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Heavy-lon Storage Rings - Versatile Instruments
Dedicated beam preparation and manipulation techniques

Nuclear reaction inevitably leads to large
momentum spread of the secondary beam

Beam cooling - high quality beams
~ Isochronous mode — high mass resolution

Storage - efficient

\, use of rare species Small production rates of secondary beams

Accumulation techniques
Single-particle sensitivity detection

Short-lived species

Instantaneous detection
A huge trap — more than 100 m

circumference, aperture size — 25 cm
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Radioactive lon Beam Facilty at GSI
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Direct Mass Measurements on the Chart of the :Nufclides
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Where do we stand?
About 7000 nuclei are expected to exist
Masses of about 2300 have been measured,
a
- R o r-process
o path
50 T /
rp-process
path
Penning Traps 55 3 R3
‘ Storage
20 : 50 Ring
8 i 28
‘ 20
erc 8 K. Blaum et al., 100 Years Mass Spectrometry [Int. J. Mass Spectr. 349-350 (2013)] H E LM H OLTZ == I

' ASTRUm/ T. Yamaguchi et al., Prog. Part. Nucl. Phys. 120, 103882 (2021)



Characteristics of mass spectrometry techniques
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Why do not we measure them all? b Sn N
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Schottky and Isochronous Storage Ring Mass Spectrometry

— SCHOTTKY MASS SPECTROMETRY.

Cooling: Injection
Takes time &L
Non-
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B. Franzke, H. Geissel, G. Miinzenberg, Mass Spectr. Rev. 27 (2008)
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IMS: Time-of-Flight Spectra

140 N
Nuclei with half-lives as short as 20 [s 8Kr fragments in the ESR
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Non-Destructive Particle Detection

F. Nolden etsl., Nucl. Instr. Meth. A (2011) S. Sanjari et al., Rev. Sci. Instr. (2020)

The goal: to measure non-destructively the revolution frequency
of a single ion within a few miliseconds
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Combined Isochronous+Schottky Mass Spectrometry

410MHz-2021.07.02.17.58.30.204.tiq le-9 Schottky spectra of single events
A Separation of the 101 keV isomer in ?Br
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FAIR Nuclear two-photon or double-gamma decay

0+
Y Single photon de-excitation is forbidden
0+
0" 0 0
S
e e -e
O+ O+ 0+ g Y
conversion electron electron-positron pair two-photon emission
(E*> 1.022 MeV)
First observation in 1985 with the
\_\\}\_ HD-DA Crystal Ball (Nal array)
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2-photon decay process half life [s]

Isolated 2-photon decay in "?°Ge
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FAIR combined Isochronous+Schottky Mass Spectrometry
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2Ge™: 0*—0* (single y emission forbidden)

New tool to search for 0* isomers in exotic nuclei
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FAIR Comparison of Two-Photon Decay Half Lives
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FAIR Comparison of Two-Photon Decay Half Lives
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Experiment on 0* states in ?Zr and Mo
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FAIR Bound state electron-positron pair decay in 1**Pb

Ot 930.67 B(K)=101.336 keV
, E(0+,)=930.67 keV
' 2y 1032 keV
0+ 0
Fritz Bosch
196pp82+ 1940-2016
EPJ Web of Conferences 123, 04003 (2016)
Heavy fon Accelerator Symposium 2015
NN : :
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Heavy-ion storage rings offer rich, versatile capabilities for
the research with radioactive highly charged ions

Masses of exotic nuclei
Isomeric states

Exotic decay modes

Nuclear reactions (high E)
Astrophysical reactions (low E)
Atomic reactions

Laser spectroscopy

Electron spectroscopy
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Icima

Many thanks to our collaborators from all over the world
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