State selection in ®’Rb beam by laser optical pumping
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With modern advances of the laser technique applied to rubidium atom in frequency standards®,
new opportunities for increasing the efficiency of optical pumping for rubidium beams appear®.

In this paper the optical pumping efficiency of the lower sublevel (5°Sy, Fq =1 M=0) for the
“clock” transition Fy = 1 M=0 < F; =2 M =0 in rubidium standards is analyzed in detail.

The criteria for most efficient pumping schemes are as follows:
- Maximum population of the Zeeman sublevel (Fy=1 M = 0);
- Optimization of possible optical transition schemes for the pumping.

According to our approach® we considered the sequence of laser-induced transitions between dif-
ferent hyperfine levels of the D; line of ®’Rb atoms.

Our results in the following:

1. The optical pumping of the Fg = 1 M=0 level can be performed using simultaneous transi-
tionsFy=1 < Fe=1and Ff=2 < F. =2 with the pumping efficiency about 6;

2. With the preliminary pumping using the transition Fs =2 < F¢ =1 the pumping efficien-
cy for the Fg =1 M = 0 level increases up to 8.2.

3. The last value of the pumping efficiency can be increased further by additional transi-
tions.

Finally, such an increase of the lower level population should results in a significant increase of
the signal-to-noise ratio in rubidium frequency standards.
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