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Peter’s landscape of shell-correction energies, 1996



Design and construction:

H. Ewald

G. Münzenberg

W. Faust

K. Güttner

University Gießen

SHIP



River Lahn Gießen Marine Club

People in Gießen have experience in SHIP building



Great excitement with Sikkeland's prediction

xxx



Sikkeland: tens of mb’s cross-sections for element 126
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44 h,  σ < 1 nb 76 h,  σ < 0.4 nb

1976, 1977:  first disillusion



1977-1981: developments, testing field N = 82

Chart of nuclei 1974



Three new elements

Bohrium, Bh Hassium, Hs Meitnerium, Mt

1981 1984 1982

G. Münzenberg et al., 1981−1984



Stability of heavy and superheavy nuclei

S.G. Nilsson, P. Möller, A. Sobiczewski et al., Nucl. Phys. A, 131, 1 (1969)
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1982-83: second disillusion, no element 116 

Collaboration

GSI, Darmstadt

LBL, Berkeley 

Univ. Mainz 

LANL, Los Alamos

EIR, Würenlingen

Univ. Göttingen

1 nb

1 pb

“in flight” 

Separation
Chemical 

Separation

1ms1μs

48Ca + 248Cm => 296116*



ACTINIDES-93, Santa Fe, NM, Sept. 19-24, 1993
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Title of talk: Plans to identify heavy elements produced in reactions 

with cross-sections of 1 pb and below



1993: exploring the landscape



1993: big river, but no SHIP



1994: back at home

50Ti + 208Pb

58Fe + 208Pb

1 g / 500 000 DM 

natural: 0.28 %

“Extrapush“ Theory
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50Ti + 208Pb

58Fe + 208Pb

1994: measurement of excitation functions
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Contact Bass model



50Ti + 208Pb

58Fe + 208Pb

Increasing cross-section at lower beam energy
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Contact Bass model



50Ti + 208Pb

58Fe + 208Pb

Result: no extra-push
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Contact Bass model



1994-1996: GSI-SHIP,   2004-2012: RIKEN-GARIS

Darmstadtium, Ds Roentgenium, Rg Copernicium, Cn 113

1994 1994 1996 2004



1994: Peter’s Christmas present



1996: Peter’s Easter present



Fruitful collaboration

Theoretical 

shell-correction energies

P. Möller, 1995

Experiment SHIP, 

February 9th, 1996, 22:36 h



Peter’s contract with GSI: May ‒ July 1996

Tasks of the contract:

1. ...

2. FRDM- and FRLDM-masses for SHE.

Comparison of experimental mass and Qα-values.

Why is FRDM diverging for Z>108 from experiments? 

3. ...



July 12-14,1996, Brussels



Shortest CW accelerator worldwide

Intensity OK!

Energy too low !



On the occasion of Ray’s retirement



October 1998: preparing hot food



X + 208Pb, 209Bi

48Ca + X

Food from cold and hot kitchen
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Shell effects in different models

P. Möller, 1995

S. Cwiok et al., 1998
A. Sobiczewski et al., 1995

114

114
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120

114

126

126

K. Rutz, W. Greiner et al., 1997

Macroscopic-microscopic Mean field
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Qα values: experiment and theory

Experiment Dubna 

I. Muntian et al., MM

P. Möller et al., MM

S. Cwiok et al., SHFB

M. Bender, RMF

S.Liran et al., SE

S. Schramm, CMF



Alpha-decay chain passing 291Lv

bα = 15%

81%

A. Sobiczewski et al. (MM) 

P. Möller et al. (MM) 

Experiment [DGFRS-FLNR]



unknown mass of end point

adjusted to theoretical value

M(Z,N) = M(Z-2,N-2) + M(2,2) + Qα (Z,N)/c2

Emic/c
2 = M(Z,N) – MLD,theory

α1 

α2 

α3 

α4 

α5 

α6 

Masses and shell correction energies



Shell-correction energies

Theory: A. Sobiczewski et al. P. Möller et al.



Shell-correction energy and fission barrier 

A. Sobiczewski et al.

T1/2 ~ exp∫B[V(r)-V0]1/2dr98

106

114



Shell-correction energies and fission barrier

Theory: A. Sobiczewski et al. P. Möller et al.

−EFB

ESC

−EFB

ESC



2014 suggestion for a new contract

The only task:

Why is FRDM diverging for Z>110 from experiments?



White Sands, 2009: longing for water and a SHIP

Sometimes, the situation with SHN research is similar

like a walk through the desert: you can easily get lost



Therefore: look for a guide with a map



and a big car



and plans for the future



and an expert in cocktail mixing



and a master in the kitchen



and a friend who helps with the use of chopsticks



Congratulations

For Peter Möller 

on the occasion 

of his 70th birthday

For the old SHIP group, 

Sigurd Hofmann

Tokai, December 4th, 2014


