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Charge states of the heavy ionsContents
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48Ca+Actinide targets
U-Cf targets
DGFRS, Dubna

Cold fusion
Pb,Bi targets
SHIP, GSI
GARIS, Japan 

No target heavier that Cf
How can the elements with 

Z>118  be produced?

Present status on SHE

176

48Ca+238U
SHIP, GSI
Chemistry: DGFRS

48Ca+244Pu
TASCA, GSI
Chemistry: TASCA
Chemistry: DGFRS

48Ca+248Cm
SHIP, GSI

48Ca+242Pu
BGS, Berkeley

Theory: Spherical nuclei 
N=184 and Z=114,120,126 ? 



ZBeam Beam Target E*@BBass

21 45Sc 249Cf 41.7
22 50Ti 249Bk 32.4
23 51V 248Cm 36.8
24 54Cr 243Am 31.5
25 55Mn 244Pu 37.7
26 58Fe 237Np 29.9
27 59Co 238U 36.7

ZBeam Beam Target E*@BBass

21
22 50Ti 249Cf 31.7
23 51V 249Bk 35.9
24 54Cr 248Cm 33.0
25 55Mn 243Am 34.5
26 58Fe 244Pu 33.9
27 59Co 237Np 32.9
28 64Ni 238U 27.3

Reactions for formation of element 119/120

Element 119 Element 120
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Best reaction: 50Ti+249Cf

ssss predicted: ~40 fb – 1 pb

The reactions for production of the element 120

Courtesy of Ch.E. Düllmann
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Expected decay chains from
295120 and 296120

Z=120
Half-life: order of � s

SF and � -decay properties 

calculated by A. Sobiczewski, priv. comm.
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Experimental setup



Ø Target Wheel: 100 mm
Ø Beam Spot: 8 mm

Tested with 40Ar up to 
2500 particle�nA on natGd

1 p� A
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1) Stable and reliable 50Ti beam

2)   New target wheel for high 
intensity beam

3)   Production of 249Cf and 249Bk targets

4)   New „fast“ electronics for � s-activities

5) Improved background suppression and                                  
charge state predictions of heavy ions at TASCA

����

Ion source + UNILAC groups,  Target lab
GSI + HIM

TASCA, GSI experimental electronics

LBNL, Berkeley; ORNL, 	
��
�����
Inst. Nuclear Chemistry Uni Mainz; GSI target lab

GSI experimental electronics, Univ. Lund, Sweden, HIM

TASCA, GSI and LBNL, Berkeley, USA

Experimental challenges



Preparatory experiments



N=126

Compound nucleus5n      4n

pxn

aaaa5n   aaaa4n

m Preparatory experiments
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The reaction 50Ti+176Yb: Analog part of data
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Search for element 120
50Ti+249Cf



August September October

UNILAC operational for Cf     ~39 days
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50Ti+249Cf->299120*



Search for element 119
50Ti+249Bk
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Liu + Bao 
(Möller 1995; FRDM)

Wang et al.
(Liu 2011; WS3)

Zagrebaev + Greiner
(Myers 1996; TF)

Siwek-Wilczynska
(Muntian 2003)

3n exit channel 
4n exit channel

Agreement 1:
4n is larger than 3n

Agreement 2:
Position (in E) of maximum

50Ti+249Bk Excitation Function

Courtesy of Ch.E. Düllmann



Seach for element 119 (2012)
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Production of element 117
48Ca+249Bk



�� 1�� ��. /0
� �.� ��� �

�$#2�!&�#%�#
������%&����

+��* ��,�-&  ��&��	�$

�� ��� ��. /0
� �.. ��. �



X-ray spectroscopy of element 115 
48Ca+243Am



243Am target 
material

Courtesy of D. Rudolph
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• Superheavy experiments 2011/12:
-focus: search for elements 119 / 120 in 50Ti induced reactions
-check element 117
-direct Z measurement of 48Ca+243Am chains (TASISpec)
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