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Abstract

Recent searches for traces of long-lived superheavy elements (SHEs) in terrestrial materials by mass
spectrometric means are reviewed. Positive evidence for long-lived neutron-deficient Th isotopes in Th
and Rg isotopes in Au, and a possible A =292, Z ~ 122 nuclide in Th was reported from experiments
with Inductively Coupled Plasma Sector Field Mass Spectrometry (ICP-SF-MS). These findings were not
confirmed with Accelerator Mass Spectrometry (AMS), with abundance limits lower by several orders of
magnitude. In addition, the extensive AMS searches for 42 SHE nuclides (A = 288-310) around the much
discussed “island of stability” (Z = 114, N = 184) in natural Pt, Au, Pb, Bi materials are reviewed. Due
to the flatness of the mass distribution and the relatively large bandwidth of the mass acceptance in AMS
searches, an effectively much larger number of SHE nuclides was scanned in the respective materials. No
positive evidence for the existence of long-lived SHEs (712 > 108 yr) with abundance limits of 10712 t0
10716 was found.
© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

One of the earliest speculations about superheavy nuclides was presented by J.A. Wheeler
at the International Conference on the Peaceful Uses of Atomic Energy, which took place in
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Geneva in August 1955 [1]. He extrapolated current knowledge about the stability of heavy
nuclei as far as Z = 147 and A = 500. A more extended calculation on superheavy nuclides was
published a few years later [2]. In these estimates shell corrections and nuclear deformations
were neglected. Around the same time, G. Scharff-Goldhaber [3] mentioned that a region of
relative stability at the doubly magic nucleus 126X>!0 (N = 184) may exist. When shell effects
and deformations were finally explicitly included, a large number of calculations ensued [4—11].
Glenn Seaborg is sometimes credited for introducing the term “island of stability” for nuclides
around Z = 114, N = 184 (Georgi Flerov promoted it as well). Seaborg was discussing the
extension of both nuclear and chemical properties of SHEs (Fig. 1), indicating the hope to find
traces of the longest-lived ones in nature [12,13].
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Fig. 1. The extended Periodic Table of Elements, as envisioned by Glenn Seaborg in 1969 [12,13]. The blue area show the
elements which are currently known. The white area shows the schematic extension of Seaborg. At the time Lawrencium
(103Lr) was the heaviest element known. Fourteen new elements, all the way up the possible noble-gas-like Eka-Rn with
Z = 118, have since been synthesized by heavy-ion reactions in various laboratories around the world [18-21]. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

In order to find SHEs in nature, several conditions must be fulfilled: (i) They need to be pro-
duced in stellar nucleosynthesis, most likely by the r-process in supernovae [14—16]. (ii) Their
half-lives need to be around 108 years, in order to detect traces of SHEs in terrestrial materials
today. In this respect, an encouraging half-life estimates of 2.5 x 10° years for the SHE nuclide
294110 was published in 1972 by Fiset and Nix [11]. (iii) Evidence for SHEs with considerably
shorter half-lives (~million-year time range) may also be found, if signatures from extinct ra-
dioactivity of SHEs in meteorites (e.g. characteristic Xe isotope abundances from spontaneous
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