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Bottom lines:

In reactions #8Ca + 238U, 23’Np, 242244Py, 243Am,
245,248Cm’ 24gBk and 249Cf:

Isotopes 282-286113 286-289714, 287-290115  290-293]16

293294117 and 2°*118 of 6 superheavy elements have
been synthesized,

Heavy isotopes of known elements 267Rf, 266-268.270Dp,
266,27ng 270-272,274Bh 270,275|_|S 274-276,278|\/|t 279,281DS

218-282Rg and 282-285Cn have been synthesized,

First chemical experiments with elements 112 and
114 have been conducted.




Flerov Laboratory of Nuclear Reactions
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BASIC DIRECTIONS of RESEARCH

Heavy and superheavy nuclel

Synthesis and study of properties of superheavy elements
Chemistry of new elements

Fusion-fission and multi-nucleon transfer reactions
Mass-spectrometry and nuclear spectroscopy of SH nuclei

Light exotic nuclel

Properties and structure of light exotic nuclel
Reactions with exotic nuclel

1.
>
>
>
>
2.
>
>
3.

Radiation effects and physical bases of
nanotechnology

4. Accelerator technology

Staff : 350 people (including 100 younger than 35 years old)

Budget: ~15.0 M$
Out of budget staff: 140 people




FLNR accelerators




Periodic table of the elements
Dmitri Mendeleev (1869)

8% QUG Quitrictn wundl
ol ..,,.ip;,ag.“. et R -..‘.u_‘.‘o--r,;«‘nn,,_/ g .
@ e ._;"r. LY /t(.-.r‘_
./x.'— 4 4‘\}' ._/‘J{ ?= S¥e
=Sy M=F¥F Sa=rFR
\ Oese Aogo W-44
N isss  Bhatrgy sy
By Fensy A=y X
i 58 MoelFa Y. R =% regp
DOR H=1 Px'f Ve 39 -Condyy Aozdrd hio i
2 lengy 4=l Fesbqr Gase, ?
B & APk L=ty 29y 9=63  findf . —%".,’
'J\ k‘ (=/% Jg" Y =z 80 foudit.
& A Nalt P3P fmroe d-Te !
SRy HBatf, /258 Jfom ;}, o et
A  Foy A=Y el Omidy.
NS ef Kzws ka3 =By Oatbs T oy
‘J} Gty H=ipb Lnrir @ o
C=WT (72
P isyy s fi
N’ o Haps”
J Jb g0’
0% < XTI 07
¥ i -;-4-4;.4 £ #edfu i)
N/ y i : d
b Yo i | G
dapees iy Sty m(,,.,,},m oTImiel e

wckiond  ohime
e 2

'ﬁ‘“ﬁ‘ & r/&l)e&/
mﬂ_r Hocsorng. &S .




1934: search for transurane

238U + n ) 239u* > 239Nn + e + ;
92 92 93

Otto Hahn und Lise Meitner




Irradiation of targets
at HFIR reactor (Oak Ridge)

BU + dn — BU L BN L B
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 Irradiation in the HFIR flux trap

— Thermal-neutron flux
of 2.5 x 10 neutrons/cmz2-s

— 31 target positions
(10-13 targets typically irradiated)

— Produces ~35 mg 2%2Cf per target
(smaller quantities
of BK, Es, Fm, others)




Spontaneous fission half-lives of actinides
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Prehistory

1966: A. Sobiczewski, F.A. Gareev, B.N. Kalinkin:
next “magic numbers” are Z=114, N=184,

1966: W.D. Myers, W.J. Swiatecki: next “magic
numbers” are Z=126, N=184

1966: V.M. Strutinsky; “shell correction” method

1967: H.B. Meldner: next “magic numbers’ are
/=114, N=184

Accuracy of predictions:
» Spontaneous fission half-life: T,, * 10*101!

e a-decay: T, * 101011




Chart of the Nuclides

Transuranium
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Searc
Searc
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Search for SHE In Nature

N for S
N for S

N for S

E In terrestrial matter
E In meteorites
E In cosmic rays

Investigation of isotopic anomalies

20 years — void result,

but many new high sensitive detection
methods were developed




Complete Fusion U+N—ES
Instead of U+14n—7p—ES

Problems: crossection from 100 b — 1 pb, amount from 1000 kg — 1 mg
13




Synthesis of SHE at accelerators

1971; Orsay, France; 23°Th + 8Kr — 310126 + 4n;
6,, <0.5mb Il

1971-1975; Dubna, SU; deep inelastic or fission
reactions of °Ge, 136Xe + 238U

1975; Dubna, SU; 4Ca + actinides




Cross-section limits for #Ca-induced reactions

Livermore-Berkeley

. 1978
Darmstadt-Berkeley-Mainz -

Los-Alamos-Bern-Goettingen

1985 Chemistry
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Chart of transactinide nuclides 1996
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Cross-sections of “Hot™ (actinide targets) and
“Cold” (Pb or Bi targets) fusion reactions
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“Warm” (“8Ca + actinide targets) complete fusion reactions 7




Efforts focused on the synthesis of SHE

New ECR-ion source
(GANIL, JINR)

48Ca ACCELERATORS

ISOTOPE Enrichmﬁnt up to 68-70% beam
ENRICHMENT (LEECH) intensity - 4-810"7/s

/ beam time - 4000 hly

Isotopes: TARGET TECHNOLOGY
U[233, 238], Pu[242, 244], Am[243], Cm[245, 248], Cf[249]+ “®Ca —» Z =112 - 118

s

technology of the target _ _
preparation — 0.3 mg/cm? Separation and detection of
superheavy nuclei

Gas-filled separator & detectors

isotope enrichment 98-99%
(Dubna, Livermore)

S-2 separator

(Sarov :
Prices per 1 mg

isotope production B7Au = 0.03 US$
i high flux reactors 239Py =~ 4 USS$
REACTOR (Oak Ridge, Dimitrovgrad) 4805 ~80 US$

REGIME 2499Cf = 60,000 US$




FLNR U400 cyclotron
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Dubna Gas Filled Recoil Separator

Focal plane
dete

Quadrupole
lenses

Magnetic
dipole 22.5°




Research groups at
DGFRS and VASSILISSA




244Pu N 48Ca—> 292114* 248Cm N 48Ca—> 296116*

Total beam dose: 1.5'1019 Total beam dose: 2.3'1019

Strip #1

: :
Strip #8 i4n l4n
" 27.8 mm 20.7 mm
292]_14
292].1.6

292116
10.56 MeV 10.49 MeV
l4n 469ms /7 1255 m
30.5 mm 11.7 mm 27.9 mm 1

292116

10.54 MeV

S 55 ms
19.8 mm /Oh 20.3 mm /Oh

288 288 288
0.87 MeV | U4N  ggoMev | 14 981 Mev | ™ 114
0.77 s 458 s

288114
S %%1 MeV 9.80 MeV
42s 31s
30.6 mm,/ 0L, 11.8mm 0.,

10.97 s
28.3mmy” Oy 195 mm ¥~ Oy

20.8 mmy” Oy
284]12

284. 284
9.15 Mev | 112 12
9.0910.46 MeV/

i N
. S a4 a . . S s
30.1 mm/OLz 539s /OL 19.2 mm " Oy

20.6 mm ¥ O3
SF SF

SE SE The beam was
221 MeV (156+65) 213 MeV (171+42) 197 MeV (195+2) 221.5 MeV
14.3s 74s

177 MeV switched off
: 69s 23s
30.6 mm 11.5 mm

3.15s
28.5 mm 19.6 mm 20.4 mm

284 284]_12
2l 913 Mev
180 s

June 25, 1999 05:39 Oct. 28,1999 22:24 July 19, 2000 01:21 May 02, 2001 06:21 May 08, 2001 16:54
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Expected decay chain of <« 2495 4 480,

the isotopes of element 117 298 |29
117

A. Sobiczewski 10/24.03.09 11.27 MeV » 11.00 MeV

7.0 ms |289 |290 0.03 s
115

10.48 MeV 10.22 MeV

0_15 S 285 286 0_7 S
113

9.95 MeV l; ;9.55 MeV

0.84 s [281 |282 11 s
111

10.13 MeV £ 9.43 MeV
0.04 s | 277 | 278 5.6 s

109

MeV 9.14 MeV
273 |274 8.8 s
107

.42 MeV
min

265 [266
103|103




22 mg of 2°Bk have been produced with neutrons of HIFR ORNL

Bk(NO3;)s;Product




22 mg **Bk transport




Since July 2009:

= [-flux | N

events

2.4x10%° | Will be

2 Ox1019 published
| soon

Experiment is still going on...




Decay chain of %2 Db

observed with Dubna Gas-
filled Recoil Separator in e me
*SAm + “Ca Reaction 113

1000 MeV
0.69 s

9.75 MeV
5.25s

9.71 MeV
212 1.03s
Bh

O
~9.02 MeV
" 1414

268

Db
/ SF\ Yu. Oganessian et al.,

205 MeV Phys. Rev. C 69, 021601(R) 2004
23.1 hr




Irradiation of #Am-target with 4Ca-ions
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GAS PHASE CHEMISTRY WITH
ELEMENTS 112 AND 114

 Are elements 112 and 114
volatile metals?

* How do relativistic effects
Influence the chemistry of E112
and of E1147




Chemistry of the elements 112 & 114

Beam (“8Ca; 233-239 MeV) . :
Capillary with 2 s

e transport time
(238U, 242pu-
~1 mg,'cmz’) SiO,-Filter Cryo On-line Detector (4n COLD)

Ta metal (32 pairs PIN diodes, one side gold covered)
850°C

fi\‘ : i T . 'IIII%%IIIIIQLLF”

Hg —112— Loop
Temperature gradient: 35°C to — 184 °C

a

Quartz
inlay Quartz
column T

Recoil
chamber Beam
stop

—

Carrier gas
He/Ar (70/30)




Detect .
or installed in M
(France) odana
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Conclusion |

We are still far from the stability line

shift with 7 neutrons gives 6 orders of magnitude in half-life

120 130 140 150 160 170 180 190
neutron number




Conclusion |11

Cross sections

LA = e % O B
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Conclusion 111

Heaviest target: “*Cf —- Z__ = 118;
Projectiles: **Cr, °YTi, *%Fe, ®Ni;

symmetric reactions: 3%Xe + »Nd;
RIB: $32Sn.




238|) 4+ GANj
244p|| + 58Fe
248Cm + 54Cr
252CF + 50T
251CF + 50T
251Cf + 48Ca
254Eg + 48Cg

l

251Cf
(a/898y)

27?22777

FLNR ?
FLNR ?

GSI 2008
FLNR 2007  cp
GSI 2010

116

261515

Ol

283 10.03 MeV

112 | 1.1&83

9.558|\?{|eV
7.055

SF~90%




Conclusion IV
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Mendeleev periodic table of the elements (2009)

WilA

}—

3

B

=
‘;

i

il

E! fgwi

shile

.4
il

-4 u': E =
e e | i hise

g
Wi |

-
-

iy

=.
il

m'ﬂ

Hei {jo

1

=

L
H
Htniae
T
Li
Na
ﬂ'ﬂ
K
e
Fpfaym
Rhb
rual
Cs
e
R
Fr
1

S T Y
3] tel o] He| ke

thile

LI L

iMie

P2 RS fe

B
W
HofEer

E

Hile

thile

itk

wtfe

Rl

fer i

bk

o | il :
naq GEl i

|
o

'EIT fizi 1BFi

=
=




S
@
a
=
=
=
c
o
e
o
1
S

contineht

126

neutron number

Thank you for your attention!
Many thanks to the organizers!!
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