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According to QED such an atomic
structure is valid for very heavy atoms
with Z~170 or even more

nucleus

...but the limit of existence of elements
1s reached much earlier because of instability
of the nucleus itself

E. Rutherford (1932)

electrons
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Chart of shell corrections
to the LD-potential energy spontaneous
fission
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How to check the idea about the existence of hypothetical “Islands of Stability”
in the region of yet unknown super heavy elements?

reactions of the SHE synthesis key problem

what are we expecting to see in the experiment unusual properties of SHE
what we have already observed decay modes of SHE
setting the experiments synthesis of elements 113,115 and 118
-Chemistry of SHE Identification of atomic numbers of SHE
- overall picture of SHE nuclear shells and stability of the SHE

- the search for surviving SHE. Prospects




Reactions of Synthesis of the Heaviest Nuclei
LogT),
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Here there are two guestions:

What is the fusion probability for 48Ca and actinide
nuclei?

What is the survival probability of the compound

nucleus with Z=114-118 at the excitation energy
E*>30 MeV?




Let us consider the fusion of the 43Ca and ?**Cm occurred and
resulted in the formation of the compound nucleus 2°°116 with an
excitation energy of about 40 MeV

Evidently, the dominant decay mode of such a nucleus would be
fission into two fragments

Accordingly, one could attempt investigating the probability of
formation of the compound nucleus by measuring its fission
characteristics.

In other words, one should measure mass and energy distributions
of the fission fragments in the kinematics that corresponds to the full
momentum transfer from the 43Ca-projectile to the composite system with
A=296




CORSET setup

position sensitive
stop detector
X,V, E

TOF-start
detector

TOF-start

mass
detector

resolution — 2 a.m.u

angular
resolution — 0.3

solid angle — 0.3 sr




48(q+208py,

TKE (MeV)
TKE (MeV)

Fragment mass number

M. ItKis et al., (2002)
Fragment Energy and Mass Distributions
in Cold and Hot Fusion Reactions

Fragment mass number




Potential energy surface
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104

208 ppy 1 projectiles
heavier than
48(C3a —

114
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Cross sections (pb)
Cross sections (pb)
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Higher neutron number in the compound nucleus increases
its survivability considerably

The survivability of the compound nucleus, i.e., the 6yr(N)

is an independent evidence for the stabilizing effect of
the shell in the domain of SHE




Natural occurrence of Ca isotopes (in %):

40Ca - 96.94

42Ca—0.647
3Ca—0.135 Consumption

) 5+
46Ca — 0.004 — Ca beam

intensity - 4 -8-10"%/s
8Ca—0.187

beam time - 4000 h/y

Isotopes: /

U[233, 238], Pu[242, 244], Am[243], Cm[245, 247], Cf[249] + “®Ca —» Z=112-118

™\ /

technology of the target
preparation — 0.3 mg/cm?

"\

isotope enrichment 98-99%
S-2 separator
(Sarov)

Separation of super heavy nuclei and
detection of their radioactive decays

now: DGFRS

isotope production
high flux reactors
(Oak Ridge, Dimitrovgrad)
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Spectra of alpha particles in the decay chains of isotopes with Z =116
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Calculated and Experimental LogT, vs Qy Relationship
for even-even Isotopes with Z = 98 - 104
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118/295

249Cf + 48Cq

Z-even nuclel
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Synthesis of Element 115

in the Reaction:

243Am,, + 48Ca,, — 291115




v (A=48) =0.11 ¢
' q=16.5+

v (A=288)=0.017 c
q=6.2+

Dubna Gas Filled
Recoil Separator




Silicon
“veto” detector

For o-particles
€=87% from 41

For SF-fragments
€=100%

Silicon
position sensitive
detector array

Canberra
Semiconductors

DETECTION SYSTEM
OF THE DUBNA GAS FILLED
RECOIL SEPARATOR

Front detector:

sensitive area — 50 cm? TOF

detector
(1=65 mm)

stop

RECOIL

Low pressure multiwire
proportional chamber
pentane - 1.5 Torr
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Chemical isolation of 268Db
June 2004

10.46 MeV

125 ms
Cu-catcher of

recoil;
10.00 MeV ecoiling atoms
0.69 s He (1 tor)

9.75 MeV
52s

rotating
243A m-target
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entrance window

(Ti-1.6 um)

\ 4
Actinides Z <103

Transactinides Z > 104

v
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SF of Z=105 from the Nb/Ta
chemical fraction

78—3He - neutron
detector

Nb/Ta - chemical
fraction

41 - fission
fragment
detectors




Spontaneous fission 15 events
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Synthesis of Element 118 in 24°Cf + 48Ca Reaction
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CHART OF THE NUCLIDES Bra+238y.. cr
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Alpha-decay energy vs. neutron number
For the isotopes of elements with Z >102
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Theory and Experiment

in Cosmic rays

Log T, (seconds)
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the experimental
limit of the search
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Search for SF of natural Eka Os
by detection of fission neutrons

1 SF-event per year (T, ,=10%y)
corresponds to the concentration:

EkaOs/Os = 5.10-15g/g

(or 10-22g/g in the terrestrial matter,
or 10-1¢ of U)




Developments and Prospects JINR
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Nuclear Exotica in Superheavy Nuclei

a limit caused
by Coulomb forces

> @ @ @
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Normal Bubble
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source

‘ intermediate
focus

magnetic
deflections

Mass Analyzer of Super Heavy Atoms

(MASHA)
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Thanks for your attention




