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OUTLINES

What do we know about SHE?
Targets and projectiles.

SHE - factory.

High-current cyclotron DC-280.
New facilities.

Conclusions.



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

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

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

Accuracy of predictions:
» Spontaneous fission half-life: T, * 10*191
« a-decay: T, * 10101



Chart of the Nuclides (decay modes)
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Synthesis of SHE at accelerators

1968: Berkeley, USA; 28Cm + 40Ar — 284114 + 4n;
1969: Dubna, SU; 28Pb + 0Zn — 279112 + 2n;
(1996, GSI, Germany);

1970: Orsay, France; 23°Th + 8Kr — 310126 + 4n;

1971-1975: Dubna, SU; deep inelastic or fission reactions
Of 7666’ 136Xe + 238U;

1975: Dubna, SU; ¥Ca + actinides;
1985: Berkeley, USA; 2>4Es(0.6 pg) + *8Ca — 2°8119 + 4n;



Target Producer Isotope

Reactions of Synthesis materials enrichment (%)
Act. + 48Ca
232Th 100
Projectiles “8Ca produced by 233 RENC
Heavy lon Accelerator U400;
238 99.3
Energy: 235-250 MeV 23"Np IAR 99.3
(v=0.1c); 239py RENC —
Intensity: 1.0-1.5 ppA -

(Nx1012 = 1013 1/s): Pu IAR/ORNL 99.98
Consumption: 0.5-0.8 mg/h 242py RFENC/ORNL 99.98
Beam dose: (0.3-3.0)-10%° 244py, ORNL 98 6

_ 243Am IAR / ORNL 99.9

Prices per 1 mg

245Cm IAR 08.7

197Au = 0.045 US$ 248Cm IAR /ORNL 97.4

natU308 ~ 0.03 US$ 249Bk ORNL > 95

239Pu =4 US$ J90f

18Ca ~ 80 USS C IAR/ORNL 97.3

249Cf = 60,000 US$ 249.250.251Cf ORNL (50+14+36)%
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Cross section (pb)
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Excitation functions of SHE
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Production cross-sections of heavy and super-heavy

Cross-section / nb
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a-decay and S.F. of Fl isotopes from reactions
239,240,242,244pu + 48C8.
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Cross sections (pb)
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The borders of the SHE-Island

239,240,242,244P ) + 48Ca

Mareh 19, 2002

249CFf + 48Ca

March 13, 2005 Mareh 19, 2005

neutron number of the CN
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We are still far from the center of the SHE-Island
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D.l. Mendeleev’s Periodic Table of the Elements

(2015)
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What to do further?
Complete fusion reactions:

Higher beam current;
More target material: 15 mg — 150 mg;

Heaviest target: *°Cf — Z_ .= 118

l

Heavier projectiles (°°Ti, **Cr, >8Fe, %4Ni ...

Heavier targets: 2°Cm, %1Cf;

Exotic targets: 2>*Es, *°’'Fm -??7?;
Symmetric reactions:

136Xe+136Xe, 136Xe+150Nd’ 150Nd+150Nd;
Reactions with RI.

14



Superconducting 18 GHz ECR ion sources

DECRIS-SC1 DECRIS-SC2




Targets | —destruction

» Heating and melting;
» sputtering;
» radiation damage.

16



Targets |l — reduction of heating

210 cm

230 cm

60 cm —

17



Isotope reactors

HFIR, ORNL, Oak Ridge, USA, 85 MW CM-3, IAR, Dimitrovgrad, RF, 100 MW
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Isotope separator is necessary !



Targets |11 — material availability
22 mg of °Bk, = 1 M$, 1 year at HIFR ORNL

Bk(NO;):Product

19



Targets IV —radiation safety

248Cm @ SHIP 29Cf @ DGFRS

20



MIVOC-method (Metal Tons from YQlatile Compounds)

The vapour pressure of a compound should be about 10 torr
Evaporation of a compound and its diffusion into the source take place without
dissociation.

200

1 M
U mw 11 12 13 14 15
Irrmgn [A]

The spectrum of boron ions
Working substance - C,B,,H,,

Ti = (CH3)sCsTi(CHj), U-400 — %8Fe 7+ - 40+50 pA
Fe — Fe(CzHs),; Ni— Ni(CsHs), Material consumption ~ 3 mg/h
Cr=Cr{CO)s; W—W(CO)s (~ 1.5 mg/h for 5Fe)

More projectile material: 5 g/ly - XX g/y !



The use of RI-beams
BKr + 226Rg —> 319124* N =195
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Yields of Kr and Xe isotopes in photofission of actinides at y-energy of 25 MeV

Due to hard radiation conditions the project was stopped (not cancelled!)
22



The use of RI-beams

OAr +220Cm — 2PF|* N =182
Production of “°Ar in “8Ca(y,2p) reaction,6 =1 -10 mb
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Incomplete fusion & transfer reactions:

» Nucleon transfer reactions (13Xe+2%8Ph, 238U+248Cm).

24



Cross section {cm?)
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Upper limits for the production cross sections of
SHE in the 238U+238U reaction
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Test reaction 190Gd + 186\W/

cross section ( mb )

' 160Gd + 186W
1000 E =462 MeV Experiment:
: [Em. et Kozulinet al., 2014
loss = |
100 208 py,
101
predicted
I normal behavior —1" gain in the
1L (no shell effects) | cross section
: o " owing to
I’l J IE shell effects
Liiaiag lobisiuuus lssisiunin lasssuiniy Do essuniniy lisinsinig Lysianunua lissasvunin liass
150 170 180 210

fragment mass number



2381 + 248Cm —> ~ 298114 + ~ 178Yp

Nucl. EMeV) | Bp (vac. T-m) | Bp (He.T-m) | Bp (H,. T-m) | V(cm/ns) | E/g,. (MV)
28y | 1586 1.31 1.94 1.94 3.6 23.5
28Cm | 1585 1.30 1.96 1.96 3.51 22.9
298114 | 19.6 0.83 2.04 2.52 0.36 1.49
178yh | 1532 1.30 1.77 1.77 3.97 25.8
298114 | 1538 1.30 2.13 2.13 3.15 20.4
178yph | «20.1| 0.68 1.75 193 | <045 | 155

“He 103 1.46 5.7

1H, 26 0.74 6.0

28




That we have learnt:

» SHE can be synthesized;

» Chemistry of SHE can be studied;

» We have only 12,000 hours beam time / year;
» We need new facilities;

» \We have not enough experimental space,;

» We can not accelerate ions heavier than Xe;
» Radiation safety requirements are strong;

SHE - factory |



DC280-cyclotron — stand-alone SHE-factory

DC280 (expected)
E=4+8 MeV/A
lon lon Output
energy intensity
[MeV/A]
TLi 4 1x10%4
180 8 1x10%
40Ar 5 6x10%5
48Ca 5 0,6-1,2x10%4
SMCr 5 2x10%8
8Fe 5 1x10%3
» Synthesis and study of properties of 1249 5 %1012
superheavy elements. 136 g 5 1x104
» Search for new reactions for SHE- 238 7 5x1010

synthesis.
» Chemistry of new elements.



Specialized urrent cyclotron

I — o
‘\»\.\‘ld | | | ‘ I T i




SHE-factory

http://inflnr.jinr.ru/dc280.html 32



http://inflnr.jinr.ru/dc280.html

DC280 Construction Timetable

Building design P —

Building

. [
construction _
DC280 design and S

manufacturing

DC280 installation —
and adjustments

First beam @
target




New set-ups

» New separators-spectrometers,

» New gas filled separator,

» Preseparator,

» GGas catcher,

» Fast radiochemical methods,

» Something for transfer reactions products,
» Laser ionization,

> ...

34



Separator for Heavy ELement Spectroscopy (SHELYS)

1"

Detector
Time of Flight

Magnetic
Deflector Il

Quadrupole
Lenses Il
Electric Deflector Il

Magnetic Deflector Il

Magnetic Deflector |
Beam Stop

Target Lenses |




First research experiment with accelerated
S0Ti beam at FLNR U400 cyclotron

50Tj beam intensity — 3x10%2 pps.

ST + 208Ph = 2n + 256Rf

3He — neutron detector system at the focal
plane of SHELS, £(?2Cf) = 40%

35 4

304

v =4.47 n/SF

25 | 400

204

Count

154

104

11 1. 1
1000 2000 3000 4000 5000 0 1 2

3 4 5 6 I 7 ‘ 8 ' 9 ' 10
N, Neutron numbers
TKE spectra for S.F. of 25Rf isotope Neutron multiplicity measured for

spontaneous fission of 256Rf



New focal plane detector GABRIELA
—

Te—

i 37
GABRIELA - Gamma Alpha Beta Recoil Investigation with the Electromagnetic Analyser



MAss-Separator of Heavy Atoms - “MASHA” @ U400M

Energy, MeV
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New gas-filled separator DGFRS-I11I
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Gas-filled pre-separators
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Gas Phase chemistry
(IVO Technique)

Cryo On-line Detector (41 COLD)

Capillary with 2 s
transport time

Beam (*8Ca; 233-239 MeV)

Target
(238U; 242PU; ) )
~1 mg/sz) SIOZ'F”ter
Ta metal (32 pairs PIN diodes, one side gold covered)
850°C .
‘l& ’—LI I |:'E_‘; I I IA*_'=_‘
G R
Recoil inlay Quartz Temperature gradient: 35°C to — 184 °C
chamber ‘ Beam column T

stop
Carrier gas \
He/Ar (70/30)

.
L

Also In combination with a preseparator 41



Time-of-Flight spectrometer CORSET

stop detector

TOF-start
detector

TOF-start

mass
resolution - 2amu

target

beam

\,

Search for processes like:

2381 ) + 238|) _, 298F| + 178Yp
2381 ) + 238|) _, 208pp + 268\

238 ) + 238|) _, 208pp + 208pp + 60Cg
238 ) + 238|) _, 132G + 132G + 208Pp +




High resolution magnetic double arm
spectrometer “MAVR”

Reaction study with primary and secondary beams



New setup for selective laser ionization
of multi-nucleon transfer reaction products stopped in gas

cyclotron
a’ .
selective
= ljonization
S by lasers
)

taroet |, vacuum ion extraction
e Ay +1[ system (SPIG)

pulse
length:

mass
separator

synchronization

unit

10 ns

frequency: 10 kHz

pumping laser

['Nd: YAG |90 W
10 W,

A

| Dye laser|<——

10OW Bve laser|«—

10 W

| Dye laser|«——

| Nd: YAG |90 W|

pumping laser




. Laser room
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Conclusion

 The SHE - factory is a part of the project DRIBs-III — modernization
of basic facilities of FLNR,

* The realization of the DRIBs-111 project will provide the quantitative
Increase of the efficiency of experiments as a whole by at least one
order of magnitude.



Full-scale realization off the DRIBs-111 -project

SHE Factory
o il [ :
e . &; 1C100
.. Nano/Lab
Ml ) 1300m*
DC-280 hew. upgraded Il

Heavy & Nuclear Light exotic nuclei &
Super heavy spectroscopy Applied research
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