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Why a new Method to Measure Isomers? 
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Requirements for system for isomere search: 

• Fast: ~ms 

• Sensitive: Non-Scaning 

• High Mass Resolving Power: >>105 

• High Dynamic Range: > 10:1 

  

MS and isomeric  

beams with MR-TOF-MS 

(FRS Ion Catcher) 

Nubase 2012 
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FRS Ion Catcher 
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W.R. Plaß et al., NIM B 317 (2013) 457 

S. Purushothaman et al., EPL 104 (2013) 42001 

T. Dickel et al., NIM A 777 (2015) 172 

M. Ranjan et al., NIM A 770 (2015) 87 

M.P. Reiter et al., NIM B 376 (2016) 240 
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Setup at the FRS Ion Catcher at GSI 

Cryogenic  
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Diagnostics 

Unit Time-of-Flight 

Mass Spectrometer 

Cooling System 



T. Dickel, FRS Ion Catcher: Measurement of Isomers and  Production of Isomerically Clean Beams, SSNET,  Paris, France, November 6 – 10, 2017 

132.904 132.906 132.908 132.910

10

100

 

 
C

o
u
n
ts

Mass-to-Charge / (u/e)

1634 keV/c² 

m/m = 360,000 

Uranium Fission Fragments 

334 keV/c² 

• Mass measurement of uranium fission products produced at 1000 MeV/u 

• MR-TOF-MS will enable efficient search and measurement of new 

isotopes  and isomers 

133Cs 

133mI 

133I 

133Te 

133mTe 

S. Ayet 

et al. 
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Mass Measurements 

Direct 
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J Ebert, PhD Thesis, JLU Giessen, 2016 

S. Purushothaman et al., IJMS (2017) in press 

A.K. Rink PhD Thesis, JLU Giessen, 2017 

C. Hornung, PhD Thesis, JLU Giessen, in prep.  

S. Ayet, PhD Thesis, JLU Giessen, in prep. 
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m(215Po) accuracy: ~ 75 keV 
∆m from AME2012: 85 keV 

t1/2(
215Po)= 1.78ms 

• Accuracy > 2·10-7 • Half-life > few ms 
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Isomer Measurement with MR-TOF-MS 

Requirements for system for isomere search: 

 Fast: ~ms 

 Sensitive: Non-Scaning 

 High Mass Resolving Power: >>105 

 High Dynamic Range: > 10:1 
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m/Δm(FWHM)~450.000 

Results from the recent beamtime (June 2016): 600MeV/u 124Xe on a 1.6g/cm² Be target 

109gIn 

109m1In 

109m2In 

650 keV 

2100 keV 

109gIn 109m1In 

109m2In 
t1/2: 209ms 
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1/2- Isomers in proton rich In Isotopes 
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Isomer-to-Ground State Ratio 

Systematics in Isomer-to-ground  

state ratio include information about 

nuclear structure and production 

mechanism 

I. Miskun 

C. Hornung 
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Measurement and Separation of Isomers 

• Identification of 211gPo and 211mPo by using PID detectors in the FRS, 

   by alpha decay on Si detector and by mass spectrometry 
  

• Measurement of excitation energy:  

  (1472  120) keV      Lit.: (1462  5) keV  
  

m/m = 250,000 

TOF = 8.7 ms 
1472 keV 

Measurement using  

the TOF detector 

T. Dickel et al., Phys. Lett. B 744 (2015) 137 
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Measurement and Separation of Isomers 

First spatial separation of ground state and isomeric state in an MR-TOF-MS 

Proof-of-principle: production of isomerically clean beams by MR-TOF-MS 

T. Dickel et al., Phys. Lett. B 744 (2015) 137 

Separation using the  

Bradbury-Nielsen gate, 

measurement using  

the Si detector  

BNG off 

BNG on 
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Results From 2014 to 2016 

238U fission fragments 
produced at 1000 MeV/u 

(2014) 

238U projectile fragments 
produced at 1000 MeV/u 

(2014) 

238U projectile fragments 
produced at 300 MeV/u 

(2016) 

124Xe projectile fragments 
produced at 600 MeV/u 

(2016) 

• 2014: 238U @ 1GeV/u 
• 2016: 238U @ 300MeV/u 

     124Xe @ 600MeV/u 

134Sb, 134mSb 
133Te, 133mTe 

133I, 133mI 
134I, 134mI 

134Xe, 134mXe 

211Po, 211mPo 

Mass measurements with an accuracy > 2·10-7 

• > 40 short-lived ground states  

• 15 isomers 
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Approved Beamtimes for 2018/19 

Deta-delayed Neutron Emmission 
238U fission fragments 

(S472 I. Mardor) 

Multi-Nucleon Transfer 
238U beam + 164Dy target 

(S475 T. Dickel) 

208Pb projectile fragments 
(S464 S. Pietri) 

124Xe projectile fragments 
(S474 W. Plaß) 

A: S474 + S464      A-: S472 + S475 
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Conclusions and Outlook 

The FRS Ion Catcher 
  

• Unprecedented efficiencies for thermalized ions  

produced at relativistic energies 

• Access to short life times (~ms) 

• High-accuracy mass measurements: 2·10-7 

• Powerful tool for the measurement of isomers:  

   Identification, excitation energies, isomeric ratios  

• Isomerically clean beams 

 
 

Beamtimes in 2018/19 

•  N=Z below 100Sn 

•  N=126 below 208Pb 

•  Multi-Nucleon Transfer; Target and Projectile-like  

Fragments (238U  164Dy) 

•  PXN for Uranium Fission Fragments (A~140) 
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