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In bombardments of*4Pu targets with 114- and 120-MeX?Ne projectiles we detected 8 « correlations
linking o decays of%'Rf and 2’No. We observed one peak withE,,=8.30+0.06 MeV for 28'Rf and peaks
with a-particle energies 8.07—8.40 MeV fé?'No. The half-life of 2'No was measured to be 23 s. No
correlations were found betweendecays and subsequent spontaneous fission events, from which we calcu-
lated an upper limit of 1.5% for the fission branch?8fNo and estimated an upper limit of 3% for thedecay
branch of?6?Rf. The cross section of th&‘Pu(®®Ne,n)?®'Rf reaction was measured to be about 4 nb at both
22Ne energies used. We also report on some results fiBRu+22Ne and?3®U+2®Mg bombardments.

PACS numbes): 25.70.Gh, 23.60:e, 25.85.Ca, 27.96:b

[. INTRODUCTION s has been measurgth]. In all of the previous experiments,
The nuclides?®'Rf and 25?Rf were identified and gener- the ?5'Rf was produced via th&**Cm(*0,5n) reaction with
ally characterized in the discovery experimefiRefs. [1] an estimated cross section of about 5 [df. A common
and [2], respectively. However, more detailed studies of feature of these experiments was the use of(gias-jet tech-
their decay properties are definitely important. First, theseaniques to purge the recoil products from the reaction cham-
nuclides are descendants of neutron-ricklecaying species ber and transport them t@-counting stations, either with or
with Z,N around the predicted shell closur@s=108 and without chemical processing. Because of Pb and Bi impuri-
N=162 (see, e.g., Ref§3—6]), whose existence was estab- ties in the targetsy-particle spectra in thg, range of?5'Rf
lished in a series of experiments on identification and decagnd °’No decays were oftefil,15 contaminated byr ac-
studies of the new nuclide€°Sg, 2665g, 26™Hs, and?7%110 tivities, e.qg., from?*™™Po, ?12"Po, or ?*%po.
[2,7-9. Since the identification of such new species is based Another feature which hindered previous experiments is
on establishing genetic links between theidecay and sub- the fact that thea energies of?’No (8.22 to 8.32 MeV
sequentr or spontaneous-fissioi®F) decays of the descen- [10,11]) overlap those of®'Rf; this made the two nuclides
dant nuclides, a complete knowledge of the decay propertiegdistinguishable byw-energy analyses with the experimen-
of the latter facilitates decay-sequence searches and prevends techniques used. Although the technique used in [Réf.
overlooking decay chains from heavier precursors. Seconallowed the physical isolation of the daughteractivity on
the N=157—158 nuclides?*'Rf and 2°%Rf are, by them- separate detectors, there was no possibility of following the
selves, close to th&d=162 shell, which can significantly one-to-one correspondence between two consecutige-
influence their decay properties, especially those?BRf  cays of a particular mother-daughter pair. In Rdf5], the
[2]. very fact of detectingr— « correlations of?®'Rf to 2°’No
The nuclide?®’Rf was characterizefll] to be ana emit-  was shown, but truex— « correlations could not be disen-
ter with a half-life T,,, of 6510 s and the maim-particle  tangled from randomv— « chains produced by genetically
energy group aE,=8.28+0.02 MeV; its identification was unrelated decays frord®'Rf and 2>'No.
based on physical separation followed by detecting the We report here on our experimerffmesented preliminar-
known 25-sa-decaying daughter?>No [10,11]. An upper ily in Ref. [9]) in which we used the technique of kinematic
limit of 10% for SF branching in the decay 8f'Rf has been separation to isolate th&€=104 recoils from transfer-
reported [1] and an electron-captur€EC) branching of reaction products, to implant the separated recoils in a
<10% has been estimat¢ti2] from beta half-life systemat- position-sensitive silicon detector, and to observe, for indi-
ics. The isotope?®'Rf has been repeatedly used in experi-vidual a-decay events of?®'Rf, a subsequent time- and
ments performed to study the chemical properties of§8€, position-correlatedv-decay event of its genetically related
e.g., Refs[13-15). More recently?5'Rf was produced in  daughter?®’No. Another goal of our experiments was to dis-
on-line gas chromatographic studies of Rf chlorides, incover thea-decay branch of the even-even nucliéféRf [2]
which a new, presumably more accurdtg, value of 78 3% by searching for time and position correlations between
decays of?%?Rf and subsequent SF events from its short-
lived spontaneously fissioning daught&fNo.
*Deceased. The first unambiguous identification of the spontaneously
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TABLE I. Summary of the bombardments &¥Pu, 24?Pu, and?%U with ?Ne and?®Mg beams. Her&V
is the average target thicknessis the beam energy in the middle of the tard€et, the excitation energy of
the compound nucleub, the total beam dose, amdthe production cross sectigwith an estimated accuracy
of a factor of~2) for the indicated nuclide.

Target w lon E E* D Nuclide o
(mg cm ?) (MeV) (MeV) (X109 (nb)
249py 0.41 2Ne 114 46 3.1 261Rf 4.4
120 51 2.1 261Rf 3.8
242py 0.30 22Ne 114 45 3.8 25Rf 1.7
260Rf @ 0.9
28y 0.28 28Mg 134 46 0.45 260Rfa 0.24
140 51 1.7 25Rf 1.1
238 0.25 2Ne 117 51 1.3 255\ 200°

aTentative assignment is based on literature (&g
PA cross section value from ReR0] corrected by applying the nuclear data from K&g] regarding the EC
branchings in the decays 8#™No and ?>Fm.

fissioning isotope?®?Rf was reported in Ref2]; it was ob- A summary is given in Table I, which also shows results of
served as the-decay daughter of®®Sg. From time intervals  **Pu+?Ne [19] and **0U+2Mg [9,19] bombardments
for six detectedy-SF correlation chains linking: decays of  (see below.

26550 with subsequent SF decays3fRf, the total half-life Evaporation residue€EVR’s) recoiling out of the?*Pu

of the ground state of%Rf was measured to be 1&32 s, 25  targets were separated in flight from beam particles and vari-
times longer than a tentative value of 47 ms ascribetft@f  ous transfer-reaction products by the Dubna Gas-filled Re-
previously [16]. The stability of ?°Rf against SF decay coil Separator, described in R¢R1]. To set the fieldB of
proved to be higher by a factor of 4010° than that of the separator's dipole magnet f@—=104 EVR’s, we used
several nuclides with loweZ or N values, such ag*®Fm,  prior measurement®,7,19,2] of the average charge states
262No, or 256Rf (see also Ref.17]). This significant stability ~for slow EVR’s with Z=89—104 moving in 0.7 Torr of
increase for?52Rf is due to a strong effect of the shell clo- hydrogen, cf. Fig. 1 in Re{.7]. The average charge states of
suresN=162 andZ=108. The observation ofr decay of Rfand No isotopes were calculated to be 1.9, 2.6, and 2.2 for
262Rf would yield important information for improving pre- EVR’s produced in the**?*Pu+*Ne, #*%U+2?Mg, and
dictions of masses, shell corrections, and radioactive deca§’ U+2>°Ne reactions, respectively. The separated EVR'’s
properties of unknown heavy nuclei including those in thepassed through a time-of-fligliTOF) measurement system
vicinity of N=162 andZ=108. The detection of decay of composed of two(start and stop multiwire proportional
262Rf would also allow the unequivocal identification of chambers in a 1.5-Torr pentane-filled module and were im-
258\, which is reported to be a spontaneously fissioningflanted in a position-sensitive detect®SD) array com-

nuclide withT,,=1.2+0.2 ms[12,18. posed of three 40 40-mn? silicon Canberra Semiconductor
detectors, each with four 40-mm high9.7-mm wide strips.
Il. EXPERIMENTAL TECHNIQUE We obtained horizontalx) positions for the reaction prod-

ucts from the 12 strips and vertic@)) positions from the

To produce?®?Rf and 2°’Rf we used the complete fusion 40-mm high resistive layer of the detectors. Top and bottom
reaction**Pu+ 2’Ne followed by the evaporation of four or or y-position signals from each strip were divided into a sig-
five neutrons from the compound nucletfRf. Beams of nal for a or implant events £ 1—14.5 Me\) and a signal
22Ne projectiles were delivered by the Dubna U400 cyclo-for SF events {20—250 MeV). We also recorded the en-
tron. We chose?®Ne bombarding energies of 114 and 120 ergy of thea/implant events; we determined the total energy
MeV, resulting in excitation energies of the compoundof SF events by off-line summing of thejrposition signals.
nucleus?®®Rf of about 46 and 51 MeV, respectively. Three With each detected energy event, we also recorded the strip
plutonium targets(98.6% 2*Pu, 1.1% 2*®Pu, and 0.3% number, TOF information, the time jas from the beginning
24%py) with average areal densities of 0.41 mgém?*Pu  of each beam pulse to eitheror implant or SF events, and
and a total area of 11.7 émvere arranged on a wheel whose the running time in 0.1-ms intervals. The dead time of the
rotation was synchronized to the 150-Hz frequency of theelectronics system was 7 us. The data were acquired in
cyclotron so that a target was exposed to th2.2-ms beam list mode.
macropulse during each 6.7-ms beam cycle. The targets were Alpha-energy calibrations were performed periodically
electrodeposited on 0.70 mg A Ti substrates and covered usinga emitters produced in th&®’Au+ ??Ne reaction. Most
with a 30ug cm 2 carbon layer. For calibration purposes, of the strips hadx-energy peak full width at half maximum
we performed a bombardment 61U with ?Ne projectiles.  (FWHM’s) of about 50—60 keV. By using known event se-
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21p, 2Py + 2Ne
Beam dose 5.2x10'8 |
1=260h

guences from the calibration reactions, we measured the
FWHM y-position deviationApos to be 1.2 mn{3% of the
strip heighj for a-a sequences; for-SF sequences we ex-
pected a similar FWHMApos value. The FWHMApos
value for Rf EVR« and EVR-SF correlations was estimated
to be =6 mm due to the low measured energies of the
EVR’s.

We determined the detection efficiency 8Ac EVR’s
produced in the complete fusion reactid?Au-+2?Ne, the
product of the 8 evaporation channel. Comparing the total
number of 2!®Ac « particles and the observed number of
EVR'’s correlated with them, we measured the EVR detec- FIG. 1. Sum energy spectrum ef particles detected out of
tion efficiency to be~75%. In this case, the initiaf'®Ac ~ beam in the?**Pu+?*Ne reaction at the bombarding energies 114
EVR energy of 11 MeV was reduced t05 MeV at implan-  and 120 MeV.
tation due to losses in the target, hydrogen gas and the TOF . .
module. In the?*4Pu+2?Ne reaction the initial EVR energy 2'1 Note that most particles withE,, below 7.6 MeV(e.g.,
of 9.5 MeV was reduced te-2.5 MeV of implantation en- 'Po) 9”9'”3}37'” th2e2 decays of long-lived activities pro-
ergy. Furthermore, due to the pulse-height defect of the psguced in the ~'Au+““Ne reaction used for calibrations,
array, most of the signals from th&=104 implants were rather than from reactions with impurities in the targets.
reduced below the detection threshold setdt MeV. We conducted an off-line search for correlatedr event

To test the collection efficiency of the separator, we perPairs with both« particles detected out of beam in the
formed a model bombardment 8f8U with 22Ne, detecting @-€nergy rangee,=7.6 MeV within the time windowAt
the known nucle?425525%0 [12] implanted in the PSD. In =1800 s; they-position deviations between twe events

the a-energy range of 7.60—8.34 MeV, covering the knownWere required to be within 1.2 mm. At the bombarding en-
a spectrum of?5No, we detected a total of 1708s during €9y 120 MeV we observed 17 correlatee pairs in which

out-of-beam periods. We observed about 110 correlated ~Mothera decays withe,,; =8.22-8.41 MeV were followed
pairs of the®®No— 25Fm— 246Cf chain in which mother within time intervals of 0.4—181 s by daughtedecays with

a decays WithE,,=7.97-8.18 MeV were followed by E,»,=8.07-8.37 Me\(. At the bombarding energy 114 MeV
daughtera decays WithE ,=7.31— 7.52 MeV. The half-lfe W€ observed 25 pairs ok events withE,,=8.25-8.36

of the daughter activity was calculated to be 23% min ~ MeV andE,,=8.21-8.40 MeV, correlated within time in-
[22] in agreement with the literature value of3@ min[12] tervals of 0.2 to 129 s. Na—cg correlations were found in .the
for 250Fm. From this we estimated that decays of2>No At range of 181-1800 s, with the exception of aner pair

the product of the 6 evaporation channel, resulted in about With E.1=8.83 MeV, E,;=8.09 MeV, andAt=223 s,
290 detected’s in the range of 7.60—8.34 MeV. We also which was observed at the bombarding energy 114 MeV and
detected 38’s in the a-energy range of 8.34—8.50 Mey e attribute to ther-decay chain of*Rf produced in reac-
belonging to the product of thendevaporation channel, tions \.Nith the 1.1% admixtu're 0?4'2Pu in the **Pu target
256N0. By comparing the detected yield 8FNo with that material. From our observations, it follows that the number
calculated from the cross section value of R0, cor- of a-a pairs from genetically unrelated-decay events of
rected by applying more recent nuclear deitd] on the EC 261Rf and °No is less than 0.1 within the time window of
branchings in the decays 6FNo and 5'Fm, the collection 200 s, which should be compared with the observed total of
efficiency was determined to be (345 %. Yields of the 42 a-a chains formed by genetically linked decays of

. . these two nuclides. A total of 245 single out-of-beam
roducts of the A- and éh-evaporation channels relative to : L
Fhat of the 5 channel were caFI)cuIated to be O.Ciﬁ@g‘zland events detected in tHe, range of 8.06—8.42 MeV is in good

0144010 ively. i ¢ with th its i correspondence with the number of 252 singlevents from
- Ré?-%z’oaes‘)ec Ively, in agreement with the resulls givenaeipt 4nd 257No expected on the basis of the 42 observed

a-a correlations. The correlation times measured for the 42
a-a chains give a maximum-likelihood half-life of 24 s
IIl. RESULTS AND DISCUSSION for %No.
We also searched for correlateda event pairs from the
261Rf—25"No—25%m chain, in which only one of the twe
The production of?%'Rf in the 2*4Pu+22Ne reaction was events was detected out of beam. To avoid a contribution
clearly observed in the energy spectranoparticles detected from randoma-a correlations, in this case we required the
at both bombarding energies used. The group gfarticles  y-position deviations between the twoevents to be within
with E,~8.20-8.40 MeV from a decays of 2'Rf and 0.5 mm; the search was made within the time windaw
25No was the onlya group in theE, range=7.6 MeV. =500 s. Thex energies were allowed to vary between 8.00—
Since thea-particle spectra measured at the bombarding en8.70 MeV and 8.00—8.50 MeV for out-of-beafi'Rf- and
ergies 114 and 120 MeV were rather similar, in Fig. 1 we?>'No-like members ofa-a chains, respectively. For in-
show the sum energy spectrumafarticles detected by the beam events, the correspondiagenergy ranges were re-
whole PSD array during the entire measurement time of 268tricted to 8.22—8.41 MeV and 8.19-8.40 MeV, thus limit-

261Rf
257N0

55 60 65 70 75 80 83700 05 100
o-particle energy (MeV)

A. Production and decay properties of*'Rf and ?°"No
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FIG. 2. Sum distribution of time intervals from correlated 6 =28 keV
261Rf—25'No—2%Fm a-a pairs. The calculated distribution for 10
T4»=25 s is also shown. 2 st
ing the E, values to those observed foP'Rf and **No Al
from the 41a-a chains with bothe events detected out of
beam(with the exception of a single correlation including a T 0
25No event withE,,=8.07 Me\). As a result of the above- O e
described selection, we observed an additionak2Z cor- ' " a-particle energy (MeV) '
relations in whicha events withg ,; = 8.24—8.40 MeV were _ _ . »57
followed within time intervals of 0.08—192 s by daughter FIG. 3. Experimentala-particle spectra of*'Rf and **No

decays withE,,=8.19-8.38 MeV. From the correlation based on the genetically linked decays with corresponding fitted
times measured for these @7« chains, we obtain a half-life SPectra.
value of 20°¢ s for 2°No. Two a-a pairs with correlation
times above 300 s were found, indicating a possible presengfiain a groups of?>'No with E,,=8.24, 8.29, and 8.34 MeV,
of a few random pairs among the above@# correlations.  ith relative intensities of 55, 26, and 19%, respectively,
In Fig. 2 we show the distribution of time intervals from according to Ref[11]. Onea-decay event was detected with
all of the 69«-a correlations. In general, the distribution of g _g 57 MeV, implying the existence of a weakgroup of
the measured decay times fits the decay pattern of a singlzsC%No; this 8.07-MeVa event followed a preceding 8.34-
activity; however, three events in Fig. 2 show decay times ofyo\ , event from 26'Rf by 0.38 s. Note that lower
0.08, 0.21, and 0.38 s, whicr; are sgveral _hundred timeﬁz-particle energies of5"No, down toE,=8.11 MeV, were
shorter than expected from tH#8No lifetime. This observa- 5150 observed in experimeri& 17], although using detectors
fuor;Serght hint gt the_ eX|§tta_nce of a.much shqrter-llved statgyith poorer energy resolution.
in ='No decaying with similaw-particle energies, although  \ye searched for correlatee:SF events with out-of-beam
the limited s_tatigtics do not allow more conclysive state- particles in the energy rande,=7.6 MeV and SF events
ments. Considering all of the ggfasufed decay times, We Cafjetected both out of beam and in beam. No correlations were
culate a half-life of 23-3 s for ©'No, in agreement with the 5\~ 4 Wwithin the time windowAt=1000 s. They-position
accepted value of 252 s[12]. . deviations betweenr and SF events were required to be
The a-particle energy spectra GF'Rf and **No based \iithin 1.2 mm. On the basis of the total number @fpar-
on the observed 69 genetically linkeddecays of these tWo i jas with E = 8.06-8.42 MeV and 42 observed-a cor-
nuclides are plotted in Fig. 3. The correlation technique usedy|ations of %‘61Rf and 'No. we calculated a 68% confi-
in our work made it possible to measure for the first time thedence level upper limit of 1'5% for the SF branch%fNo
a-energy spectrum of®'Rf without any contribution froma ' '
decays Sg its daughter. The measutegarticle energy spec- Spontaneous-fission activities from thé*Pu+2Ne reaction
trum of 25'Rf is relatively narrow and can be well fitted by a and 2%Rf deca
single Gaussian curve with a standard deviation33 keV, y
centered aE,=8.30 MeV; from calibrations we estimated  In the reaction®Pu+?*Ne we detected 239 out-of- and
the averagedv-energy peaksr value to be 276 keV. Our  in-beam SF events at thiéNe energy of 114 MeV and 303
data(see Fig. 3 show noa-decays which correspond to the SF events at 120 MeV. Analyzing the EVR-SF correlation
8.52-MeV « events of?®’Rf, one observed by the GSI group time distributions, we singled out two short-lived activities.
in one of twoZ= 112 decay sequencfa3] and one reported At both energies a SF activity With 1= 1.4"03 ms was
from chemistry experiments witR®°Sg [24]. observed, being the source of about 45 events at’the
The a-particle energy spectrum that we measured for deenergy of 114 MeV and of about 42 events at 120 MeV.
cays of 2°'No is in good agreement with the-energy pat- Another SF activity, withT;,,=26"X° ms, contributed~ 12
tern observed for this nuclide in previous experimgits). and ~22 events at 114 and 120 MeV, respectively. These
As shown in Fig. 3, this spectrum can be fitted by the sum ohumbers do not represent the complete contribution from the
three Gaussian curves witlhh=28 keV, defining the three corresponding activities since the detection efficiency of
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EVR’s was less than 100%. The wide distribution of thesefunction measurements. Mass and kinetic-energy distribu-

events on the detector area also hints that the total yield dfons of coincident fission fragments were measured. The

observed activities could be higher. possible interfering SF background, which would raise the
One of the probable sources of the 1.4-ms SF activity iseported a-decay branch limit, was considered to be low

2580 produced in thex4n-emission channel. Note that re- enough to ascribe all the observed fission activity?aRf.

cently the product of am3n channel,?>*No, was observed

in this reaction with the cross section in the range of 6.4-3.1 C. Production of Rf isotopes in the 2*Pu+22Ne

nb [25] corresponding to th&?Ne bombarding energies of and 28U+ 2\g reactions

110.9-129.2 MeV. However, the average measured energy \yq g0 studied the production of the Rf isotopes in the
of the 1.4-ms5 recoils appeared tq be two times hlgher thaPaactions 24P+ 22Ne and 238+ 28\g, resulting from the
expected for**No, ~2.3 MeV, which means-5-MeVim-  same compound nuclew®Rf. One of the aims of these
gﬁ;];tatmn energy. The spontaneously fissioning isomegxperiments was to compare production and detection rates
Am produced in transfer reactions could possibly con-of the Rf nuclides in these two reactions in order to choose
tribute to this activity but, as it will be shown below, we did between thezZNe- and 26|\/|g-induced reactions for the syn-
not observe noticeable yield of a similan-transfer product thesis of new Sg isotopes. THéNe beam energy was cho-
— the isomer®*"/Am in the *Pu+??Ne reaction. One of sen to correspond to the maximum of the dvaporation
the probable sources of 26-ms SF activity is spontaneoushannel excitation function, and the two bombarding ener-
fission of 2°0Rf, a 6n-evaporation product, especially at the gies of ?Mg ions were chosen to be close to the expected
22Ne energy of 120 MeV(see Sec. lll ¢ Contributions from  maxima of the 4 and 5 evaporation reactions. Correlation
the decays of hypothetical spontaneously fissiorrgl04  data and fission activities from these experiments are sum-
isomers cannot be excluded; the above assignments remaimarized in Table II.
somewhat speculative. The well-known isotope®>Rf [12], the product of the
To probe thea-decay branch of the even-even nuclide 5n-evaporation channel, was identified by detecting 17 out-
262Rf we searched for correlations betweendecays of of-beama-a correlations with?®No decays in the reaction
262Rf and subsequent SF events from its short-lived sponta?*Pu+??Ne and 5a-a correlations in the®*®U+ Mg reac-
neously fissioning daughtér®No. The theoreticaQ,, value  tion. In the last case, due to higher EVR detection efficiency,
for 26%Rf of ~8.25 MeV[3] corresponds to a partia-decay ~ we also observed 22 EVR-correlations of*Rf. Measured
half-life of approximately 200 s. For potentidf’Rf decays, cross sections of therbevaporation channel for both these
we considered thea-energy rangeE,=7.8—8.5 MeV, reactions are listed in Table I. Even at the lower bombarding
which corresponds to the partiat-decay half-life range of energy, corresponding to the maximum of the
10—-3000 93]. We found noa-SF correlations withy par-  4n-evaporation channel, the cross section of the
ticles and SF events detected both out-of- and in-beani*Pu®*Ne,=n)?>Rf reaction is larger than that of the
within the time window of 10 s. 238(%°Mg,5n) 2°°Rf reaction at its expected peak by a factor
The low implantation energy oZ=104 EVR’s in the of approximately 1.5.
PSD(see Sec. lprevented us from distinguishing SF events  In both reactions we observed SF activities. We could
of 1.2-s ?6?Rf and determining its yield directly from the single out 22 fission events correlated with preceding EVR'’s
EVR-SF correlation data. To estimate the yield®fRf we  in the *?Pu+??Ne experiment and 4 such events in the
used experimental ratios ofn5 and 4n- evaporation cross **®U+?°Mg reaction which show an identical half-life of
sections measured at tf8\e bombarding energies close to about 20-30 ms. After the end of tHé?Pu+2*Ne experi-
the 4n-evaporation maximum in the reaction&%2%%)  ment, off-line measurements were performed to look for
+22Ne [26,20, 2*Pu+?°Ne (present work and 2*Cm  long-lived o activities implanted in the detectors. From the
+22Ne[2]. From these data, we assumed timeevaporation — upper limit for 2#Cm production, we estimated the possible
cross section to be half of that of the@ Bhannel at thé?Ne  contribution from the 14-ms isoméf"'Am to be three SF
energy of 114 MeV. Using these assumptions and estimatingvents or less. Thus the observed 20-30-ms SF activity
that 113 SF events fronf®Rf occurred, we set the 68% could be tentatively assigned, based on literature [d&ta to
confidence level upper limit at 3% for thedecay branch of the spontaneous fission 81°Rf, the 4n-evaporation product.
262Rf. Both the lowa branching and the predominance of SF In the reaction®*#Pu+%?Ne, no correlations were found be-
in the decay 0f*2104 (and all other even-even Rf isotopes tween out-of-beamu particles withE,=8.25-8.60 MeV
is a very definite prediction of theof{3—5]. characteristic 0?°No [12,2g and precedingr events with
The group of LBNL, Berkeley, studied the reaction E,=7.6 MeV within a time interval of 100 s. An upper limit
249p 1 22\e by using the gas-jet technique coupled with aof 20% follows for thea-decay branch of®Rf.
rotating wheel systerf27]. No o decays correlated with SF In both reactions a few SF events can be attributed to a
from 2°®No were observed and an upper limit of 0.8% for the shorter-lived activity, with a half-life of~0.1 ms. The 19 SF
a-decay branch of%2Rf was set. It should be noted that the events observed in the reactiffu+ 140-MeV Mg show
authors of Ref[27] assigned all the 200 observed SF eventsa half-life of 12f‘2" ms and a production cross section of 0.3
with an apparent half-lifeT;,,=2.1+0.2 s and maximum nb. Their most probable source is the product of the
production cross section ef0.7 nb atE(?’Ne)=114.4 MeV  6n-evaporation channeP*Rf [12], although a contribution
to the ground-state decay 8f°Rf on the basis of excitation from 26°Rf cannot be excluded.
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TABLE Ill. Summary of observations frori*Pu+2>Ne and?*8U-+ 2°Mg reactions.

Projectile Number of
energy correlated Measured
Reaction (MeV) eventé half-life Assignment
244 22Ne 114 17 a-a 3.2 min 259Rf ., 255N 5%Fm
114 22 EVR-SF 215" ms 260RfC—
238U+ 25Mmg 134 4 EVR-SF 283 ms 260RfC —
140 22 EVRa 2557s BRf—
140 S5a-a 5.1°3% min 9Rf— 2No—2Fm
140 19 EVR-SF 123 ms 28RfC —

@The detection efficiencies of the Rf EVR’s were about 30% in the readi@Pu+2?Ne and 60% in the
238+ 25\g reaction(due to higher EVR initial and, consequently, implantation energy

bA detector array of six $Au) detectors of 3-cm high< 2-cm wide without position sensitivity was
employed for these irradiations.

‘Tentative assignments of EVR-SF sequences are based on literatufé 2jata

IV. CONCLUSION the origin of some of the unidentified SF activities reported

. . here. Since bottf®Sg and?%%Sg are expected to have sig-
24

22 I bombarding Pu targets with 114- ‘and 120-MeV' ificant 4-decay branchef3-5], their a decay should lead
Ne projegt"es’ WESQEtECted G-« correlations linkinga 45 the even-even daughtef&Rf and 2Rf, which are as-

decays of’*'Rf and *No. The correlation technique used in signed to short-lived SF activities. The new Sg isotopes

our work made it possible to measure #renergy spectrum coyld be produced, e.g., in complete fusion reactions
of 2*'Rf without any contribution from ther decays of its 24224444 25.2§g or 24623 m+22Ne with evaporation of
daughter. We observed a singte peak with E,=8.30  four, five, and probably six neutrons. These experiments will
+0.06 MeV for *'Rf. The half-life of **’No was measured allow the first identification of the?>®Rf and 2°°Rf using

to be 25-3 s. The cross section of thé‘Pu®?Ne,m)?*'Rf  decay sequences that are correlated in position and time. The
reaction was estimated to be about 4 nb at bStle ener-  decay properties of these nuclides are important for investi-
gies. Thea-particle energies of 8.19 to 8.40 MeV that we gating trends in properties of th&é=104 and 106 isotopes
measured for”®No are in agreement with the pattern ob- with neutron numbers increasing towafds- 162.

served for this nuclide in previous experiments. @ndecay
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