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June 26, 2012: 

IUPAC/IUPAP officially accepts 
  · Z=114: Flerovium (Fl) 
  · Z=116: Livermorium (Lv) 
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www.gsi.de/tasca 
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Synthesis, separation and identification of SHE 

TASCA  
 TransActinide Separator 
and Chemistry Apparatus  

Beam (48Ca, 50Ti) 

Target 

(243Am, 
249Bk, 
249Cf) 

Particle Detector (α; e-; SF) 
Photon Detector (γ; X) 

288Fl 

  242 ms 
  α 9.98 MeV 

284Cn 

130 ms 
SF 187+9 MeV 

Impant 
6.5 MeV 

Detection of decay chain 

Ch.E. Düllmann et al., 
PRL 104 (2010) 252701 

Courtesy Ch.E. Düllmann 
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April May June 

July August September 

November September October 

50Ti beam 750 nAp and 249Bk targets with initial thickness ≈0.44 mg/cm2. 

48Ca+249Bk⇒Element 117 

2012: Element 119 search / Element 117 

50Ti+249Bk⇒Element 119 48Ca+243Am⇒Element 115 

Courtesy Ch.E. Düllmann 



2012: Search for element 119 

50Ti+249Bk⇒Element 119 

Status of element 119 search:  

•  beam dose: ≈3.6·1019 particles 

•  ≈40 TB of data (analysis is ongoing) 

•  Sensitivity ≈70 fb for one event (preliminary) 

•  Current status of data analysis yields  
 no evidence for detection of element 119 

Courtesy Ch.E. Düllmann 
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A lesson: 

It is REALLY necessary to add error bars! 

In y AND in x! 

50Ti+249Cf Excitation Function 

Courtesy Ch.E. Düllmann 



First element 117 decay chain from TASCA 

Average decay properties 
3n channel (DGFRS) 
 
Oganessian et al. 
PRL 2012 

September 28, 2012 
Strips: X=103 / Y=41 

marks events registered in beam-off periods 

First decay chain 
from TASCA 
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The SHIPTRAP collaboration 

2010 



• masses provide absolute nuclear binding energies and allow studies of the 

shell structure evolution 

• high-precision mass measurements provide anchor points to fix decay chains 

• benchmark nuclear models 

Importance of Masses for Z > 100 



 Velocity separator SHIP 
 

SHIP 
 

  Separation time:          1 – 2 µs 
  Transmission:            20 – 50 % 
  Background:              10 – 50 Hz 
  Det. E. resolution:      18 – 25 keV 
  Det. Pos. resolution:     150 µm  
  Dead time:                      25 µs 
 



SHIPTRAP Setup 

≈ 50 MeV ≈ 1 keV ≈ 1 eV 



M. Block et al., Nature 463, 785 (2010), M. Dworschak et al., Phys. Rev. C 81, 064312 (2010) 
E. Minaya Ramirez et al., Science 337, 1183 (2012) 

206Pb(48Ca,2n)252No 
207Pb(48Ca,2n)253No 

208Pb(48Ca,2n)254No 

209Bi(48Ca,2n)255Lr 
209Bi(48Ca,1n)256Lr 

Direct mass measurements with SHIPTRAP 



Probing the Strength of Shell Effects @ N =152 



TRIGA-SPEC Setup in Mainz 

J. Ketelaer et al., NIM A 594, 162 (2008) 



Probing the Evolution of Shell Effects @ N =152 

PhD M.Eibach 

Accurate mass measurements with keV precision on long-lived actinides 
can be performed to provide anchor points and cross check masses 
obtaiend by other techniques 



337 (2012) 1207 

Experimental 
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Möller FRDM 
 Z=114 N=184 

 
 

TW-99 
 Z=120 N=172 

 
 

SkM* 
 Z=126 N=184 

No 

SHIPTRAP Results on Nuclear Structure 

δ2n(N,Z) = 2B(N,Z) – B(N-2,Z) – B(N+2,Z)  
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Playground for Nuclear Structure  
Investigations in the Transfermium Region 

new isomeric states
discovered

γ- or X-rays measured

new or improved decay 
data measured at SHIP

discovered at SHIP
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Decay schemes of odd-mass Md-isotopes 
(simplified) 

+ + + +9/29/29/2 9/2

303.9

+

++ +++

-

- - - -

-

-

-

-
-

- - - --

graph/demo/nivmend
F.P.Heßberger 2.6.2006

242.7

293.7
 (E1)

157.5 200.4

7/2   [514] 7/2   [514] 

7100
HF~1

253Md251Md

353.2
(E1 ?)

249Es247Es (3/2   [521]?)
7/2   [633] 

7/2   [514] 

7/2   [514] 

(3/2   [521]?) (3/2   [521]?) 3/2   [521] 

253.2
(E1)

9/2

7/2    [514] 

7/2   [633] 7/2   [633] 

405.2
 (E1)

452.8
 (E1)

7/2   [514] 

7327

7274

251Es

255Md

9/2

7/2   [633]

8026
HF~1

7540
HF~3

7/2   [514] 

7/2   [514] 

7/2   [514] 

7/2   [514] 

7/2   [633] 

 8422
HF~1

249Md247Md

245Es243Es

209.6
 (E1) 

Courtesy F.P. Hessberger 



60

75

90

105

120

135

150

98 100 102 104 106 108 110

0,0
0,5
1,0
1,5
2,0

-0,2

0,0

0,2

0,4

(Δ
m

ex
p-Δ

m
AM

E0
3)c

2  
   

/ M
eV

)

249Fm

269Ds
265Hs

261Sg
257Rf

253No

245Cf

 

 

Δm
c2  / 

M
eV

Liran et al. 2002
Möller et al. 1995

Atomic number 

  

(Δ
m

ex
p-Δ

m
th

eo
)c

2  
   

   
   

/ M
eV

)

  

strukturSWK/Abb_WMF/Reserve/niveausnz51
F.P.Heßberger 9.8.2012

(1/2+[620] ?)

(1/2+[620] ?)

ca. 133
tentative

tentative

(7/2+[613] ?)
(9/2+[615] ?)

7/2+
3/2+[622]

3/2+[622]
1/2+[620]

5/2+[622]
9/2-[734]

9/2-[734]
7/2+[624]

1/2+[631]
7/2+[624]

11120

10430

9410

8778

8010

7530

157

167

280

ca.45

257Rf

261Sg

269Ds

265Hs

253No

249Fm

245Cf

75 150 225 300 375 450 525 600 675
0

1000

2000

3000

4000

5000

50 75 100 125 150 175 200
75

150
225
300
375

400 500 600 700
0
5

10
15
20

F.P. Heßberger et al. EPJ A 48:75 (2012)

γ - rays coincident 
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Masses of even-even N-Z = 48 and N -Z = 50 Nuclei 
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Determination of 2n binding energy 

Courtesy F.P. Hessberger 
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N = 162 – shell more localized  or weaker than predicted  ?? 

Development of 2n-Separation energies towards  
deformed neutron shell at N = 162 

Courtesy F.P. Hessberger 



Special thanks to … 

The TASISpec / TASCA E115 Collaboration 
111, 112502 (2013) 

ENSAR UNILAC 

Spokesman: Dirk Rudolph, Lund 



X-ray Fingerprinting of an Element 

Courtesy D. Rudolph 

0 keV 
 

257Rf 

0 keV 
 

253No 

~ 200 keV 

α-decay 
8-10 MeV 

γ-decay  
or 

internal  
conversion 

K X rays! 

E(Kα) ~ f(Kα) ~ (Z-1)2 
 

H.G.J. Moseley, Phil. Mag. 26, 1024 (1913) 
 

X-ray energies predicted down to 
0.1 keV precision for superheavy 

elements (QED!) 

Moseley’s Law, 1913 

   
R. Bemis et al., PRL31, 647 (1973) 

(observed 15 α-photon events) 

~200 keV 
M1  

decays 

Highest  
K-conversion 
coefficients! 



X-ray Fingerprinting of Element 115 

K X rays! 
~200 keV 

M1  
decays 

Highest  
K-conversion 
coefficients! 

-  long odd-mass or  
  odd-odd decay chains 
-  reasonable production  
  cross section 

 

Z - identification along 
E115 chains  

(sequence of 5 α decays)  

2009: 12 weeks of beamtime 
           requested 
 

2010: 8 weeks PAC approved  
          and granted 
 

2012: 3 weeks scheduled 
 

0 keV 
 

28X115 

0 keV 
 

28Y113 

~ 200 keV 

α-decay 
8-10 MeV 

γ-decay  
or 

internal  
conversion 

in the Rutherfordium spirit of 
R. Bemis et al., PRL31, 647 (1973) 

(observed 15 α-photon events) 

Courtesy D. Rudolph 



Trigger:  100/s 

Courtesy D. Rudolph 



TASISpec – in Virtual GEANT4 Space  

 

Self-consistent cross check of the  
experimental findings with as many 
virtual element 115 decay chains as 

one likes! 
 

“Input level”: down to pixel-by-pixel 
dead-layer thicknesses … 
“Output level”: takes care of summing of 
α, CE, and Auger energies …   

Courtesy D. Rudolph 



Date & place: November 2012, 3 weeks, TASCA,  
 

Beam: 48Ca  pulsed (5 ms on, 15 ms off) 
  time averaged 1 particle µA (6·1012/s) 

Target: 243Am   

  material from   production at 
 

  rotating wheel, 4 segments, 0.83(1) mg/cm2 on Ti backing 
 

Beam energy & integral:  242.1 MeV, 2.13(12)·1018 

    245.0 MeV, 3.89(23)·1018 

TASCA settings: 0.8 mbar He, Bρ=2.21 Tm 
 

Transmission into TASISpec: 30(3)% 
 

Trigger rate: 100-120 per second (particles in implantation DSSSD) 
 

Beam shut-off: implemented, two-staged, beam-off α particles  

Some Experimental Numbers 

} 6·1018 

 

30 correlated decay chains of  
element 115 in 3 weeks of beamtime! 

 

σtot ~  10 pb 
 

Only 64 beam-off fission events in 3 weeks 
spread over 1024 DSSSD pixels. 

 

Courtesy D. Rudolph 



Results – 287115 (4n-channel) 

1 chain   (out of 30) of ours is compatible with the  
2 chains (out of 37) associated with the 4n channel 287115 

      by Oganessian et al. 

 
no α-photon coincidences 
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Results – 288115 (3n-channel) 

22 chains (out of 30) of ours are compatible with the  
31 chains (out of 37) associated with the 3n channel 288115 

         by Oganessian et al. 
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Results – 288115 (3n-channel) 

22 chains (out of 30) of ours are compatible with the  
31 chains (out of 37) associated with the 3n channel 288115 

         by Oganessian et al. 
 

16 prompt α-photon coincidences 
2-3 of random origin expected 
 

9.21(1) 
10.9(   ) 

288115 

284113 

280Rg 

276Mt 

272Bh 

268Db 

    10.10(1)  
    0.70(   ) 

10.15(1) 
4.8(  ) 

10.3(1) 
0.92(   ) 

10.7(1) 
0.16(  ) 

 
26(  ) h 

3 
2 

16 
12 

8 
6 

13 
9 

21 
15 

4 
3 

ph
ot

on
 e

ne
rg

y 
(k

eV
) 500 

 
 
 
300 
 
 
 
100 

    100                           200 
  photon time (10ns per channel) 

400 
ns 

beam off 
events 

1 

1 

6 

8 

0 

Qα 
T1/2 

X-ray Case 
276Mt → 272Bh 

E1 Case 
280Rg → 276Mt 

Courtesy D. Rudolph 



Results – 288115 (3n-chain) 

K X rays 
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Z=114 gap!? 
      ? 

β2 ~ 0.2 
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X-ray Case 
276Mt → 272Bh 

Results – 288115 (3n-chain) 

K X rays 

Step 4 

GEANT4 simulations: 100000 decays,  
normalized to number of α’s 
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X-ray Case 
276Mt → 272Bh 

Results – 288115 (3n-chain) 

K X 
rays 

Step 4 

GEANT4 simulations: 100000 decays,  
normalized to number of α’s 
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K X rays 
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X-ray Case 
276Mt → 272Bh 

Results – 288115 (3n-chain) 

K X 
rays 

Step 4 

GEANT4 simulations: 100000 decays,  
normalized to number of α’s 
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Tentative! 
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Results – 288115 (3n-chain) 

K X rays 
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Step 3 

Step 3 

GEANT4 simulations: 100000 decays, normalized to 
number of α’s 
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E1 Case 
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6x α-photon 
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Results – 288115 (3n-chain) 

K X rays 

19
4 

Step 3 

Step 3 

GEANT4 simulations: 100000 decays, normalized to number of α’s 

23
7 

M1 Case 
280Rg → 276Mt 

6x α-photon 
coincidences 

IF Mother Nature had provided these 
transitions as M1 transitions, this would have 

been THE perfect fingerprinting case!  
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Results – 288115 (3n-chain) 

K X rays 

19
4 

Step 3 

Step 3 

GEANT4 simulations: 100000 decays, normalized to 
number of α’s 

23
7 

E1 Case 
280Rg → 276Mt 

6x α-photon 
coincidences 

The fact that these transitions are E1 
transitions puts (seemingly) severe 

constraints on nuclear structure theory! 
 

 

Courtesy D. Rudolph 



Summary and Outlook 

• GSI / Mainz: Broad SHE research program covering Nuclear 
Structure Studies, Atomic Physics and Chemistry investigations 

•  High-precision mass measurements probe shell effects at N=152 

•  Decay spectroscopy allows detailed understanding of structure of SHN 

•  First a-g-spectroscopy of E115 performed, X-ray fingerprinting is feasible 

•  Event compatible with earlier reported data on E117 observed  

•  Focus 2011/12: Search for new elements 119 & 120 

•  249Cf(50Ti,xn)299-x120: one-event TASCA limit is <160 fb 

•  249Bk(50Ti,xn)299-x119: one-event TASCA limit is <70 fb 

•  Progressing beyond Z=118 necessitates 10 fb sensitivity 

•  Additional gain in sensitivity by cw-linac possible (beam intensity x 10) 

•  Laser resonance ionization spectroscopy of 254No planned in 2014 


