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In the nineteen sixties quite a few 
theoretical calculations predicted the 
existence of an Island of Stability
around  Z = 114 and N = 184,
which supposed to be the next proton 
and neutron closed shells.

Some of these calculations predicted 
very long lifetimes for some isotopes in 
this region of up to t1/2 ≈≈≈≈ 109 y
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These predictions excited the nuclear 
community and three paths of research have 
begun.

a) People started to build and to upgrade their 
heavy ion accelerators: GSI, Berkeley, Dubna
and recently Riken in Japan. 

b) People searched for the existence of 
superheavy elements (SHE)  in various 
natural materials. The results of most of 
these searches were negative, but some 
unexplained phenomena were observed,
which I will discuss later on.



6

c) Our approach was to try to produce 
the SHE by Secondary Reaction 
Experiments.
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Many fission and spallation fragments are 
produced. Some of them may perhaps have 
enough kinetic energy to overcome the 
Coulomb barrier between them and another W 
nucleus in the target, and via these secondary 
reactions produce the SHE.

In order to find the SHE we have first to 
separate them from the W target, and then to 
study their radioactive decay properties, and in 
particular spontaneous fission decays that are 
limited to very heavy nuclei.
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For the separation of the SHE from the W 
we have to rely on the predicted 
chemical properties:



Element 114 is eka-Pb
Element 113 is eka-Tl
Element 112 is eka-Hg
Element 111 is eka-Au
Element 110 is eka-Pt

(     )(      )(107)(108)(109)

Lanthanides 

Actinides

Super-
actinides
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We dissolved the W target, added to it 40 µµµµg of 
Pb, Tl, Hg, Au and Pt, separated them again, 
hoping that eka-Pb will follow the chemistry of 
Pb, eka-Hg (element 112) will follow the 
chemistry of Hg, and so on.

In two Hg sources separated from two W 
targets we saw fission fragments.

All together we saw about 100 fission events.

The background in these measurements was 
zero.

Nature 229, 464 (1971) 
Nature 234, 212 (1971)
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Part of the Hg source was run through a 
mass separator. We collected the 
analyzed atoms and molecules on a thin 
Ni foil in the focal plan of the mass 
separator.

We then looked for fission fragments 
emitted from this Ni foil using 
polycarbonate foils.

Mass Measurements
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Species with very high masses like 308, 
315, 318 that decay by fission were seen 
and  repeated themselves several times. 
(Mass 317-318 repeated itself four times 
in four different exposures).

PRL 52, 2209 (1984)



PRL 52, 2209 (1984)

P
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It is seen that 11 events can be arranged as the 
atom with Z = 112 and A = 272 and 4 different 
molecules of it. 

The estimated half-life of the fission activity 

t½ ≈≈≈≈ several weeks.

Deduced possible reactions:
88Sr + 184W       272112    Qvalue = -282.4 MeV
86Sr + 186W       272112    Qvalue = -275.5 MeV

Coulomb Barrier:  285 MeV
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Deduced cross sections

Ơtotal(
88Sr) ≈ 1 mb

Extrapolation from 5.5 GeV protons on U 
(Poskanzer, Butler and Hyde) we 
estimated that:

Only 5x10-5 of them will have enough 
kinetic energy to overcome the Coulomb 
barrier.

Ơfus(Sr+W) ≈ 4 mb
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The typical cross sections are about 1 pb and 
the typical lifetimes are about ms.

118/294

0.8 ms

Eα = 11.65 s
112/277

0.69 ms

Eα = 11.43

Yu. Ogannesian,    
J. Phys. G:       
Nucl. Part. Phys. 
39, R165 (2007)
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Problems:

a) t½ 109 too long

b) Ơfus 109 too large 

a)Deformations:

The projectiles in the secondary 
reactions are not normal nuclei in their 
g.s. They are highly excited deformed 
fragments that were produced just 
about 5x10-14 s before interacting with 
another W nucleus in the target.
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Deformations have strong effect on the 
fusion cross sections as was first seen by

Fusion of 16O+148,150,152,154Sm at sub-
barrier  energies,
R. G. Stokstad, Y. Eisen, S. Kaplanis, D. Pelte, 
U. Smilansky and I. Tserruya, Phys. Rev. C 21
(1980) 2427-2435. 
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This can explain 4 to 5 orders of 
magnitude. 

We are still missing about 4-5 orders of 
magnitude in the fusion cross section.
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Actinides

In parallel we studied actinides that 
were separated from the W target.
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Phys. Letters 191B (1987) 36-40

The intensity of the 5.76 
MeV group is
first growing and then 
decayed with the 
characteristic half-life of 
236Pu.
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Long-lived isomeric states produced in the 
neutron-deficient nuclei 236Am and 
236Bk with half-lives of about 5 orders
of magnitude longer than their 
corresponding g.s.
One may assume that like in the 
actinides a long-lived isomeric state 
was produced in element 112.

We still have the problem of the cross 
section. 

Conclusion
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In the actinide spectra we saw other 
αααα - particle groups.
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It is impossible to identify these αααα-
particle groups with any known activity 
in the whole nuclear chart.

In addition they do not fit with the 
systematic of αααα-particles.



238U: Eαααα = 4.2 MeV

t1/2 = 4.5x109 y

212Po: Eαααα = 8.8 MeV
t1/2 = 0.3 µµµµs

Factor of 2 in energy 
corresponds to
23 orders of 
magnitude in lifetime
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First: The energies are too low

t½/s
(Cal.)

Typical
Eαααα

(MeV)

t½/s
(Cal.)

Eαααα
(MeV)

Source

2 x 1056 - 72 x 10125.14Bk
(Cm,Am)

5 x 1027 - 83 x 10135.27Es

1 x 1018 - 92 x 10135.53No-Lr
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Second: These αααα-particles pass the 
Coulomb barrier too fast.
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The answer to these problems was  obtained from 
two experiments we did in Rehovot using the 
pelletron accelerator:

a) 16O + 197Au at ELab = 80 MeV; CN = 213Fr 

b) 28Si + 181Ta at ELab = 125 MeV; CN = 209Fr

(This is about 10% below the Coulomb barrier) 

We used catcher foil technique and measured

αααα-γγγγ coincidences from the catcher foil.             
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16O + 197Au

ELab = 80 MeV

We used catcher 
foil technique and 
measured off-line
αααα-γγγγ coincidences

from the catcher 
foil



36

We found  5.2 MeV αααα-particle group in coincidence 
with various γγγγ-rays. (σσσσ ≈ 30 nb)

It was identified as a transition from 
210Fr to 206At

Eαααα for g.s. to g.s. transition is 6.54 MeV.

(t1/2 =3.18 m)

Why it decays with low energy when much higher 
energy is available?

t1/2 (Exp.) ≈≈≈≈ 90 m

t1/2 (Cal.) =51 y

It is enhanced by a factor of 3x105
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16O + 197Au ELab
= 80 MeV
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Ex = 4.40xJx(J+1) keV
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Ex = 4.40xJ(J+1)

4.40 keV is characteristic for SDB transitions 
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Conclusion:

The 5.2 MeV αααα-particles decay to a  

SDB state



ε

a:b ∼∼∼∼ 2:1

a:b ∼∼∼∼ 3:1

Super-
deformed

Hyper-
deformedNormal 

deformed
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α



The data can consistently be 
interpreted in terms of a transition 
from a high spin state in the  SD 
minimum of the parent nucleus to a 
high spin state in the SD minimum of 
the daughter.

Mod. Phys. Lett. A11, 861(1996)
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For 210Fr Sp = 1.7 MeV and S.M. ≥≥≥≥ 7.3 MeV

(A-1)(Z-1)

A Z

Sp

S.M.

Long-lived proton radioactivity
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Calibration using Rd-Be 

source and polyethylene radiator

16O+197Au at 80 
MeV. Sum of three 

measurements
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Ep from 1.5 to 
3.6 MeV. A 

small group of 
5 events is seen 

at 2.19 MeV.
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ττττ =(1/n)ΣΣΣΣti

t1/2(a) ≈ 6 h

t1/2(b) ≈ 70 h

t1/2(Cal) (for Ep

=  2.19 MeV)  ≈
2x10-9 s

Retardation ≈ 1014
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Mod. Phys. Lett.  A11, 949 (1996)
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The second experiment we 
performed with the pelleton:

28Si + 181Ta at ELab = 125 MeV

(This is about 10% below the 
Coulomb barrier)

The compound nucleus is 209Fr
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Irradiation: T=42.5 h; i=11.5pnA; dose: 1.1x1016 particles. 

Measurement: T1=77.4 d; T2=154.2 d; ∆∆∆∆T=76.8 d.

Catcher foil: 200 µµµµg/cm2 of C.
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40 d ≤≤≤≤ t1/2 ≤≤≤≤ 2 y
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8.6 MeV is a very high energy for αααα-particles.

t1/2(Cal.) ≈ 1 µµµµs

Retardation factor ≈ 1012
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Ex = 4.42xJ(J+1)



The 8.6 MeV α-particles decay very retardly
to a high spin SD state. It cannot be a SD to 
a SD transition which decays very enhancely.

Int. J. Mod. Phys. E10 (2001) 185-208.
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9.5 h

Consistent interpretation: A transition 
from a high spin  Hyperdeformed (HD) 
state to a high spin SD state.



Coming back to the low energy αααα-particles 
in the actinides
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t½/s
(Cal.)

Typical
Eαααα

(MeV)

t½/s
(Cal.)

Eαααα
(MeV)

Source

2 x 1056 - 72 x 10125.14Bk
(Cm,Am)

5 x 1027 - 83 x 10135.27Es

1 x 1018 - 92 x 10135.53No-Lr

First problem we had: Low 
energy of αααα-particles
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The low energy can be understood as a HD to HD transition.



Es:  Eα = 5.27 MeV; 

t1/2 (Exp.) = 625 d = 5.4x107 s 

t1/2(Cal., V.S.) = 1.5x1014 s

Enhancement: 2.8x106

t1/2(Cal.) (HD →→→→ HD) = 3.3x107 s.

2 = 1.05; ββββ4 = 0.19; Howard and Möller (1980)ββββ

Second problem we had: Enhance 
transition through the Coulomb barrier.
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The effect of the low energy is larger than the 
effect of the enhancement. The lifetimes of the 
isomeric states are larger than that of their 
corresponding g.s. 

Int. J. Mod. Phys.  E10 (2001) 209-236
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a:b ≈ 1.2:1

a:b ≈ 2:1
a:b ≈ 3:1

First minimum: Spherical 
or normal deformed

Second minimum: 
Suerdeformed

Third minimum: 
Hyperdeformed
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The cross section for 
producing the compound 
nucleus in SD or HD shapes 
is much larger than its 
production in the normal g.s.
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Why the SD and HD isomers do not 
decay by fission?

Probably because of the high intrinsic 
spin.



67

4 MeV increase in the barrier which 
corresponds to 1015 longer  lifetime.

 



15

16

17

20

Why the isomeric states do not decay by γγγγ-rays?

Probably because they are trapped between the 
rotational states.

E4; M4
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Unexplained radioactivities seen in 
natural materials

The first one is the Po halos seen in 
mica.



70



71

Long-lived isomeric states in the region 
around Po which decay by EC or beta 
particles can consistently interpret these 
puzzling halos
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The second phenomenon is the 
observation in various materials of a 
low energy αααα-particle group of 4.5 MeV



Thorite (ThSiO4) 
from granite

(OsIr)

Magnetite (Fe3O4) from 
Trans-caucacasian

monazite

Distilled from strong nitric acid



74

Based on chemical properties it was 
assumed that the 4.5 MeV group is due to 
decay of an isotope of Hs (element 108, 
eka-Os)

t1/2 ≈ 108 y

However, the energy is too low (Normal 
energies are around 9 MeV,  with t1/2 ms 
to sec.) and it passes the barrier too fast

t1/2(Cal) ≈ 1016 y 

Enhancement: 108
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Consistent interpretation is obtained if one 
assumes HD to HD transition

Int. J. Mod. Phys. E12 (2003) 661.
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d Parameters from S. Ćwiok et al. (Phys. Lett. B322, 304 
(1994)) for 232Th. 



77

238U

GH 

(13 MeV αααα)

Gentry

Giant Haloes

If alphas:

Left: 10.5 
MeV

Right:13.1 
MeV

Gentry, 
Sceince. 

1970
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10.5 MeV αααα-particles are expected to occur 
in SHE around Z = 108 to 114 with 

t1/2 ≈ 10-4 to 1 s

13 MeV αααα-particles are expected to occur in 
SHE around Z = 122 to 126 with 

t1/2 ≈ 10-4 s.

However, if there are long-lived  isomeric 
states that decay by betas or low energy αααα-
particles eventually to the g.s. of   isotopes 
in these regions, then one can understand 
the existence of these giant halo.  
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These observations motivated us to search for 
long-lived isomeric states in natural materials.

Most experiments in the past searched for SHE

in nature by looking for fission activities.

However: because thè radioactive decay law  

dN/dt = - (1/ττττ)xN

Then for ττττ ≈ 108 y one needs about 108 nuclei in 
order  to see one dis/y

On the other hand for measuring N one needs 
about 106 atoms in an appropriate machine in 
order to see one event/s.  
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One way to measure the atomic mass 
number of nuclei is the AMS.

We tried it together with Michael Paul using 
monazite, with negative results. 

Another way is to measure the accurate 
mass of an atom by using  a high resolution 
mass spectrometer that is able to separate 
between the mass  of an atom and the 
masses of molecules of the same mass 
number.
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MA = ZxMH + NxMn - BE
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The mass of any molecule (except for 
multi-hydrogen molecules, or multi-Li, 
Be, and B molecules) is lower than the 
mass of an atom with the same mass 
number.
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Inductively Coupled Plasma-Sector Field Mass 
Spectrometer (ICP-SFMS)

Plasma source at 
6000-8000 K

Mostly atoms
from the source

Studied material: 
Solution

M/∆∆∆∆M = 4000
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First: Measured neutron-deficient nuclei 
from pure Th solution
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FWHM = 0.030 u
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All together we saw 42 events in 19 
independent measurements.
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The relative abundance of these isotopes 
compared to 232Th is (1 -10)x10-11

(2-20)x10-16 of the solution.

If the terrestrial concentration of these 
isotopes were initially the same as of 
232Th then t1/2 ≥≥≥≥ 108 y.
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Conclusion: Long-lived isomeric states with 
half-lives 1016 to 1022   longer than their 
corresponding g.s. have been found in the 
neutron-deficient 211,213,217,218Th nuclei.

PRC 76, 021303(R) (2007)
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Our second experiment was to search for 
long-lived isomeric states in pure Au
solution looking for high masses, assuming 
that if Rg (eka-Au, element 111) exists in 
nature it may be found together with Au.
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All together we saw about 40 events 
in eight independent measurements.



Predictions: a) Möller et al. (1995) b) Koura et al. (2005)

c) Liran, Marinov and Zeldes (2000)



The relative abundance of these isotopes 
compared to 197Au is about 1x10-10

2 x 10-15 of the solution.



The chemical properties of
Sg(106), Bh(107), Hs(108) and element 
112  

were found to be similar to those of their 
lighter homologues, 

W, Re, Os, and Hg.

Therefore one may assume that the 
observed A=261 and 265 nuclei are 261Rg 
and 265Rg (element 111).



Third experiment: 

Search for SHE in Th solution but at high 
masses from 287 to 294, looking for 
superactinide nuclei. According to the 
extended periodic table of Seaborg elements 
122 and 124 are placed as eka-Th and eka-
U, respectively.   

(











The reason that we don’t see more 
events at the 60 runs is the following:
One needs an abundance of about 
1x10-10 in order to see 1 event/s. If 
the abundance is for instance 5x10-12

then one needs on the average about 
20 runs of one sec. in order to see one 
event. 



In the next 
experiment we 
focus on the 
limited region of 
292.13u u to 
292.32u





Mexp. = 292.262 ± 0.030 u

Predictions (KTUY05; LMZ01)

For          292121      to       292126 are

292.236 u     to        292.291 u 

M(pred.) 292122 = 292.243 u

Abundance (relative to 232Th): 

about 1x10-12

t1/2 ≥ 108 y



Chemical arguments: 
 
a) We used  pure Th solution. 
 
b) The atomic configuration of Th is 6d 2

2/3 7s2 and its  

separation is based on its stable 4+ oxidation state. 
 
c) The accurate predicted  
atomic configuration of eka-Th (Z = 122) is 8s27d3/28p1/2.  
It is also expected to form a stable 4+ state.  
(Eliav et al. (2002); Gaigalas et al. (2010)) 
 
 





The predicted half-lives of nuclei around 
292122 is:

t1/2 (pred.) = 10-6 - 10-8 s.
Möller, Nix, Kratz, ADNDT (1997)

t1/2 (exp.) ≥ 108 y

Conclusion: What we found is an 
isomeric state in the nucleus

A = 292 and Z ≅≅≅≅ 122

Int. J. Mod. Phys. E19 (2010) 131



111/265

≥ 108 y

111/261 

≥ 108 y

112/272

`~14 d

122/292

≥ 108 y

Yu. Ogannesian,    
J. Phys. G: Nucl. 
Part. Phys. 39, 
R165 (2007)



Thank You for 
Your Attention



E. Ross et al., J. Inorg. Nucl. Chem. (1974)



� Comparison with AMS

� Abundance of A=292

� ICP-SFMS        AMS (Dellinger et al.)

� ~1x10-12              <4x10-15

� ICP-SFMS is much simpler system than AMS.

� In particular, in the AMS one has to start 
with  negative ions. 



� We tried AMS and received a current 
of ThO- of about 8 nA.

� Middleton (a Negetive Ion Cookbook):

� For ThO2
- received 50 nA.

� Dellinger et al. (ThO2
-) claim 350 nA.

� This seems unreasonable.



� Secondly: It is not certain that the 
current of (eka-Th)O2

- will be the 
same as of ThO2

-. For instance there 
is about a factor of 60 difference 
between:

� HfO- (2-4 µµµµA) and 

� ThO2
- (50 nA)         (Middleton)








