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Abstract 
 
 In this paper, we introduce by far the most promising schemes to realize excited state atomic filter. Excited 
state Faraday anomalous dispersion optical filter (ES-FADOF) with direct pumping, as the traditional method, provides 
a very direct way, while ES-FADOF with indirect pumping, as proposed very recently, provides much more choices. 
Moreover, induced dichroism excited state atomic line filter can provide much narrower bandwidth but lower 
transmittance. Based on the requirement of specific applications, different methods should be used. 
 

1. Introduction 
 
 The basic idea to use atom vapor to realize optical filters with very narrow bandwidth is to induce birefringence 
within a very narrow bandwidth around certain resonant frequencies of atomic transitions. One of the typical atomic 
filter is Faraday anomalous dispersion optical filter (FADOF) [1]. It uses atomic resonant Faraday anomalous dispersion 
effect to rotate the polarization of light within a narrow waveband at atomic transition lines, and filters out the out-of-
band light by a pair of orthogonal linearly polarizers. FADOFs working at atom ground state transition lines have been 
realized at some wavelengths in various elements. These filters cover several wavelengths in a range from 423 nm to 
894 nm and are introduced into many applications, such as free space laser communication, lidar, laser system, etc.  
 However, the working wavelength of FADOF is restricted by the atom transition lines. The ground state 
transitions cannot meet all the upcoming needs for more and more wavelengths from different applications, especially 
the requirement from optical communication for wavelengths beyond 1 μm. Those wavelengths only exist in the 
transitions between excited states and hence the excited state FADOF (ES-FADOF) was proposed.  
 Other than FADOF, the induced dichroism excited state atomic line filter (IDEALF) makes use of a circular 
polarized pump laser to induce circular dichroism rather than magnetic field, and it usually has narrower bandwidth [2]. 
 In this paper, we give a brief introduction of the atomic filters mentioned above. The advantages and 
disadvantages are also introduced.  
 

2. ES-FADOF 
 

 
(a)                                                                          (b) 

Fig. 1 (a) Energy levels of 85Rb and 87Rb. Red parallel line is the transition that the filter works on. Blue bold line is the 
transition with which the pump laser resonates. (b) Schematic experimental setup. Two external-cavity diodes are used, 
respectively, as pump and probe laser, in which the pump laser works at 780 nm with frequency stabilized. P1 and P2 
are two orthogonal polarizers with antireflection coating. D1 and D2 are dichroic mirrors. The rubidium cell is made by 
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quartz, with 50 mm length and 20 mm diameter. HWP is half wave plate, QWP is quarter wave plate and PBS is 
polarized beam splitter. 
 
 To introduce the ES-FADOF, we use our recent work of an ES-FADOF working at 1.5 μm as an example [3]. A 
schematic diagram of the rubidium energy levels used for this ES-FADOF is depicted in Fig. 1 (a). A 780 nm tunable 
laser pumps the atoms from ground state to 52P3/2 for Faraday rotation at 1529 nm by transition between 52P3/2 and 
42D5/2. The hyperfine structure band of 52P3/2 is one order of magnitude smaller than that of the ground state, and it is 
also narrower than the Doppler width. Thus the state 52P3/2 can be taken as one line. The results are shown in Fig. 2. It is 
clear that the transmittance of this kind of atomic filter can reach over 60% with bandwidth of GHz. The details and 
further discussions of this work is presented in Ref. [3]. 
 

 
Fig. 2 Transmittances of ES-FADOF by 12mW pump powers under 120 ◦C. 

 
3. ES-FADOF by Indirect Laser Pumping 

 
 Usually, ES-FADOF is directly pumped by a laser from the ground state to the target state. However, this direct 
pump method requires that the transition between the target and the ground state is an electric dipole allowed transition, 
and that a laser that operates at the exact pump wavelength is available. In practice, these requirements are not always 
met and the practical working wavelengths of ES-FADOF are therefore limited. To solve this problem, we recently 
proposed an indirectly pumping method [4].  
 We choose the 52P3/2 → 52D5/2 transition of rubidium as the target transition, as shown in Fig. 3 (a). Usually, a 
780 nm laser is adopted to produce the population on 52P3/2 in the direct pump method. However, in the indirect method, 
a 422 nm laser is used instead to pump the atoms to a much higher state 62P1/2, then state 52P3/2 gets populated via 62P1/2 
→ 42D3/2 → 52P3/2 and 62P1/2 → 62S1/2 → 52P3/2.  
 The transmittance spectra at 776 nm with both pump methods and at different pump powers are compared in Fig. 
4. The maximum output power of the 422 nm laser is smaller than 20 mW and after all the attenuations at most 14 mW 
can enter the vapor cell. At the maximum pump power of the indirect method, the peak transmittance reaches about 
8.5%. To be compared, an approximate peak transmittance is adjusted in the direct pump method with 8 mW pump 
power of the 780 nm laser. As shown in Fig. 4 (a), the shapes of the transmittance spectrum in the two different 
methods match very well, which is obvious evidence that the indirect pump method is feasible for ES-FADOF. In 
addition, the changes of peak transmittance with pump power in both the direct and indirect methods are shown in Fig. 
4(b). It is obvious that the peak transmittances in both pump methods increase with the pump powers. Generally, the 
filter performance of the indirect pump method can reach the same performance of the direct pump method by working 
at a different pump power. It should be noted that the phenomenon shown in Fig. 4 (b) that indicates the indirect pump 
needs higher pump power is not always true. In cases in which the direct pump experiences weak transition lines with 
small transition probability, the direct pump may consume higher power. 
 This result shows clearly that the indirect pump method can successfully produce population on the intermediate 
states and it offers new approaches for ES-FADOF design and reduces the dependence on laser technology. The 
technical progress of one laser on a key wavelength can promote the development of filters at many wavelengths with 
the indirect pump. Moreover, the electric dipole forbidden transition problem could also be solved by the indirect pump. 
This method could be extended to almost all excited state atomic optical filters. The details and further discussions of 
this work is presented in Ref. [4]. 



 

(a)                                                                                 (b) 
Fig. 3 (a) Energy levels of rubidium related to the experiment. The red parallel lines represent the working transition 
line of the filter. The blue bold lines are pump lasers of the direct (780 nm) and indirect (422 nm) pump methods. The 
green dashed lines are the possible spontaneous radiation path to 52P3/2. (b) Experimental setup. An external cavity 
diode provides a probe beam at 776 nm. Another two external cavity diodes are used, respectively, as an indirect pump 
laser at 422 nm and a direct pump laser at 780 nm. HWP1 and HWP2 are half-wave plates. P1 and P2 are two 
orthogonal polarizers. PBS1 and PBS2 are polarized beam splitters. D1 is a dichroic mirror. PD1 and PD2 are 
photodiodes. NDF is a continuously variable neutral density filter. The rubidium cell is made of quartz, with 50 mm 
length and 20 mm diameter. 

 
Fig. 4 Peak transmittances at different pump powers. (b) Transmittance spectra of the two pump methods. 

 
4. IDEALF  

  
 The IDEALF makes use of a circular polarized pump laser to induce circular dichroism rather than magnetic 
field, which is very different from FADOF. As illustrated in Fig. 5 (a), an example of IDEALF is introduced. This 
experiment still employs and 5P3/2 →  5D3/2 (776 nm) transitions of the 87Rb atoms by the same pumping. The 
experimental setup is shown in Fig. 5 (b). The right-circular polarized (σ+) pump light is tuned to couple the transition 
5S1/2, F=2→ 5P3/2, F=3. According to the transition selection rules, the population is concentrated on the 5P3/2, F=3, mF 
=3. Thus, only the probe of left-circular polarization can couple 5P3/2, F=3, mF =3 to 4D3/2, F=3, mF =2 and 5D3/2, F=2, 
mF =2. As a result, the dispersion and absorption of probe with left- and right- circular polarization is different, and thus 
we can realize IDEALF at 776 nm.  
 The transmission signal of the IDEALF is shown in Fig. 5 (c). Using 13 mW pumping laser, the transmittance 
reaches 37% (regardless of the system loss) with bandwidth of about 300 MHz at 136 ºC. Considering that FADOF 



usually has bandwidth of several gigahertz at this wavelength as in Fig. 4 (a), this result shows that IDEALF usually 
generates much narrower bandwidth than FADOF. Similar work of IDEALF working at 1.5 μm is presented in Ref. [5]. 
 

 
Fig. 5 (a) Related energy levels. and (b) Experimental setup: λ/2, half-wave plate; λ/4, quarter-wave plate; PBS, 
polarizing beam splitter; BS, beam splitter; F-P, Fabry-Pérot etalon; P1, P2, Glan-Thompson prism; PD1, PD2, 
photoelectric detector. (c) Transmission spectrum signal. 
 

5. Conclusion 
 

 We have introduced by far the most promising method to realize excited state atomic optical filters. ES-FADOF 
is the most commonly used one but it is restricted by pumping lasers. To solve this problem the ES-FADOF by indirect 
pumping is proposed and experimentally verified and compared with the direct pumping method, which shows that the 
indirect pumping method can make the design of ES-FADOF much more flexible. To reach narrower bandwidth, the 
IDEALF method could also be used. Based on the requirement of specific applications, different method should be used.  
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