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SMS: Broad Band Frequency Spectra (E036)



SMS: Accuracy (E077)

∆m/m ≈ 4 · 10-8

H. Geissel et al., Eur. Phys. J. A (in press)



Mass Distributions from Single Ions 

B. Sun et al., EPJ A (2007)
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Identification of New Isotopes (E048+E055)

F. Bosch, et al., Int. J. Mass Spectr. 251 (2006) 212-219
L. Chen, et al., in preparation



IMS: Time-of-Flight Spectra (E055)

About 13% in mass-over-charge range
Nuclei with half-lives as short as 20 µs

M. Hausmann et al., Hyperfine Interactions 132 (2001) 291

m/q range: 2.4-2.7
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IMS: Bρ Tagging (E055)

Good isochronous conditions are fulfilled only in a small range
Solution: measurement of Bρ or v in addition

H. Geissel et al., Eur. Phys. J. A (in press)



Measured Mass Surface

Masses of more than 1100
Nuclides were measured
Mass accuracy: 

SMS 1.5 ·10-7 up to 4 ·10-8

IMS ~5 ·10-7

Results: ~ 350 new masses
In addition more than  
300 improved mass values



HalfHalf--life Measurementslife Measurements



Stochastic + Electron CoolingStochastic + Electron Cooling

D. Boutin, PhD Thesis, JLU Giessen, 2005



HalfHalf--life of Fullylife of Fully--Ionized Ionized 207m207mTlTl81+81+

T. Ohtsubo et al., Phys. Rev. Lett. 95 (2005) 052501

207m207mTl (ETl (E* * = 1348 = 1348 keVkeV))

TT1/21/2(neutral) = 1.33((neutral) = 1.33(11) s11) s

TT1/21/2(bare) = 1.47(32) s(bare) = 1.47(32) s

TT1/21/2(theory) = 1.52(12) s(theory) = 1.52(12) s

D. Boutin, PhD Thesis, JLU Giessen, 2005



BoundBound--State State ββ--decay in decay in 206,207206,207TlTl

λb

λ = λb+λc+λR

bound/continuum branching ratio

T. Ohtsubo et al.,  Phys. Rev. Lett. 95 (2005) 052501 



Electron Capture in HydrogenElectron Capture in Hydrogen--like Ions (E078)like Ions (E078)

Gamow-Teller allowed 
transition 1+ → 0+

Classical EC-theory:

λβ+/λEC (neutral atom) ≈ 1

β+ to EC branching ratio:

W.Bambynek et al., Rev. Mod. Phys 49, 1977

S-electron density at the nucleus:

|fS(0)|2 ∝ 1/ n3

PEC (neutral atom) ∝ 2 ∑ 1/ n3 = 2.4

PK (H-like) ∝ 1 ∗ 1/ 13 = 1

λβ+/λK (H-like) ≈ 2.4

Conclusion:
H-Like ion should have 41% 
longer half-life

λβ+/λK (He-like) ≈ 1.37

M. Campbell et al., Nucl. Phys. A283 (1997) 413

λβ+/λK (H-like) ≈ ? ≈ 2.74 ? 



EC in HydrogenEC in Hydrogen--like Ionslike Ions

FRS-ESR Experiment

λEC(H-like)   = 0.00219(6) s-1   (decay of 140Pr58+)
λβ+(bare)      = 0.00158(8) s-1 (decay of 140Pr59+)

λβ+/λEC(H-like) = 0.72

λ(neutral) = 0.00341(1) s-1

G.Audi et al., NPA729 (2003) 3

Expectations:

λEC(He-like) = 0.00147(7) s-1 (decay of 140Pr57+)

λβ+/λK (H-like) ≈ 2.4

EC(H-like)/EC(He-like) ≈ 0.5

EC(H-like)/EC(He-like) = 1.49(8)

λβ+/λEC (neutral atom) ≈ 1
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S. Typel and L. Grigorenko

Probability of EC Decay

µ = +2.7812µN

Neutral 140Pr: P = 2.381

Gamow-Teller transition 1+ → 0+

Electron Capture in HydrogenElectron Capture in Hydrogen--like Ionslike Ions

Z. Patyk

H-like 140Pr: P = 3

He-like 140Pr: P = 2

Theory:
The H-Like ion should really decay 
20% faster than neutral atom!

(2I+1)/(2F+1)



Sensitivity to single stored ions

Recording the correlated changes 
of peak intensities corresponding to 
mother and daughter ions

Reliable determination of the 
number of a few stored particles

Investigation of a selected decay 
branch, e.g. pure electron capture 
decay

Systematical effects such as late 
cooling or feeding via atomic or 
nuclear decays can be 
disentangled

F. Bosch et al., Int. J. Mass Spectr. 251 (2006) 212

SingleSingle--Particle Decay Spectroscopy (E077)Particle Decay Spectroscopy (E077)



ILIMA: Towards Isomeric Beams (E051)
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Q   = 3388 keVEC

Frequency [kHz] - 61000.0
187.4 187.6187.2 187.8

Insert scraper

Injection length 170 s

1. Pure isomeric beams can be 
prepared if the half-life of the 
corresponding  ground state is 
much shorter.

2. For isomers with large excitation 
energies a spatial separation by 
means of a fast micrometer scraper 
is possible.  In the first experiment 
the isobars with a Q-value of 3.388 
MeV were successfully separated.

Pure beams of ions in the isomeric 
or ground state can be prepared 
alternatively.

ILIMA Collaboration
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