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Separator Design 101  -  Why a Velocity Filter?
Electric field: Particles get deflected according to energy
Magnetic field: Particles get deflected according to momentum

combine the two into a Wien filter: separate by velocity

Advantages: 

Very high efficiency, 
independent of charge state



Suppression of beam by 
1:1012



A real workhorse

Jahresberichte (Annual Reports) since 1995*:

* before that only scanned images of pages are available and OCR really struggles.



The journey (a selection)

Proton Emitters

Shape Coexistence

Superheavy Elements

Recoil Decay Tagging



Proton Radioactivity
Predicted since the 1960s 
(Goldansky, Ann. Rev. Nucl. Sci 16, 1)

First glimpse in 53mCo,   (K. P. Jackson,

from an isomeric state. Phys. Lett 33B 281 (1970))

1981: First observation of 
ground state proton decay 
in 151Lu at SHIP

Hofmann S, Münzenberg G, Faust W, Hessberger F P, Reisdorf, 
Schneider J R H, Armbruster P. Gutter K and Thuma B 
1981 Proc. 4th Int. Conf. on Nuclei Far From Stability (Geneva, 1981) 
(Geneva: CERN 81-09) p 190

Hofmann S, Reisdorf W. Münzenberg G, Hessberger F P,
Schneider JR H and Armbruster P: Z. Phys. A 305 111 (1982)



Rapid progress

Klepper O, Batsch T, Hofmann S, Kirchner R, 
Kurcewicz W, Reisdorf W, Roeckl E, 
Schardt D and Nyman G, 
Z. Phys. A 305 125, (1982)

Faestermann T, Gillitzer A, Hartel K, Kienle P,  Nolic E,  
Phys. Lett. 137B, 23 (1984)

109I 113Cs

151Lu

150Lu 147Tm 147mTm

Hofmann S, Reisdorf W. Münzenberg G, Hessberger F P,
Schneider JR H and Armbruster P: Z. Phys. A 305 111 (1982)



Proton emitters today

We have mapped out most of the proton dripline up to Bi 

A total of 85 proton emitters are known (Karlsruher Nuklidkarte, 11 ed. 2022)

Several proton emitting isomers

Two-proton radioactivity

A very rich legacy, indeed



Recoil Decay Tagging
M. Muikku Phys. Rev. C 58,  R3033-R3036 (1998)



Recoil Decay Tagging - Darmstadt

Phys Lett 168B, 39 (1986)

Z Phys A 325, 197 (1986)

A.N. Andreyev, nature 405, 430 (2000) 



Recoil Decay Tagging - Liverpool



RDT:      Liverpool vs Darmstadt



Superheavies: the Island of Stability



Reif für die Insel



Darmstadtium
208Pb + 62Ni → 269Ds + n

On Wednesday, November 9, 1994 at 4:39 pm, the first nucleus 
of element 110 was measured.

Darleane C Hoffman, in nature 373, (1994)



Superheavy Element 111 (Rg)
S. Hofmann, V. Ninov, F. P. Hessberger, P. Armbruster, H. Folger, G. Münzenberg, H. J. Schött,
A. G. Popeko, A. V. Yeremin, A. N. Andreyev, S. Śaro, R. Janik, M. Leino. 
“The new element 111”, 
Z. Phys. A 350, 281–282 (1995).

S. Hofmann, F. P. Hessberger, D. Ackermann, G. Münzenberg, S. Antalic, P. Cagarda, B. Kindler,
J. Kojouharova, M. Leino, B. Lommel, R. Mann, A. G. Popeko, S. Reshitko, S. Śaro, J. Uusitalo,
A. V. Yeremin. 
“New results on elements 111 and 112”, 
Eur. Phys. J. A 14, 147–157 (2002).

Pure Appl. Chem., Vol. 76, No. 12, pp. 2101–2103, 2004



Andrei Popeko, Fritz Peter Heßberger, Andrej Andreyev, Gottfried Münzenberg, Jürgen Bossler, Hans-Joachim Schött, Stefan Saro, Hans Georg Burkhardt,
Sascha Yeremin, Victor Ninov, Matti Leino, Sigurd Hofmann, Peter Armbruster, Ursula Vogel, Helmut Folger



First and longest decay chain of element 112

Theory, P. Möller, 1995: 

Ground-state

shell correction energy

 

Experiment, GSI-SHIP,

9. February 1996, 22:37 h



Element  112: Copernicium, Cn



F P Heßberger, G Münzenberg, A  Popeko, H Folger, H J Schött, C Stodel, H G Burkhardt
V Ninov, S Hofmann, P Armbruster, S Saro, A Yeremin, S Raiss



Visit by Glenn Seaborgs at  SHIP (July 3rd 1981)
F.P. Heßberger, Glenn Seaborg, Günther Herrmann, P. Armbruster



What engages the public in science?

Better lives

Economic benefits

Health benefits

Excitement
Krzysztof Rykaczewski



23/2/26
156.587 
verified signatures

6 January 2016



Spectroscopy

E.g.:    Heßberger F P et al 2005 Eur. Phys. J. A 26 233
and many more

Fritz Heßberger und Bruno Quint



Let’s put Lasers on our SHIP

Wikimedia – US NAVY 



Laserspectroscopy at SHIP - timeline
In gas-cell (RADRIS)
• First principal idea from Hartmut Backe / Werner Lauth et al. Based on the

work on fission isomers at Mainz/Heidelberg [https://doi.org/10.1103/PhysRevLett.80.920]

• 2004/2005/2006/2007/2012 test beamtimes, setup traveling from Mainz
• From 2012 permanent installation of laser at GSI
• 2014/2015 beamtime – 2015 No transition discovered
• Beamtime 2016, 2019,2020, 2021, 2022, 2024, 2025

• More nobelium isotopes, fermium & californium isotopes

In-gas-jet (JetRIS)
• 2017: started project on gas-jet laser spectroscopy
• 2019: first test beamtime
• 2022: ground state of No-254 in-jet spectroscopy
• 2025: 266ms 8- K isomer in No-254 with laser spectroscopy



RADRIS
FWHM 
28 GHz FWHM 

5 GHz

Nobelium resonance 2015

Rydberg series in Nobelium





The Fm chain of isotopes



Commissioned 2001



SHIPTRAP

M Block et al. Nature 463, 785-788 (2010) doi:10.1038/nature08774

Photo: G. Otto, GSI

Cyclotron resonance curve of 253No2+.



Direct Mass Measurements of 252-254No, 254-256Lr, 257Rf

50 ions in 4 days

𝝳m/m = 3E-7

256Lr2+

TRIGA-TRAP, JGU Mainz:

• M. Eibach et al., Phys. Rev. C 89, 064318 (2014)

• S. Chenmarev et al., Eur. Phys. J. A 60, 204 2024

RIKEN/KEK (Japan):

• P. Schury et al., Phys. Rev. C 104, L021304 (2022)

• Y. Ito et al., Phys. Rev. Lett. 120, 152501 (2018)

SHIPTRAP measurements in (trans)actinides:

• O. Kaleja, Phys. Rev. C (2022) 054325

• E. Minaya Ramirez et al. Science 337, 1207 (2012)

• M. Block et al., Nature 463, 785 (2010)

• direct mass spectrometry Z > 100 established: 

SHIPTRAP/GSI 2008

• mass measurements to study nuclear shell 

structure around Z = 100, N = 152

• measurements performed with detected rates of  

≈ 0.00002/s and 5 detected ions

• high mass resolving power of SHIPTRAP

allows identifying nuclear isomers 

PhD Brankica Anđelić, Groningen 2022



The intrepid Crew 10 years SHIP, 
March 1986

Personen ( von links nach rechts) Stehend:  Jürgen Zienert, Wolfgang Faust, Klaus Güttner, Peter Armbruster, Fritz Peter Heßberger,  
Sigurd Hofmann, Paul Kienle, Christoph Schmelzer, Heinz Ewald, Karl-Heinz Schmidt, Hans-Joachim Schött. Gottfried Münzenberg
Sitzend/kniend: Izabella Zychor, Hans Geissel, Steffi Lüttges, Bruno Quint, Gerhard Berthes, Eckhard Hanelt



Happy usersHappy users



The next 50 years



A FAIR wind in the sails



Thank you!
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