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The report focuses on experimental verification

of the fundamental predictions of the microscopic
theory concerning existence an "islands of stability”
among hypothetical super heavy elements



Consistent with macroscopic description
Chart of nuclides of the atomic nuclei (Liquid Drop Model 1928,
Nuclear Fission 1939)

about 50 years ago...
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Reaction of Synthesis



Reactions of Synthesis
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hot fusion
E, =40 - 45 MeV

x=4-5

P. Moller et al., PR.,
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Search for Elemant 116 in 2*3Cm + *“8Ca reaction
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First reactions induced by *3Ca
lons

even-Z SH-nuclei and its decays
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odd-Z super heavy
nuclel
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odd Z nuclei produced in 8Ca-induced reactions

2003-2012
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Decay properties of SH-nuclel



Alpha decay energy of the heaviest nuclei
Theory and experiment

~ (0]
AQ(} / Qa ~ +3% Black — cold fusion reactions
Red — 48Ca-induced reactions

< ﬁngs —> 64 isotopes & isobars
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Available for of-line studies
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Guy Savard (ANL)

Greg Chubarian
(Cl Texas A&M University)

€=3.5 mm-mrad

AE=2.5 eV



Towards closed shell N=184

Synthesis SHE with RIB
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an example: SF?

One proton stripping 248Cm(47'48K 3n) 292-293115

reaction: ,

48ca 547K (17,5s) ¢
or L 2

249Bk + 48(:a
Charge exchange
reaction:
243 48
48ca 548 (6,85) Am + "°Ca

At the intensity of 47-48K-beam of 1pnA
and 3n-cross section of 10 pb (as we

have today) expected production
rate of 292293115 nuclei

is about 1 per month
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With Z >40% larger than that of Bi, the heaviest stable
element, we see an impressive extension in nuclear survival.

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
for mass limits of nuclear matter
were given experimental verification.



Consequences
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Let me stop here and make a short summary:

e we have received an evidence that SHE exist
« moreover we know roughly their decay properties

e know how to produce them

However, we producing them in very small quantities,
much less than could be reached with modern
technique

So, | would like to talk about these opportunities
and about our plans for the near and distant future.



Production today: 4.5-101°  with factorv: 1.3-10%!

Increase a beam dose factor: 30
it requires to Increase: beam intensity and beam time
- New accelerator
Q ?ég‘(’\*" SHE-Factory
~ 7000 h/year

a limit of the beam intensity is defined entirely by target
resistance and available amount of target material
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Transuranium Nuclide Production Paths

Advanced Production
Methods for Bk-249 and 100
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Bk-249 Production

* Routinely produced from a mix of Cm isotopes (Cm-244
to Cm-248) but production rate can be increased by
irradiating a Cm-248 target

« Thermal neutron filtering may lead to large and more
efficient Bk-249 production gains

« With a perfect Cd cutoff of the thermal neutron flux and
target material consisting of 1.0 g of Cm-248 (97%) and
a HFIR cycle time of 23 days:

— Seven HFIR cycles yields: 82.8 mg Bk-249




ACCELERATORS

Beam parameters

Projectiles

Projectile masses

Energy range

Energy resolution

Beam intensity (for 48Ca)

SHE-research program

Registered decay chains of SHN

(per year)
State of readiness

HI-Physics
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75%

SHE-Factory
DC-280

Stable
only

40Ar — 86Kr
5 -8 MeV/n
1.5%
10-20 ppA
~100%

~5000

In course of
design



3aaHwe 131

Upgraded U-400R

! G
| 1 F
|| T ||
®- _.__H__ i Sy } ”'_'T!_"T!'— ol n
| | |" ] i | | 'f.
B R ] - -
Low E RI:h L R B ’l
i | L |
from U- C R Ll el
' 1 BN RSk 19
3 || JE m Bl |
V0 IO VY i ! R |
o7 il iRl i
. . bop ! !
oo IR N 0 Y Rt 1 Lk
[ |l 1 A leza) |4 i) 1
{1 W B
(D o -.,.f.‘ ; 1 4
7] F .
§ lonepen i l \\\ .
© T Y =% : o)
E 3 i i
o " »/ ﬁmmzl '!
[E’)_ P :- 7‘!{1! 1 = V’l% 1554 i _'1‘ . (:
E = -l :I N
E
G o | = IR i i mm I ©
[T T 3 experiments [ = .
| e o =
- Sm—f]
O T 1 J" 7 SCTUPS A =]
| 1 | |
D® © Lo ® © ©o ® oo

Yuri Oganessian. Nuclei from the Island of SHE. August 15, 2012, Int. Conf. “NS-2012”, ANL, USA

1000m?

DC-280 new

accelerator |

= 00
=
g2 I

AN

]'—(D

1 ]
@O

)
2O,

o
i



April 16, 2012

&

\
’ 5N
R | < e 1 M
YR T TSN N
- gl i = s
z i b

Yuri Oganessian. Nuclei from the Island of SHE. August 15, 2012, Int. Conf. “NS-2012”, ANL, USA




Schedule for SHE-Factory

Equipment
assembling
Feb. 2011 Building works
30 months 18 months

42 months

Equipment completion

54 month



Collaboration < Thank you
// FLNR, JINR (Dubna)

// ORNL (Oak-Ridge, USA)

LLNL (Livermore, USA)
/ ANL (Argonne, USA)
/ TAMU Cyclotron Institute (Texas, USA)
RTIAR (Dimitrovgrad, Russia)

/ Vanderbilt University (Nashville, USA)



