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Production of superheavy elements
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We propose a discovery experiment for production and identification of isotopes of unobserved elements up
to element 119. We predict decay properties of nuclear systems that might be obtained in this experiment and
discuss posibilities of identification of new elements on the basis of the calculated properties.
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PACS numbegps): 27.90+b, 21.10.Tg, 23.60:-¢, 24.60.Dr

Over the last few years, much progress has been made and odd-odd nuclei which might be produced in bombard-
the production and investigation of decay properties of thements of 2%%Pb,,5 and 2°Bi;,g by 8%Krg, and discuss the
heaviest atomic nuclei. At GSI-Darmstadt;decaying iso- possibilities of identification of these nuclei on the basis of
topes of the elements 110, 111, and 1123] have been the obtained theoretical properties. We use the model which
synthesized in reactions based on tH&by,s or 2°Bi,,s has had some success in reproducing and predicting the
target nuclei. Very recently, the Dubna-Livermore Collabo-ground-state decay properties of even-even transactinide nu-
ration has made an attempt at production of a new elemerf€i [8,9. o . .

114. The 2*Puy,, target nucleus was bombarded by the We predict that?®*118,,5 initiates ana-decay chain of so

48Caq projectile ions at Dubna at the end of 1998. Accord-far unobserved nuclei. Mass exceb§ _ground state to
ing to the authors of Ref4], the results of this experiment 9"0und stater-decay energg,, and half-lifeT,,, calculated

: r these nuclei, are given in the left side of Table I. Mass,
2333{1436 ;r;tderigedtggcsﬁd;neé?ys of a superheavy nucIeLLQnd consequently,Q, is obtained by means of the
75 .

The aim of this Rapid Communication is to propose g 11ACTOSCOPIC-MICTOSCOPIC modgB,9) with the Yukawa-

. . ) plus-exponential potentigll0] taken as the macroscopic en-
discovery experiment for elements 11319 and, simulta- ergy and the Strutinsky shell correctiphl] based on the

neously, fo_r unopserved_ isot(_)pes of knowr_l transactinide el\'/\/oods-Saxon single-particle potentfd?] used as the mi-
ements which might be identified by chemistry. In R&,  croscopic energy. The calculation is performed in the four-
we made predictions for the formation cross sections Ofjimensional deformation space describing axially symmetric
many superheavy nuclei and came to the conclusion that thgclear shapesT,, is obtained by using the Viola and
most promising reaction based on tHéPby,g target nucleus  Seaborg formula with the parameters fitted to even-even nu-
and stable projectile i8°%Phby oo °Krs,1n)?%118,75. We ob-  clej with Z>82 andN>126[8]. The effect of an odd par-
tained a value of 670 pb for the formation cross section oficle is taken into account in the macroscopic potential. Next,
293118 ;5 at the optimal bombarding energy in the lab systemwe make use of the spontaneous-fission half-lives calculated
E.p=449.1 MeV which corresponds to the excitation en-in Refs.[8,9] for even-even nuclei which are lighter neigh-
ergy of the compound nucleds* =13.3 MeV. If this pre-  bors of nuclei in the decay chain in question. We assume that
diction is correct then the production of a large number ofan unpaired nucleon increases the fission barrier by about
superheavy nuclei is possible in contrast to recent experiralf MeV and, consequently, increases the spontaneous-
ments in which only very few superheavy nuclear systemsission half-life by a factor of 1000 in comparison with the
were synthesized with the measured formation cross sectiomespective quantities for the lighter neighboring even-even
of the order of 0.+ 1 pb, e.g.[6,3]. nucleus[13]. With the spontaneous-fission half-lives ob-
The use 0f?%Bi,,s as a target instead oi®Pb;,s may tained in such a way, we come to the conclusion theecay
lead to the production 0f**119,,5sand its descendants. From is considerably faster than spontaneous fission until a fission-
experimental systematics of the formation cross sections dhg nucleus?®°Rf,q; is reached, which terminates the decay
transactinide nuclei, we can expect that the cross section @hain.
2098 (8K r50,1n) 224119, 75 should be smaller than the one A large half-life equal to 8 min is calculated féf%Sg, ¢,
of 298Phy,¢(8%Krs0,1n) 293118, ,5 by a factor of 4-9 [7] for  because of the influence of the predicted deformed shell clo-
the typical excitation energy in theniemission channel sures atN=162, e.g.,[14-16 and Z=108, e.g.,[14,15.
equal toE* =12—-14 MeV (E|;,=452.6-455.4 MeV). This large half-life, calculated for an unobserved isotope
The use of the doubly magié®®Pby,s and the magic 25%Sg4; of the element SgZ=106) with known chemical
87Rh, as reaction partners might be even more profitable foproperties[17,18, permits identification of this nucleus by
the production of element 11&,,,=461.6-464.4 MeY. In  chemistry and, consequently, permits identification of the en-
the present paper, we calculate decay properties of even-odide decay chain.
Decay properties of nuclei constituting thedecay chain
initiated by the nucleug®419,,< are given in the right side
*Electronic address: smolan@fuw.edu.pl of Table I. This chain contains isotopes of unknown ele-
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TABLE I. Mass exces#/, ground state to ground statedecay energ®, , and half-lifeT, predicted for
a-decay chains beginning with the nucl&118,,5 (left side and 2°119,,5 (right side, which might be
obtained in the reactiond®®Phb, ,¢(8%Krse,1n) and 29°Bi; ¢ 8%Krsp,1n) (%%Pb,g8"Rbsg, 1n)), respectively.
The last nucleus in the-decay chain of eve#- nuclei is a fissioning isotopé@%®Rf,4; with the predicted
spontaneous-fission half-lifeg=41 min. The predicted-decay chain of od& nuclei is terminated by the
known nucleus®®2.r,54, which decays by electron capture with the measured halff§{8=3.6 h[19]. 8
decay might compete withr decay for?®®Db,4,. The calculated electron capture energy for this nucleus is
equal to 3.14 MeV. The decay product 8Db;q; would be in such a case the fissioning isotGp&Rf; 4,
with the predicted half-life of 23 §9].

AZn M (MeV) Q, (MeV) T, AZy M (MeV) Q, (MeV) T,
2%19,5 207.05 12.81 3us

293118,  199.21 12.23 31us 2017,,3 191.82 11.87 110us
2%916,,3 184.56 11.37 960us 286115,, 177.53 11.56 180us
2514, 170.77 11.18 800us 2821134 163.55 11.41 120us
2111249 157.17 11.00 610us 78115, 149.72 11.18 120us
2110, 143.75 10.77 620us Mtes  136.12 10.44 2.2 ms
2Hs;ss  130.56 9.69 120 ms 2Bhe;  123.26 8.90 15s
26950163 118.45 8.35 8 min 26Dhys,  111.94 7.86 36h
26Rf 161 107.68 Ts=41 min %319 101.66 TP=3.6 h

ments 119, 117, 115, and 113, and unobserved isotopes o&ys often to the excited state of the daughter nucleus with
known elements 111, Mt, Bh, and Db. The last nucleus in thdow excitation energy of the order of a few hundreds of keV.

decay chain is the experimentally known iSotoff&Lrsg

This usually leads to the increase of the half-life by a factor

which decays by electron capture with the measured half-lif@f 1—10. It may happen, however, that the hindrance of the

of TeP=3.6 h[19]. The calculated larger-decay half-life
of 3.6 h for 26b,4; permits chemical identification of this
decay chain. Moreover, the calculateddecay half-life of
15 s for 27%Bh,4; allows investigation of chemical properties

of element Bh Z=107).

Recent calculations give only the lower limit for the
B-decay half-life equal to 100 g20] for almost all nuclei
considered in the present work. This would mean tRat
decay might compete with emission of theparticle from
26950165 and Dby, or with spontaneous fission of

[21].

26Rf161. It is very likely for 25Db, ;. Electron capture en-
ergy, calculated for this nucleus in the present paper, is equal A Fulbright Research Grant, as well as Grant No. 2 PO3B
to 3.14 MeV. However, even if we assume very pessimisti-099 15 of the Polish Committee for Scientific Research
cally that 26°Sg, 55 and 25°Db, 5, would decay by emission of (KBN), is gratefully acknowledged. The author is also thank-
the positron or by electron capture with the half-life equal toful to K.E. Gregorich, D.C. Hoffman, V. Ninov, K. Rykac-
100 s then these nuclei still could be identified by chemistryzewski, and W.J. Biatecki for many valuable discussions.

The increasédecreaseof Q, by 0.1 MeV decrease@n-

half-life may be even largd3].

The a-decay half-lives calculated in the present paper are
smaller by even more than 4 orders of magnitude in com-
parison with the recent calculations described in R2€]
and also in comparison with the older ones presented in Ref.

The proposed experiment, if successful, would extend
considerably the Mendeleyev table and the chart of nuclei.
Theoretical investigations of other possibilities of production
and identification of superheavy nuclei are in progress.

The warm hospitality of the Hoffman/Gregorich Group and

creases T, by 0.2-0.4 orders of magnitude for nuclei in the LBNL Nuclear Theory Group led by J. Randrup is also
guestion. Moreover, a nucleus with an unpaired nucleon deacknowledged.
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