
이 공명 펌핑에 한 이론  연구

A Theoretical Study of Double Resonance Optical Pumping

Heung-Ryoul Noh and Han Seb Moon* 

Department of Physics, Chonnam National University, Gwangju 500-757, Korea
*Department of Physics, Pusan National University, Busan 609-735, Korea

hrnoh@chonnam.ac.kr

We present a theoretical study on double-resonance optical pumping (DROP) for the transitions 

5S1/2-5P3/2-4D3/2,5/2 of 
87Rb atoms(1). Figure 1(a) displays the energy level diagram of an 87Rb atom 

with the ladder type 5S1/2-5P3/2-4D3/2,5/2 transitions. The resonance wavelength () for the 

5S1/2-5P3/2 probe line is 780 nm, while the resonant wavelength () for the 5P3/2-4D3/2,5/2 coupling 

line is 1529 nm. The decay rates of the 5P3/2 and 4D5/2 states are approximately   ×  MHz 

and   ×  MHz, respectively. The laser beams are assumed to be   polarized.

The internal dynamics of the 
87
Rb atom is governed by 

                                  

 


                                   (1)

where   is the density operator. The atomic Hamitonian is given by
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where   and   are the resonance frequencies, and 
  is the frequency spacing of the excited 

states.   is the interaction Hamiltonian and   denotes the spontaneous emissions from the excited 

states. The detailed expressions for these quantities are shown in Ref. (2). Since we measure the 

absorption of the probe beam, the following absorption coefficient is the final result:
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where   is the most probable speed and   represents the transition strength(2).

The typical calculated DROP spectra for the transitions 5S1/2-5P3/2-4D3/2 (upper trace) and 
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Fig. 1 (a) Energy level diagram for DROP. (b) Calculated DROP spectra for the 

transitions 5S1/2-5P3/2-4D3/2 (upper trace) and 5S1/2-5P3/2-4D5/2 (lower trace).

5S1/2-5P3/2-4D5/2 (lower trace) are presented in Fig. 1(b). In Fig. 1(b), the intensities of the probe 

and coupling lasers were set to 50 W/m2. The two peaks for the 4D3/2 level (upper trace) 

correspond to 5P3/2(F’=3)→4D3/2(F”=2) and 5P3/2(F’=3)→4D3/2(F”=3) from the left. In contrast, the 

three peaks for the 4D5/2 level (lower trace) correspond to 5P3/2(F’=3)→4D5/2(F”=4), 5P3/2(F’=3)→

4D5/2(F”=3), and, 5P3/2(F’=3)→4D5/2(F”=2) from the left. As noted in Ref. (2), the DROP spectra for 

the 4D3/2 levels show similar behavior for different laser intensities. In contrast, the DROP spectra 

for the 4D5/2 level exhibit dramatic variations as the laser intensity changes due to to the strong 

cycling transition between the 5P3/2(F’=3) and the 4D5/2(F”=4) levels
(2). In the presentation, we will 

present detailed studies on DROP spectra including the dependence of the DROP spectra on the 

coupling-laser intensity and the effect of the two-photon coherence. We also present the comparison 

with experimental results.
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