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Mass spectrum of secondary beam 

Secondary beam includes  

many backgrounds! 

Francium (Z=87) is the heaviest species among alkali elements.  Due to its properties, Fr is said to be of advantage in measurements of a tiny observable, such as the electric dipole moment of the 

electron.  Fr must be produced artificially in order to execute experiments with it because it is one of the most unstable elements.  We produce Fr with the nuclear fusion reaction of an oxygen beam and 
gold target, ionize the produced Fr through a thermal ionization process, and extract the ion with electrostatic fields.  However, the thermal ionization process is known to ionize not only an objective 
atom but also other atomic species.  Therefore, a Wien filter was installed to analyze the composition of the ion beam and to purify the beam. This allowed us to improve the beam purity from ~10-6 to 
~10-3. In order to improve not only the beam purity but also the ion extraction efficiency, we plan to make a new Fr ion source.   

This work revealed that many impurities are ionized and transported much more than the radioactive isotopes produced by a nuclear fusion reaction in our apparatus.  
The purity of the ion beam must influence the magneto-optical trapping for two reasons.   
• One is the disturbance of the trapping due to atomic collisions between the objective atom and the impurities desorbed from the neutralizing target.   
• Another is to degenerate the chemical properties of the neutralizing target surface by the impurity accumulation on the target.   

• The surface neutralization process depends on the work function of a target surface, which is susceptible to a surface condition.   

Hereafter, the effect that the purity influences the efficiencies of the neutralization and trapping will be quantitatively 
estimated, and the resolution of the Wien filter will be improved due to lower emittance beam by redesigning the extraction 
of the Fr ion source.  These improvements must increase the intensity of the cold Fr atoms and finally lead to the 
improvement of the measurement precision.  

A4 size 

Mass IP (eV) 
Boiling point* (K) 

at 0.1Pa 

Sodium 23.0 5.14 500 

Magnesium 24.3 7.65 600 

Silicon 28.1 8.15 1700 

Iron 55.8 7.90 1500 

Copper 63.5 7.73 1400 

Arsenic 74.9 9.79 500 

Rubidium 85.5 4.18 400 

Molybdenum 95.9 7.09 2500 

Palladium 106.4 8.33 1300 

Silver 107.9 7.58 1200 

Cesium 132.9 3.89 400 

Tungsten 183.8 7.86 3200 

Gold 197.0 9.23 1500 

Lead 207.2 7.42 900 

*These temperatures are extrapolated from the data 
at vapor pressures 200Pa – 105Pa of Kaye & Laby.  

vs. Fr ion: 105pps ~ 10fA  
for TAu=1000oC, 18O5+ ~ 2eμA 

Condition of these data 

- Total beam current 7pA 
- B field  ~0.12T 
- E field 6.3kV/m for A=210 
- Vacc 3kV 
- TAu < 530oC 
- Vacuum ~ 10-5Pa 

Courtesy of Hatanaka et al. (RCNP) 

Candidates of the background beam 
deduced from equipment materials 
themselves and impurities of the materials.  

Project of the Fr trapping at CYRIC 
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permanent EDMs violate the time-reversal symmetry 

The time-reversal symmetry holds in the Standard Model 

Discovery of the EDM = Discovery of the new physics 

Fr 

Tl 

Cs 
Rb 

spin J 
-J 

EDM 

d d 
＋ 

－ 

EDMs in paramagnetic systems are sensitive to the electron EDM 

Electric-dipole moment (EDM) Enhancement in heavier atoms 

8th International Workshop on “Fundamental Physics Using Atoms”  
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Many components 
such as electrodes, insulators, and so on 

? 

Frequently require difficult maintenances 

 Simple structure will resolve the problems. 

Gold target  
(+HV, ~1000oC) 

Focus lens 
(+HV) 

New ion source (now under construction) 

Typical 120 ion trajectories calculated by SIMION 

 inspired by Legnaro (Italy) Fr-ion source 
 Only 2 components (target & lens) 
 Parallel beam 

Swinger magnet 

Optical trap 
in magnetic shield 

Surface ionizer for francium 

Electrostatic beam line for low energy Fr ions 

20mm 

to increase impurities 
to degrade the ionization eff.  2
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