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• Superheavy elements (SHE) 

• Overview + results: E115@TASISpec@TASCA 

• Two interesting physics cases 

• Plans for the future 

 

 

 

 

 



Super Heavy Elements   
• Definition: Z  ≥ 104 

• Z = 107-112 (Bh-Cn) discovered at GSI 

• Z = 113 reported from FLNR (Dubna, Russia) and RIKEN (Japan) 

• Z = 114-118 reported from FLNR (Dubna, Russia).                                    
Some confirmed at GSI and LBNL (US). Accepted:114Fl, 116Lv 

• Z = 119-120 searched for at GSI 
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Superheavy 
elements,   
Z ≥ 104 
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Detailed SHE studies at GSI  
• Nuclear structure 

• Reaction studies 

• Precise mass measurements 

• Chemical properties 

• X-ray fingerprinting 
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Element Z = 115   
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Superheavy 
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Z ≥ 104 

Yu.Ts.Oganessian, J. Phys.G34, R165 (2007), Radiochim. Acta 99, 429 (2011) 

X-ray Fingerprinting   

&   
Nuclear Structure   



Background   
Elements Z = 113-118 reported at FLNR (Dubna, Russia): 

• observed/claimed in 48Ca-induced reactions on actinide 
targets 

• chains end by spontaneous fission 

Courtesy of  Ch. E. Düllmann 

Superheavy 
elements,   
Z ≥ 104 

(Yu.Ts.Oganessian, J. Phys.G34, R165 (2007) etc.) 

Need direct measurement of atomic numbers!    



→ X-rays 

α 

γ-rays or 
internal conversions 

100-500keV 

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

X-ray Fingerprinting 

Energy depends on 
proton number!  



Experiment TASISpec@TASCA collaboration 

Special thanks to … 

111, 112502 (2013) 

ENSAR UNILAC 

… among the Top Ten APS Physics Newsmakers of 2013! 
 



E115 is everywhere… 





Experiment Production of E115 at GSI 

 
Target: 0.83 mg/cm2 243Am2O3  
on 2 μm Ti backing  

 
Beam: 48Ca ions, ~1 pμA DC,  
pulsed (5 ms on/15 ms off) 
 

 
Reaction: 48Ca + 243Am → 291-x115 + xn 20    95    

 ~1
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www.gsi.de 



Experiment 
 

TASCA   

 

Beam 

Target 

Production and Separation of E115 
Trigger rate: ~100/s 48Ca ions: 6*1012/s 



L.-L. Andersson et al., NIM A622, 164 (2010) 

TASCA 

CLUSTER 

CLOVER 

CLOVER 

CLOVER 

CLOVER 



Electronics 

• 25 Ge-crystals: SIS 3302 digital electronics 

• 96 DSSSD n-sides: analogue electronics 

• 96 DSSSD p-sides:                   digital electronics  FEBEX  
- Developed at GSI-EE 

- 60 MHz dead-time free ADC sampling 

- Offline resolution optimisation 

- Large dynamic range 

- Reduce background from summing 

www.gsi.de 
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α1 

α2 analog electronics: 

false “10-MeV” event 
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3n ? 
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Experiment Case 1: Potential X-rays 



Chain 1 

288115 
 
 

α1 

 
 

284113 

280Rg 
 
 

α2 

276Mt 109 

272Bh 107 

111 

268Db 105 

α3 

α4 

α5 

10.29(1) MeV  
0.366 s 

9.24(1) MeV  
0.935 s 

9.77(1) MeV 
11.1 s  

0.825(3) MeV (escape)  
0.515 s 

9.06(1) MeV  
15.3 s 

FISSION, 197 MeV,  
17.4 hours,  4 γ  

Photons: 136(1), 167(1) keV 
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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 Level schemes 
  115 
 
 

 
 

   113 

Rg 
 
 

Mt 

Bh 

Db 



1
9
4
 

2
3
7
 

Experiment Rg → Mt level scheme 

Expected 
 X-rays 



Experiment GEANT4 simulations 

IF a level scheme looks like this... 

what is the response of TASISpec? 
                 (α, γ, e±, X-rays...)  

L.G. Sarmiento et al., 
NIM A667, 26 (2012) 



Experiment Rg → Mt simulations 
100000 

simulated 
decay chains 

100000 
simulated 

decay chains 



Experiment Rg → Mt simulations 



Experiment Case 2: E1-transitions 



Experiment Nilsson orbitals, protons 
UNEDF1SO 
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Experiment Outlook  

SHE - new sub-collaboration in NUSTAR@FAIR 
• Nuclear structure 

• Fingerprinting 

• Mass measurements 

• Search for new elements 

 

  

                                             

 

 

• Chemical properties 

• Laser spectroscopy 

• Fusion reactions 

• Transfer reactions 

NUSTAR-SHE 

NUSTAR 

 complements… 



Experiment Outlook 

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

 

 



Experiment Outlook 

W. Barth et al.  
Proc. IPAC 2013 

 

New dedicated sc cw LINAC is being built! 

 

 



  

                                             

 

 

Experiment Summary 



Thank you for 
your attention! 


