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We

will discuss:

How big a nucleus may be,

What is a maximum number of protons and

neutrons it may contain,

What is the limit of atomic nuclei mass

and how it is determined.



In the first attempts of
describing the properties of
nuclear matter (1928) a daring
supposition was made that atomic
nucleus 1is an object similar to
a drop of positively charged
liquid, the so called

Liquid-Drop Model of Nucleus

G. Gamow 1928



220

240

Liquid Drop Model

G.A. Gamoyv, 1928
Theory of alpha decay
discovered by Henri Becque

rel, 1896

+ a3

a-[ b

VA
- Vy nA= —aq—
I Y, vaQ,
= H. Geiger and J.M. Nuttall (1911
||||||||||||||I||||I|||||||||I||||‘
0 5 10 15 20 25

30r 35



Semi-empirical mass formula (C.F. von Weizsacker, 1932)
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Potential energy (MeV)
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Liquid Drop Model

Nuclear fission
and
O Spontaneous fission

G.N. Flerov
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Nuclear deformation
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Nuclear Shells

The energy of nuclear levels
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Energy of nuclear levels (MeV)
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Shells and

magic numbers

NEW SHELLS D
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208p}, (doubly magic)
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Chart of the Nuclides
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Chart of nuclides Nuclear shells
(macro-microscopic approach)
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Microscopic corrections to the macroscopic nuclear deformation energy

Potential energy (MeV)
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Prediciions of ihe microscopic theory
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New lands Microscopic theory
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Reactions of Synthesis



Reactions of synthesis
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Synthesis of the SHE



Reactions of Syninesis
A. Sobiczewski, K. Pomorski, PPNP 58, 292, 2007
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REACTIONS OF SYNTHESIS TARGETS

Target Isotope
Isotope thickness enrichment % Setup
48Ca - PROJECTILES mg/cm?
233U 0.44 99.92 DGFRS
Energy: 237Np 0.35 99.3 DGFRS
235-250 MeV 238U 0.35 99.3 DGERS
. 242Pu 0.40 99.98 DGFRS
Intensity:
1.0-1.2 puA 1.40 99.98 Chem.
243Am 0.36 99.9 DGFRS
Consumption: 1.20 99.9 Chem.
0.5 mg/h 244Py 0.38 98.6 DGERS
245Cm 0.35 98.7 DGFRS
Beam dose:
up to 4.5-10%° 248Cm 0.35 97.4 DGFRS
249Bk 0.35 >90 DGFRS

249Cf 0.30 98.3 DGFRS



Contour map of the calculated half-lives as LogT, , (in seconds) and
decay modes of nuclei with different proton and neutron numbers

proton number
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Experimental technique 1998 - 2007
position sensitive

strip detectors
m”m side

Dubna Gas-Filled Recoil Separato

TOF-detectors
Transmission for:

EVR 35-40% WUU’M

Suppression of unwanted nuclei: SH Jotastors
target-like 10-4-10-7 recoil ﬂ
projectile-like 10-1°-10-17

Reaqistration efficiency:

for a-particles 87% gﬁ:}gtee? | station
for SF beam i
single fragment 1007% 480 o\
two fragments = 40% __—
rotating
entrance target ] Trin ~ 1us

window
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Decay Properties

Z-even Nuclel
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Decay Chains of the Isotopes of Element 114

114 “:q 8.375 ms 28F7I 18%2%ms 28|§| 18 2% ms ZSI?I 61759 ms
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112 012550 s 283 10.48°05°%s 08005155 |28 92'42(3';%\/
0075
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0.821 175 Ms Sy Me 19 97 ‘1o ms 9.15(5) MeV
110 N=4 26 8.94(7) MeV 2935
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Counts / 20 keV

Even Z Nuclei
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Alpha - decay
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Spontaneous fission even-even isotopes
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June, 2013
DGFRS + TASCA

GARIS 249 ,, .48
Bk +°Ca
[ ]
243 48 4n 3n
Am + Ca 293
[ I 2I 117
209 Bi +70 7n 237 Np +48 Ca 4n ﬂ 10.60-11.20 M 10.81-10.97 MeV
e —_—T 288 289 22 +8 ms 290 50+60 ms
1in 3n 115 115[ <-4 115)°"-18
10.61(5) MeV 10.29-10.58 MeV\_/_10.15-10.54 M .78-10.28 MeV
278 282 283 +44 284 +30 285 +120 286 +280
113 113 113 37 13 ms 113 164 ,; ms 113 330.g0 ms 113 240990 ms
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Map of the nuclides with Z = 104
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Confirmations of DGFRS data

A/Z

283112

283112

286, 287 114

288, 289 114

292, 2931 16

287, 288 115

293, 2941 17

292, 2931 16

Setup

SHIP

COLD

BGS

TASCA

SHIP

TASCA

TASCA

GARIS

Laboratory

GSI Darmstadt

PSI-FLNR (JINR)

LBNL (Berkeley)

GSI| — Mainz

GSI Darmstadt

GSI — Mainz

GSI — Mainz

RIKEN Tokyo

2007 - 2014

Publications

Eur. Phys. J. A32, 251 (2007)

NATURE 447, 72 (2007)

P.R. Lett. 103, 132502 (2009)

P.R. Lett. 104, 252701 (2010)

Eur. Phys. J. A48, 62 (2012)

P.R. Lett. 111, 112502 (2013)

P.R. Lett. 112, 172501 (2014)

Accelerator Progress Rep. (2013)
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With Z >40% larger than that of Bi, the heaviest stable element,
we see an impressive extension in nuclear survivability.

Although SHN are at the limits of Coulomb stability,

shell stabilization lowers ground-state energy,

ecreates a fission barrier,

Yu. Oganessian 2011

«and thereby enables SHN to exist.

The fundamentals of the modern theory
concerning the mass limits of nuclear matter
have obtained experimental verification



Super Heavy Atoms

Chemistry of the SHE




Half-life / seconds

available today
for chemical
studies
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Relativistic Contraction
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Are super-heavy atoms different from lighter
species?
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What are chemical properties of super-heavy elements?

Nonmetals
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R. Eichler et al., Nature 447 (2007) 72
Compounds:

Hg(Au)
and
112(Au)

Reaction:
242p,(48C4,3n)287114[0.55] > o —283112[3.65]
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T.qs Hg and Element Z=112 on Quartz and Gold
V. Pershina 2006 112 112
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Element 112 is a noble metal — like Hg
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The Discovery of the SHE
Raised a Questions
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Light RIB



126 Are super-heavy nuclei produced in stellar explosions?
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obviously...

the field of the research is limited
by the production of super heavy nuclei



Everything we know about SH-nuclei produced
in 48Ca-induced reactions:

..allow us to think about a SHE-Factory
with production rate about 100 times higher
than what we currently have



SHE-Factory

Isotope production: /

Cm-248
Bk-249
Cf-251 New accelerator
: High beam
To be lncr‘ec.xsed dose of : Ca-48 SC- separator
10 times . e
Factor 10-20 T!-SO & sophisticated
Ni-64 detectors
Depend of Factor 3-5

target durability is closely linked

to the intellect



High Flux Isotope
Reactor at ORNL

Yu. Oganessian 2010

new mode gave
by now factor: 6.5
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