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Storage ring measurements of  
ground-state and isomer properties 

- Recent data from the GSI Experimental Storage Ring (ESR) 

- The ILIMA project at FAIR 

83 scientists, 21 institutions, 11 countries 

Isomers, Lifetimes and Masses 
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Experimental Storage Ring 

circumference = 108 m 
orbital period  ~ 0.5 µs 
 cooling time   ~ 1 s 
    precision     ~ 30 keV 

ions ~400 MeV/u from FRS 



electron cooling 



Schottky method 

ADC 640 kHz 



Dy-149 in ESR 

149Dy in the Experimental Storage Ring 
[Litvinov et al., Phys. Lett. B573 (2003) 80]  

Isomers, Lifetimes and Masses 

I = 27/2 

I = 7/2 

[isomers up to I = 43/2 seen in fragmentation 
Podolyak et al., Phys. Lett. B632 (2006) 203] 



149Dy isomer decay 

[0.5 s for neutral atom] 

[Litvinov et al., Phys. Lett. B573 (2003) 80]  



[Litvinov et al., Nucl. Phys. A756 (2005) 3] 

single-ion in-ring decay 



Injection length 170 s Injection length 520 s 

potential for isomer beam purification 

[Bosch et al., Int. J. Mass Spec. 251 (2006) 212] 



125mCe58+ (t1/2~150s) 

[Petrache et al., 
Eur. Phys. J. A14 (2002) 439] 

Sun et al.,  
Eur. Phys. J. A31 (2007) 393 

92 keV 

first “new” isomer in ESR 



proton-neutron interactions: new data 

[Chen et al., submitted] 



proton-neutron interactions: new data 

[Chen et al., submitted] 

[Cakirli et al., 
Phys. Rev. Lett. 94 
(2005) 092501; 
Casten, Prog. Part. Nucl.  
Phys. 62 (2009) 183] 



SMS and IMS 

Schottky Mass Spectrometry (with cooling): T½ > 1 s 

Isochronous Mass Spectrometry: T½ > 10 µs 

both methods have single-ion sensitivity 

resolving power  ~ 106 

accuracy  ~ 30 µu, i.e. ~ 30 keV (~100 keV for IMS) 

mass measurements 



time-of-flight detectors 
for isochronous method 



isochronous method 
[Sun et al., Nucl. Phys. A812 (2008) 1; 
Knöbel et al., AIP Conf. Proc. 891 (2007) 199] 

238U primary beam at 411 MeV/u  



new IMS results 

revolution time (ns) 

[Sun et al., Nucl. Phys. A812 (2008) 1] 

238U primary beam at 411 MeV/u  



iodine isotope masses 
[Sun et al., Nucl. Phys. A812 (2008) 1] 

141I: t1/2 = 0.4 s 



FAIR rings 

NESR circumference = 222 m 

      IMPROVEMENTS 
larger momentum acceptance 
more Schottky pickups 
cooled Schottky pickups 
TOF-detector optimisation 
=> better efficiency 
=> better resolution 
=> shorter half-lives 



potential for new masses with ILIMA 

more beam (x1000) 
more efficiency (x10) 
more sensitivity 
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summary: masses and isomers 
- Schottky method: ~30 keV accuracy, >1 s 
- isochronous method: ~100 keV accuracy, >10 µs 
- exceptional (single-ion) sensitivity 
- surprising directions: 

Litvinov et al., Phys. Lett. B664 (2008) 162  

single-electron ions 


