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48Ca + 248Cm => 293116 + 3n 

The "Dubna Challenge" 
 - 48Ca + 248Cm ­ 296116*  at GSI 
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Yu.Ts. Oganessian,  
J. Phys. G 34 (2007) R165 
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The "Dubna Challenge" 
 - 48Ca + 248Cm ­ 296116*  at GSI 
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Yu.Ts. Oganessian,  
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Yu.Ts. Oganessian, J. Phys. G 34 (2007) R165 

3n  [293]  

4n  [292]  

FLNR  

GSI  

The "Dubna Challenge" 
 - 48Ca + 248Cm ­ 296116*  at GSI 



Dieter Ackermann             Abano Terme, Mai 24th 2012 

115 

120 

185 

184 

1.2 h 

1,3 h 

10 s 

2 m 

? 

0.8 s 10ms 

0.2 s 

4 s 

0.2 s 

0.2 s 

10 s 

0.1 s 1 ms 4 s 30 s 

0.5 s 0.1 s 

0.1 s 0.5 s 0.6 s 3 s 

30 ms 0.1 s 

30 ms 6 ms 50ms 

2 ms 

114 114 

115 115 

116 116 

118 118 

20ms 

ms 1 s 3 s 2 m 3 m 

1 m 4 m 2 m 6 m 30 m 

1.5 s 0.5 s 4 s 1.6 s 1.6 s 

50ms 20ms 6 ms 4 s 10ms 3 s 20ms 1 m 2 s 15 m 

4 h 40 m 3 m 4 s 0.5 s 30 s 20 s 10 s 0.6 s 0.4 s Lr 

Rf 

Db 

106 

105 

2 ms ? 

1 s 0.1 s 10ms Bh 

Hs 108 

107 

1.5 s 

0.1 s 7 ms 4 ms 0.5 s 3 ms Sg 

6 s 

30 d 1 h 50 d 

1 m 3 s 30 s 1 ms 

30 m 1 h 6 h 

1 h 0.1 s 5 ms 

30 s 30 s 2 s 

17 s 

21 s 7 s 

1 s 1 s 

0.5ms 4 s 14 s 

2 ms 30ms 109 Mt 

? 110 Ds 200ms 100ms 170ms 

50ms 2 ms 

3 ms Rg 

600ms 112 112 

30 s 

1.6 s 

1 s 

111 

200ms 113 113 

6 ms 

5 ms 

decay 

mode 

a 

SF 

b+/EC

b- 

shell- 

correction 

[MeV] 

7 

6 

5 

4 

3 

73ms 

4.2ms 

0.44 s 

61 s 

  22 m   29 h 

56ms 

Confirmation of FLNR Results  
 - Summary 

3 s 

GSI 

SHIP 

GSI 

TASCA 

283112 

SHIP 

286114 287114 

BGS 

LBNL 

BGS 

L. Stavstera, Phys. Rev. Lett. 103, 132502 (2009). 
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excerpt chart of nuclides:  

courtesy of Ch.E. Düllmann 

230 ms 320 ms 

28,3 s 1.2 s 

0,74 s 38 s 

11 s 

1.3 min 
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achievements  
 
Å impressive body of decay data  
Å confirmation at different 
 laboratories  
Å first promising chemistry 
 results for 112/114  
 
remaining challenges  
 
Å unambiguous Z(A) identification  
Å extension towards higher Z  
Å localisation of "island of stability"  
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302120* 

Hunt for the heaviest 
 - towards element 119,120 at SHIP and TASCA 

SHIP  
1. 64Cr +  238CM ­ 302120*  2007/2008  

120 days / slim < 0.09 pbarn  
 

2. 54Cr +  248Cm ­ 302120*  spring 2011 
 36 days / slim < 0.56 pbarn  

 

TASCA 
1. 50Ti +  249Cf ­ 299120*  August -October 2011  

 º 40 days / slim < 0.2 pbarn  
 

2. 50Ti +  249Bk ­ 299119*    presently running  
 

299120* 

V. Zagrebaev, TAN 2011 

299119* 

256Rf 
with JUROGAM, 
RITU and GREAT 
 

ω 450 h beam on target 
ω 17 nbarn 
ω 29 particle nA 
 P. Greenlees et al. 
 
 
 
 
 
 
 
 
 
 
September 2011 
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Å isomer surviving separation  

Å g emission after a decay 

Å CE for highly converted  
  transitions  
  + X - ray emission  

a emission 

g emission 

CE emission 

g emission 

evaporation residue  
after separation  

x- ray emission  

Nuclear Structure of SHE   
 - Decay Spectroscopy at SHIP/TASCA 
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high eff. 

e º 15% 

(e.g. SHIP, 

TASCA...) 

Å inclusive measurement  
Å ER, a's, g's and e- 

Å clean 
Å particle discrimination  
Å ER-a-g correlations  

Å highly efficient  
Å close geometry  
Å stopped source  
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Nuclear Structure of SHE   
 - Decay Spectroscopy at SHIP/TASCA 
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Nuclear Structure of the Heaviest Nuclei: 
  - Production Rates 

reaction    ŵ/nbarn  I beam/pŀA countrate     .  
 
208Pb(48Ca,2n)254No   2000      1     15000  /h  
    (at RITU/Jyväskylä        200 /h)  
206Pb(48Ca,2n)252No     430      1       3300  /h  
206Pb(48Ca,3n)251No       25     1         200  /h  
209Bi(40Ar,2n) 247Md         7     3           80  /h  
208Pb(54Cr,1n)261Sg          2     1          15  /h  
207Pb(64Ni,1n)270Ds   0.013  0.5            1  /d  
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R.D. Herzberg et al.,  

Nature 442, 896 (2006); 

S.K. Tandel et al.,  

Phys. Rev. Lett.  97, 082502 (2006) 

 

F.P. Heßberger et al.,  

Eur. Phys. J. A 43, 55-66 (2010)  

Nuclear Structure of the Heaviest Nuclei: 
  - Isomeric states: 254No 
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270Ds­266Hs (6 chains)  
chain# 1, 3 and 5  
chain# 2  

chain# 8  
chain# 7   

Theory: 

rotational levels: A. Sobiczewski et al. 

  

K-isomers S. Cwiok et al. 

Experiment: 

S. Hofmann et al.  

266Hs­262Sg (8 chains)  
chain# 1 -8  
  
262Sg decay (8 chains)  

chain# 1 -8  

8+ 

 

6+ 

270Ds and its Decay Products  
 - 1st experiment in 2000 (S. Hofmann et al., Eur. Phys. J. A 10, 5 (2001)) 
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K-isomer in 270Ds 
 - Theory Predictions: quasi particle excitation 



Dieter Ackermann             Abano Terme, Mai 24th 2012 

-3 -2 -1 0 1 2 3

72

74

76

78

80

82

84

86

88

90

92

M
e

a
n

 t
im

e
 o

f 
fli

g
h

t 
/ 
m
s

Excitation frequency / Hz - 850012

253
No

2+

-200

-150

-100

-50

0

50

 253
No252

No

M
S

H
IP

T
R

A
P
-M

A
M

E
 /
 k

e
V

 SHIPTRAP

 AME'03

254
No

SHIPTRAP  
August 2008  

a? 

Decay Chain of 270Ds from 64Ni+207Pb 
 - Results from October 2000 and Possible Extension 



Dieter Ackermann             Abano Terme, Mai 24th 2012 

2010: Observed types of decay chains I 
  - ER- -h -hsf 

a) ER-Ų-Ų-sf  

15 chains  
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270Ds  
 - 270Ds h -decay 

Å 26 decay chains (270Ds: 25, 271Ds:1) 

Å new spectroscopic data 

* T1/2 from S. Hofmann et al., Eur. Phys. J. A 10, 5 (2001)  

* 
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2010: Observed types of decay chains II 
  - ER- -hsf 

a) ER-Ų-Ų-sf  b) ER-Ų-sf  

15 chains  8 chains  
 
Ý sf( 266Hs) = 24%  
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270Ds  
 - 266Hs sf-branch 

new fission branch 

in 266Hs  

Å 26 decay chains (270Ds: 25, 271Ds:1) 

Å new spectroscopic data 

* T1/2 from S. Hofmann et al., Eur. Phys. J. A 10, 5 (2001)  

* 

* 
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2010: Observed types of decay chains III 
  - ER- -h -h -hsf  

a) ER-Ų-Ų-sf  b) ER-Ų-sf  c) ER-Ų-Ų-Ŭ-sf  

15 chains  8 chains  
 
Ý sf( 266Hs) = 24%  

2 chains  
 
Ý Ŭ(262Sg) = 6%  
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270Ds  
 - News III ς 262Sg h -branch ­ link to 254No 

Å 26 decay chains (270Ds: 25, 271Ds:1) 

Å new spectroscopic data 
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in 266Hs  

Ŭ-decay link 
262Sg ­ 258Rf 

* T1/2 from S. Hofmann et al., Eur. Phys. J. A 10, 5 (2001)  

* 

* 

* 

­J. M. GATES et al. PRC 77, 034603 (2008) 
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270Ds Decay Scheme 

270Ds: 
12 g.s. decays     

13 isomer decays - 2 ɹ ΨǎΥ 175/741 keV 
(in 2000: 3:3 + 1 ɹ) 

 
chain 8:  
Eh  200-300 keV lower 
 

266Hs: 
16 g.s. decays  
1 isomer decay  
        with a 332 keV ɹ-ray 

 
chain 8:  
Eh  º 200 keV higher 
Ev = 332 keV 
 

262Sg: 
 hdecay observed for the first time  

(1 full E, 1 escape) 

332 kev 

Calculations: 
HFB: S. Cwiok, et al. 
PES: F.R. Xu, et al. PRL 92, 252501 (2004)  
TCSM: G.G. Adamian et al., PRC 81, 024320 (2010) 
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Energy Density Functional Calculations  
 - Vaia Prassa, Dario Vretenar et al.  

Calculations: 
HFB: S. Cwiok, et al. 
PES: F.R. Xu, et al. PRL 92, 252501 (2004)  
TCSM: G.G. Adamian et al., PRC 81, 024320 (2010) 
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Energy Density Functional Calculations  
 - Vaia Prass, Dario Vretenar et al.  

{Φ 0ǿƛƻƪ Ŝǘ ŀƭΦΣ b!¢¦w9Σ поо όнллрύ 
HFB + SLy4 
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ăSemi-magicò Z = 120 isotopes with N = 172-184: 
neutron pairing + phonon coupling  

Elena Litvinova 
PRC 85, 021303(R)  2012  
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Shell evolution in superheavy Z = 120 isotopes:  
QVC in relativistic framework  

Vibrational  
corrections:  

 
1. Impact on the  

shell gaps 
 

2. Smearing  
of the shell  

effects  

1. Relativistic Mean Field: spherical minima  
2. Small amplitude vibrations: RQRPA  
3. Very soft nuclei: large amount of low -lying collective  
    vibrational modes (~100 phonons below 15 MeV)   
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Vibration corrections  
to alpha decay  
energies Qa [MeV]  

Shell stabilization & vibration stabilization/destabilization (?)  
E.L., arXiv:1108.3508  

Elena Litvinova 
PRC 85, 021303(R)  2012  



Dieter Ackermann             Abano Terme, Mai 24th 2012 

 

ground state, decay and structure properties up to Z=110   
 
Å Ų-ǿ coincidences (total: 4) 
 
Å fission branch in 266Hs 
 
Å experimental mass for 270Ds 
 
Å new K-isomer 266  Hs  
 
 
 
 
 
 

Summary  
  - Achievements 


