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Superheavy Elements: Z ≥ 104

S.G. Nilsson 

et al.(1969)
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Superheavy Elements 

Courtesy of  Ch.E. Düllmann

1 atom s-1

1 atom d-1
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Mass measurements                      
M. Block et al., Nature 463 (2010) 785

E. Minaya Ramirez et al., Science 337 (2012) 1207

Chemistry
A. Yakushev et al., Inorg. Chem,

Nuclear structure and X-rays
D. Rudolph et al., PRL 111 (2013) 112502

Laser spectroscopy
M. Laatiaoui et al., to be published

Superheavy Elements 
– Highlights from the past years

Courtesy of  Ch.E. Düllmann

Elements confirmed
J. Khuyagbaatar et al., PRL 112 (2014) 172501

S. Hofmann et al., EPJA 48 (2012) 62

New element searches
Ch. E. Düllmann et al., in preparation
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Superheavy Elements 

Courtesy of  Ch.E. Düllmann
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The TASCA Collaboration
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Search for element 120 
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Synthesis of superheavy elements

Warm fusion

(48Ca + actinides)

13Courtesy of  Ch.E. Düllmann

249Cf: heaviest

target 
48Ca-era ends 20

98



How to synthesize element 120?

14

249Cf + 50Ti  299120

Courtesy of  Ch.E. Düllmann
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Target Chamber

side view

DSSSD State-of-the-Art Stop Detector Array

48 mm

144 mm

6900 pixels



Electronics

Analogue electronics +                    digital electronicsFEBEX 

Developed at GSI-EE

60 MHz dead-time free 
ADC sampling

www.gsi.de



Electronics

Analogue electronics +                    digital electronicsFEBEX 
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α1

α2 FEBEX:

Can resolve events 

separated by ~100 ns.

Fast decays from E120 
can be measured

Two fast α decays of ~5 MeV 
cannot be confused with 
one α decay of  ~10 MeV.
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TASCA Search for element 120 in 50Ti + 249Cf reaction 

2011:

Z=120
50Ti + 249Cf

39 d
200 fb
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Search for E119 

Reaction:   50Ti + 249Bk → 299-x119 + xn22   97   
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249Cf 98   

Production and separation: Target production:
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Cross Sections in Hot / Cold / 48Ca Induced Fusion Reactions

Z=119
50Ti + 249Bk

70 fb
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E117 confirmation 

Reaction: 48Ca + 249Bk → 297-x117 + xn20   97   
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Element 117 among Top Ten Physics News Stories in 2014

Every year, APS selects Top Ten Physics
News Stories, which received largest
public attention. The 2014 list includes
highlights like

•intergalactic neutrinos from IceCube,

•Rosetta/Philae comet mission

•blue LEDs (physics nobel prize 2014)

•our Element 117

•...

J. Khuyagbaatar et al., Phys. Rev. Lett. 112 (2014) 172501

22Courtesy of  Ch.E. Düllmann



E114 & E113 Chemistry 
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Ge cluster

E115 trajectory

243Am target 
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E114 & E113 Chemistry 

COMPACT 

A. Yakushev



E114 & E113 Chemistry 

A. Yakushev et al., Inorg. 
Chem. 53, 1624 (2014)

Results from first E114 exp: … and subsequent exp:

Stay tuned!



E115 Fingerprinting 
48Ca-induced reactions give chains that 

end by  spontaneous fission

Courtesy of  Ch. E. Düllmann

Superheavy 
elements,  
Z ≥ 104

Need direct measurement of atomic numbers!   

Yu.Ts.Oganessian, J. Phys.G34, R165 (2007) etc.
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→ X-rays

α

γ-rays or
internal conversions

100-500keV

Look for characteristic X-rays emitted in 
coincidence with α decays!

E115 Fingerprinting

Energy depends on 
proton number! 



TASCA
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L.-L. Andersson et al., NIM A622, 164 (2010)
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FISSION, 197 MeV, 
17.4 hours,  4 γ

Photons: 136(1), 167(1) keV

ExperimentPotential X-rays

Kα2 Kβ Bh (Z=107)

Difference between neighbouring Z: 3-4 keV

Accurate to 0.5%
T.A. Carlson et al., Nucl. Phys. A 135, 57 (1969)



Experiment

Special thanks to …

111, 112502 (2013)

ENSARUNILAC

… among the Top Ten APS Physics Newsmakers of 2013!



E115 is everywhere…
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U. Forsberg et al., NPA (2016)
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E115-E117
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Open for public review 
until November 8 2016



ExperimentFuture

Since UNILAC is not suited for simultaneous
acceleration of beams for SIS100 and SHE research… 



ExperimentFuture

New dedicated sc cw LINAC is planned!

Energy:        3.5-7.5 MeV/u

Uncertainty: <3 keV/u

Duty cycle: 100%

Length: 13.5 m



ExperimentFuture

W. Barth et al. 
Proc. IPAC 2013

Step 1: Build demonstrator unit



ExperimentFuture

Nov. 19, 2015: Delivery of cryostat to GSI



ExperimentFuture



ExperimentFuture

Superheavy element research:
• new elements
• nuclear spectroscopy
• laser spectroscopy
• X-ray fingerprinting
• chemistry
• mass measurements
• …




