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This year: 2019 (150 years from Mendeleev)

(proclaimed by UNESCO)

Â Opening ceremony @Paris & Moscow, Jan.

Â Woman and Chemical Elements @Murcia(Spain), Feb.

Â IUPAC2019 @Paris, Jul.

Â Mendeleev150 @St. Petersburg, Jul.

Â Closing ceremony @Tokyo, Dec. 5th
etc.



Discoverers of 7th period elements standing in a row

A piece for piano about Nihonium

composed by high-school student

Message from Prof. Morita
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113 (decay chain)

70Zn + 209Bi Ą 278113 + n    
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Super Heavy Elements  Ą less stable
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1. Introduction Nuclear Chart and Stability of Nuclei
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Fusion process in Superheavy mass region

FUSION

TRANSFER, QUASI-FISSION

Nuclear Molecule

Compound 

Nucleus (CN)

Evaporation

Residue (ER)

FUSION-FISSION

Fission

Fragments90~99%



Hot fusion adopted

Â Combination of beam and target (48Ca+249Cf for E118)

Production rate: 

sNtarget Ibeame t

Figure by K. Morimoto-san



Hot fusion adopted

Â Combination of beam and target (51V+248Cm for E119)

Production rate: 

sNtarget Ibeame t

Figure by K. Morimoto-san



Fusion process in Superheavy mass region

FUSION

TRANSFER, QUASI-FISSION

Nuclear Molecule

Compound 

Nucleus (CN)

Evaporation

Residue (ER)

FUSION-FISSION

Fission

Fragments90~99%



ĂColdñ and ĂHotñ Fusion Reactions

Cold Fusion Ÿ doubly magic target nuclei: Pb, Bi;

E*(CN) = 10 ï20 MeV; evaporation of 1 ï2 neutrons;

up to now successful for Z Ò 113

Hot Fusion Ÿ actinide targets (U, Cm, é) and 48Ca projectiles;

E*(CN) = 30 ï40 MeV; evaporation of 3 ï4 neutrons;

up to now successful for Z Ò 118

reaction Q-value large

reaction Q-value small

Oganessian (1975)

( )



Cold fusion reaction  Hot fusion reaction
1994

110  Ds    62Ni + 208Pb Ą
269110 + n      (GSI)

111  Rg 64Ni + 209Bi Ą
272111 + n      (GSI)

1996

112 Cn 70Zn + 208Pb Ą 277112 + n  (GSI) ă named in Feb. 2010

1999                                                              

114 Fl 48Ca + 244Pu Ą 289114 + 3n    (FLNR)  ă named in May. 2012  

2000

116 Lv 48Ca + 248CmĄ 292116 + 4n    (FLNR)  ă named in May. 2012

2002

118  48Ca + 249Cf Ą 294118 + 3n    (FLNR)

2003

115  48Ca + 243AmĄ 288115 + 3n  Ą 284113 + Ŭ (FLNR) 

2004

113 70Zn + 209Bi Ą 278113 + n     (RIKEN) 

2010

117    48Ca + 249Bk  Ą 294,293117 + 3 -4n (FLNR) 

Synthesis of  New Elements
Reports of new elements



208Pb,209Bi
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Experimental setup for synthesis of SHE

Lab Country City Accelerator Separator

FLNR Russia Dubna U400
U400M

DGFRS
VASSILISSA

GSI Germany Darmstadt UNILAC SHIP
TASCA

RIKEN Japan Wako RILAC GALIS

LBNL USA Berkeley 88-inch Cyclotron BGS

GANIL France Caen SPIRAL2's LINAC 
accelerator

S3 (Super Separator 
Spectrometer) 



G.N. Flerov

(1913 -1990) 

Yu.Ts. Oganessian

(1933-) 

P. Armbruster

(1931-) 

S. Hofmann

(1943-)

G. Muenzenberg

(1940-) 

K. Morita

(1957-) 



Yu. Ts. Oganessian



FLNR
(Flerov Laboratory of Nuclear Reactions)

JINR 
(Joint Institute for Nuclear Research)

Dubna, Russia

Dubna



Research Laboratories and University Centre
VBLHEP Veksler and Baldin 

Laboratory of High 

Energy Physics

Director: V.D. Kekelidze

DLNP Dzhelepov Laboratory of 

Nuclear Problems

Director: A.G. Olshevski

BLTP Bogoliubov Laboratory 

of Theoretical Physics 

Director: V.V. Voronov

FLNP Frank Laboratory of 

Neutron Physics

Director: A.V. Belushkin

FLNR Flerov Laboratory of 

Nuclear Reactions

Director: S.N. Dmitriev

LIT Laboratory of 

Information 

Technologies

Director: V.V. Ivanov

LRB Laboratory of Radiation 

Biology

Director: E.A. Krasavin

UC University Centre
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http://wwwnew.jinr.ru/section.asp?sd_id=160&language=eng
http://wwwinfo.jinr.ru/dirDLNP_e.htm
http://theor.jinr.ru/lab_en.shtml
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http://flerovlab.jinr.ru/flnr/index.html
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G.N. Flerov (1913 -1990) 

ñOn the way to Super-elementsò
1986 Mir publishers Moscow

48Ca + 244Pu  Ą 290114 + 2n
48Ca + 248Cm  Ą 294116 + 2n 

60Ni + 238U  Ą 298120
84Kr + 232Th  Ą 316126
84Kr + 208Pb  Ą 292118
238U + 238U  Ą 476184 Ą 166Yb + 298114 + 12n
136Xe + 238U  Ą 374146 Ą 298114 + 72Ge + 4n

Yu. Ts. Oganessian (1933 -) 

1999   114 48Ca + 244Pu Ą 289114 + 3n    

2000 116 48Ca + 248CmĄ 292116 + 4n    

2002 118  48Ca + 249Cf Ą 294118 + 3n    

2003 115  48Ca + 243AmĄ 288115 + 3n  Ą 284113 + Ŭ

2010 117    48Ca + 249Bk  Ą 294,293117 + 3 -4n  
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