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A theoretical and experimental study on the effect of optical pumping on the transmission 

spectra of rubidium is presented. We calculated the absorption coefficient of a laser beam for the 

transitions,   →    ,  , and    of the   transition line of 
85
Rb atoms, where     

and 3 for 85Rb atoms (Fig. 1(a)). The calculated results were compared with experimental results.

When a circular laser beam of radius     with a constant intensity is considered, the fraction 

of atoms traversing the laser beam within   and    is given by the following:  
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where     and         is the imaginary error function. The averaged 

absorption coefficient is then given by
(1)

 


 

 
    

  


  




∞

∞


  



 
                                

                        ×
 

   

  




∞

    
                (2)

where   is the detuning of the pump beam relative to the transition between   →     ,  

  is the wavelength corresponding to the atomic resonance,   is the atomic density, 

    is the most probable velocity, and   represents the polarization of the laser beam.  

In Eq. (1), 
    is the normalized line strength(2). The populations in Eq. (2) can be calculated 

from the rate equations, whose explicit expressions(1) are presented by replacing   with  .

Figure 1(b)-(i) shows the effect of optical pumping on the transmission spectra by measuring 

the line-center transmission as a function of laser intensity. The absorption coefficients for the 

transition from the lower ground state decreased gradually regardless of the laser polarization. This 
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is because the atoms in the lower ground state (  ) were optically pumped to the upper ground 

state (  ), resulting in an decrease in absorption. The reason for slow decrease was the rare 

occurrence of optical pumping to the     ground state compared with that from the     to 

    ground state due to the large transition strength of the cycling transition (    →   ). 

In Figure 1(b)-(ii), the red curve represents the saturation effect, and the black curve denotes the 

sum of the saturation and the Zeeman optical pumping effects when the laser beam is   polarized 

and the transition line is   →   .

In summary, we have presented detailed experimental and theoretical studies on the transmission 

of a laser beam for the   transition line of the 
85
Rb atoms. The main mechanism for the variation 

of the transmission of the [ ] polarized laser beam for the transition   →    is the 

saturation effect[saturation and Zeeman optical pumping effects], whereas the main mechanism for 

all other transitions is the hyperfine optical pumping.

 

Figure 1. (a) Energy level diagram of the D2 line of 
85Rb atoms. The frequencies are shown in 

units of MHz. (b) (i) Variation in the minimum transmission as a function of laser intensity for 

each transition line. (ii) Weighted sum of the ground-state populations, 
 




  

 , for the 

(upper traces,   ) and (lower trace,  ) polarized laser beam(3).
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