs-branchin% values of (955)% [21] and 90%6,10,21 for  cording to the formula of Viola and Seaborg with parameters
%Fm and **No, respectively. The corresponding contribu- from [32,33 defining the relation betweefi, andQ,,, we
tion was subtracted from the sumspectrum of*®No and  optainT. ~10 s and, therefordy ~2x 103,
254\ 0 to obtain the?®No fraction. We obtained a maximum “ ¢
cross section of 205353 nb for the 2°%Pb(*Ca,)?*No
reaction, in good agreement with data [#1-13, and IV. DISCUSSION AND CONCLUSIONS
1310°4% nb for the reactior’®Pb(**Ca,2)?No.
In the present work, we performed a systematic study of
B. Production of 238Cf the production of No isotopes vi¥%®Pb(**Ca,1-4n) reac-

238Ct was originally produced in experiments employing tions in the excitation energy range” =19.8-43.9 MeV

i 204,207,20 48, i *=20—
a rotating wheel system and was identified through the cros nd in .fbt.)( Ca,m) reactions a€” =20-25 Mev.
bombardments?%® 209b+ 39S and 2%%pb+ 365 [14]. This ote that excitation functions for the fusion-evaporation re-

identification was corroborated in the present experimentéCt'%'gs204;20bb(480a'21)’ “%Pb(*Ca, 1), **Pb(**Ca,3),
with the gas-filled recoil separator. We used the reactiorf"d Ph( Ca,4) were measured for the first time. _
207ppy1- 345, which gave a maximum yield of the SF activity ~ Cross sections for producing evaporation residues in
with T,,=21+2 ms according td14]. The 3‘S-beam en- complete-fusion reactions of stable lead isotopes with the
ergy range of 160.5—180.2 MeV corresponded to excitatioyarious projectiles*Ar (2 and 31 evaporation channels
energies of thé*'Cf compound system ranging from 26.1 to " °Ca (2n channel, and *°Ti (1 and 2 channel$ versus the
43.0 MeV. We detected about 260 SF events position correéaumber of neutrons in the compound nuclei are shown in
lated with EVR implants, with a half-life T, Fig. 4. For the PBCa,t) reactions, we note that changing
=21.1'1% ms, in agreement with the value given[ib4].  the *°®Pb target to?*®Pb and then tc®*Pb results in a de-
The corresponding excitation function, which agrees wellcrease of maximum cross section by a factor-of and 40,
with that expected for the reactiof’’Pb(3*S,3)?%¢Cf, is  respectively(see Table | and Figs. 1 and.&imilar behavior
presented in Fig. 3 and Table |. The measured maximunof fusion-evaporation cross sections is observed in the
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F T T T T T T T T T tial energy as given if40], andy, is the damping parameter
used to describe the weakening of shell effects in the nuclear
3 level density with an increase of the excitation energy
1 E* [41].

1 Results of the calculations for the reactions

3 204,206-208pK 48C4 ) and 2°Pb(*®Ca,1—4n), are presented

1 in Figs. Xa and Xb), respectively, together with our mea-
sured EVR production cross sections. The values of the shell
corrections for?>%-25%No given in[40] and damping param-
etery,=0.061 MeV ! that were used for calculating fission
barriers agree well with the experimental data and allow us
to describe our measured cross sections adequately without
introducing extra parameters.

Shell effects and their damping with increased excitation
of the compound nucleus largely determine production prob-
abilities of the investigated evaporation residifé% 2>No.

As Fig. 1(b) shows, the cross section of the £hannel at

FIG. 4. Cross sections of fusion-evaporation reactions of stablg* >35 MeV is very sensitive to the value of the damping
Pb isotopes with various projectile®’Ar (2n and 31 evaporation  factor ¥4 Varying y4 by =20% results in a variation of the
channels **Ca (2n channel, and *°Ti (1n and 2 channelsver-  ¢ross section by a factor of 10. The same effect can be ob-
sus neutron number of compound nuclei. For the reactions withya e if the shell correction is varied byl MeV. There-

40 ot
. Ar't. the d?t‘:‘h 0‘;0550“;{:;4;35 ar2e ;hown't_Where the exc'tat'og fore, analysis of the present data defines the valueg,of
unctions ot the f>c,a0 Teactions Were measured  s\w and other model parameters quite stringently.

i ; 40 .
with the same setup, and for the reacti®Pb(*°Ar,3n), an aver The production of No isotopes in the reactions

aged value fronj36] is shown. Cross section values [&7] were a8 .

multiplied by a factor of 2 to bring these in correspondence withpb( Caxn)_can be anS|dere.d as ‘?‘ precgrsor to the study of

later results of the same authors for the reactidR®b+ 5°Ti the synthesis of heavier nuclides, in particular, of the super-
heavy elements. In complete fusion reactionéia projec-

—1,2n [22]. h ) S .
tiles with actinide targets lik€*Pu or 2*8Cm, the super-

S0Ti-induced reactions with Pb isotopes, which lead to the;\/y nuclides r\]Nith Z|:11:’116 hare. produced ir}
compound nuclei with the same neutron numbers. Reactiony -evaporation channelgl]. Here, the primary states o

induced by the doubly magié®Ca show EVR production the compound nuclei with the excitation energi&s

cross sections that are two orders of magnitude higher thany 50—40 MeV and their subsequent deexcitation have much

the corresponding values for the reactions vfftAr and *°Ti in common with the stl_Jdied No isotopes, whose survivability
ions. A drastic drop in the cross sections for producingaISO is largely o_lete_rmlne_d by the existence of nuclear sh_ell
neutron-deficient EVRs in the reactions of Pb isotopes wit fiects. From this viewpoint, the result_s of the present studies
40pr, %8Ca, and 5°Ti projectiles demonstrates an essential€@" be helpful for refining the th_e_oretlc.al calculanons of the
effect of neutron number in compound nuclei and the deproducuon of superheavy nuclei in fusion-evaporation reac-

. . . . 8 . .
formed shellN=152, which still manifests itself in the ex- tions of actinide targets W'tﬁ Ca prolec_tnes. : .
cited nuclei. As for the decay properties of the investigated nuclides,

Experimental Cross sections for the We summarize as follows: In the reacticdd’Pb+34s, we
204,206-208p*8Ca x ) reactions were analyzed with a statis- studied the production of the 21-ms SF activity, which was
tical model. To calculate the cross sections for the formatior'?_revIOUSIy assigned to the even-even |sot6ff?€f [14]. The

of No compound nuclei we used experimental data on th%ﬂlesldb of the 21-ms activit|3|/ "?‘T]d ir:s deplt(ejnt()jence on dtr]:e
yields of fission fragments in the reactioff®b+“Ca, -beam energy agree well with what could be expected for

corresponding to the excitation energy range of 14_4éhe evaporation of three neutrons fr.om the comp_ound
MeV [38]. nucleus. Thus, our observations confirm our preliminary

identification of 2%8Cf [14]. The new neutron-deficient even-
gven nuclide®®*No produced in the reactiori€Pb(**Ca, )

1000 240
E 3no

2

Pb+*°Ar

Cross section (nb)
=
bk |

—
T TTT
1

0.1 1 1 1 1 1 1 1 1 1

146 147 148 149 150 151 152 153 154
Neutron number

In determining the survivability of the No EVRs with

=250-254, we used experimental and calculated neutroh” =" -~ L .
binding energie®,, and calculated values of the fission bar- and #*Pb(**Ca,A) undergoes spontaneous fission with the

; +11 ; ;
riers B; . Neutron binding energieB,, in the No isotopes half-life of 36"~ us. The partial SF half-lives of even-even

with N=148— 154 are in the range of 5.9-8.4 Mé¥1,30. nuclei withZ=98 to 106 are shown in Fig. 2. The half-life of
Fission barriers were determined as ' 20No (N=148) synthesized in our experiments is about 5

X 10° times shorter than the partial SF half-life 6?No
B{(E*)=B_p— 6W-exp — y4-E*). (1) (N=152). In the No isotopes, the effect of the closed neu-
tron shellN=152 on the spontaneous-fission half lives ap-
HereB,p is the liquid-drop fission barrier, calculated[i8o] pears to be the strongest of all the known e¥emdclei. This
to be about 1-1.2 MeV for the No isotopes under considfact can apparently be explained by a rapid disappearance of
eration,SW is the shell correction to the ground state poten-the macroscopic part of the fission barriers with decreaing
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