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Isotope Shift and Nuclear Charge Radii 
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Hyperfine Structure and Nuclear Moments 

Magnetic dipole 

Electric quadrupole 
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Laser Spectroscopy of Radioactive Isotopes 

http://www.gsi.de/forschung/ap/projects/laser/survey.html 
 

Nuclear charge radii + 
nuclear moments 

>40 years of effort 




�

Isotopic Menu for Laser Spectroscopy 

Low-energy 
yield, s-1 
 

> 106 

105 - 106 

104 - 105 

103 - 104 

102 - 103 

10 - 102 

1 - 10 

< 1 
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Laser Lab Layout @ CARIBU 
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Laser Enclosure 
(~ 6  x 10 ) 

Laser Table 
(~ 3  x 7 ) 

Ion Trap 

Collinear Beamline 

Tape Station 

Cf-252 source 
80 mCi -> 1Ci 

High-resolution 
mass separator 
δm/m > 1/20000 

Gas catcher 

RF Cooler & Buncher 
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Collinear Laser Spectroscopy 
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Collinear Spectroscopy with Cold & Bunched Beams 
A. Nieminen et al., PRL 88, 094801 (2002) 

•  gate on ion bunch 
•  reduce ion energy spread 
•  increase S/N by ~ 102 

•  deal with 100 ions/s 

Voltage, V 
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Linear Paul Trap for Spectroscopy PMT / 
EMCCD 

•  open geometry, linear Paul trap  -> large light collection efficiency 
•  buffer gas w. LN2 cooling, -> good spectroscopic resolution, quenching of dark states  
 
-> single ion detection sensitivity  

ITO coated 
optics 

Ba+ 

black, conductively 
coated electrodes 



/0�

In-trap spectroscopy 

•  open geometry, LN2 cooled linear Paul trap 
 - buffer gas cooling 
 - large light collection efficiency 
 - few to single ion detection sensitivity 
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In-Trap Spectroscopy at CARIBU 
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A t_1/2 yield, 1/s
139 1.45E-01 1.396h 3.22E+05
140 5.16E-01 12.75d 1.15E+06
141 1.11E+00 18.3 m 2.46E+06
142 2.70E+00 10.7 m 5.99E+06
143 4.40E+00 14.3 s 9.77E+06
144 3.37E+00 11.4 s 7.48E+06
145 2.06E+00 4.0 s 4.57E+06
146 9.81E-01 2.20 s 2.18E+06
147 2.50E-01 0.892s 5.55E+05
148 4.80E-02 0.64 s 1.07E+05
149 4.04E-03 0.36 s 8.97E+03
150 3.27E-04 0.962s 7.26E+02
152 3.77E-07 0.420s 8.37E-01

Ba Isotopes 
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Nuclear Spin Polarization in Solid Noble-Gas Matrix 
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Substrate 

LHe 

Noble 
gas ice 

Optical pumping Atomic beam 
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Some concluding thoughts 
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