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ECOS NA  
Task D1 High power thin-target technology 
Task D2 SHE using high-intensity ion beams  
 

FLRN, Dubna – activities (short summary)  

  – courtesy of Yu. Ts. Oganessian 

• achievements 

• SHE factory 

 

ECOS NA report on task 1 and 2 

• instrumentation 

• accelerators 

• separators 

• outline 

• ECOS goals 

• ENSAR ECOS NA 

• tasks 

• deliverables 

• activities 
Discussion issues 

 
Dieter Ackermann 
 

 
Helmholtzzentrum für Schwerionenforschung GmbH 
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Historical background: 

After discovery of nuclear fission 75 - 
years ago - 26 new chemical elements 
heavier than uranium were synthesized 
 

A. Sobiczewski, K. Pomorski, PPNP 58, 292, 2007 

Yu/ Oganessian.  XXII International Baldin Seminar, September 15-20, 2014, JINR, Dubna 

Reactions of Synthesis 
       courtesy of Yu. Ts. Oganessian 
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                    Ex = 12 - 15 MeV   

                                         х = 1 
 

112 
110 

106 

104 

113 

113 

108 Fission barrier  
heights in MeV 

SHE 

Island 

hot fusion 
 
48Ca-induced reactions 
              Ex = 35 - 45 MeV   

                                    х = 3 – 4 

116 

118 

112 
113 114 

115 
117 

Cn 
Fl Lv 

Fl 

Hs 

48Ca 

Cold/hot fusion systematics 
courtesy of Yu. Ts. Oganessian 
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Beam intensity & Beam time 

Factory 

 

~ 7000 h/year 

 

 
 
 
 

today: ~ 5·1019/y  with Factory:  1.0·1021/y  

factor: ~ 20 

New 

cyclotron 

 

10-20 pµA 

New accelerator and new Lab. in Dubna 

beam dose 

G. Gulbekian 

Project Leader 

courtesy of Yu. Ts. Oganessian 
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July 2014, Dubna 

Exp. 

Exp. 

Exp. 

new 

accelerator 
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August 2014, Dubna 

Yu/ Oganessian.  XXII International Baldin Seminar, September 15-20, 2014, JINR, Dubna 
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Novokramatorks 

Ukraine June 2014 

Yu/ Oganessian.  XXII International Baldin Seminar, September 15-20, 2014, JINR, Dubna 
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Novokramatorks 

Ukraine 

August 2014 

Yu/ Oganessian.  XXII International Baldin Seminar, September 15-20, 2014, JINR, Dubna 
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SHE-factory at Dubna 
 - integration in FLNR facility 
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cw-accelerator project at GSI 
 - concept and “step-wise” realization 

HSI 

HSI 

cw 

war

m 

cw 

cold 

UNILA

C 

SIS 
ECR 1 

ECR 2 MUCIS 

MEVVA 

Penning 

SHE 
Exp. 

Concept 

demonstrator for a  
cw-cavity 
 
(presently under  
constrcution) 
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13 

216 MHz-CH-cavity 
(Goethe Univ. Frankfurt) 

Bmax 9,323T 

B*L 2,635 Tm 

L 0,28 m 

Aperture 30 mm 

Cryostat 

Demonstrator Project (HIM, GSI) 

Solenoids 

sc-216 MHz-CH-Protype 
   - W. Barth at FUSHE 2012 
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cw-accelerator project at GSI 
 - short CH-cavity and the advanced demonstrator 

short CH-cavity 

geometry 

properties 

Frequency 217 MHz 

b  0.069   

Length (8bl/2) 381.6 mm 

Number gaps 8   

Inner tank diameter 438 mm 

Aperture diameter 30 mm  

Maximum inner length 560 mm  

Wall thickness ≈3.5-4 mm  

Ep/Ea 5.3   

Bp/Ea 6.5 mT/(MV/m)  

Ea >5 MV/m 

advanced demonstrator  

implementation time line 
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Separators 
 - present and (near) future devices 

vacuum 
e.g.: SHIP 
(WASSILISSA-SHELLS) 

gas-filled 
e.g.:RITU 
(DGFS, 
GARIS, 
BGS...) 

combined functionality 
- separation and mass 
  identification 
S3 

complementary configurations 
• vacuum separators 

• velocity filters (SHIP, LISE) 

• mass spectrometers (FMA,RMS,..., 

EMMA, MARA) 

• gas-filled separators 

• DGFRS, GARIS, TASCA, BGS, RITU, 

... 

instrumental/detection features 
• comprehensive detection systems 

• decay spectroscopy (GREAT, 

TASISPEC, SHIP or FMA focal plane 

set-ups 

• inbeam (JUROGAM, AGATA, 

GAMMASPERE, ...) 

• inbeam electrons (SAGE) 

• X-rays ...  
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ENSAR ECOS NA Report 
 - excerpt from the FUSHE 2012 paper (to be published) 
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ENSAR ECOS NA Report 
 - excerpt from the FUSHE 2012 paper (to be published) 
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ENSAR ECOS NA Report 
 - deliverables and actions 

deliverables  

actions  

subjects discussed  
at FUSHE 2012  
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Strategy and open questions 
 - visions and challenges (FUSHE 2012 paper) 
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FUSHE 2012 paper on SHE strategy 
 - outline 
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Discussion issues 
 - contributions to this session and beyond ... 

models 
• self-consistent – macro-micro 

• dynamic  

• beyond mean field ... 

stable beams 
• high intensity accelerators – ECOS 

• cw-linac project GSI 

• LINAG at SPIRAL2 

• LINCE at Huelva ... 

RIB facilities 
• reaction mechanism studies 

• multi nucleon transfer 

• spin distribution 

• nuclear structure of n-rich heavy species  

• isotonic/isotopic trends of single particle states 

• deformation, K-isomers 

instrumentation 
• accelerators, separators, detectors, ...  

targets 
• stable (Pb, Bi, ...), actinides (243Am, AU, 242,244Pu, 248Cm, 249Cf, 249Bk, ...) 

alternative approaches 
• traps 

• lasers, ... 

continuation in ENSAR2 
• cw-accelerator – first beams(?) 

• GSI/HIM 

• LINAG at SPIRAL2 

• FLNR SHE-factory 

• LINCE (?) 

• ... 

• possible synergies with RIB 

• ReA12 at FRIB 

• SPIRAL2, FAIR, EURISOL...? 

• ... 
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RIB reaction rates 
- optimum rates from projectile fission and fragmentation 

          rates 

Predictions based on the ABRABLA and 

EPAX codes, GSI. 

K.-H. Schmidt, 2001. 

48Ca 

86Kr 
76Ge 

nuclear (shell) structure  
(north) east of 208Pb 

neutron rich projectiles: 
isospin dependent  
reaction mechnism  
studies 

48K 
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RIB reaction rates 
- optimum rates from projectile fission and fragmentation, and ISOL 

          rates 

Predictions based on the ABRABLA and 

EPAX codes, GSI. 

K.-H. Schmidt, 2001. 

48Ca 

86Kr 
76Ge 

48K 

68,69Ni* 

80,81Ga 

94,95Kr 

132,133Sn 

206,207Hg 

226,227Fr 

EURISOL rates ≥ 109 particles s-1 

 

(direct target configuration, A. Kelic et al.) 

fast  1.77e+9 
reacc  3.95e+6 

fast  2.09e+6 
reacc  2.12e+5 

fast  6.83e+6 
reacc  3.69e+5 

fast  1.41e+7 
reacc  8.08e+5 

fast  6.09e+7 
reacc  1.35e+6 

fast  4.60e+6 
reacc  2.82e+5 

FRIB rates (https://groups.nscl.msu.edu/frib/rates/fribrates.html) 

beams:    76Ge, 208Pb, 238U  

238U fission  
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Perspectives for SHE research @ RIB facilities  
 - approaching and understanding SHE 
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68Ni+238U 

94Kr+208Pb,209Bi 

• extension of nuclear 

structure studies towards n-

rich (n-rich K,Ca-Zn 

projectiles) 

 

 mapping of the borders of 

deformed region (?) 

 

• heavier n-rich projectile-

target combinations 

 

 approaching the “island 

of stability” ??? (x-section 

dependance curcial)  

 

• prerequisites: 

 

reaction mechanism 

(isospin dependent) & 

nuclear structure studies  

@ FAIR, FRIB, ... 
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Multi nucleon transfer as a tool to study n-rich species 
 - Reaction dynamics 

p-stripping and n-pick-up 

channels lead to n rich 

medium mass nuclei  

p pick-up and n stripping 

channels lead to neutron 

rich heavy mass nuclei  

PRISMA@LNL 

EL =1070 MeV, θL =37o and EL =1300 MeV, θL =27o 

 

 

 

   

 

Au-like products  @ PRISMA, April/May 2013 

197Au+130Te 

XXe+208Pb 

C.H. Dasso, G. 
Pollarolo, A. Winther, 
PRL73 (1994) 1907; 
 
L. Corradi, G. Pollarolo, 
S. Szilner, J. of Phys. G 
36 (2009) 113101  

D. Ackermann, L. Corradi, E. Fioretto, D. Montanari, G. Montagnoli, 
G. Pllatolo, F. Scarlassara, A.M. Stefanini, S. Szilner  



Dieter Ackermann                Orsay, October 28th 2014 

Multi nucleon transfer as a tool to study n-rich species 
  - research topics ... 

• competitive with 

fragmentation – 

where and to what 

extent? 

• complementarity 

• production and nuclear 

structure of n-rich species  

(actinides, Z=82, N=126) 

• population of high-A/high-Z in 

the tail of the transfer mass 

distribution 

J. Benlliure et al.,  
Phys.Rev.C78 (2008) 054605 

V.I. Zagrebaev and W. Greiner,  
Phys.Rev.C87 (2013) 034608 

caution: 

de-excitation/ 

evaporation 

Fragmentation  
reactions of  
Xe isotopes  
at 1 A GeV  
on light targets   

D. Ackermann, L. Corradi, E. Fioretto, D. Montanari, G. Montagnoli, 
G. Pllatolo, F. Scarlassara, A.M. Stefanini, S. Szilner  
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Fusion barrier distribution – alternative approach 
 - the CN spin distribution 

D. Ackermann, L. Corradi, E. Fioretto, D. Montanari, G. Montagnoli, 
G. Pollarolo, F. Scarlassara, A.M. Stefanini, S. Szilner 
A.Gade, Z. Kohley, W. Mittig  
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 multiplicity filter + ER trigger 

D. Ackermann et al., Eur.Phys.J. A 20 (2004) 151  
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Extraction of the barrier distribution for 64Ni+100Mo 
 - analysis by Varinderjit Singh, Panjab University, India 
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•transmission function T(E‘) (T(𝓁)) 

 

•barrier distribution 

• covers large energy range E‘ for one Ebeam 

• sensitive only for fusion-evaporation 

• fission cut-off leads to truncation at low E‘ high 𝓁 
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priliminary – analysis ongoing 
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Entrance channel effect on ER spin distribution 
- G. Mohanto et al., Nucl. Phys. A 890–891 (2012) p. 62–76 

Fig. 11. Calculated and experimentally obtained ER spin 

distribution for the reaction 30Si+170Er. The experimental ER spin 

is the spin remaining after particle evaporation. It is obtained by 

multiplying the gamma-multiplicity by 1.5ћ. 

Abstract 

… ER gated gamma-multiplicity 

was measured for the reaction 
30Si+170Er  

… 

… measured multiplicity distribution  

was compared … 16O+184W and  
19F+181Ta forming the same CN …  

with statistical model calculations 

… indicate an absence of higher 

spins in ERs for 30Si+170Er … 

lowering of spin value is attributed 

to non-compound fission. 

HYRA + T.I.F.R. 4π spin spectrometer 
at the IUAC, New Delhi 


