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Apparatus for
Production and Trapping of Fr



Summary of 
measurements 
at Stony Brook

latest
measurement



Hyperfine splitting of the 6s level in Rb

Relationship between hyperfine constant A and the electronic 
wavefunction for the 6s level:

µB Bohr magneton

µ0 magnetic constant

µI nuclear magnetic moment

I nuclear spin

FR relativistic correction

(1-δ) Breit-Crawford-Schawlow correction

(1-ε) Bohr-Weisskopf effect

• Compare hyperfine measurements to ab initio calculations    
testing the short distance quality of the wavefunctions.

• Learn something about the nuclear structure from the hyper-
fine anomaly.



Energy levels in Rb and Fr

85(87)Rb 210Fr



Schematic of apparatus



Schematic of apparatus



Method

Representative signal
for 87Rb as we scan the
second laser.

Room temperature cell

Resonant in D1 line

Frequency sidebands at 
700 MHz

The grey area shows the point of approach of the two sidebands
that forms the basis of our method.







Fitting procedure

analysis program: OriginTM

statistical error 100kHz



Systematic effects?

• Presence of a nonzero external magnetic field (Zeeman shift)

• Number of atoms by a temperature change:

• Laser intensities

• Linewidths of our lasers

Electromagnetically induced
transparency (EIT)

Autler-Townes effect
(or ac-Stark splitting)

error: 34kHz  (85Rb) and 30kHz (87Rb)

no error

avoided

negligible

error: 3kHz



Error budget

Total separation: /



Comparison
85Rb: 87Rb:

(i) M. S. Safronova et al.
(ii) R. Gupta et al. (cascade radio-

frequency spectroscopy)
(iii) theoretical estimation:



Hyperfine anomaly

The Bohr-Weisskopf effect describes the modification of the
hyperfine interaction due to a finite distribution of magnetization, 
rather than a point nucleus.

Magnetic hyperfine interaction:

Ratio:

hyperfine anomaly, µΙ nuclear magnetic moment

In terms of nuclear g-factors and hyperfine constants A:



( gI
85/gI

87 = 0.295055(25) )



Conclusion

• General overview: Fr-Experiment

• Hyperfine splitting measurement of the 6S1/2 state in 
Rb to about 200ppm

• Improvement of a factor 30 in 85Rb and 90 in 87Rb 
(two-photon spectroscopy)

• Precision allows extraction of the hyperfine anomaly

• Agreement with theory to better than 0.3%, which
shows the high quality of MBPT calculations


