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During the studies of cold fusion reactions at Dubna,
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Synthesis of SHE
with 48Ca-induced
reactions

10 years
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Decay properties
of the superheavy nuclel
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Atomic number
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With Z >40% larger than that of Bi, the heaviest stable element,

we see an impressive extension in nuclear survivabllity.

Although SHN are at the limits of Coulomb stability,
shell stabilization lowers ground-state energy,

ecreates a fission barrier,

«and thereby enables SHN to exist.

The fundamentals of the modern theory
concerning the mass limits of nuclear matter
have obtained experimental verification
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Technical achievements
&
further development

Collaborations
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TARGETS

The neutron-rich isotopes
of the Actinides was produced
at ORNL (USA) by irradiation: ===
of Cm and Am targets in each =

campaign for approximately ‘

250 days
by thermal-neutron flux of
2.5 x 1015 n/em? -

In the HFIR
(High Flux Isotope Reactor).

NS
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Rotating Targets from Actinide at DGFRS

Accepted Accepted

Target Target Max. beam  Max. beam
quality preparation intensity dose
best electrolysis 2.1 puA 2.5-101°

worse painting 1.3 puA 0.5-2.5- 1019
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Target
w =1700 rpm

1.0 mg/cm?

—— 100 cm?
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36 ¢qm>—
For rotating target of D=360 mm

the intensity of the beam could
be increased up to 10-12 ppA

0.3mg/cm?

on 1.5 um-Ti foil _
Total amount of target material

|s about 100 mg
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BEAMS

70 days continious irradiation |
Beam dose: 2.4-1019 ]
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Increase of the beam intensity and beam dose

There are two options:

Options Beam intensity = Beam dose
IppA/ /per year/

Upgrade the U-400 cyclotron
for acceleration 8Ca*® ions 2.5 0.5-1020
with the new ECR-source

Create a new accelerator
specially for production and 10-20 ~ 4-1020

studies of SHE - .
At the target position for cross section 10 pb

the expected production rate could be about 30/day



DETECTORS

position sensitive .
From the characteristics strip detector {20 detectors
of the DGFRS, it follows T

that with a #8Ca-beam dose of
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3- 1017 SH detseigfors
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¢ the observation of 48
5 gas-filled d;fticggr
> one decay event chamber -
g Y beam \ ---------
48Ca _
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e targer L —
about 10 pb.
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“gas catcher”
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On-line Studies of SH-nuclel with Gas Catcher
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Consequences

Related sciences
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Reaction: 23Am +%8Ca — 3n +

Mmfﬁ ms |

1 +6.29
0947928 s

Counts / 20 keV

9.5 100 105 11.

V.K. Utyonkov
after coffee break

Counts / 5 MeV

102 103 104
Decay time (s)
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Nuclear fission



Spontaneous fission of heavy
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owards closed shell N=184

Synthesis SHE with RIB



Proton Number

-RIBs for SHE
- Kk
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Realistic RIB intensities for the synthesis of SHE could be obtained
for the isotopes close to 48Cf produced in simplest reaction like
stripping, nucleon transfer, knock-out, charge exchange etc.
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an example: SF?
One proton stripping Z48Cm(47,48K 3n) 292-2931’15
reaction: 103 ’ /
48Ca 947K (17’55) % T [ 1T T T 1T 7 T T T T Jrl T T T T T 1 %
or - ‘ ¥ 3 ]
102 = 24gBk + 48Ca ? 111 - =
Charge exchange z = ; =
reaction: £ ol & 243 a8~ ! ! —
48Ca 548K (6,8s) T Am +"Ca g ¢ 113 $°
= . - SR
% ; ; 115 =
At the intensity of 47-*3K-beam of 1pnA . % E —=
and 3n-cross section of 10 pb (as we S , 511? .
have today) expected production : £ =
rate of 2°2-293115 nuclei " ' -
is about 1 per month =
I I A A A A A
165 170 175 180
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Proton number
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Heaviest Atoms



Heaviest atoms in QED
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SH- ion charge exchange reactions with various gas-targets

gas— target
~1018 5t /em®

Beam of the SH-ions
with variable
energy

Jz4

strip detectors

Y.

detectors

pumping
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Gain factors for production of Super-heavy nuclei

Current experiments

U-400 & DGRS

2.5punA

2010

Z=117

2011 2012 2013 2014 2015 2016 2017

@

Experimental hall

New type DGHRS

New Accelerator

new physics

new target / gas catcher

10-20 ppA
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Collaboration

Thank you

FLNR, JINR (Dubna)

ORNL (Oak-Ridge, USA)
LLNL (Livermore, USA)
RIAR (Dimitrovgrad, Russia)

Vanderbilt University (Nashville, USA)
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