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Overview

• Overview on fission isomers

• Search for fission isomers​ at FRS Ion Catcher

• FRS Ion Catcher technical improvement

• Preliminary spectra, data analysis is ongoing
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Fission Isomers

What are isomers?

1917: predicted by Soddy , Nature 99 (1917) 433

“We can have isotopes with identity of atomic

weight, as well as of chemical character, which are 

different in their stability and mode of breaking up.”

1921: uranium-X (234mPa) isomers observed by Hahn

1936: isomers explained as spin traps by von

Weizsäcker, Naturwissenschaften 24 (1936) 813

What is fission?​

1934: Fermi and co bombarded uranium 
(Z=92). Resulting radioactivity could not be 

explained as coming from a new element (Z=93).

1939: Hahn, Strassmann, Meitner and Frisch 

recognized the new process as the fissioning in 
two fragments

1939: Meitner and Frisch gave theoretical 

explanation as analogy of a charged liquid drop.
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Fission isomers
(Macroscopic) droplet model + (microscopic) shell 

corrections (Strutinsky, 1967)

The isomeric state decays:

• via delayed fission

• by γ back-decay into deformed first minimum

• by prompt fission.

(Superdeformed) second minimum in potential energy 

surface appears in actinides

→ 35 fission isomers known

P. Thirolf, D. Habs, Prog. Part. Nucl. Phys. 49, 325–402 (2002).
• Studies in the past by n, p, d, α-induced 

reactions;

• Disadvantage:

Huge prompt fission background

• Challenging to get targets to study U and Np
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The FRS Ion Catcher at GSI/FAIR
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The FRS Ion Catcher at GSI/FAIR

FRS

The FRS Ion Catcher

FRS Ion Catcher (gsi.de)
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https://www-win.gsi.de/frs-ion-catcher/


Fragmentation method at the FRS Ion Catcher

• Fast production and separation (~280 ns time-of-flight for particles with 1 GeV/u )

• High beam purity and event-by-event identification

W.R. Plass et al. NIMB 317, 457-462 (2013)

• No direct prompt fission background, due to spatial separation of production and detection

• Precision study on the half life of 235fU

A. Oberstedt, et al., PRL. 99, 042502 (2007)

A. Oberstedt and S. Oberstedt, Phys. Rev. C 104, 024611 (2021)
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Detection methods at FRS Ion Catcher

8

• Implantation correlated (in-time and spatially) to 

the FRS-PID

• background-free, because the fission order of 

mag. higher signals

• rate capability: kHz
• µs to ms half-lives
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• Measurement time ~10 ms (e.g., 235fU)

🡪 shorter DC-cage for faster extraction

🡪 MR-TOF-MS running with 200Hz

• Background suppression

🡪 α-ToF detector (mass tagging decay)
• Rate capability: 0.1 MHz
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T. Niwase et al., NIM. A 953, 163198 (2020).

Implanter:

5mmt plastic sci. 

+ 4 fast PMTs

x due to the Covid-19

α-ToF from Wada-san

• ns to µs half-lives (e.g., 236fU)​

• Background suppression​

🡪 by event-by-event particle identification​

🡪 by position correlation​ (in time) to FRS-PID​

• ​Rate capability: MHz​
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Technical improvement at FRS Ion Catcher

Upgrade for the experiment:

• Measurement time ~10 ms

• Special α-ToF detector measures 

decay energy and mass

→ background suppression

Up

• Energy of the fission event

→ clear identification of fission  

isomer

• half-life (ms)

• Excitation energy of isomer
• Mass measurements

Properties that shall be measured

Up
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Technical improvement at FRS Ion Catcher

Up

Properties that shall be measured

Upgrade of CSC:

extraction time 10ms, due to 

shorter DC-cage and higher 

push fields, increased rate 

capability

Long DC Cage (100cm) Short DC Cage (50cm)

• Energy of the fission event

→ clear identification of fission  

isomer

• half-life (ms)

• Excitation energy of isomer
• Mass measurements
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Technical improvement at FRS Ion Catcher

Upgrade of MR-ToF:

• Special α-ToF detector measures 

decay energy and mass

→ background suppression

M. Wada, T. Niwase et al., NIM. A 953, 163198 (2020).

• MR-TOF runs with 200Hz repetition 

rate

Up

Properties that shall be measured

• Energy of the fission event

→ clear identification of fission  

isomer

• half-life (ms)

• Excitation energy of isomer
• Mass measurements

α-ToF detector
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FRS-IC: CSC with high rate of incoming beam

New rate record for CSC:

✓ High extraction efficiency with 2x105 ion/s 

with spill length of 3-4 s.

✓ shorter DC-cage (100 cm -> 50 cm), less 

loss due to space charge.

I. Miskun, PhD thesis, JLU Giessen (2019),
M.P. Reiter et al. NIM B 376 (2016) 240,

First result experiment S530 (2021)
Preliminary
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Via mass spectrometry method: time of fligth from a-TOF

Identification (Ion-of-interest vs. impurity/calibrant)
✓ Spill on vs. off (12C3

19F8 gas and 133Cs)
✓ Different multi-turn spectra

Time of Flight
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Spill on

Spill off

(224Th16O)2+

Challenge:

• Spectrum cleanliness

Resolving power: approximately 150k @ 

~ 4.5 ms flight time

Preliminary
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Via mass spectrometry method: time of fligth from a-TOF

Preliminary

mass
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Peak identified are at the background level

use energy identification
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Via mass spectrometry method: energy spectrum from a-TOF

Preliminary

224Ra

220Rn

216Po

212Po
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224Ra
220Rn

216Po 212Po

For 220,221Ac stopped in the CSC:CSC internal source 224Th



Via mass spectrometry method: energy spectrum from a-TOF

Preliminary

224Ra
220Rn

216Po 212Po

For 220,221Ac stopped in the CSC:
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Implantation method

236fU

235fU

Veto 1 Veto 2

Implantation

Preliminary
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• 236fU T1/2 ~ 130 ns

• 235fU T1/2 ~ 10 ms



Comparison: PID and position CUT
236fU no cut

235fU no cut

236fU cut window

235fU cut window

Preliminary
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Summary

• Overview on fission isomers

•Search for fission isomers at FRS Ion Catcher with ns – ms half-lives

•Fast plastic scintillator based implantation detector

•FRS-Ion-Catcher with new developments

CSC with shorter DC-cage allows fast extraction, high rate

MR-TOF-MS running with 200Hz handles high rate

α-ToF allows mass tagging decay studies

•Data analysis is on going
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